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Preface

This book summarizes the advancement of the research and the consideration about
the process of evolution and differentiation of language on the basis of empirical
evidence after the publication of The Origins of Language published by Springer
in 2008.

There is a general consensus that language gives the human mind the culturally
evolved means to differentiate reality in great detail. The chapters about nonhuman
primate communication included in the present book together reveal the fact that the
evolution of language required the neural rewiring of circuits that controlled vocal-
ization. The vocal tract muscles in nonhuman primates are controlled from an old
emotional center. Nevertheless, the emergence of voluntary control over vocaliza-
tion is recognized. Based upon this capability, humans are enabled to possess a
remarkable degree of voluntary control over their voice. Correspondingly, concep-
tual and emotional systems, though limited, are differentiated in nonhuman primates
as in humans. It is noteworthy that to accomplish such function, the rudimentary
form of syntax (regularity of call sequences) has emerged in nonhuman primates.

In humans, readers will be known that emotional evaluations have totally sepa-
rated from concept representation and from behavior (e.g., when sitting around a
table and discussing snakes, humans do not jump on the table uncontrollably in fear,
every time “snakes” are mentioned). Differentiation of psyche states with a signif-
icant degree of voluntary control over each part gradually evolved along with
language and brain rewiring. Consequently, language contributed not only to dif-
ferentiation of our conceptual ability but also to differentiation of psychic functions
of concepts, emotion, and behavior. This differentiation destroyed the primordial
synthesis of the psyche. With the evolution of language, the human psyche started to
lose its cohesiveness, its entity. While every piece of conceptual knowledge is
inextricably associated with the emotional evaluation of a situation as well as with
the appropriate behavior for satisfying instinctual needs in nonhuman primates, this
is not for the case for humans. Most of the knowledge that exists in culture and is
expressed in language is not associated emotionally with human instinctual needs.
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This is tremendously advantageous for the development of conceptual culture for
science and technology.

Loss of synthesis, on the other hand, leads to internal crises and may cause
clinical depression that would require something that enables humans to somehow
restore the synthesis. That is the function of human music, which is some aspect of
the rudimentary form of language that has been discarded during its further evolu-
tion. This book also reveals the process by which music has become differentiated
from language, though the prelinguistic system found in nonhuman primates, which
could probably be referred to as “prosodic protolanguage,” provided a precursor for
both modern language and music.

Inuyama, Aichi, Japan Nobuo Masataka

vi Preface



Contents

1 Empirical Evidence for the Claim That the Vocal Theory
of Language Origins and the Gestural Theory of Language
Origins Are Not Incompatible with One Another . . . . . . . . . . . . . . . 1
Nobuo Masataka

2 Primate Vocal Anatomy and Physiology: Similarities
and Differences Between Humans and Nonhuman Primates . . . . . . . 25
Takeshi Nishimura

3 Integrations of Multiple Abilities Underlying the Vocal Evolutions
in Primates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Hiroki Koda

4 Conversation Among Primate Species . . . . . . . . . . . . . . . . . . . . . . . . 73
Loïc Pougnault, Florence Levréro, and Alban Lemasson

5 Language Evolution from a Perspective of Broca’s Area . . . . . . . . . . 97
Masumi Wakita

6 Social Scaffolding of Vocal and Language Development . . . . . . . . . . 115
Hirokazu Doi

7 Emergence of the Distinction Between “Verbal” and “Musical”
in Early Childhood Development . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Aleksey Nikolsky

8 “Talking Jew’s Harp” and Its Relation to Vowel Harmony
as a Paradigm of Formative Influence of Music on Language . . . . . . 217
Aleksey Nikolsky

9 Were Musicians As Well as Artists in the Ice Age Caves Likely
with Autism Spectrum Disorder? A Neurodiversity Hypothesis . . . . 323
Nobuo Masataka

vii



About the Editor

Nobuo Masataka has been a Professor at Kyoto University’s Primate Research
Institute since 2003. His doctoral dissertation was a study on vocal communication
in New World primates. Particularly, he specialized in playback experiments, using
synthesized sounds in order to investigate vocal perception in monkeys. Thereafter,
he extended his research interests to include human infants and arrived at several
intriguing findings on preverbal infants’ vocal interactions with their mothers. These
findings are summarized in his book Onset of Language, published by Cambridge
University Press in 2003. In 2008, he edited The Origins of Language, Unravelling
Evolutionary Forces, published by Springer. The present work is essentially the
second edition of that book.

ix



Chapter 1
Empirical Evidence for the Claim That
the Vocal Theory of Language Origins
and the Gestural Theory of Language
Origins Are Not Incompatible with One
Another

Nobuo Masataka

Abstract The author argues about the implications of the evolution of motherese
for the emergence of language in the human history, and it occurred in both the vocal
mode and the manual mode, the fact indicating that the gestural theory of and the
vocal theory of language origins are not incompatible with one another. It is a
commonplace observation that hearing adults tend to modify their speech in an
unusual and characteristic fashion when they address infants and young children.
The available data indicate that motherese or infant-directed speech is a prevalent
form of language input to hearing infants and that its salience for preverbal infants
results both from the infant’s attentional responsiveness to certain sounds more
readily than others and from the infant’s affective responsiveness to certain attributes
of the auditory signal. In the signing behavior of deaf mothers when communicating
with their deaf infants, a phenomenon quite analogous to motherese in maternal
speech is observed. Concerning the aspect of linguistic input, moreover, there is
evidence for the presence of predispositional preparedness in human infants to detect
motherese characteristics equally in the manual mode and in the vocal mode. Such
cognitive preparedness, in fact, serves as a basis on which sign language learning
proceeds in deaf infants. One can seek its evolutionary origins in the rudimentary
form of teaching behavior that occurs in the adult–infant interaction in nonhuman
primates as well as in humans, by which the cross-generational transmission of
parenting is made possible, including that in the deaf community.

Keywords Motherese · Signed language · Language learning · Infant-directed
signing · Infant-directed speech
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1.1 Importance of Motherese when Considering Language
Evolution

It is well known that there have been controversies about the origin of language and
that some scientists, including Charles Darwin, sought it in animal vocalizations
whereas others including Wilhelm Wundt considered manual gestures as the origin.
Here. The author argues from the ontogenetic perspective the implications of the
evolution of motherese for the emergence of language in the human history, and that
it occurred in both the vocal mode and the manual mode, the fact indicating that the
gestural theory of and the vocal theory of language origins are not incompatible with
each other.

Developmentally, the earliest non-cry sounds produced by human infants do not
transmit meanings, unlike words uttered by older individuals, but rather reveal
fitness or express states. On the one hand, we make no assumption that very
young infants intend to communicate with such sounds. On the other hand, adults
who receive the sounds are provided with broad reception/interpretation capabilities
that allow them to provide differentiated feedback to signals, as noted by Masataka
(2003). This assumption is in accordance with results in animal communication
indicating nonhuman primates are far more flexible in recognition/reaction to signals
than in signal production or functional usage. Flexible responsivity of receivers is a
necessary condition for their being able to apply selection pressure on volubility and
flexibility of infant vocal tendencies (Oller et al. 2016). Such reasoning could lead us
to notice the importance of considering how selection pressures might engender
increase in the tendency of an infant to produce spontaneous non-cry vocalization for
arguing language evolution, and that in fact, evolution of increased infant sponta-
neous vocalizations began with developmental steps in individual infants under the
selective pressure of their own caregivers.

Indeed, recent researches have revealed the fact that during modern human
development, infant vocal capabilities emerge at least partly in response to social
interaction, where caregivers react to vocal capabilities of infants in accordance with
a scaffolding principle requiring parental discernment and intuitive parenting to
reinforce vocal exploration and learning. Both endogenous inclination of infants to
explore the vocal space and interactive feedback from caregivers thus foster growth
in vocal capability.

If this assumption about selection pressures for spontaneous vocalizations is
valid, it follows that hominin parents would also have been selected to become
aware of the fitness reflected in infant vocalizations and capable of responding to
those indicators with selective care and reinforcement of vocalizations. And the
author believes this to have been illustrated so far in the phenomenon that is called
“motherese.”
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1.2 Implications of Infant-Directed Speech or Motherese
in the Vocal Mode for Spoken Language Learning

Although the fact that hearing adults tend to speak to infants in an odd and
characteristic fashion has been a commonplace observation, it was Ferguson
(1964) who first offered a coherent description of the linguistic and the paralinguistic
features of child-directed speech. In the languages investigated by Ferguson, which
included English, Spanish, Arabic, Comanche, Giyak, and Marathi, the use of
elevated pitch and exaggerated pitch excursions were the most prominent charac-
teristics observed across cultures. Since then, this sort of speech style has been the
focus of considerable research, and such speech is commonly referred to as
“motherese” or infant-directed speech. Most studies included the claim that hearing
adults speak to children in a high-pitched, even “squeaky” voice (Fig. 1.1).

The data that are available to date all indicate that prosodic properties character-
izing infant-directed speech and infant-directed singing are a key component of
language input to preverbal infants and that they serve as important social and
attentional features in early development (Saint-Georges et al. 2013). This fact has
led several researchers to explore the possibility that the effectiveness of exaggerated

Fig. 1.1 Schematic representation of the planar view (a) and the side view (b) of the mothers as
recorded on film. The points marked by a light pen on the digitizer are indicated by an X. (Cited
from Masataka 1992)
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properties in infant-directed speech for modulating infant attentional and affective
responsiveness results from innate predispositions to respond selectively to those
properties. Cooper and Aslin (1990) examined behavioral preferences for infant-
directed speech over adult-directed speech in two groups of infants, one made up of
12 one-month-old infants and the other consisting of 16 two-day-olds. Infants of
both groups were tested according to the same visual-fixation-based auditory-
preference procedure. The results showed that both one-month-old infants and
newborns preferred infant-directed speech over adult-directed speech. Although
the absolute magnitude of the infant-directed speech preference was significantly
greater in the older infants, who showed longer looking durations than the younger
infants, subsequent analyses showed no significant difference in the relative magni-
tude of this effect, indicating that infants’ preference for the exaggerated prosodic
features of infant-directed speech is present from birth and may not depend on any
specific postnatal experience. From these results, it appears that postnatal experience
with language does not have to be extensive for the infants to learn about the
prosodic features of their native language. However, it has been shown that new-
borns prefer the intonational contour and temporal patterning of a prenatally expe-
rienced melody (Panneton 1985). Thus, the possibility remained that both prenatal
and postnatal auditory experience could affect the relative salience of prosodic cues
for young infants (Fig. 1.2).

In a subsequent study, 4- and 9-month-old English-learning infants were reported
to show a robust attentional and affective preference for infant-directed speech over
adult-directed speech in Cantonese, though this language was completely “foreign”
to them (Werker et al. 1994). Similarly, 4- to 7-month-old English-learning infants
were reported to show as strong attentional and affective responsiveness to
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Fig. 1.2 Comparison of responsiveness to infant-directed (ID) signing versus adult-directed
(AD) signing between hearing infants and deaf infants. Error bars represent standard deviations.
(Cited from Masataka 1998)
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infant-directed singing in foreign languages as to that in English (Trainor 1996).
However, the infants included in these experiments had heard speech or songs
before. In fact, all hearing infants of hearing parents are exposed to some form of
speech and song as early as the prenatal period (DeCasper et al. 1994). Masataka
(2003) investigated the attentional responsiveness to infant-directed speech and
infant-directed song in two-day-old healthy infants, who were hearing and were
born to congenitally deaf parents. A total of 15 infants participated in the experiment.
All of the infants lived in typical nuclear families. The parents had acquired Japanese
sign language as a first language and communicated with one another by the signed
language exclusively. They lived in typical deaf communities. Since auditory expe-
rience for infants in utero mostly comes from their parents with regard to speech and
song, the findings obtained from these infants were expected to provide a convincing
answer to the question of whether preference for infant-directed speech and infant-
directed song is predispositional or not.

For the stimuli presented, infant-directed and adult-directed speech, and infant-
directed and adult-directed songs were prepared. Both speech samples and song
samples were made up of a Japanese version and an English version, respectively.
Speech samples and song samples were recorded from 10 adult females: five native
speakers of Japanese and five of English were instructed to read or sing identical
short scripts and play songs either to an infant or to an adult in Japanese and English,
respectively. Acoustical comparisons of the speech samples and the song samples
revealed that when directed to the infant, both speech and song showed such
modification as reported to be typical of infant-directed speech or song; i.e., the
pitch was elevated, the pitch contour was exaggerated, and the tempo became
slower. When these infant-directed and adult-directed speech or song stimuli were
presented, the infants were found to look longer at the infant-directed version as
opposed to the adult-directed version whether the stimuli were those of speech
samples or singing samples. Since intrauterine recordings taken near term have
revealed that the maternal voice and heartbeat are audible in utero, but nonmaternal
voices are rarely audible because of attenuation by maternal tissue and/or masking
by intrauterine sounds (Querleu and Renard 1981; Querleu et al. 1981), these results
strongly indicate a predispositional perceptual preference by human infants for
exaggerated prosodic properties, whether they are in speech or song.

In addition to the fact that linguistic input to infants is modified prosodically,
evidence has been presented that indicates the possibility of phonetic modification in
motherse in a way that would enhance language learning. Kuhl et al. (1997)
audiotaped 10 native-speaking women when speaking to their 2- to 5-month-old
infants and when speaking to their adult friend in each of the US, Russia, and
Sweden. Native-language words containing the vowels /i/, /a/, and /u/ were
preselected for analysis in the three languages, and, with regard to each of the
three vowels in each of the languages, the vowel triangle was compared between
the speech sample recorded in the infant-directed condition and that recorded in the
adult-directed condition.

The results revealed that when interacting with the infants, phonetic modifications
occurred in the maternal speech as compared with when communicating with the
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adults. Across all the three languages, mothers were found to produce acoustically
more extreme vowels when addressing their infants, resulting in an expansion of the
vowel triangle in the speech sample collected in the infant-directed condition. They
did not simply raise all formant frequencies when speaking to their infants, as they
might have done if they were mimicking child speech. Rather, formant frequencies
were selectively modified to achieve an expansion of the acoustic space
encompassing the vowel triangle. When vowel triangle areas were compared
between the infant-directed sample and the adult-directed sample for each mother,
the results were highly consistent across individuals. For each of the 30 mothers, the
area of the vowel triangle was greater in the infant-directed condition than in the
adult-directed condition. On average, they expanded the vowel triangle by 92%
when addressing their infants (English, 91%, Russian, 94%, Swedish, 90%). The
extent of the expansion did not differ across languages, suggesting that the phonetic
modification took place essentially in the similar manner regardless of the difference
of the languages.

An expanded vowel triangle is assumed to increase the acoustic distance between
vowels, which eventually enables the infants to make distinctions among them more
easily. Moreover, the possibility arises that by stretching the triangle, vowels would
come to be produced that go beyond those produced in typical adult conversation.
From both an acoustic and articulatory perspective, these vowels are
“hyperarticulated,” and hyperarticulated vowels are perceived by adults as “better
instances” of vowel categories. Indeed, a laboratory test showed that when listening
to good instances of phonetic categories, infants show greater phonetic categoriza-
tion ability (Iverson and Kuhl 1995). When prosodic properties of maternal speech
are exaggerated, the infant listening to that is enabled to imitate the prosodic pattern
more easily. Given the fact that the ability of vocal imitation of infants proceeds
simultaneously in terms of prosody and in terms of phonetics during their first
6 months of life (Masataka 2003), it seems reasonable to hypothesize that the
same would be the case for maternal speech with exaggerated phonetic properties:
when the vowel triangle is expanded in maternal speech, the imitation of the vowel
heard by the infant would be facilitated.

1.3 Characteristics of Signs of Deaf Mothers When
Interacting with Their Deaf Infants

Results of the first systematic attempt to analyze parental signing to infants were
reported by Erting, Prezioso, and O’Grady Hynes (1990). Since 1985, they had been
collecting videotapes of deaf mothers interacting with their deaf babies. Their
preliminary observations supported previous researchers’ findings that the deaf
mothers varied their signing regarding the type of movement, location on the infant’s
body, the intensity and speed of movement, and rhythmic patterning so that they
could get and maintain the infant’s attention effectively. These findings appeared to
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be consistent with the claim that motherese in spoken languages is mainly concerned
with prosodic modification. Based on the findings, they focused on the American
sign for MOTHER produced by two deaf mothers who had acquired ASL as their
first language during two different types of interaction: interaction with their deaf
infants when the infants were between 5 and 23 weeks of age and interaction with
their adult friends. When a total of 27 MOTHER signs directed to the infants were
compared with the same number of the signs directed to the adults, the mothers were
found to (1) place the sign closer to the infant, perhaps the optimal signing distance
for visual processing, and to (2) orient the hand so that the full handshape was visible
to the infants. Moreover, (3) the mothers’ face was fully visible for the infants to see,
(4) eye gaze was directed at the infants, and (5) the sign was lengthened by repeating
the same movement. The results appear to support the claim that parents use special
articulatory features when communicating with infants, including parents from a
visual culture whose primary means of communication is visual-gestural instead of
auditory-vocal.

Following that study, Masataka (1992, 1996, 1998) conducted a series of exper-
iments on the sign motherese phenomenon in deaf infants and their deaf parents who
acquired Japanese sign l(JSL) as their first language. When starting the series of
experiments concerning sign motherese, Masataka (1992) attempted to replicate the
finding with a larger sample of participants who lived in a different cultural envi-
ronment from those studied by Erting et al. (1990) and with the use of more
exhaustive methodology for the analysis of signs. In most signed languages that
have been investigated so far, facial expressions are known to play a multifunctional
role for transmitting the meaning embedded in each signing movement. As with
spoken language, they are used to express affect. However, unlike in spoken
languages, specific facial behaviors in the signed languages also constitute the
required grammatical morphology for numerous linguistic structures (for instance,
relative clauses, questions, and conditional sentences in the case of ASL). Such
characteristics would pose tremendous difficulty in the quantitative analysis of
signing behavior. In this regard, JSL has a practical advantage in that it relies on
cues produced by head movement exclusively. Consequently, it appears relatively
easy to separate linguistic dimensions from paralinguistic dimensions in sign
production.

In all, 13 mothers participated in the recordings. Eight of them were observed
when freely interacting with their deaf infants and when interacting with their deaf
adult friends (Masataka 1992). The remaining five were instructed to recite seven
prepared sentences either toward their infants or toward their adult friends. Record-
ings were made with each mother and her infant or friend seated in a chair in a face-
to-face position. The height of each chair was adjusted such that the eyes of the
mother, her infant, and her friend were about 95 cm above the floor. The infant’s
body was fastened to the seat by a seat belt. The mother’s behavior was monitored
with two movie cameras. One of the two provided the frontal plane view and the
other provided the right-side view. At the beginning of each recording session, she
was instructed to interact with her infant or friend as she normally might when they
were alone together. She was also told not to move her head during the session.

1 Empirical Evidence for the Claim That the Vocal Theory of Language Origins and. . . 7



For each recognized sign recorded on this tape, the following four measurements
were performed: (a) duration (the number of frames); (b) average angle subtended by
the right hand with respect to the sagittal plane of the mother; (c) average angle
subtended by the right elbow with respect to the body axis of the mother; and
(d) whether the mother repeated the same sign consecutively or not. For measuring
the positions of the hand and the elbow, each of the frames was projected by a movie
projector onto a digitizer, which was connected to a minicomputer. By plotting the
position of the hand and the head or the position of the elbow and the body axis on
the digitizer with a light pen, the computer measured the angle between them with an
accuracy of 0.5 degrees. Subsequently, the measured values were averaged for each
sign by the mother. These measurements were performed to analyze the degree of
exaggeration of signing by the mother. As signed languages are processed by deaf
infants in the visual mode whereas spoken languages are processed by hearing
infants mainly in the auditory mode, it was hypothesized that exaggeration of
signing behavior should appear in the pattern of movements of hands and arms
that were making the signing gestures.

When the pattern of such movement was compared when the mother was
interacting with her infant and when she was interacting with another adult, striking
differences were found with regard to all of the four parameters measured. All of the
differences were statistically significant. For the analysis of the duration of signs,
values were averaged across participants for each condition. The duration was longer
in the case of signs directed to a mother’s infant than in the case of signs directed to
her adult friend.

When the angle of the hand and elbow subtended to the sagittal plane or body axis
was calculated across participants for each condition, the same tendency was
apparent. Mean scores for maximum values of angles for each sign directed to
infants significantly exceeded those for signs directed to adults with respect to
both the hand and the elbow. Similarly, mean scores of averaged values of angles
for each sign directed to infants significantly exceeded those for signs directed to
adults. With regard to all three of these parameters, post-hoc comparisons revealed
that each participant demonstrated a significant increase in these scores when she
interacted with her infant. Comparison of the rates of repetition of signs for signs
directed to her infant and for signs directed to her adult friend also showed that the
rates for the 13 mothers when they interacted with their infant exceeded the rates
when they interacted with their adult friend, and that each mother demonstrated a
significant increase in repetitions when she interacted with her infant.

Overall, the results indicate the presence of striking differences between the
signed language used by Japanese deaf mothers when they interact with their infants
and when they interact with their adult friends. When interacting with their infants,
they use signs at a relatively slower tempo and are more likely to repeat the same
sign, and movements used to make the signs are exaggerated. The outcome of this
experiment revealed a phenomenon that is analogous to motherese in maternal
speech. At the time of that study, it was well known that signed languages are
organized in an identical fashion to spoken languages with regard to most linguistic
aspects (Klima and Bellugi 1979). When adults produce manual actions that are part
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of the phonetic inventory of signed languages in communicating with young deaf
children, who have only a rudimentary knowledge of language, one would predict
that the social interaction should have as unusual a quality as when adults speak to
young hearing children. That is, if the interaction is to be established and maintained,
adults must be led to utilize special constraints in their activities and to produce
signals, in either the signed or spoken modalities, in a somewhat modified manner
according to the infant’s level of attention and comprehension. This notion is
strongly supported by the results of the experiments described above.

In particular, it is important to note that the mothers manipulated the duration,
scope (angle), and word repetition rate of their sign production when signing to their
infants as contrasted to their adult friends. This “sign motherese” is considered to be
parallel to “speech motherese” in manipulating or varying the prosodic patterns of
the signal because duration, scope, and repetition rate are all dimensions of prosody
in sign, roughly analogous to duration, pitch, and repetition in speech. The fact that
the mothers involved in the experiments clearly manipulated or changed these
dimensions of sign production indicates that they were doing something in addition
to and presumably apart from their manipulation of affective dimensions of sign
production. In the case of speech motherese, actually, it is known to be frequently
accompanied by pronounced modifications in facial expression (i.e., more frequent
and more exaggerated smiling, arched eye-brows, and rhythmical head movement;
Gusella et al. 1986; Sullivan and Horowitz 1983). Nevertheless, these components
can all be regarded as paralinguistic in speech, and also in JSL, their occurrences, if
they do occur, do not influence mother–infant communication from a grammatical
perspective, as described earlier. Thus, it can be concluded that the phenomenon of
motherese is a property of an amodal language capacity, at least with regard to
prosodic dimensions.

1.4 Perception of Sign Motherese

A phenomenon quite analogous to speech motherese was thus considered to have
been identified and designated sign motherese. However, although in the spoken
modality the available data indicate motherese is a prevalent form of language input
to infants, it is still unclear whether the same is the case for sign motherese. Certainly
in the studies introduced above the experimenters were able to tell the difference
between the form of infant-directed signing and that of adult-directed signing on
behavioral and physical grounds. However, the question of whether deaf infants can
perceive the difference remains unanswered. Continually monitoring the infants’
degree of attention and understanding, mothers might modify various features of
their signing so as to maintain the degree of the infants’ responsiveness at an optimal
level. Does it enhance the infants’ acquisition of the basic units of signed language?
In order to address this question, Masataka (1996, 1998) undertook the following
study of the perception of sign motherese.

1 Empirical Evidence for the Claim That the Vocal Theory of Language Origins and. . . 9



The experiment was made up of two parts; i.e., one involved congenitally deaf
infants of deaf mothers while hearing infants of hearing mothers participated in the
other. In the first experiment, seven deaf infants at 6 months of age were presented
with a stimulus videotape that comprised excerpts of the infant- and adult-directed
signs produced by the five deaf mothers described above. All of the deaf mothers of
the infants, whose husbands were also deaf, were signers of Japanese sign language
as their first language. In the stimulus tape, the following seven sentences were
signed toward the infants of the mothers or toward their adult friends: “Good
morning.” “How are you today?” “Get up.” “Come on now.” “If you get up right
away, we have a whole hour to go for a walk.” “What do you want to do?” “Let’s go
for a walk.”

Obviously, the question being asked in this study is whether deaf infants will
attend to and prefer infant-directed signing over adult-directed signing. Therefore,
the infant’s reactions to the stimulus presentations were videotaped and later scored
in terms of attentional and affective responsiveness to different video presentations.
The stimulus presentation and recording took place in a black booth. Throughout the
experiment, each of the seven infants was presented the stimulus tape only once.
During each session, a mother stood with her back to the video monitor and held the
infant over her shoulder so as to allow the infant to face the video display at a
distance of approximately 60 cm. The session was conducted only when the infant
was quiet and alert. During the session, the mother was told to wear a music-
delivering headphone and to direct her gaze to a picture on the wall, 90 cm to her
right. Although deaf, the mother was asked to wear the headphone so that hearing
mother–infant dyads with no exposure to a signed language could be comparatively
investigated, which will be described below.

The infant’s reactions were evaluated by four raters, two for attentional respon-
siveness and the other two for affective responsiveness. As an indicator of attentional
responsiveness, the percentage of the total video display time spent looking at the
video screen, averaged between the two raters, was measured. For the measurement,
the two watched the infant on screen independently and pushed a button whenever
the infant fixated on the video display. These button presses were counted and timed
by a computer. In order to measure affective responsiveness, each of the other two
observers was independently told to attend to facial features as well as vocalizations
of the infant and to rate the infant with a set of 9-point scales on the three dimensions
that were originally used in the previous study of the perception of speech motherese
(Werker and McLeod 1989). The three dimensions were treated as indexes of a
single underlying factor, and one cumulative score of affective responsiveness was
created for each infant by summing the ratings on the three dimensions by each rater
and by averaging between the two raters. Thus, the maximum and the minimum
cumulative scores would be 27 and 3, respectively, for each infant for each stimulus
condition. The higher the scores received by the infants on the dimensions, the more
positive emotions they were judged to be experiencing.

When the actual amount of time each infant fixated on the videotape during
depictions of infant-directed signing versus adult-directed signing was analyzed
statistically, a significant difference was found. The overall mean proportion of
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time each infant fixated on the videotape was 90.4% (SD ¼ 6.3) for infant-directed
signing and 69.8% (SD ¼ 14.7) for adult-directed signing. When the videotape
segment of infant-directed signing was presented, the infants apparently looked at it
longer than when the segment of adult-directed signing was shown. Concerning
affective responsiveness, the response scores to the segment of infant-directed
signing exceeded those to the segment of adult-directed signing in every infant
participant. Overall mean scores were 16.9 (SD ¼ 2.5) for infant-directed signing
and 12.8 (SD ¼ 2.1) for adult-directed signing. Thus, the infants were affectively
more responsive to infant-directed signing than to adult-directed signing.

The results of this experiment revealed that sign motherese evoked more robust
responsiveness than adult-directed signing did from the deaf infants. This offers the
long-term prospect of identifying features of motherese that are not specific to a
particular language modality. Certainly it is important to take account of the possi-
bility that the attractiveness of sign motherese is due to something in how deaf
mothers manipulated their affective behavior rather than characteristics of signs
themselves. In this regard, it should be noted that the head movements of the subject
mothers were limited in the initial videotaping. As already noted, this restriction does
not influence mother–infant communication from a grammatical perspective. From
the paralinguistic perspective, however, the communicative sample obtained from
the mothers under those circumstances should be affected by this restriction. Yet, the
infants showed greater responsiveness to infant-directed signing than to adult-
directed signing, suggesting that human infants may have an equal capacity to attend
to motherese characteristics in speech or sign. They could be predisposed to attend to
appropriately modified input, regardless of the modality of the input.

No doubt, in order to answer the question of whether the particular modal
capacities must be triggered by some amount of experience or not, one must examine
the response to these patterns in infants who lack substantive experience (linguistic
exposure) in the modality. Indeed, concerning speech motherese, several researchers
have treated this issue. Among others, Cooper and Aslin (1990) showed that the
infant’s preference for exaggerated prosodic features is present when tested at the
age of 2 days. From the results, it appears that postnatal experience with language
does not have to be extensive for the infant to learn about the prosodic features of
their native language. However, it has also been shown that newborns still show a
preference for the intonational contour and/or temporal patterning of a prenatally
experienced melody (Panneton 1985). Thus, both prenatal and postnatal auditory
experiences affect the relative salience of prosodic cues for young infants. In a
subsequent study, four- and nine-month-old English-learning infants were found to
show a robust attentional and affective preference for infant-directed speech over
adult-directed speech in Cantonese, though the language was completely “foreign”
for them (Werker et al. 1994), but these infants had heard SPEECH before. No
convincing evidence has ever been presented to prove the hypothesis. Rather, it can
be said that as long as hearing infants are investigated, it is extremely difficult, if not
possible, to address the question of whether exposure to any language is necessary
for the infant to be able to react to the motherese form of the language.
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Therefore, a subsequent study (Masataka 1998) was conducted to determine
whether hearing infants with no exposure to signed language also prefer sign
motherese. If such a preference exists, this could be a demonstration that human
infants lock onto particular kinds of patterned input in a language modality
completely independent of prior experience. The participants were 45 sets of hearing
mothers and their first-born, full-term. Hearing infants with no exposure to a signed
language (21 boys and 24 girls). All of the infants were 6 months old. Their mothers
were all monolingual women who spoke only Japanese, were between 22 and
29 years old, and were middle class. The stimulus tape shown to each of the 45 infants
was the same video tape used in the experiment on deaf infants. The protocol of
stimulus presentations and that of scoring the infant’s reactions to the stimulus
presentations were also the same as in the previous experiment.

The analysis of the data obtained from the 45 infants revealed that there was a
significant main effect for stimulus type with respect to their attentional responsive-
ness. They looked at the videotape filming infant-directed signing longer that at the
tape filming adult-directed signing. The overall mean proportion of time that each of
them fixated on the stimulus tape was 87.5% (SD ¼ 8.2) for infant-directed signing
and 66.0% (SD ¼ 17.3) for adult-directed signing. Moreover, when comparing
responsiveness for infant-directed signing versus adult-directed signing of the hear-
ing infants with that of deaf infants involved in the above experiment, no significant
difference was found in the scores between the two groups. Concerning affective
responsiveness, too, a similar tendency was found. For the 45 hearing infants, overall
mean scores were 18.9 (SD ¼ 6.1) for infant-directed signing and 12.6 (SD ¼ 3.4)
for adult-directed signing. A statistically significant difference was found between
the two stimulus conditions. Comparing these scores with those of the deaf infants,
there was again not a significant difference between the two participant groups.

Clearly, hearing infants who have had no exposure to any form of signed
language are attracted to motherese in JSL in a manner strikingly similar to that of
deaf infants who have been exposed to the language from birth. Infants are attracted
to sign motherese, regardless of whether they have ever seen sign language. Space
and movement are known to be the means for transmitting morphological and
syntactic information in signed languages. The continuous, analogue properties of
space and movement are used in systematic, rule-governed ways in almost all signed
languages that have been investigated so far (Armstrong et al. 1995; Newport 1981).
JSL is not an exception for that. The abstract spatial and movement units are
analogous in function to discrete morphemes found in spoken languages. Among
those properties in spoken languages, it is hypothesized to be the grand sweeps in
changes in fundamental frequency (dynamic peak-to-peak changes) that attract
hearing infants to spoken motherese (Fernald 1985; Fernald and Simon 1984). As
a visual analogue to such features, it is likely to be the sweeps of peak visual
movement in sign motherese that attract deaf infants. These special properties
evident in infant-directed communication may have universal attentional and affec-
tive significance, and human infants are predisposed to attend to the properties even
if they have had no exposure to sign motherese before.

12 N. Masataka



1.5 Emergence of Manual Babbling

The above findings would lead us to consider how the presence or absence of such
linguistic input affects the linguistic behavior infants acquire. Concerning the issue
of how the ontogenetic process of vocal behavior in deaf infants differs from that in
hearing infants within the first year of their lives, little is known so far, partly because
babbling has been anecdotally assumed to appear under maturational control. How-
ever, recent observations revealed that vocal ontogeny proceeds essentially similarly
in deaf and hearing infants until the end of the marginal babbling stage (Masataka
2003). Thereafter, hearing infants come to produce canonical babbling whereas deaf
infants are unable to do so. This was considered to be due to the necessity of auditory
feedback for the acquisition of articulatory ability, an ability that makes the pronun-
ciation of reduplicated consonant-vowel syllables possible.

Interestingly, the onset period of canonical babbling in hearing infants exactly
coincides with the onset period of manual babbling which has been proposed to
occur in deaf infants as well as in hearing infants by Petitto and Marentette. In the
course of conducting research on signing infants’ transition from pre-linguistic
gesturing to first signs, they had been performing close analyses of the “articulatory”
variables (analogous to “phonetic” level) of all manual activity produced by ASL
deaf infants of ASL deaf parents from the age of 6 months. Actually, the presence of
manual babbling had been noted by some researchers prior to the report of Petitto
and Marentette. Prinz and Prinz (1979), on the basis of their observations between
the age of 7 months and 21 months of a hearing infant born to a deaf mother, reported
that the infant exhibited a group of manual behaviors that appeared to be produced as
a result of imitation of signing of the mother. In another dyad of a hearing infant and
its deaf mother, the infant was observed to clap and rub the hands in a circular
motion by Griffith (1985). That behavior was interpreted as a prelexical form of a
sign included in ASL. However, neither study had conducted such a systematic and
quantitative analysis as Petitto and Marentette did. During the investigation, they
noticed the presence of a class of manual activity that was unlike anything else that
had been reported so far in previous literature.

These manual behaviors included linguistically relevant units but were produced
in entirely meaningless ways, and they were wholly distinct in their pattern from all
other manual activities, i.e., general motor activity, communicative gestures, and
signs. They occurred between 9 and 12 months of age, the period corresponding to
the canonical babbling stage for hearing infants acquiring speech. Indeed, subse-
quent analyses revealed that this class of manual activity was characterized by the
identical timing, patterning, structure, and use of vocal behavior in hearing infants
that is universally identified as babbling. As a result, it was termed “manual
babbling.” Further comparison of the ontogeny of manual action between hearing
infants who were acquiring spoken language with no exposure to a signed language
and deaf infants who were acquiring ASL as their first language revealed that both of
them produced roughly equal proportions of communicative gestures (e.g., arms
raised to request being picked up) at approximately 8 to 14 months of age.
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Nevertheless, the deaf infants produced far more manual babbling forms (e.g.,
handshape-movement combinations exhibiting the phonological structure of formal
signed language) than did the hearing infants, and manual babbling accounted for
approximately 40% of manual activity in deaf infants and less than 10% of the
manual activity of hearing infants.

Takei (2001) attempted to replicate the above findings in deaf infants growing up
with exposure to JSL. He observed one male and one female infants, whose parents
both acquired JSL as their first language. He made at least 1-h observations of each
of the infants at their home when interacting with the mother freely with prearranged
toys with the use of a video-recorder. Subsequently the video-recordings were
transcribed in the laboratory. When the recorded manual activities were transcribed
according to the same classification categories as employed by Pettito and
Marentette (1991), manual babbling appeared first at the age of 6 months, and
occurred most often when the infants were 10 months old. Immediately after that
period, the first recognizable signs that were meaningful as JSL signs were recorded.
After the onset of these first signs, the frequency of manual babbling tended to
decline. Basically, the peak of manual babbling was found to be a reliable predictor
of the onset of meaningful signs in the infant.

Taken together, these studies revealed that deaf infants with exposure to signed
language showed manual babbling with much higher frequency than hearing infants.
In addition, the phenomenon was most robust just prior to the onset of meaningful
vocabulary in signed language in each of the deaf infants. In spite of this quantitative
difference, however, even hearing infants, with no exposure to a signed language,
were found to produce manual babbling. Given the fact that manual babbling pre-
cedes the onset of the first recognizable signs as vocal babbling precedes the onset of
the first meaningful words, language capacity was taken by the authors of the article
to be able to manifest itself equally as sign or speech in human infants; i.e., in hearing
infants, the ability of vocal and gestural language can develop simultaneously and in
a similar manner, at least during the preverbal period, though the degree to which
they develop can vary, because some infants come to produce almost equal numbers
of first words both in speech and sign around the identical period (Goodwyn and
Acredolo 1993). In the case of deaf infants, the progression of acquiring spoken
language is hindered earlier. This is to some extent due to the lack of auditory
feedback that is crucial for the acquisition of articulatory ability in speech. As a
consequence, they were considered to be obliged to exclusively rely on the manual
mode to realize their linguistic capacity. This fact could partly account for a richer
repertoire of manual babbling by the sign-exposed infants. However, it is not the
only variable responsible for the difference.

Concerning other responsible variables, Masataka (2003) observed the progres-
sion of manual activity of 3 preverbal deaf infants of hearing parents with no
exposure to a signed language and found that although the infants did perform
manual babbling, the amount of the behavior was greater than that performed by
hearing infants but much smaller than that performed by deaf infants with exposure
to JSL. In that study, a comparison was made of the pattern of the development of
manual activity between the age of 8 months and 12 months in three groups of
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infants, i.e., three deaf infants of deaf parents with exposure to JSL, three deaf infants
of hearing parents with no exposure to any signed language, and two hearing infants
of hearing parents with no exposure to any signed language. When all of the infants’
manual activities were transcribed in an identical manner, they were found to be
classified into two types in every infant: syllabic manual babbling and gestures, and
the infants of the three groups produced similar types and quantities of gestures
during the study period. However, they differed in their production of manual
babbling. Manual babbling behavior accounted for 25 to 56% of manual activity
in deaf infants with exposure to JSL, but a mere 2 to 6% of the manual activity of
hearing infants. Manual babbling as a percent of manual activity [manual babbling/
(manual babbling + gesture)] showed a significant increase as the deaf infants
developed, but did not exhibit such a change in the hearing infants. On the other
hand, the value was intermediate between the values of these two groups for deaf
infants with no exposure to any signed language (between 10% and 15%). More-
over, the value was greatest at the age of 8 months in all three groups of infants and
showed a significant decrease as they developed.

Thus, the phenomenon of manual babbling does not necessarily imply that
babbling is purely an expression of a “brain-based language capacity” that is amodal,
or that babbling is not a phenomenon of motor development but is strongly associ-
ated with the abstract linguistic structure of language. Even vocal babbling arises
with the aid of properties of motor organization that are shared by the motor system
controlling the manual articulators, and thus the parallel progression of manual
babbling and spoken babbling during the time course of their development per se
should not be a very astonishing fact.

1.6 Antecedents of Sign Motherese

In all, sign motherese apparently acts as a behavioral adjustment to help children to
learn languages using the manual mode. This fact should lead us to question what is
predispositionally evolved in humans as the antecedents of such capability. In fact,
Csibra and Gergely (2006) proposed that humans are provided with an evolutionary
adaptation such that when presenting new information in general, adults create and
children respond to a pedagogical context. Apparently, the enhancement of sign
language learning that occurs in children caused by adults’ sign motherese can fall
into this context.

According to this account, children are sensitive to cues from adults that highlight
information if the information is new and important for their learning of novel action
that is important for their living in general. Namely, children are more likely to
imitate acts that are marked as intentional and demonstrated for themselves. For
example, if infants simply witness an adult bend over and touch a lamp with the hand
in order to illuminate it, rather than having the adult specifically show them after
making eye contact, infants are less likely to imitate it (Csibra and Gergely 2006).
Given the fact that sign motherese is important for language learning in the
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pedagogical context, one can expect similar levels of action learning in much
broader contexts in infant-directed demonstrations relative to adult-directed demon-
strations as long as both are presented in an intentional pedagogical fashion. Also,
human children are extremely well known as voracious learners while adults are
ubiquitous teachers!

In this regard, the findings reported by Brand, Baldwin, and Washburn (2002)
should be noteworthy. In that study, teaching behavior about the usage of novel
objects was video-recorded and subsequently analyzed in adults. When their perfor-
mance was compared when it was directed toward 6- to 13-month-old infants and
when it was directed toward another adult, a particular suite of embellished behavior
was found to emerge when it was directed toward infants, which has been referred to
as “motionese” or infant-directed action. Given young children’s fledging attentional
control, the motionese system of behaviors incorporates some previously studied
features, such as eye gaze and emotional expressiveness (Chong et al. 2003), but also
involves a variety of other modifications. These include closer proximity to a child
versus an adult partner, greater enthusiasm, a large range of motion, simplified action
sequences, greater repetitiveness, and higher interactiveness, including more and
longer gazes to infants’ faces and more turn-taking. Extensions of this work have
also found evidence of longer pauses in infant-directed action compared with adult-
directed action and a unique coordination of speech and action in demonstrations for
children (Rohlfing et al. 2006).

On the basis of these findings, a question concerning the effectiveness of
motionese as a teaching behavior would arise. Although the possibility remains
that this medley of cues could be distracting or frustrating relative to the straight-
forward adult-directed action style, it should be more likely that these cues function
to provide a richer learning experience than a standard demonstration. If so, then
motionese would fit within a suite of behavioral adjustments for communication with
infants and children, including the motherese in the vocal mode and in the manual
mode that have been documented so far.

In fact, suggestive evidence for this possibility has been presented by Brand and
Shallcross (2008), who reported that motionese preferentially attracted children’s
attention, namely, that 6- to 13-month-old infants looked longer at infant-directed
versus adult-directed demonstrations when both were available to view simulta-
neously. This was the case when the faces were digitally blurred, to obscure eye gaze
and expressive information, suggesting a role for the entire suite of behaviors and not
simply facial cues. Increased scrutiny or interest in the behaviors could lead children
to encode and remember the actions better for subsequent imitation.

The results of the study also indicated the possibility that motionese may have
functions beyond attracting children’s attention or preparing them for new informa-
tion: motionese modifications may also help to make demonstrated acts easier to
parse (e.g., by highlighting boundary points with repetition and eye gaze), stress
which body parts and subtle physical motions are necessary (e.g., a horizontal twist
before vertically pulling off a cup), and highlight the intentions behind the acts (e.g.,
by exaggerating facial expressions of surprise and satisfaction). If motionese
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functions in this manner, children may learn more easily, and imitate more faithfully,
when the suite of cues is shown throughout the demonstration.

Therefore, in order to directly test whether motionese influences young children’s
observational learning of novel acts, whether the special infant-directed action
modifications parent use when teaching their children really improved 2-year-olds’
imitation was investigated in a subsequent study (Williamson and Brand 2014). In
that study, a total of 48 children saw an adult perform a series of acts on four novel
objects using either an infant-directed style (e.g., larger range of motion and
enhanced boundary marking with more repetition) or an adult-directed style. After
each demonstration, the children received a test period for that object during which
they were allowed to play for 25 s. When the videos recorded during that period were
coded, children who saw any demonstration (either infant-directed or adult-directed)
were found to show imitation in that they were more likely to produce the target acts
than were children in a non-demonstration baseline group. Moreover, children who
saw demonstrations augmented with motionese exhibited even higher levels of
imitation than did children who saw adult-directed demonstrations, indicating that
infant-directed demonstrations were particularly effective teaching behaviors.

In fact, a rudimentary form of motionese is known in nonhuman animals.
Importantly, such behavior is assumed to serve as a basis on which social learning
is enhanced in the animals.

The population-level instrumental use of objects present in the external world has
been regularly reported among nonhuman animals. Perhaps the most famous case of
such an instance is that of Imo, a Japanese macaque (Macaca fuscata) that learned
that washing sand-covered sweet potatoes made them more palatable (Kawai 1963).
Imo’s exercise spread through her community and became standard practice within
approximately 10 years. It is not clear, however, just how the transmission occurred,
but it seems likely that observational learning played a part.

More recently, Masataka et al. (2009) saw evidence of the social transmission of
flossing in a troop of free-ranging long-tail macaques (Macaca fascicularis) in
Thailand. The researchers first observed nine adult monkeys routinely pull the hair
from the head of women tourists and use the hair to floss their teeth. Flossing has
since become widespread in the troop. Although as with the potato washing, there is
no clear demonstration of how the behavior spread, Masataka et al. (2009) found
evidence that the mother monkeys attempted to teach flossing to their offspring
through modeling. When the behavior of seven female macaques was videotaped
when they were flossing and their behavior was compared when their infant was
nearby and when it was not, they paused more often, repeated flossing more
frequently, and flossed for a longer time when their infants were present than
when their youngsters were not around. Though there is no direct evidence that
the infants imitated their mothers’ behavior, the motionese-like behavior observed
suggests that modeling played a part in the spread of flossing in the troop and that the
spread was enhanced by such behavior modifications.
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1.7 Role of Sign Motherese as a Part of Multimodal
Motherese in the Development of Social Understanding
in Infants

Taken together, many findings show that the so-called motherese phenomenon
occurs either in the vocal mode (infant-directed speech, or speech motherese) or in
the manual mode (infant-directed signing, or sign motherese). Motherese, whether in
the vocal mode or in the manual mode, highlights mother–child adjustments during
interactions. This is because these behavioral characteristics are a product that has
evolved as the historical extension of motionese as a device of enhancing social
learning that has merged during the evolution of nonhuman primates.

Mothers are able to adjust their motherese to children’s age, cognitive abilities,
and linguistic level. Therefore, motherese may arouse children’s attention by sig-
naling mothers’ linguistic behavior that is addressed to the children. Mothers also
adapt their motherese to children’s reactivity and preferences. Mothers’ continuous
adjustments to their children result in the facilitation of exchanges and interactions,
with positive consequences for sharing emotions and for learning and language
acquisition. Children’s reactivity is also important given that their presence increases
motherese, and children’s positive, contingent feedback makes them more affective,
which in turn increases the quality of the motherese.

In all, motherese mediates and reflects an interactive loop between the child and
the caregiver, such that each person’s response may increase the initial stimulation of
the other partner. At the behavioral level, the interactive loop is underpinned by the
emotional charge of the affective level and the construction of intersubjective tools,
such as joint attention and communicative skills. Based upon such findings, Gogate,
Bahrick, and Watson (2000) claim that infant-directed communication, even if it
occurs between hearing infants and their caregives, is as seldom unimodal as it is in
face-to-face communication between hearing adults, and that it is more complex and
broader topic than has been assumed. They argue that the entire sensory system
perceives information about the dialogue partner. Communication is so much more
than speech, and manual and gestural movements. It encompasses more than simply
focusing on visual and audible signals: variations in intonation, pitch, intensity, and
gestures, facial expression, and eye gaze are recognizable. As reasoned by Ugur et al.
(2015), humans need additional information to interpret ambiguous information in a
dialogue, whose partners need to establish common ground in order to recognize
each other’s intentions and theory of mind. Infants may, however, have an advantage
because child-directed communication is simpler, prosodic, and visual features are
more exaggerated, which makes certain sensory input more salient, and intentions
are therefore easier to recognize and patterns in the information stream can be more
easily identified.

While there was a clear separation in child-directed research between that of
different modality, mainly auditory and visual, the above reasoning has led
researchers to orient toward the interplay of amodal input. Bahrick and Lickliter
(2000) theorize that intersensory redundancy makes the given more salient in a
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constant stream of arbitrary information, stating that young hearing infants prefer
temporal synchronous and amodal stimuli over asynchronous stimuli. For example,
when hearing somebody speak in the same rhythm, they are more likely to see
her/his movements of lips in the same rhythm than to see her/his movements of lips
in the different rhythm.

Temporal synchronous, redundant, and amodal information can direct attention to
meaningful events, which may be beneficial for learning. In addition, naming an
object and touching or moving or rather showing it are redundant information across
the auditory and visual senses and therefore make the relation between the name and
the object salient. Such reasoning has led researchers to no longer distnguish
motherese in the vocal mode and that in the manual mode, but to include both in
the category of multimodal motherese (Gogate et al. 2000). Coming from the
perspective of motionese research, Brand and Tapscott (2007) explored the possi-
bility that utterances enhanced the perception of action in 9- to 11-month-old hearing
infants and found that co-occurring infant-directed speech and motionese facilitated
the segmentation of the observed action into smaller units.

Reinforcing the notion of multimodal motherese, Nagai and Rohlfing (2009)
found that when interacting with infants, as opposed to adults, parents attempt to
employ a number of strategies in order to increase the saliency of the objects and
their initial and final states. These strategies include suppressing their own body
movements before starting to execute the task, and generating additional movements
on the object, such as tapping it on the table. The resulting behavior is qualitatively
different from adult-adult interaction in observable parameters, such as the pace or
the smoothness of the movement. It is shown that infants also benefit from this
behavior. Koterba and Iverson (2009) showed that hearing infants exposed to a
higher repetition of demonstration exhibit longer bangs and shakes of objects
whereas infants exposed to a lower repetition spent more time for turning and
rotating objects. Ugur et al. (2015) developed a bottom-up architecture of visual
saliency that can be used in an infant like learning robot. In this architecture, similar
to an infant, the robot tends to find the salient regions in caregiver’s action, when
they are highlighted by multimodal motherese. Moreover, the saliency preference of
the robot also motivates humans to use such motherese as if they were interacting
with a human infant, thereby completing the loop. Due to the limited attention
mechanism of the robot, human participants tried to teach the task (cup-stacking)
by approaching toward the robot and introducing the object in the proximity of the
robot. In general, participants amplified their movements and made pauses as if to
give the robot a chance to understand the scene. Such delimiting pauses and
exaggerations were those also observed in sign motherese as well as in spoken
motherese.

The advantage infants enjoy with exposure to multimodal motherese could not be
restricted to language learning, but be extended further to the other aspect of child
development, e.g., to learning of social understanding that has apparently been a
topic of great interest. While one hallmark of social understanding is the acquisition
of a theory of mind between 3 and 5 years of age, which is the ability to predict and
explain social behavior on the basis of mental state, children acquire certain social
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cognitive abilities that are predictive of their later social understanding already in
infancy (Rakoczy 2012). Such an early competence is the ability to encode human
actions as goal-directed. Woodward (1998) showed 6-month-old infants events in
which a person reached for one of two toys. After habituation to this event, infants
looked significantly longer on test trials in which a person grasped the other toy (new
goal trials) than when the person reached for the old toy, but the path of the grasping
was changed (old goal trials). Because infants show this preference only for human
goal-directed action, and not for the motion path of a mechanical claw, the looking-
time patterns indicate that infants encode actions in terms of agent–goal relations.
The ability to explain behavior by ascribing goals to an agent, which infants develop
during the second half of their first year of life, has turned out to be an important
early precursor of later mental state understanding. In fact, Aschersleben, Hofer, and
Jovanovic (2008) found a positive correlation between 6-month-old infants’ decre-
ment of attention to goal-directed action and their false belief understanding at
4 years of age.

Licata et al. (2014) investigated the relationship between mother–child interaction
quality and infants’ ability to interpret actions as goal-directed at 7 months assessed
by the testing described above. Interaction quality was assessed in a free play
interaction using two distinct methods: one assessed the overall affective quality
(emotional availability), and one focused on the mother’s proclivity to treat her
infant as an intentional agent with autonomous thoughts, intentions, emotions, and
desires (mind-mindedness). There are good reasons to expect a positive association
between both emotional availability and mind-mindedness, and infants’ understand-
ing of intentional action. Maternal emotional availability might be beneficial for
infants’ goal encoding, as learning especially is promoted in a warm and sensitive
environment, in which a child can explore his/her environment while being
supported by the mother. Maternal mind-mindedness, on the other hand, could be
related to infant’s goal encoding, as mind-minded mothers may have infants who are
better at interpreting human actions as goal-directed because these mothers allow
their infants to experience themselves as self-efficient by verbally commenting on
their mental states and appropriately responding to them.

Analyses revealed that only maternal emotional availability assessed by the
Emotional Availability Scales (EMS) (Biringen 2008), and not maternal mind-
mindedness assessed according to the protocol developed by Meins and Fernyhough
(2010), was related to infants’ goal-encoding ability. The link remained stable even
when controlling for child temperament, working memory, and maternal education.

EAS is a method that does not quantify distinct behaviors but analyzes the
interactional style of the dyad. It is an emotion-focused measure that refers to the
overall affective quality of the relationship. The construct of emotional availability is
multidimensional, as it comprises different dimensions of caregiving. Licata et al.
argue that the fostering of maternal emotional availability for infants’ goal-encoding
skills could be mediated through specific ways of the mother engaging in goal-
directed behavior with her infant (such as multimodal motherse, and sign
motherese), which in turn could support infants’ goal sensitivity.
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Infant-directed action represented by sign motherese could serve itself as a basis
on which infants are enhanced to get access to the meaning of action by helping them
to recognize goals and intentions that motivate action. An emotionally available
mother could have several attributes that characterize such motherese: an emotion-
ally available mother shows much positive affect and interacts with her child,
showing turn-taking, eye contact, and joint attention. It is highly possible to assume
that maternal emotional availability also enhances infants’ attention and helps them
to learn to recognize goals and intentions that motivate action. One reason for this
relation could be that magnified emotions amplify information about intentionality
and help infants recognize goal achievement (Brand et al. 2002), which is necessary
to encode human actions as goal-directed.

More recently, in fact, the findings confirming such reasoning have been reported
by a neuroendocrine study employing a computational method on video vignettes of
human parent–infant interaction including 32 fathers that were administered oxyto-
cin or a placebo in a crossover experimental design (Weisman et al. 2018). The role
of such nine-amino acid peptide hormone in the initiation and maintenance of
affiliative bonds and parental repertoire has been elucidated in humans as well as
in nonhuman animals (Feldman 2012). Acute administration of oxytocin to a parent
was found to enhance the care’s, but at the same time also the infant’s physiological
and behavioral readiness for dyadic social engagement (Weisman et al. 2012). Yet,
so far, the exact cues that are involved in this affiliative transmission process have
remained unclear.

Weisman et al. revealed the fact that oxytocin administration markedly increased
the maximum distance between the father and the infant but at the same time drove
the father to reach their closest proximity to the infant earlier, as compared with the
placebo condition. Moreover, a father’s head tended to move faster and to reach its
highest velocity sooner under oxytocin influence. Fathers showed greater accelera-
tion which also tended to vary more. Finally, infant oxytocin increase following
interaction with the father correlated with the father’s maximum acceleration
parameter.

Given that the behavioral variables assessed in the study obviously fall under the
definition of motherese in the manual mode, overall implications of its results for
deaf studies of cognition and learning should be profound. It implies that such
modality is susceptible to intervention in key neuroendocrine pathway that is central
to the initiation and maintenance of parental repertoire, namely, the oxyticin system.
Moreover, the modality has manifested itself as a consequence of the evolution of
the cross-generational transmission of parenting in humans. Future studies should
examine whether oxytocin shapes proximity and motion among deaf mothers
interacting with their infants, using a signed language, and whether the communi-
cation patterns shaped under the hormone affects the infants’ subsequent cognitive
development.
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1.8 Conclusions

The reasoning that I have documented so far indicates that, developmentally, the
early manual action performed by deaf infants, like non-cry sounds produced by
hearing, infants do not transmit meanings, but rather reveal fitness or express states.
We make no assumption that very young infants intend to communicate with such
action. Moreover, this is also observed in hearing infants. On the other hand, adults
who receive the sounds are provided with broad reception/interpretation capabilities
that allow them to provide differentiated feedback to signals if they have acquired
sign languages. Such reasoning could lead us to notice the importance of considering
how selection pressures might engender increase in the tendency of an infant to
produce spontaneous meaning less manual action for arguing language evolution at
the manual mode, and that in fact, evolution of increased infant spontaneous sign
action began with developmental steps in individual deaf infants under the selective
pressure of their own deaf caregivers.

In all, during modern human development, infant linguistic capabilities emerge at
least partly in response to social interaction either at the vocal mode or at the manual
mode, where caregivers react to linguistic capabilities of infants in accordance with a
scaffolding principle requiring parental discernment and intuitive parenting to rein-
force linguistic exploration and learning. Both endogenous inclination of infants to
explore the linguistic space and interactive feedback from caregivers thus foster
growth in linguistic capability either at the vocal mode or at the manual mode.

If this assumption about selection pressures for spontaneous action either at the
vocal mode or at the manual mode are valid, it follows that hominin parents would
also have been selected to become aware of the fitness reflected in infant action and
capable of responding to those indicators with selective care and reinforcement of
the action. The author considers this to have been illustrated so far in the phenom-
enon that is called “motherese.” And the phenomenon of motionese implies the
underlying evolutionarily antecedents for that, by which infants, whether hearing or
deaf, are enabled to learn language independent of the auditory capability. In this
sense, the gestural theory of language origins can be said to exert relevancy to
exactly the same degree to that the vocal theory of language origins can exert
relevancy.
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Chapter 2
Primate Vocal Anatomy and Physiology:
Similarities and Differences Between
Humans and Nonhuman Primates

Takeshi Nishimura

Abstract Our understanding of the evolution of human speech has been expanded
by an increasing knowledge of vocal anatomy and physiology in nonhuman pri-
mates. Various vocal repertoires have been described in many species based on
acoustic evidence. Comparative approaches in vocal anatomy and physiology pro-
vide evidence unveiling the acoustic mechanisms for these different vocalizations.
Such empirical studies have shown many similarities serving speech faculties, while
they also provide evidence supporting the underlying differences between
nonhuman primate vocalization and human speech. The vocal apparatuses act
under the constraint of their anatomy, and various associations of anatomy and
physiology are found in primates, including humans. Efforts to unveil these varia-
tions promise a better understanding of primate origins and of the possible evolu-
tionary history of human speech.

Keywords Source-filter theory · Vocal folds · Laryngeal air sac · Tongue ·
Supralaryngeal vocal tract · Descent of the larynx

2.1 Introduction

The origin and evolution of language have attracted many scholars in many fields,
e.g., linguistics, anthropology, archeology, biology, cognitive science, genetics.
Biology, including biological anthropology, has continued to challenge this issue,
while paleoanthropologists have faced a major obstacle in that languages do not
fossilize (Nishimura 2008). In fact, various vocal repertoires are found in nonhuman
primates and birds (McComb and Semple 2005), and their forms and functions have
been part of major scientific efforts for understanding the evolutionary processes
leading to human language.
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Speech is simply a medium for communication by language, and it is not the same
as language per se (Fitch et al. 2005; Hauser et al. 2002). This means that speech is
comparable to other forms of vocalization among nonhuman primates and other
animals. Nevertheless, it should be noted that no human population lacks verbal
communication, and in fact, speech faculties are among the important components
for the current forms of human language (Fitch et al. 2005; Hauser et al. 2002).
Speech is one of the most efficient mechanisms for language communication, in
which humans produce many distinct sounds quickly and sequentially even in a
short single exhalation (Greenberg et al. 2003; Lieberman 1984). Although humans
might have adopted alternative media for language communication in their history
(McNeill 2012; Corballis 2002), the evolution of speech was one of the major factors
in the evolution of the language with which we are now endowed, both before and
after its origin. Such prominent acoustic properties of speech are achieved through
sophisticated manipulation of the peripheral organs, the so-called vocal apparatuses.
In this, the pulmonary apparatus generates the power source; the vocal folds in the
larynx generate the sound source; and the tongue, jaw, larynx, soft palate, and lips
generate the radiated acoustic phenomena constituting voice (Titze 1994; Fitch
2000a; Lieberman 1984). Thus, one of the ways to explore the evolution of speech
has been through comparative studies on the anatomy and physiology of the vocal
apparatuses in nonhuman primates as the cradle of evolution of speech. Here, I
survey current knowledge on the similarities and differences in vocal anatomy and
physiology between nonhuman primates and humans. The aim of this chapter is to
outline the challenges and prospects facing current and future studies in helping to
unveil the evolution of human speech.

2.2 Shared Basic Vocal Physiology

The source–filter theory is one principle that well explains the acoustic and physi-
ological mechanisms of speech production in humans (Fig. 2.1) (Titze 1994; Chiba
and Kajiyama 1941; Fant 1960). This principle also explains vocalizations in
nonhuman primates (Koda et al. 2012; Koda et al. 2015; Riede et al. 2005), while
additional mechanisms can be found to generate distinct types of vocalizations
among them, as seen in other animals (Riede et al. 2017; Charlton et al. 2013).
This principle is also shared in the vocalizations of rodents, songbirds, and croco-
diles (Nowicki 1987; Pasch et al. 2017; Reber et al. 2015), meaning that this model
represents an evolutionarily antique and universal feature of vocalizations in
primates.

The radiated sound is induced by the airflow exhaled in response to the compres-
sion of pulmonary volume (Fig. 2.1). It is rarely induced by inhaled airflow in human
speech but often in vocalizations for some species of nonhuman primates, for
example, in the “pant–hoots” of chimpanzees (Fedurek et al. 2013; Hewitt et al.
2002). The airflow is regulated by the contraction or relaxation of thoracic muscles
including the diaphragm and by passive recoil forces within the pulmonary cavity.
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The airflow runs cranially through the glottis, to induce cyclical vibrations of the
vocal folds and generate the sound source (Fig. 2.1). This physical and acoustic
process is termed phonation. The vibration induced passively by airflow results in
self-sustained oscillation, described by the myoelastic-aerodynamic (MEAD) model
(Van Den Berg 1958; Titze 1980). This mechanism is also found in the avian syrinx
(Elemans et al. 2015). The bilateral vocal folds within the larynx make contact and
separate from each other periodically, to generate opening and closing phases of the
glottis. The acoustic properties of the source are often characterized by acoustic
periodicity, sound pressure levels, and the harmonic structure (Herbst 2016; Titze
1994). These mainly determine the musical aspects of radiated sounds such as pitch,
volume, and tone. The location and relative power of the fundamental frequency ( f0)
and its higher harmonics are important properties of the generated voiced sounds.
Nevertheless, even if sounds are generated having the same f0 value, other features of
the source vary independently and dependently with each other to produce different
sounds we perceive (Herbst 2016). The physical process of phonation is compli-
cated, and many aspects of the process are examined in humans by multidisciplinary
approaches, including direct measurements, computer simulation, and experimental
studies using physical models (Herbst 2016; Titze 1994).

The sound source makes the air filling the supralaryngeal vocal tract (SVT)
resonate in accordance with its resonance properties, which are dictated by the
volumetric topology of the SVT forming a cavity from the glottis to the mouth
(Chiba and Kajiyama 1941; Fant 1960; Titze 1994; Stevens 1972). This means that
the SVT serves as a filter to amplify some harmonics of the source near to its inherent
resonant frequencies and to suppress others (Fig. 2.1). This process is termed
articulation. The volumetric topology of the SVT is modified by the coordinated
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Fig. 2.1 Diagram for the source–filter theory in speech and vocalizations (Adopted from
Nishimura et al. (2008) with some changes). Abbreviations: D diaphragm, J jaw, L lung, LP lips,
SP soft palate, SVT supralaryngeal vocal tract, T tongue, VF vocal folds
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actions of the tongue and hyoid, jaw, larynx, soft palate, and lips (Lieberman 1984;
Crelin 1976; Titze 1994). Voiced sounds along with some frequency bands of the
amplified harmonics—formants—are radiated from the mouth. The distribution
pattern of the formant positions determines the kind of voiced sounds we perceive,
such as vowels in humans (Fant 1960; Titze 1994; Stevens 1972). The physical
process of articulation is well known compared with that of phonation (Titze 1994;
Stevens 1972).

Source–filter independency is another important feature of human speech. This
means that the property of the sound source is only slightly influenced by the
resonant properties of the SVT (Chiba and Kajiyama 1941; Fant 1960; Titze
1994). The f0 position is independently changeable from the SVT acoustics in
human speech. This is in contrast to rigid source–filter interactions, where vibrations
of the vocal folds are inevitably influenced by the acoustic and resonant properties of
the SVT, which primarily determine the f0 position (Fletcher and Rossing 1998).
Such a strong interaction is seen in some extreme cases of human singing and in
some wind instruments (e.g., the trombone). It reduces the flexibility and stability of
producing a series of distinct sounds in human speech.

2.3 Helium Experiments

The source–filter theory has been tested by examining the acoustics of voices in
helium gas, which are modified from natural acoustics, in animal vocalizations
(Reber et al. 2015; Madsen et al. 2012; Yamada and Okanoya 2003; Ballintijn and
ten Cate 1998; Rand and Dudley 1993; Nowicki 1987; Pasch et al. 2017). The
resonance properties of the SVT are influenced by the speed of sound, which is
affected by air density, temperature, and pressure. Under helium-enriched condi-
tions, the speed of sound is increased and every resonance frequency is also
increased (Nowicki 1987). For vocalizers using SVT filtering, the acoustic features
of their voices are inevitably influenced by such increased sound speed, and the
positions of all the formants are shifted to higher frequencies (Rand and Dudley
1993; Nowicki 1987). In the case of source–filter independence, such a condition
does not shift the f0, whereas only formants are shifted. By contrast, in the case of a
strong source–filter interaction, the speed of sound should shift f0 up to a similar
degree as among the formants. Experiments using inhaled helium gas have been
performed to determine the acoustic functions of given vocal apparatuses in several
animals. For example, there are few filtering effects in the vocal sac that is inflated
under the jaw in frogs (Rand and Dudley 1993); source–filter independence also
applies to songbirds (Nowicki 1987) and alligators (Reber et al. 2015); and moderate
source–filter interactions apply to some forms of vocalization in grasshopper mice
(Pasch et al. 2017).

Studies on nonhuman primates examined so far all support the view that their
varied forms of vocalizations are explained by source–filter independence, as seen in
human speech. Hylobatids produce distinct calls termed “songs.” These are loud,
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high-pitched, pure tone-like, and melodious sounds, which can be heard for over
2 km even in the dense tropical forest of Southeast Asia (Marshall Jr. and Marshall
1976; Geissmann 2002). Helium-breathing experiments demonstrated that white-
handed gibbons (Hylobates lar) produce their voices in accordance with source–
filter independence, probably by tuning the first formant to f0, similar to human
soprano singing (Koda et al. 2012). Common marmosets (Callithrix jacchus) pro-
duce high-pitched “phee” calls with an f0 of >7000 Hz in tropical forests of South
America (Bezerra and Souto 2008). These whistle-like sounds are also produced in
accordance with source–filter independency probably with a subtle degree of inter-
action as seen in human speech (Koda et al. 2015). Thus, helium experiments have
confirmed that the source–filter principle is common to vocalizations in nonhuman
primates and to speech in humans. Humans share the source–filter principle of vocal
physiology with nonhuman primates, and we manipulate the vocal apparatuses
sophisticatedly for quick and sequential productions of distinct voices in speech.

2.4 Vocal Folds and Vocal Membranes

The exhalation phase follows the equally long inhalation phase in tidal respiration at
rest, where the air pressure peaks at the onset and then decreases gradually in both
phases. By contrast, the long exhalation phase is interrupted by an instantaneous
inhalation in speech, where the air pressure is maintained as steady during exhalation
(Titze 1994). Such a steady pressure is generated by voluntary controls of the
pulmonary muscles involved in respiration, while respiration must be controlled
involuntarily for tidal respiration in daily life.

The long and steady exhaled airflow runs up through the glottis, to generate a
steady sound source. The human vocal folds are medially and vertically thick (Kurita
et al. 1983; Ishii et al. 1999). During modal phonation of speech, the closing phase
starts by contact between the lower margins of the thick vocal folds (Fig. 2.2a) (Story
2002). The contact area increases upward, and the upper margins—the free edges of
the vocal folds—contact each other. The folds start to separate from each other
simultaneously at the lower margins, and they then separate fully at the upper
margins, to initialize the open phase of the glottis. The glottal area formed between
the bilateral vocal folds increases laterally and then decreases, and the open phase
ends by the beginning of contact between the lower margins of the vocal folds to
initialize the closure phase. Such wave motions of the mucosa of the vocal folds are
well demonstrated by the two-mass model, where each of the vocal folds is com-
posed of upper and lower masses coupled by a linear spring (Story and Titze 1995;
Ishizaka and Flanagan 1972). The relationships between the sub- and supraglottal
pressures, in addition to the physical properties of the vocal folds, determine the
mode of action of the mucosal waves (Story 2002; Titze 1994).

Hirano (1974) proposed that vocal folds, acting as oscillators, are composed of
five layers that are histologically distinct in adult humans: the surficial epithelium;
the superficial, intermediate, and deep layers of the lamina propria; and the
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thyroarytenoid muscles (Fig. 2.2b). The superficial layer of the lamina propria
coarsely has both collagen and elastin fibers, the intermediate layer is rich in elastin
fibers, and the deep layer is rich in collagen fibers (Hirano 1974; Hirano 1975; Kurita
et al. 1983; Garrett et al. 2000). The conus elasticus continues to the intermediate and
deep layers, and the two layers comprise what is called a vocal ligament along the
free edge of the vocal folds (Fig. 2.2b). The layered structure is subdivided into two
components—the body and cover—in terms of an oscillator (Titze 1994; Hirano and
Kakita 1985; Hirano 1974). The body corresponds to the thyroarytenoid muscle,
while the cover corresponds to the epithelium and superficial layer. The intermediate
and deep layers are transitional between them and envelop and keep the form of the
medially thick thyroarytenoid muscle. The cover slides or glides over the rigid body
to generate mucosal waves for producing normal modal phonation in human speech
(Story and Titze 1995; Hirano 1974).

The histology of the vocal folds has been examined in detail in few taxa
of nonhuman primates. While there are some controversies in terms of the definitions
of the layer(s) of the vocal folds, the layered structure in macaques differs from that
of humans (Fig. 2.2c). The thyroarytenoid muscle and the lamina propria are thinner
in macaques (Ishii et al. 1999; Kurita et al. 1983). The histological compositions are
different in the lamina propria of the upper-lateral and medial parts of the vocal folds
in macaques (Ishii et al. 1999; Garrett et al. 2000; Kurita et al. 1983; Riede 2010).
There seem to be no uniform fibrous layers that fully envelop the thyroarytenoid
muscle in macaques. In the upper-lateral part—the floor of the laryngeal ventricle—
Kurita et al. (1983) identified three layers in macaques. The superficial and deep
layers comprise a network of elastin and collagen fibers, and the intermediate layer

Garrett et al.(2000)

Cornu elasticus

free edge

Kurita et al.(1983)

free edge

Epithelium

Thryoarytenoid
muscle

Superficial layer
Intermediate layer

Deep layer

Cornu elasticus

Lamina propria

a

b c
free edge

Fig. 2.2 Vocal fold vibration and anatomy: (a) Diagram for the cycle of vocal fold vibration at
modal phonation in humans (After Story (2002)), (b) vocal fold structure in humans, and (c) vocal
fold structures observed in macaques
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includes mostly adipose tissue. By contrast, Garrett et al. (2000) identified no distinct
layered structure but instead found dense ground substance there. Two or three
layers have been identified in the lower-medial part of the vocal folds (Garrett et al.
2000; Ishii et al. 1999; Kurita et al. 1983; Riede 2010). Kurita et al. (1983) identified
three layers: the superficial layer is composed of dense collagen fibers, the interme-
diate layer is composed of adipose and loose fibrous tissue, and the deep layer is
formed by a network of elastin and collagen fibers. Ishii et al. (1999) and Garrett
et al. (2000) detected two layers: the superficial layer is rich in both collagen and
elastin fibers, and the deep layer is composed of dense ground substance. Riede
(2010) also detected adipose tissue in the deep region, while he did not in any
layered structure there. Regardless of differences in diagnosis, the superficial region
is densely fibrous in macaques, while the deep region is coarsely fibrous. This is
quite distinct from humans where the superficial layer is poor in both elastin and
collagen fibers. Ishii et al. (1999) found that the elastic fibers are densely distributed
around the free edges of the vocal folds in macaques. This was confirmed by the
figures published by Riede (2010). In addition, Kurita et al. (1983) indicated that the
conus elasticus connects to the deep layer that they detected. These findings suggest
that the conus elasticus continues to the deep region, and then such a fibrous layer
continues upward to the superficial region, to end around the free edges of the vocal
folds. The lack of consensus about a layered structure in this region might reflect that
this structure varies along the longitudinal axis of the medial part. Thus, such
histological compositions cannot be easily subdivided to delineate two functional
components: the body and cover. Such fibrous superficial regions of the free edges
and medial parts of vocal folds in macaques probably have physical properties
different from those seen in humans where they generate mucosal waves. In fact,
the physical properties of the lamina propria of the vocal folds differ between
macaques and humans, and the vocal folds can potentially generate many different
modes of mucosal waves in macaques (Riede 2010). The properties of vocal fold
vibrations in macaques probably reflect such anatomical features. Their vocal fold
vibrations are similar to those of human children (Herbst et al. 2018) who have not
yet developed the clear layered structure seen in adults (Hirano et al. 1983). The
histological compositions and their physical properties need to be examined in other
taxa for our better understanding of the evolutionary history of human-like vocal
folds.

The vocal membranes or lips have been identified in a number of nonhuman
primates, while humans do not have this feature or have its vestige (Mergell et al.
1999; Fitch and Hauser 1995; Starck and Schneider 1960; Harrison and Harrison
1995). The variation and phylogeny of this feature are to be examined in primates.
On histological sections, they are often regarded as an upward extension from the
vocal folds (Fig. 2.3). A simulation study suggested that they help lower subglottal
pressure to give increased efficiency in producing loud and high-pitched calls
(Mergell et al. 1999; Fitch 2000a). The morphology of the vocal membranes varies,
and this feature can be regarded as the body of vibration and/or the free edges of the
vocal folds in some species among nonhuman primates, e.g., strepsirrhines and
platyrrhines (Figs. 2.3, 2.4). Although the vocal ligament is not superficial in
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Fig. 2.3 Histological sections of the vocal fold in nonhuman primates from Hayama’s Collec-
tion (Hayama 1970). (a) Lemur catta, female; (b) Cebus apella, female; (c) Saimiri sciureus, female;
(d) Callithrix jacchus, male; (e) Saguinus oedipus, female; (f) Cebuella pygmaea, male; (g) Ateles
paniscus, female; (h) Macaca sylvanus, male; (i) Macaca fuscata fuscata, female; (j) Chlorocebus
aethiops, male; (k) Cercocebus atys, male; (l) Piliocolobus badius, male; (m) Semnopithecus entellus,
female; and (n) Trachypithecus obscurus, male. See also Fig. 2.5. The size and shape of vocal membranes
(arrows) are varied among nonhuman primates
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humans, having no, histological studies in macaques suggest that the vocal mem-
branes that extend from the superficial layer are composed of dense fibrous tissue,
i.e., vocal ligament. The actions of these membranes have not been examined during
vocalizing in vivo in nonhuman primates. Further histological and morphological
studies need to be performed to increase knowledge on the properties of these
structures as oscillators and in their acoustic contributions to calls in nonhuman
primates.

This region has not attracted much attention, but the phonatory mechanisms have
been examined in some taxa of nonhuman primates (Garcia and Herbst 2018; Herbst
et al. 2018; Herbst and Dunn 2018; Herbst 2016). Increasing knowledge on the
anatomy and physiology of the vocal folds provides new insights for understanding
the evolution of human phonation.

Fig. 2.3 (continued)
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2.5 Laryngeal Air Sac

Some primates show an addition and/or modification to existing apparatuses for
producing their species-distinct vocalizations. Howler monkeys (genus Alouatta)
from Central and South America are well known to have an enlarged and modified
hyoid and larynx, which are believed to contribute to producing their loud, noisy,
and low-frequency roars (Starck and Schneider 1960; Schon 1971; Dunn et al.
2015). The laryngeal air sac is also often cited for its potential contributions to the
acoustics of calls made by nonhuman primates (Fitch 2000a; Dunn 2018; Hewitt
et al. 2002). Siamangs (Symphalangus syndactylus) from Southeast Asia have a
large air sac in the ventral region of the neck under the jaw (Mott 1924; Nemai and
Keleman 1933; Starck and Schneider 1960; Hayama 1970) that is inflated just before
they begin their loud calls (Marshall Jr. and Marshall 1976). Such inflation is also
found in a similar region during vocalizing in putty-nosed guenons (Cercopithecus
nictitans) from Central Africa and Japanese macaques (Macaca fuscata) from the
Japanese archipelago of East Asia (Itani 1963; Gautier and Gautier 1977; Gautier
1971). Acoustic experiments and simulations using a physical model have supported

a b

c
d

Fig. 2.4 Four types of the laryngeal air sac in nonhuman primates: (a) lateral ventricular sac, (b)
subhyoidal sac, (c) infraglottal sac, and (d) dorsal sac. (Adopted from Hayama (1970) after tracing
the original figures)
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the view that these sacs are probably used to amplify the voice rather than to modify
its formant pattern (Riede et al. 2008; de Boer 2009). This view is supported by
experiments involving surgical removal of the sac, which reduces the loudness of
vocalization in putty-nosed guenons (Gautier 1971; Gautier and Gautier 1977).

Variations in the anatomy of the laryngeal sac have been reported in several
papers (Starck and Schneider 1960; Bartels 1904; Negus 1949) and have been
summarized by Hayama (1970) and Hewitt et al. (2002). Four types of laryngeal
sacs in nonhuman primates are usually described in terms of the location of their
openings to the laryngeal region (Fig. 2.4) (Starck and Schneider 1960; Hayama
1970; Hewitt et al. 2002) as follows:

1. The lateral ventricular sac or the Saccus ventriculi laryngis lateralis (VL,
Hayama 1970) extends upward from the bilateral laryngeal ventricles to exit the
larynx. Bilateral extended tubes fuse with each other in the ventral region of the
neck and then expand cranially and/or caudally.

2. The subhyoidal sac or the Saccus laryngis medianus superior anterior (MSA,
Hayama 1970) opens above the anterior commissure of the bilateral vocal folds at
the base of the epiglottis and extends cranially along the middorsal region of the
thyroid cartilage. The extended tube usually expands and occupies the dorsal
region of the cup-shaped hyoid body and then extends caudally along the ventral
region of the neck between the skin and the larynx and trachea.

3. The infraglottal sac or the Saccus laryngis medianus inferior anterior (MIA,
Hayama 1970) opens at the midventral surface between the thyroid and cricoid
cartilages and extends caudally along the ventral region of the neck between the
sternohyoid muscle and trachea.

4. The dorsal sac or the Saccus laryngis medianus inferior posterior (MIP, Hayama
1970) opens at the middorsal surface between the cricoid cartilage and the first
tracheal ring and extends between the trachea and the esophagus.

These differences in opening locations strongly suggest that these four types
represent different features in terms of evolutionary homology, even if they share
same acoustic effects. A lateral ventricular sac has been identified in Galago,
Otolemur, Cebus/Sapajus, and Callicebus species, some species of colobines, and
siamangs (Symphalangus syndactylus) and the great apes (Fig. 2.5). It appears only
rarely in Ateles and Aotus species and the other hylobatids and has not been
described in the cercopithecids. Alternatively, a subhyoidal sac is usually found in
the cercopithecids (Fig. 2.6). It is also found in Galago and Otolemur species
(Fig. 2.5) but has not been reported in the platyrrhines or hominoids. An infraglottal
sac is found among the callitrichids but rarely in Ateles, while a dorsal sac is found in
the strepsirrhines and atelids (Fig. 2.7). Whereas Galago, Otolemur, and Ateles
species probably have multiple types of sacs, the other species of nonhuman
primates usually have one type. The presence or absence of sacs varies even in the
same taxon among the platyrrhines, strepsirrhines, and hylobatids excluding
Symphalangus. Such confusion probably reflects wide variations between and
within species. In addition, changes during growth might also add confusion. In
fact, the sac grows to increase its volume caudally along the neck after birth in male
and female chimpanzees (Nishimura et al. 2007).
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In addition to the differences in opening location, variations in the volume of the
sac are expected to vary its acoustic effects. Hayama (1970) expanded our knowl-
edge of this topic by examining specimens from 64 species of nonhuman primates

Fig. 2.5 Histological sections of the lateral ventricular sac in nonhuman primates from Hayama’s
Collection (Hayama 1970). (a) Galago senegalensis, male; (b) Aotus trivirgatus, female; (c)
Symphalangus syndactylus, male; and (d) Pan troglodytes, male. The sac extends out of the larynx
from the laryngeal ventricle (long arrows). � indicates the subhyoidal sac. The vocal membranes
(short arrows) are varied
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Fig. 2.6 Histological sections of the subhyoidal sac in nonhuman primates from Hayama’s
Collection (Hayama 1970). (a) Galago senegalensis, male; (b) Trachypithecus obscurus, female;
(c) Semnopithecus entellus, male; (d) Cercocebus atys, male; (e)Macaca fuscata fuscata, male; and
(f) Papio anubis, female, juvenile. The subhyoidal sac opens above the anterior commissure of the
bilateral vocal folds at the base of the epiglottis (arrow)
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(Table 2.1). The size variation was scored by using six grades: grade A, a large sac
occupying the ventral and lateral region of the neck, thorax, axilla, and sometimes
under the jaw and into the back; grade B, a sac occupying the ventral and lateral
region of the neck and part of the thorax; grade C, a sac occupying the ventral and
lateral regions of the neck; grade D, a sac occupying the ventral region of the neck;
and grade E, a small pouch out of the larynx. Grade E includes a subhyoidal sac
occupying only the dorsal region of the hyoid body, a subglottal sac below the
sternohyoid muscle, or a dorsal sac lying between the trachea and esophagus, and the
laryngeal ventricles that extend out of the larynx but are not fused in the ventral
region of the neck (Hayama 1970). Hayama (1970) also scored grade F for a small
recess or pouch within the larynx, e.g., a laryngeal ventricle within the larynx
(Hayama 1970). This feature was not regarded as a “sac” in other literatures.
Table 2.1 has been based on the analysis by Hayama (1970), after excluding grade
F of all types, to avoid potential confusion. Great apes usually have a huge sac, and
Symphalangus and the cercopithecids have large- to middle-sized sacs. These are
relatively small in the platyrrhines and strepsirrhines.

It should be noted that a laryngeal ventricle has always been found in the
nonhuman primates examined so far, suggesting that its presence is plesimorphic
for primates (Hayama 1970). The lateral ventricular sac is open to the laryngeal
ventricle, and the former can be regarded as an extension of the latter (Hayama
1970). The lateral ventricular sac probably helps to amplify voiced sounds (de Boer
2009; Riede et al. 2008), and the size variation ranging from a small ventricle to a

Fig. 2.7 Histological
sections of the dorsal sac in
Ateles paniscus from
Hayama’s
Collection (Hayama 1970).
The dorsal sac opens
between the cricoid cartilage
and the first tracheal ring
(arrow)

38 T. Nishimura



T
ab

le
2.
1

S
iz
e
va
ri
at
io
n
of

th
e
la
ry
ng

ea
l
ai
r
sa
c
af
te
r
H
ay
am

a
(1
97

0)

S
pe
ci
es

L
ar
yn

ge
al
ai
r
sa
c

L
ar
yn

ge
al
ve
nt
ri
cl
e

R
em

ar
ks

M
al
e

F
em

al
e

M
al
e

F
em

al
e

M
S
A

M
IA

M
IP

V
L

M
S
A

M
IA

M
IP

V
L

T
up

ia
gl
is

E
–

–
–

E
–

–
–

3
3

L
em

ur
ca
tta

–
–

–
–

–
–

–
–

2
2

E
ul
em

ur
m
on

go
z

–
–

–
–

–
–

–
–

2
2

L
or
is
ta
rd
ig
ra
du

s
–

–
–

–
–

–
–

–
1

1

N
yc
tic
eb
us

ca
uc
an

g
–

–
–

–
–

–
–

–
1

1

G
al
ag

o
se
ne
ga

le
ns
is

E
–

–
E

E
–

–
E

4
4

G
al
ag

oi
de
s
de
m
id
of
f

E
–

–
E

E
–

–
E

4
4

G
al
ag

o
de
ni
do

vi
i

C
al
lit
hr
ix
ja
cc
hu

s
–

–
–

–
–

–
–

–
3

3

C
al
lit
hr
ix
ar
ge
nt
at
a

–
–

–
–

–
–

–
–

3
3

C
al
lit
hr
ix
pe
ni
ci
lla

ta
–

–
–

–
–

–
–

–
3

3

C
eb
ue
lla

py
gm

ae
us

–
–

–
–

–
–

–
–

3
3

Sa
gu

in
us

m
id
as

–
–

–
–

–
–

–
–

3
3

Sa
gu

in
us

ta
m
ar
in

Sa
gu

in
us

oe
di
pu

s
–

–
–

–
–

–
–

–
3

3

L
eo
nt
op

ith
ec
us

ro
sa
lia

–
–

–
–

–
–

–
–

3
3

L
eo
nt
id
eu
s
ro
sa
lia

A
ot
us

tr
iv
ir
ga

tu
s

–
–

–
E

–
–

–
E

-
-

C
eb
us

ca
pu

ci
nu

s
–

–
–

E
–

–
–

E
4

4
C
eb
us

ca
pc
hi
nu

s

C
eb
us

ap
el
la

–
–

–
E

–
–

–
E

4
4

Sa
im
ir
i
sc
iu
re
us

–
–

–
–

–
–

–
–

3
3

A
te
le
s
pa

ni
sc
us

–
–

E
–

–
–

E
–

3
3

A
te
le
s
be
lz
eb
ut
h

–
–

–
–

–
E

–
E

3
3

A
te
le
s
ge
of
fr
oy
i

–
–

E
–

–
–

E
–

3
3

L
ag

ot
hr
ix
la
go

th
ri
ch
a

–
–

–
–

–
–

–
–

3
3

M
ac
ac
a
sy
lv
an

us
B

–
–

–
3

(c
on

tin
ue
d)

2 Primate Vocal Anatomy and Physiology: Similarities and Differences Between. . . 39



T
ab

le
2.
1

(c
on

tin
ue
d)

S
pe
ci
es

L
ar
yn

ge
al
ai
r
sa
c

L
ar
yn

ge
al
ve
nt
ri
cl
e

R
em

ar
ks

M
al
e

F
em

al
e

M
al
e

F
em

al
e

M
S
A

M
IA

M
IP

V
L

M
S
A

M
IA

M
IP

V
L

M
ac
ac
a
si
ni
ca

E
–

–
–

E
–

–
–

3
2

M
ac
ac
a
ra
di
at
a

E
–

–
–

E
–

–
–

3
2

M
ac
ac
a
si
le
nu

s
C

–
–

–
D

–
–

–
3

2

M
ac
ac
a
ne
m
es
tr
in
a

B
–

–
–

C
–

–
–

3
2

M
ac
ac
a
fa
sc
ic
ul
ar
is

E
–

–
–

E
–

–
–

3
2

M
ac
ac
a
m
ul
at
ta

D
–

–
–

E
–

–
–

3
2

M
ac
ac
a
cy
cl
op

is
D

–
–

–
E

–
–

–
3

2

M
ac
ac
a
ar
ct
oi
de
s

B
–

–
–

C
–

–
–

3
2

M
ac
ac
a
sp
ec
io
sa

M
ac
ac
a
fu
sc
at
a
fu
sc
at
a

B
–

–
–

C
–

–
–

3
2

M
ac
ac
a
fu
sc
at
a
ya
ku
i

B
–

–
–

C
–

–
–

3
2

M
ac
ac
a
m
au

ru
s

B
–

–
–

C
–

–
–

3
2

M
ac
ac
a
ni
gr
a

B
–

–
–

3
C
er
co
pi
th
ec
us

ni
ge
r

P
ap

io
an

ub
is

B
–

–
–

C
–

–
–

3
2

P
ap

io
cy
no

ce
ph

al
us

B
–

–
–

C
–

–
–

3
2

P
ap

io
ha

m
ad

ry
as

B
–

–
–

C
–

–
–

3
2

M
an

dr
ill
us

sp
hi
nx

B
–

–
–

C
–

–
–

3
2

M
an

dr
ill
us

le
uc
op

ha
eu
s

B
–

–
–

C
–

–
–

3
2

T
he
ro
pi
th
eu
cs

ge
la
da

B
–

–
–

3

C
er
co
ce
bu

s
to
rq
ua

tu
s

B
–

–
–

C
–

–
–

3
2

C
er
co
ce
bu

s
at
ys

B
–

–
–

C
–

–
–

3
2

C
er
co
ce
bu

s
ga

le
ri
tu
s
ch
ry
sg
as
te
r

B
–

–
–

3

C
hl
or
oc
eb
us

ae
th
io
ps

E
–

–
–

E
–

–
–

3
2

C
er
co
pi
th
ec
us

ce
ph

us
C

–
–

–
D

–
–

–
3

2

40 T. Nishimura



C
er
co
pi
th
ec
us

di
an

a
C

–
–

–
D

–
–

–
3

2
C
er
co
pi
th
ec
us

ci
an

a

C
er
co
pi
th
ec
us

lh
oe
st
i

C
–

–
–

D
–

–
–

3
2

C
er
co
pi
th
ec
us

m
iti
s

C
–

–
–

D
–

–
–

3
2

C
er
co
pi
th
ec
us

m
on

a
D

–
–

–
E

–
–

–
3

2

C
er
co
pi
th
ec
us

ne
gl
ec
tu
s

C
–

–
–

D
–

–
–

3
2

C
er
co
pi
th
ec
us

as
ca
ni
us

C
–

–
–

D
–

–
–

3
2

E
ry
th
ro
ce
bu

s
pa

ta
s

D
–

–
–

–
–

–
–

3
2

Se
m
no

pi
th
ec
us

en
te
llu

s
B

–
–

–
C

–
–

–
3

2
P
re
sb
yt
is
en
te
llu

s

T
ra
ch
yp
ith

ec
us

ob
sc
ur
us

D
–

–
–

E
–

–
–

3
2

P
re
sb
yt
is
ob

sc
ur
us

P
ili
oc
ol
ob

us
ba

di
us

–
–

–
E

–
–

–
–

4
4

C
ol
ob

us
ba

di
us

H
yl
ob

at
es

la
r

–
–

–
–

–
–

–
–

4
4

N
om

as
cu
s
co
nc
ol
or

–
–

–
E

–
–

–
E

H
yl
ob

at
es

co
nc
ol
ar

Sy
m
ph

al
an

gu
s
sy
nd

ac
ty
lu
s

–
–

–
B

–
–

–
B

P
on

go
py
gm

ae
us

–
–

–
A

–
–

–
A

P
an

tr
og

lo
dy
te
s

–
–

–
A

–
–

–
A

G
or
ill
a
go

ri
lla

go
ri
lla

–
–

–
A

–
–

–
A

G
or
ila

go
ri
lla

be
ri
ng

ei
–

–
–

A
–

–
–

A

H
om

o
sa
pi
en
s

–
–

–
–

–
–

–
–

3
3

T
hi
s
ta
bl
e
is
co
rr
ec
te
d
fr
om

H
ay
am

a
(1
97

0)
:
G
ra
de

F
of

th
e
sa
c
in

th
e
or
ig
in
al

ar
tic
le

is
re
m
ov

ed
,
be
ca
us
e
it
is
no

t
re
ga
rd
ed

as
a
la
ry
ng

ea
l
ai
r
sa
c
he
re
;
th
e

sc
ie
nt
i fi
c
na
m
es

of
so
m
e
sp
ec
ie
s
ar
e
co
rr
ec
te
d
an
d
th
e
na
m
es

ci
te
d
in

th
e
or
ig
in
al
ar
tic
le
ar
e
in

re
m
ar
ks

2 Primate Vocal Anatomy and Physiology: Similarities and Differences Between. . . 41



huge sac is also likely to contribute to varying acoustic effects. Hayama (1970)
scored the size of the laryngeal ventricle as follows: grade 1, small and extending
laterally to the medial surface of the thyroid cartilage and a little cranially or caudally
from there; grade 2, extending cranially but not reaching the upper rim of the thyroid
cartilage; grade 3, extending to the upper rim of the thyroid cartilage; and grade
4, extending well over the upper rim of the thyroid cartilage to end in a tube-like
structure at the base of the epiglottis. Grade 4 almost corresponds to grade E
mentioned above. The human lateral ventricular sac is classed as grade 3, while
nonhuman primates are usually classed higher (Table 2.1, Hayama 1970). Smaller
ventricles are often found in strepsirrhines and female individuals among
cercopithecids (Hayama 1970). In addition, another small recess, termed the Saccus
laryngis lateralis superior (“LS” in Hayama 1970), is also found superior to the
laryngeal ventricle in some species of strepsirrhines (Fig. 2.8, Hayama 1970). Thus,
the larynx has a variety of accessory recesses around the glottis in nonhuman
primates, some of which are absent or are rarely formed in humans.

The lateral laryngeal sacs found in great apes interfere with producing the distinct
voices required for human speech (de Boer 2009). Instead, the lateral ventricular and
subhyoidal sacs probably have the other acoustic effects, including the amplification
of calls (Riede et al. 2008; de Boer 2009). The same effect is not always guaranteed
for every type of laryngeal sac. In fact, two types of sac open above the glottis, while
the other two open below it. This suggests that they have different effects on the air
pressure or resonance (if any) of sub-/supraglottal regions. Future examinations are
likely to uncover hitherto unknown acoustic contributions of these accessory appa-
ratuses in terms of location, volume, and flexibility (inflatability), in nonhuman
primates.

a b

LS

LS

LV

LVLS
LV

Fig. 2.8 Another recess in laryngeal region. (a) Saccus laryngis lateralis superior (LS, Hayama
1970), adopted from Hayama (1970) after tracing the original figure. (b) A histological section of
LS in Eulemur mongoz, female, from Hayama’s Collection (Hayama 1970). LS is found superior to
the laryngeal ventricle (VL)
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2.6 Supralaryngeal Vocal Tract and Tongue

Humans have distinct anatomical features in terms of the SVT and tongue
(Lieberman 1984; Fitch 2000a; Takemoto 2001). The SVT is composed of horizon-
tal oral and vertical pharyngeal cavities (Fig. 2.9) (Crelin 1976; Lieberman 1984;
Titze 1994). The two cavities are almost equally long and are located almost
perpendicular to each other, and a narrow channel termed the oropharyngeal isthmus
is formed between the two cavities in humans (Fig. 2.9) (Crelin 1976; Lieberman
1984; Titze 1994). This configuration has been described as a “two-tube” model of
the SVT (Titze 1994). It allows the horizontal and vertical cavities to act acoustically
as independent resonant tubes, in addition to the whole tube of the SVT (Titze 1994).
By contrast, static anatomical studies have shown that the pharyngeal cavity is
shorter than the oral cavity and that the two cavities are located almost parallel to
each other in nonhuman primates (Fig. 2.9) (Lieberman 1984; Laitman and
Reidenberg 1997). A narrow isthmus is not found in nonhuman primates. Their
static SVT is shaped like a “single tube” that is slightly curved cranially.

The SVT is contoured ventrally by the tongue surface. The tongue is globular in
humans, while it is flat and horizontally cylindrical in nonhuman primates (Fig. 2.9)
(Laitman and Reidenberg 1997; Nishimura 2005; Nishimura et al. 2008; Takemoto
2008; Lieberman 1984; Takemoto 2001). The tongue musculature is covered by the
epithelium. Movements of such a nonskeletal organ constrained by a flexible outer
layer are explained by the muscular hydrostat theory (Kier and Smith 1985; Smith
and Kier 1989). The human tongue consists of three directed intrinsic muscle fibers,
arranged perpendicular to, in parallel with, and wrapped helically or obliquely
around the longitudinal axis of the tongue (Takemoto 2001). The perpendicular
muscles are found centrally, whereas the other two components are found peripher-
ally (Takemoto 2001). Contraction of the perpendicular fibers reduces the diameter
and increases the length of the tongue to protrude it because the volume of each fiber
component is constant (Kier and Smith 1985; Smith and Kier 1989; Takemoto
2001). Contraction of the parallel fibers increases the diameter of the tongue and
reduces its length by acting antagonistically against the perpendicular fibers (Kier
and Smith 1985; Smith and Kier 1989; Takemoto 2001). Contraction of the helically
wrapped fibers twists the tongue around its longitudinal axis (Kier and Smith 1985;
Smith and Kier 1989; Takemoto 2001). This model of the actions of the human
tongue muscles successfully explains how the three directed intrinsic muscle fibers
arranged within the globular tongue allow for the deformations of the tongue surface
with a high degree of freedom by subtle actions of intrinsic muscles (Takemoto
2001).

The composition of the tongue musculature is common to chimpanzees and
humans (Takemoto 2008). Although there have been few systematic studies of the
tongue musculature in the other nonhuman primates, many species, including
macaques and baboons, probably share it (Doran 1975; Sokoloff 2000; Sonntag
1925). Nevertheless, their muscle fibers are arranged within their horizontally
cylindrical tongue, and their mutual orientations differ from those in the human
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tongue (Takemoto 2008). The primary actions of such tongues are restricted to
protrusion and retrusion, and this prevents them from undergoing the flexible
deformation seen in the human tongue (Takemoto 2008).
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Fig. 2.9 Midsagittal sections of the supralaryngeal vocal tract in primates. (a) Eulemur fulvus,
section of an embalmed specimen; (b) Macaca fascicularis, section of an embalmed specimen; (c)
Pongo pygmaeus, scan of magnetic resonance imaging; (d) Pan troglodytes, scan of computed
tomography; and (e) diagrams in macaques, neonate humans, and adult humans (Adopted from
Nishimura et al. (2008) with some changes). Abbreviations: E epiglottis, G glottis, H hyoid, SP soft
palate, T tongue. Scale is 3 cm
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2.7 Developmental Descent of the Larynx

The differences in the shape of the adult SVT and tongue between humans and
nonhuman primates arose in evolution of developmental changes in the positions of
the hyoid and larynx and in the anteroposterior length of the jaw. Human babies
show an SVT configuration and tongue posture that resemble those seen in adult
nonhuman primates (Fig. 2.9c) (Negus 1949; Sasaki et al. 1977). The positions of the
hyoid and larynx at rest are close to the soft palate, and the epiglottis is located in the
nasopharynx: described as an “intranarial” position (Fig. 2.9c) (Negus 1949; Sasaki
et al. 1977). The hyoid and larynx descend along the cervical curvature in the first
9 years of human life (Fitch and Giedd 1999; Sasaki et al. 1977; Lieberman et al.
2001). The epiglottis attached to the thyroid cartilage is detached from the soft
palate, and the tongue base, attached to the cranial surface of the hyoid body, is
pulled downward into the pharynx (Fig. 2.9c). This descent of the larynx lengthens
the vertical pharyngeal cavity and makes it face the posterior surface of vertically
thick tongue. On the other hand, humans do not develop a snout, and our face
remains short and flat even in adults. The horizontal oral cavity is lengthened during
infancy but is almost complete to reach an adult length in the early juvenile stage
(Lieberman et al. 2001; Fitch and Giedd 1999). Such derived growth patterns in
laryngeal position and face bring about the two-tube SVT and globular tongue
configuration of humans.

Nonhuman primates demonstrate different growth patterns of the pharyngeal and
oral cavities, while the pharyngeal cavity per se is also lengthened during growth.
Chimpanzees (Pan troglodytes) show detachment of the epiglottis from the soft
palate during infancy as seen in humans, to make the pharyngeal cavity face the
posterior surface of the tongue (Nishimura 2005; Nishimura et al. 2006), while
Japanese macaques do not show such detachment (Fig. 2.10) (Nishimura et al.
2008; Flugel and Rohen 1991; Laitman et al. 1977). The thyroid cartilage descends
against the hyoid in chimpanzees but not in Japanese macaques, precluding the
descent of the epiglottis against the soft palate (Fig. 2.10) (Nishimura et al. 2008).
These features come about because the thyroid cartilage is connected to the hyoid by
a moderately long ligament and they both certainly act independently from each
other in hominoids including humans, while they are almost articulated with each
other in other primates (Nishimura 2003). Regardless of the descent of the larynx,
the pharyngeal cavity is quite short relative to the oral cavity in adult chimpanzees
(Fig. 2.9) (Nishimura 2005; Nishimura et al. 2006). By contrast, nonhuman primates
develop a long snout. In fact, the face continues to grow long after the early juvenile
stage to lengthen the horizontal cavity after the completion of laryngeal descent in
chimpanzees (Nishimura 2005; Nishimura et al. 2006; Nishimura et al. 2008). Thus,
regardless of the presence or absence of developmental descent of the larynx,
inherited growth patterns of face ensure the development of a single-tube SVT in
nonhuman primates.
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Fig. 2.10 Growth of the SVT in chimpanzees and Japanese macaques. (Left) Midsagittal magnetic
resonance images of a female chimpanzee (Pan troglodytes) at (a) 4 months of age, (b) 2 years of
age, and (c) 4 years of age. (Adopted from Nishimura et al. (2006) with some changes. Scale is 2.0
cm). (Right) Midsagittal magnetic resonance images of Japanese macaques (Macaca fuscata
fuscata) at (a) 1 month of age in a male subject, (b) 13 months of age in a male subject, and (c)
25 months of age in a male subject. (Adopted from Nishimura et al. (2008) with some changes.
Scale is 2.0 cm)
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2.8 Mobility of the Tongue and Larynx

Humans use the highly deformable tongue to modify the SVT topology for produc-
ing speech sounds. The descended hyoid-larynx secures a long pharyngeal cavity
without any particular actions during speech production in adult humans, and they
move in a rather restricted range during speech production (Hiiemae and Palmer
2003; Hiiemae et al. 2002). Such small actions are not attributed to any anatomical
restrictions, and in fact, they move in a larger range for mastication and are pulled
cranially quickly for swallowing (Hiiemae et al. 2002; Hiiemae and Palmer 2003;
Ekberg and Sigurjonsson 1982). During speech production, the human hyoid moves
slightly anteriorly. It remains there as an anchor for the tongue, and the varied
combinations of contraction and relaxation in each of the tongue’s intrinsic muscles
deform the surface topology of the globular tongue. This means that the sophisti-
cated deformation of the tongue per se shifts the position of the narrow channel
between the two cavities anteroposteriorly and changes the length and topology of
the two cavities (Nishimura 2018). Thus, such a highly deformative and globular
tongue is a primal component to facilitate the quick and sequential shifts of varied
SVT topology during human speech.

Nonhuman primates probably realize sequential and varied deformations of the
SVT topology during their vocalizations. The static anatomical distinction between
humans and nonhuman primates means that investigators have underestimated the
plasticity of SVT modifications in nonhuman primates (e.g., Lieberman et al. 1969).
Helium experiments have now shown that gibbons change the sound source property
and the filter effects of the SVT independently from each other in acoustic terms
(Koda et al. 2012). This finding indicates that their melodious songs are generated by
shifting the f0 to a higher frequency and by synchronizing this with similar changes
in the first resonance frequency of the SVT, to maintain a formant tuning with pitch
(Koda et al. 2012). They are required to perform highly coordinated actions by
increasing the vibration rate of the vocal folds and deforming the SVT topology by
enlarging the mouth and/or shortening its length. In addition, highly coordinated
respiratory actions are also required. Diana monkeys (Cercopithecus diana) from
West Africa demonstrate a formant transition in that the formant pattern changes in a
single alarm call (Riede and Zuberbuhler 2003; Riede et al. 2005). Putty-nosed
guenons (Cercopithecus nictitans) from West Africa combine distinct calls into a
third structure having another meaningful message, which is different from each of
the original calls (Arnold and Zuberbuhler 2006; Zuberbuhler 2006). Campbell’s
monkeys (Cercopithecus campbelli) from West Africa combine an alarm call
followed by a suffix call to broaden the meaning of the original call (Ouattara
et al. 2009). These formant transitions and combinations require a sequential defor-
mation of the SVT (Riede et al. 2005). Further, macaque species (Macaca) from
Asia and restricted parts of North Africa probably skillfully assume varied SVT
topologies and produce a range of resonance patterns that are larger than thought
previously (Fitch et al. 2016). Thus, these findings strongly suggest that a wide range
of SVT topology per se is not unique to humans and rather the variation of such a
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faculty probably underlies each distinct vocal repertoire in any given taxon of
nonhuman primates.

The SVT topology is probably modified by coordinated actions in vocal appara-
tuses in nonhuman primates, while these actions are not always the same as those
performed during speech production in humans (Nishimura 2018). In fact, the
horizontally cylindrical tongue physically prevents nonhuman primates from coor-
dinated actions of the tongue muscles for deformation of the tongue surface as seen
in humans (Takemoto 2008; Lieberman 1968). Alternatively, nonhuman primates
and other mammals are often found to move the hyoid and larynx downward just
before beginning vocalizing (Fitch 2000b; Fitch and Reby 2001; Fitch et al. 2016).
This action is one of the options for modifying the topology of the SVT, by pulling
the tongue base downward into the pharynx to modify the tongue’s posture and
extend and modify the vertical cavity including pharyngeal and laryngeal cavities. In
fact, it reduces the resonance frequencies by extending the SVT length in red deer
(Cervus elaphus) (Fitch and Reby 2001). Such an active lowering of the hyoid and
larynx also occurs in human singing to produce “singing formants” that emphasize
resonance in the posterior pharyngeal cavity (Sundberg 1974). Thus, the dynamic
actions of associated apparatus, as seen in hyoidal and laryngeal lowering, enable
variations in the SVT topology in nonhuman primates having a rather static tongue.

2.9 Conclusions

Recent empirical studies have challenged the traditional view that nonhuman pri-
mates have anatomical and physiological constraints in retaining stereotyped pos-
tures of the vocal apparatuses. This misconception stemmed in part from a lack of
knowledge of comparative vocal anatomy and physiology in nonhuman primates.
Primates principally share the same underlying physiology and anatomy in the vocal
apparatus involved in each process of the source–filter theory. Nevertheless,
nonhuman primates also show wide variations and many differences from humans
in terms of respiration control, histology of the vocal folds, accessory sacs and
recesses in the laryngeal region, and morphology of the tongue and SVT. These
features probably indicate that acoustic mechanisms are widely diversified for
vocalization among nonhuman primates. Each of such diversified faculties can
perform a part of acoustic aspects of human speech in various ways with effort. In
fact, sequential transitions of calls and the production of a wide range of call sounds
are both found among nonhuman primates. It should be noted that humans are able
to produce multiple distinct sounds quickly even in a single exhalation. This is
indispensable for fluent language communication without much effort. This faculty
probably remains as the “Rubicon” (the point of no return) for the evolution of
speech in humans as derived from vocalizations in nonhuman primates. Crossing it
could be achieved in part by the evolutionary shifts in vocal anatomy and physiology
surveyed here. Alternative associations of vocal anatomy and physiology need to be
examined in nonhuman primates to explore the evolutionary processes leading to the
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quick and sequential productions of distinct voices through the long evolutionary
history of primates.
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Chapter 3
Integrations of Multiple Abilities
Underlying the Vocal Evolutions
in Primates

Hiroki Koda

Abstract Language is cognitive systems unique to humans, and other animals
never showed such equivalent one. Recent studies have strongly suggested that the
language would not be originated solely from one unique ability, but rather it would
emerge as a consequence of the integrations of multiple abilities which would be
commonly shared with nonhuman animals. These ideas suggest the importance of
the comparative approaches for the cognitions and communications between humans
and nonhuman animals. Particularly, speech or vocal communications are typical
examples of the basic biological components which are all necessary for language
emergences. The evolutionary pathway from primate vocal systems to human
communication via language systems has been always paid a special attention by
many evolutionary biologists. Here I review to focus on the recent progress of the
studies in the vocal evolution in the primate lineages, mainly for the two dimensions
in the primate vocalizations, i.e., vocal controllability and speech homologous facial
expressions in monkeys. The limited ability of vocal production control distin-
guishes us from other primates. Recent experiments, however, have begun to reveal
voluntary vocal control ability in nonhuman primates, showing successful attempts
of the vocal operant conditionings. These accumulating findings have concluded the
functional expansion of cognitive motor control from hand to mouth, suggesting the
possible evolutionary history where the motor cortex expansions from forelimb to
larynx would occur in the human evolution. Besides, orofacial action is a crucial
component for the speech movements, which are characterized by facial actions of
�5 Hz oscillations of lip, mouth, or jaw movements. A recent promising candidate
homologue for these facial actions is a lip-smacking, a facial display of primates,
which seems to be independent of speech. Interestingly, such facial actions are also
characterized by stable 5 Hz oscillation patterns of jaw or mandible actions,
matching that of speech. Recent studies have confirmed the parallel development
and kinematics between speech and lip-smacking actions, suggesting a common
neural mechanism for the central pattern generator underlying orofacial movements,
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which would evolve to speech with a sensory foundation for perceptual saliency
particular to 5 Hz rhythms widely observed in primate species. Thus, these stepwise
acquisitions of multiple independent components such as vocal controllability or
facial actions would be all necessary evolutionary events before speech emergence,
and the integrations of the multiple components would be a key to finally establish
human speech.

Keywords Vocal controllability · Facial expression · Motor cortex · Mandible
action

Language is a cognitive system unique to humans; other animals have never shown
an equivalent one. Recent studies have strongly suggested that language does not
originate solely from one unique ability but rather as a consequence of the integra-
tion of multiple abilities, which are commonly shared with nonhuman animals. This
suggests the importance of comparative approaches for cognition and communica-
tion between humans and nonhuman animals. In particular, speech or vocal com-
munications are typical examples of basic biological components, which are all
necessary for language formation. The evolutionary pathway, from primate vocal
systems to human communication via language systems, has always been paid a
special attention by many evolutionary biologists. Here, I review the focus on the
recent progress of studies in the vocal evolution in primate lineages, mainly for two
dimensions in primate vocalizations: vocal controllability and speech homologous
facial expressions in monkeys. The limited ability of vocal production control
distinguishes us from other primates. Recent experiments, however, have begun to
reveal voluntary vocal control ability in nonhuman primates, showing successful
attempts of vocal operant conditionings. Findings such as these, which are con-
stantly being revealed, have concluded that the functional expansion of cognitive
motor control from hand to mouth suggests the possible evolutionary history where
motor cortex expansions, from forelimb to larynx, would occur in human evolution.
Besides, orofacial action is a crucial component in speech movements, which
involve facial actions of �5 Hz oscillations of the lip, mouth, or jaw. A recent
promising candidate for the homologue of such facial actions is lip-smacking—a
facial display of primates, which seems to be independent of speech. Interestingly,
such facial actions are also characterized by stable 5 Hz oscillation patterns of jaw or
mandible action, matching that of speech. Recent studies have confirmed that the
parallel development and kinematics between speech and lip-smacking actions
suggest a common neural mechanism for the central pattern generator underlying
such orofacial movements. Thus, stepwise acquisitions of multiple independent
components, such as vocal controllability or facial actions, would all be necessary
evolutionary steps before the emergence of speech, and the integration of multiple
components would be a key to finally establishing human-like speech.
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3.1 Human Speech and Monkey Vocalizations

We believe that language is a unique cognitive ability, which biologically divides us
from any other animal species. Humans, as is commonly held, are the only animals
which have language. However, consensus among scholars as to the definition of
language ability is poor. Some scholars theorized that mental systems may combine
two single target objects to operate as a combined unit or in a recursive way: the
“merge” operation (linguistics of generative grammar) (e.g., Chomsky 1998) and
cognitive linguistics of the “theory of mind” (where mental systems of one agent
may understand/predict the mental states of others) (e.g., Tomasello 2009). Recent
discussions regarding the evolution of language argue that language is an evolution-
ary result of the integration of multiple biological components observed in modern
humans (Hauser et al. 2002; Okanoya 2007; Fitch 2010, 2017). Hence, some of these
components may be observed in nonhuman animals which could be tested in
attempts to discover the biological mechanisms underlying such convergent or
homologous traits of language components and hypothesize as to the evolutionary
causations for these.

Per these views of the integration of language components, speech is a (sensory-)
motor component which is commonly used in human communication via language.
Apparently, speech is not a prerequisite for the emergence of language; gestural
communications with rules of syntax spontaneously emerge in cases of auditory
deficit. Thus, some researchers do not emphasize the importance of speech ability in
the evolutionary pathway of the emergence of language (Corballis 2002), but rather
prefer to focus only on the core components of recursive operations (e.g., Bolhuis
et al. 2014). However, we know that communication via language of the auditory-
vocal domain is most common. Accordingly, speech should be considered an
essential generating aspect regarding the origins of language. Additionally, speech
is clearly a difference between human and nonhuman primates, including apes.
Traditional attempts to search for language abilities among nonhuman primates
(i.e., “great ape language,” since such as Kellogg 1968; Hayes and Hayes 1951),
attempts to teach the great ape language by using speech, had failed. This failure is
due to several biological reasons: nonhuman primates do not have the “sufficient”
vocal apparatus for speech sound articulation (e.g., Nishimura et al. 2003), nor
“sufficient” vocal controllability (e.g., Jürgens 2002), nor “sufficient” sound percep-
tions (e.g., Kojima 2003), and so forth. This means that many kinds of
sub-components are phylogenetically insufficient for speech.

Supposition is made that the ability of speech is a sub-component of language
faculty (particularly of sensory-motor aspect). I propose that speech is a (sensory-)
motor ability, unique to humans, forming an integrated complex of sub-sub-abilities,
which are required for evolution of this motor system in primate lineages. In this
chapter, I consistently argue that the concepts of components and integration are
keys to understand the evolutionary pathway from monkey vocalizations to human
speech, which is shown to be analogous with recent theoretical views of human
language evolution.
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3.2 Volitional Controllability Embedded in Speech Ability

Speech is partially characterized by our motor ability to modify the acoustic prop-
erties in the intentional way. For example, we can produce the sound of “speech,”
which is acoustically encoded as /spíːtʃ/, when we intend to produce such. By
contrast, apes and monkeys never vocally produce /spíːtʃ/, even if trained intensively
from birth, as I described above. What mechanisms are involved in speech? A
component underlying these motor abilities is the volitional control of vocal pro-
duction. It has long been held that this constitutes a main gap in the ability between
humans and nonhuman primates. By establishing the biological mechanisms and
origins underlying the volitional control of vocal production in the primate lineage,
we may reconstruct the evolutionary pathway from the “primitive” form of monkey
vocalization to the “modern” form of human speech. When and why did the ancestral
species of Homo sapiens acquire these abilities? By deeply reviewing recent evi-
dence of the vocal training of monkeys, I will attempt to establish the origins of
volitional control of vocal production.

What is volitional control? It is the ability to explicitly control motor action in a
goal-directed way over the actions mainly governed by the autonomic, reflexive, or
emotional systems (e.g., Bari and Robbins 2013). Accordingly, it could be involved
in any kind of motor action, including vocalizations and forelimb or hindlimb
actions. Primates—mammals well-adapted and evolved to arboreal life—especially
develop forelimb control and higher levels of volitional control of manual actions,
such as hand grasping and finger pinching (e.g., lemurs climbing trees, social
grooming in macaques, or apes using tools). To greater or lesser extents, all
volitional motor controls are neuroanatomically involved in the cortical network of
the motor cortex, being the main network of the brain (Jürgens 2002;
Hammerschmidt and Fischer 2008). For example, hand dexterity in primates is
assumed to be the result of the evolution of the motor system’s cortical networks
(Lemon 2008). In contrast, the voluntary control of vocalization in nonhuman
primates is extremely limited, as described above. Actually, this is well supported
by neuroanatomical evidence for nonhuman primates’ motor circuits for vocal
production; that is, the direct cortico-motoneuronal connection from the primary
motor cortex to motoneurons responsible for each motor action component (Jürgens
2002; Hammerschmidt and Fischer 2008). Direct cortico-motoneuronal connections
from the forelimb to motoneurons exist, but those of the larynx lack in nonhuman
primates. In humans, both direct pathways responsible for the vocal and manual
action units exist. This is one of the primary and direct reasons why our speech
system is behaviorally and phylogenetically isolated from those of nonhuman
primates. Instead, nonhuman primates’ dominant neural circuits responsible for
vocal production is believed to be the subcortical networks consisting of the anterior
cingulate cortex (ACC), periaqueductal gray (PAG), or brainstem (Jürgens 2002;
Hammerschmidt and Fischer 2008). Thus, the present general consensus is the
system dichotomy for the vocal action control between humans and nonhuman

58 H. Koda



primates (e.g., Hage and Nieder 2016; Hage 2018a; Simonyan and Horwitz 2011;
Simonyan 2014).

Importantly, the system dichotomy is consistent with the findings of human vocal
ontogeny, paralleled with the vocal system phylogeny. Undoubtedly, humans begin
their vocalizations from crying, not from “speech.” The basic framework for vocal
development in humans, from prelinguistic infancy to the post-linguistic child, has
supposedly followed two main courses: the developmental systems of crying and
then coo-babbling (Locke 1995; Oller and Griebel 2008; Oller 2000; Barr et al.
2000). Just after birth, infant vocalization begins with crying, closely related to their
emotional states, such as discomfort, distress, or pain. Then, babies start to produce
an acoustically resonated vocalization called “cooing” or “babbling,” both regarded
as onsets to the development of language (speech sounds), where voluntary vocal
control matures through infant-mother interactions (Masataka 2003). Importantly,
the development of cooing or babbling to speech is fundamentally independent of
how crying develops. Cries develop in terms of their acoustic properties (resonance,
rhythms, or variations) but have been believed to occur dominantly under emotional
states (Barr et al. 2000). By contrast, the cooing-babbling system develops with
more directed ways of emotionally independent control in vocal production, i.e.,
volitional control. Furthermore, crying in human babies shares the neural motor
system with vocalization in nonhuman primates (Newman 2007). Thus, the system
dichotomy has been observed at ontogenetic levels (Hage and Nieder 2016). These
dualisms of vocal developments, crying and cooing, have been believed to be
uniquely human. Consequently, nonhuman primate vocalizations are homologous
of infant cries and completely independent of speech.

3.3 Dissecting the Ability of Voluntary Motor Control

Primate vocalizations are basically divided into two systems: (1) emotion-dependent
cries and (2) intention-driven calls, both of which seem to rely on the presence of
cortico-motoneuronal connections in the vocal domain. However, this simple system
dichotomy is challenged by the evidence of vocal training successes in certain
nonhuman primates, which have been investigated to date. Traditionally, operant
conditioning has been the gold standard to test the ability of voluntary vocal control
in nonhuman primates (Sutton et al. 1973, 1974, 1981a, b; Larson and Kistler 1984;
Aitken and Wilson 1979; Aitken 1981; Pierce 1985; Coudé et al. 2011; Hage et al.
2013, 2016; Hage and Nieder 2013a; Hage 2018a; Koda et al. 2007, 2018; Hihara
et al. 2003). The evidence suggests that, despite difficulties, it may still be possible
that nonhuman primates have the ability to be vocally conditioned. In fact, most
findings finally showed success of voluntary vocal control. What was occurring
when emotional-dependent vocalizations of ancestral primates gradually or suddenly
transitioned to controllable cognitive ones, characteristic of human speech? The
simple system dichotomy is insufficient to answer those complex questions.
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The timing control of vocalizations, at least, would be conditional for nonhuman
primates, but the differential conditioning of vocal characters is very difficult,
suggesting that a timing control of vocalizations could be within a range of goal-
directed actions. The most recent experiments have begun to report successes of the
conditioning of different types of vocalization (for the most relevant paper, see Hage
et al. 2013; Hage 2018a), but other dimensions of vocal control—such as pitch—are
still thought to be difficult to condition. Thus, such goal-directed vocal control is not
on an achievement of single mechanisms (i.e., voluntary or involuntary), but rather
due to an integration of several motor abilities. This should be separated into
multiple components, as with similar views of language faculty. As a general
principle of motor learnings, the goal-directed and voluntary motor controls are
achieved with the integration of multiple aspects of motor controls (e.g., Paus 2001;
Bari and Robbins 2013; Jahanshahi et al. 2015). This includes various kinds of
motor actions. Particularly, in previous attempts to shape voluntary motor controls,
nonhuman primates were consistently required to discern preceding stimuli (cues)
and to explicitly control their actions at different levels—to prepare, inhibit, disin-
hibit, and execute required motor actions. There are likely some process-specific
limitations for motor planning in nonhuman primate vocalizations. After our recent
study of action learning comparisons between vocal and manual actions of Japanese
macaques (Koda et al. 2018), I aim to discuss what components play an important
role in switching from emotional-dependent to cognitive-driven vocal production in
nonhuman primates.

Recently, we trained Japanese macaques to execute motor actions of vocalization
or touching, via a visual stimulus in order to systematically compare learning
patterns (Koda et al. 2018). Generally, the results suggested that macaques have
an ability to control both these motor actions in a goal-directed way. While both
vocalization and touching are seemingly “homologue” goal-directed behaviors, they
could be achieved by the completely different learning process of motor control.
Firstly, the training durations were substantially different: touching actions were
rapid, but vocalizations were slow. More relevantly, motor inhibitions (which here
mean the ability to inhibit motor actions when required to stop or not execute the
action) were almost perfectly learned in the touching actions, but not in the vocal-
izations. Additionally, the generalization patterns were different between touching
and vocalizations: The former was flexibly executed in response to sudden changes
of cues, but the latter were not, and indeed the macaques failed to execute vocali-
zations due to violations of expectations for cue timing. Thus, touching action
(manual action) is voluntarily controlled in most levels of the motor control, to
inhibit, disinhibit, and execute. In contrast, all the different levels of motor compo-
nents were not completed or not well coordinated in the conditioned vocalizations,
compared with manual actions, such as touching. Here I supposed that motor
preparation and inhibitory control were thus not well matured in nonhuman primate
vocalizations.
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3.4 Steps from Involuntary to Voluntary Actions

My idea might be inspired by experimental evidence with several accumulated
observations to be overlooked. For example, evidence that vocal conditioning is
not always achieved for all monkeys is relevant for this discussion. Actually, the
researchers who tried vocal conditioning always selected the subject before starting
the training, by well observing whether the monkeys spontaneously vocalized much
frequently (Pierce 1985). This suggests several basic requirements for the achieve-
ment of voluntary vocal control. First, spontaneous vocalizations should be pro-
voked and be triggered easily by change of emotional states or external stimulations
much before learning vocal initiation control. Otherwise, the animal has no oppor-
tunities to learn when they should execute or inhibit a vocal action. Recent evidence
on motor development in humans has emphasized the importance of such sponta-
neous motor actions for the acquisition of goal-directed movements (e.g., Watanabe
et al. 2011; Robertson et al. 2001, 2007). In the general principals of motor
development, such as limb control, goal-directed behavior is not observed just
after birth, but undoubtedly progressively develops later through experiences such
as trial and error in manipulating body parts. Infants never start to perform adult-like
goal-directed actions, such as reaching or grasping; they simply show immature
spontaneous movements characterized as excessive and multiple actions, without
skilled coordination and sometimes termed “general movements” (GMs) (Hadders-
Algra 2002, 2004, 2007; Prechtl and Hopkins 1986). Through brain maturation,
particularly in the prefrontal area, and with sensory-motor feedback interactions to
external environments, spontaneous movements will be regulated and switch to
goal-directed actions, mainly governed by the cognitive voluntary control
(Kanemaru et al. 2012). Ontogenetically, these GMs would be considered as pre-
cursors for goal-directed behaviors, giving sufficient opportunities for learning
cognitive motor control, such as inhibition, disinhibition, or execution (Watanabe
et al. 2011). Likewise, spontaneous occurrences of vocalizations would be pre-
requisites before learning when they should inhibit or execute the vocalizations.
Nonhuman primates could be trained to meet with the “criterions,” showing higher
rates of spontaneous vocalizations observed as “vocal GMs.”

Nonhuman primates who are motivated enough to vocalize would, arguably,
learn to prepare vocalizations until presentations of visual stimuli, at different
times, may simultaneously enhance the differentiation of contexts where the animal
may vocalize or not. Consequently, they would decouple vocalizations from emotion
via such processes of inhibitory control, leading to the achievement of voluntary
vocal control. This would be a key process switching from emotional-coupled
movements represented as GMs to cognitive-driven, goal-directed behaviors.
When looking at vocal development in primates, classical studies in alarm call
development of vervet monkeys support this decoupling process (Seyfarth et al.
1980). When immature vervet monkeys first emit an alarm call to other animals,
including predators and non-threatening animals, they gradually learned to tune the
specific alarm call at the predators and to suppress it toward non-threatening animals
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(Seyfarth et al. 1980). Recent models of vocal development in marmosets also
demonstrated that immature marmosets emitted babbling-like variable vocalizations
and progressively strengthened the link of the specific call with the relevant specific
context while weakening those calls with other inappropriate contexts, leading to the
development of appropriate vocal usage in their vocal communication (Takahashi
et al. 2015). In our training on Japanese macaques, we observed extremely high rates
of vocalizations in early phases of training (Koda et al. 2018). These findings suggest
that increases of call rates, an essential component for the achievement of vocal
control in nonhuman primates, preceded voluntary vocal control.

These possible processes for decoupling vocalizations from emotion is observed
in human infant cries (Barr et al. 2000), characterizing unique developments in
human primates. Such cries have been proposed to also be shared with nonhuman
primate vocalizations in the neural mechanisms underlying their production, which
is believed to be independent of subsequent vocal development for spoken language
and homologue with nonhuman primate vocalizations (Newman 2007). However,
human crying is more unique than nonhuman primate vocalizations, in terms of the
excessiveness of crying, sometimes observed as colic—a common clinical syn-
drome, where infant cries for more than 3 h a day, for 3 days a week, and for 3 or
more weeks (Wessel et al. 1954). These excessive vocal productions are never found
in other primates and mammals, making them a unique dimension of human vocal
ontogeny (Soltis 2004). To date, the reasons why human infants cry so easily have
remained unclear, especially regarding both its mechanisms and evolutionary cau-
sation, but excessive crying would provide an advantage for infant humans to learn
when they should maintain or stop crying. This may lead to emotional communica-
tion via vocalization, which is an evolutionary basis of vocal communications before
the emergence of language communication. Finally, vocalizations would be cogni-
tively controlled in a top-down fashion and in a goal-directed way to develop the
coo-babbling and speech sounds, which would indeed be the system duality
observed only in humans in the primate lineage.

3.5 From Hand to Mouth: Expansions of Motor Abilities

Phylogenetically, when does the system duality for vocal actions emerge in primate
evolution? The “from hand to mouth” hypothesis by psychologist Michael Corballis
may hold the answer (Corballis 2002). Corballis supposed that the gestural origins of
communication signals in language lie with an extinct ancestral species in the human
lineage. This supposition concurs with a recent hypothesis that functional brain
expansions of the motor cortex provide voluntary motor control abilities at different
levels of motor patterns in primates and humans, further emphasizing system duality
of cognitive and emotional control in vocal productions (Simonyan and Horwitz
2011; Simonyan 2014; Hage and Nieder 2016). Analogously, when looking at the
dexterity of the forelimb, hands, or fingers and voluntary actions in mammals, the
extent of dexterity is well correlated with expansions of direct cortico-motoneuronal
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connections, an essential system for the dexterity of manual actions, in the motor
control areas of the forelimb, hands, and fingers (Lemon 2008; Kuypers 1981;
Lemon and Griffiths 2005; Bortoff and Strick 1993; Nakajima et al. 2000; Porter
and Lemon 1993; McKiernan et al. 1998). Likewise, humans acquire voluntary
vocal control due to an expansion of the direct cortico-motoneuronal connections in
human laryngeal motor cortex (LMC), which is lacking in nonhuman primate LMC
(Rathelot and Strick 2006, 2009). This suggests an evolutionary shift occurred only
after extinct hominid ancestors. The parallel phenomena of motor cortex expansions
innovated the novel functions of top-down cognitive control for motor execution in
primate evolution: leaving one to hypothesize that motor innovations might have
first occurred in forelimb control between nonprimates and primates and next in
vocal control between nonhuman primates and humans.

3.6 Lip-Smacking Is a Facial Root

Speech does not emerge solely by the acquisition of voluntary vocal control.
Independent of the ability of voluntary vocal control, facial action patterns would
be prepared, enabling humans to generate unique motor actions, consisting of
consonants and vowels, and rapid changes in acoustic characters even in single
utterances were exhibited. Discussions of voluntary controllability of vocalizations
mainly involved in the laryngeal controls including the vocal folds, while those of
facial actions seen in speech would be related through articulations (Fitch 2010). I
reviewed the idea of speech action evolutions: the evolution of speech actions
partially originates from facial expressions, not from vocal actions.

Without doubt, the rapid change of consonance and vowel production in a speech
stream requires the ability of rapid oscillated action control of the lip, mouth, tongue,
and jaw movements to modify the resonance properties, together with voicing
determined by the vocal fold (Lindblom and Sundberg 1971). In contrast, such
fluent, rapid, and flexible actions in nonhuman primates have rarely occurred in a
comparable manner with their vocalizations. Here we again find fundamental gaps in
rhythmic actions between human speech and nonhuman primate vocalizations,
independent of the ability of voluntary motor control. Origins of this speech rhyth-
mic action can be traced back to the early innovative hypothesis of “frame/content
theory,” proposed by Peter F. MacNeilage (MacNeilage 1998). This theory focused
on speech sound features consisting of two rhythmic parts: (1) the “syllabic frame,”
where the cycle constitutes the syllable, and (2) the “segmental content,” where open
and closed phases are segments (vowels and consonants). MacNeilage hypothesized
that these communication-related frames perhaps first evolved when the ingestion-
related cycles of mandibular oscillation took on communicative significance as
lip-smacks, tongue-smacks, and teeth chatters—displays which are prominent in
many nonhuman primates (from the abstract in (MacNeilage 1998)). When this idea
was first proposed, overlapping facial actions of monkeys and the “frame” of speech
were regarded as merely a phenomenon of correlation and not confirmed by
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empirical evidence. Recently, however, some typical facial actions in several pri-
mates, such as lip-smacking or teeth chattering, have been widely accepted as
plausible candidates for historical precursors of speech rhythmic actions (e.g.,
Ghazanfar and Takahashi 2014).

The first recent empirical candidates of lip-smacking actions in macaques have
mainly been led by Asif Ghazanfar and his colleagues (Ghazanfar and Takahashi
2014). Lip-smacking is generally characterized by vertical movements of the jaw
and lips, with lip protrusion, which functions as a face-to-face communication signal
directed at other monkeys (Preuschoft and van Hooff 1995). Despite great diver-
gence of speech sounds among multiple languages, oscillatory rhythms of orofacial
movements exhibit constant and convergent rhythms of 5 Hz, independent of
multiple cultures and languages (Chandrasekaran et al. 2009). This suggests that
constant 5 Hz orofacial movements are generated by a common neural mechanism
behind the divergence in language. Importantly, stable 5 Hz orofacial movements are
also found in the lip-smacking macaques. They are now hypothesizing that this
orofacial movement in macaque facial actions is homologous of those of speech,
based on their recent findings (Ghazanfar and Takahashi 2014). First, when observ-
ing inner actions during lip-smacking by real-time X-ray cineradiography, they
found similar oscillatory dynamics in coordinated motions of the hyoid bones,
tongue, jaw, and lips between human speech and macaque lip-smacking (Ghazanfar
et al. 2012). More interestingly, these action dynamics were distinguished from
those of other related orofacial actions such as chewing (Ghazanfar et al. 2012). This
parallel between speech and lip-smacking is also supported by developmental
evidence (Morrill et al. 2012). Lip-smacking was observed in the early stage
development of immature macaques, who expressed “immature” lip-smacking,
and its oscillatory rhythms were slower than those of the matured lip-smacking of
adult macaques. This developmental “elevation” in the action rhythms from slow to
rapid rates, interestingly, overlaps with the development of speech orofacial actions,
which are found in the development from cooing to babbling in humans. These
developmental changes are not observed, however, with the action of chewing
(Morrill et al. 2012). The physiological evidence does support the specializations
of lip-smacking actions isolated from other orofacial actions such as chewing or
sucking. The electromyography recording of the dynamic coordination of monkeys’
mimetic musculature revealed apparent gaps between lip-smacking and ingestive
movements (chewing or sucking), suggesting unique foundations underlying
lip-smacking (Shepherd et al. 2012).

3.7 Speech Action Embedded in Primate Facial Expressions

Overall, the key feature is lip-smacking oscillation rhythms, and its overlaps with
speech facial actions, consistently suggesting homology. Importantly, this homology
between speech and lip-smacking does not indicate that speech facial actions would
have directly evolved from facial action of vocalizations. Rather, it suggests a central
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pattern generator underlying both speech and lip-smacking orofacial movements,
which existed in a common ancestor between humans and macaques. Consequently,
human speech evolved directly from lip-smacking-like movements that were used
for communication in an extinct common primate ancestor. Considering the hypoth-
esis that 5 Hz oscillations of a central pattern generator were embedded in the brain
systems of extinct primate ancestors, orofacial movements exhibiting the same rate
of oscillation may not only be restricted to speech or typical lip-smacking but may
also be found in extensive forms of orofacial displays in primates in various social
contexts, exhibiting variable features among species.

In fact, these predictions were supported by variant forms of facial actions in
other primates. Vocalizations in geladas (Theropithecus gelada) are an example of
primates beyond genusMacaca (Bergman 2013). Their vocalizations exhibit similar
5 Hz pulsed patterns, and the pulses were generated by orofacial actions. Arguably,
lip-smacking-like facial actions actively contributed to rhythm generations in pri-
mate vocalization and in terms of the similar manner of the sound generation in
speech. Another example is our recent finding of teeth chattering, a unique facial
expression of stump-tailed macaques (Macaca arctoides) (Toyoda et al. 2017). Such
teeth chattering was referred to as a subtype of lip-smacking (i.e., grin-lip-smack) in
the genusMacaca (Blurton Jones and Trollope 1968). However, this teeth chattering
lacks lip protrusion, which is observed in common lip-smacking (Blurton Jones and
Trollope 1968). Instead, teeth chattering shows the bared teeth display. The contexts
of these facial expressions are different: lip-smacking is used in face-to-face inter-
action, but teeth chattering was observed during courtship displays of the male
mounting the female (Blurton Jones and Trollope 1968). Despite different actions
and contexts, teeth chattering exhibited a 5 Hz rhythm in facial actions, paralleling
the lip-smacking action in other macaques, indicating oscillatory rhythm conver-
gence beyond the differences in species, action forms, and social contexts (Toyoda
et al. 2017).

What mechanisms should be assumed to explain these convergent phenomena?
Currently, a plausible and reasonable idea is that central pattern generators (CPGs)
are specialized for these orofacial movements in primate lineages (Toyoda et al.
2017; Ghazanfar and Takahashi 2014). The CPGs were originally proposed as motor
neural mechanisms to explain the temporal regulation of stereotypic rhythmic
actions. Given that stereotypic rhythms execute without any voluntary control, as
seen in walking or swimming, GPCs might be located in the brainstem. These
autonomic and rhythmic actions are also found in orofacial domains, such as
chewing, drinking, and respiration (Moore et al. 2014). Most of these actions are
necessary for homeostasis and are fundamentally achieved by the coordination of
multiple action units (including the lips, tongue, jaw, mandible, or larynx), which are
regulated by motor neurons projected from the cortical (motor cortex) or subcortical
(cerebellum or brainstem) areas. Regardless of functional differences, the motor
regulation systems should partly overlap for chewing, drinking, respiration, vocal-
izing, and lip-smacking. In primate evolution, an extinct primate ancestor might
have modified or newly installed CPGs specialized for the orofacial actions,
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independent of ingestive and respiratory movements, to further use as communica-
tion signals.

What is the evolutionary trajectory of the emergence of specialized CPGs? At the
very least, similar (homologous) facial actions have not been reported in nonprimate
mammals. How far back can we go to a common ancestor of nonhuman primates or
of nonprimate mammals for such facial expressions? What evolutionary event
(s) triggered these stable orofacial actions? When looking for similar facial actions
widely in primate lineages, lip-smacking equivalent facial expressions have been
reported in some New World monkeys, but not in prosimians (Ghazanfar and
Takahashi 2014). This may suggest that the evolutionary shift from prosimians to
simians might be a crucial event for the acquisition of novel motor systems regulat-
ing orofacial rhythms. However, I acknowledge that it may be misleading to
overextend the “5 Hz rhythm theory.” For example, in our observations in stump-
tailed macaques, we reported similar 5 Hz rhythms in “panting” vocalizations, but
we simultaneously performed careful discussion for its homologous origins (Toyoda
et al. 2017). Even if vocal or orofacial actions showed similar 5 Hz rhythms in some
species, it may be a mere coincidence of the particular rhythms, not originating from
homologue mechanisms. In this view, vocal rhythms, mainly determined by the
larynx, would be treated as having a different origin to the orofacial movements
discussed here. Likewise, lip-smacking would not be a perfect explanation for
speech action evolution. Indeed, lip-smacking is reported in chimpanzees, but the
rhythms of their lip-smacking are likely different from those of macaques or indeed
those of human speech (personal communication, Michio Nakamura). Thus, we
need more careful comparisons and discussion to reconstruct the evolutionary
history of speech actions.

3.8 Tentative Conclusion: The Integration of Components
for the Emergence of Speech

Speech is a component of the faculty of language and is itself about as complex as
language. As I reviewed above, several possible candidate key mechanisms
would improve theorization of emotional-dependent and nonoperational animal
vocalizations up to cognitively driven and acoustically rich human speech, i.e., a
direct cortico-motoneuronal connection or CPG specialization for rapid and
communication-oriented orofacial actions. Of course, these two mechanisms should
not be considered as the only possible candidates. Another theorization may be
respiration rhythms for all vocal motor actions. Importantly, however, integrated
processes of multiple components for the evolution of our speech ability, where
multiple components emerge originally independent of the adaptive functions for
modern speech, are integrated to evolve into the present speech ability. One example
of a step in this evolution might be how vocal organs evolved, because vocal anatomy
primarily determines the possible variations of acoustic features (Fitch et al. 2016).
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In another level, the phonation-respiration systems should have a key role here. The
rhythmic facial actions found in lip-smacking may have been integrated with
phonation-respiration systems, to segment a single phonated utterance to more tem-
porally short units in human lineage but rarely in nonhuman primates. The brain
systems for voluntary control of vocal actions covering all components should have
evolved only in humans, which ultimately separate us from nonhuman primates. It
remains unclear as to when, how, and why each of the multiple components emerged
and were integrated. These perspectives in evolutionary modifications triggering
novel biological functions will contribute to the elucidation of the ultimate questions
regarding not only the evolution of speech but also that of language.
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Chapter 4
Conversation Among Primate Species

Loïc Pougnault, Florence Levréro, and Alban Lemasson

Abstract The literature in psychology and sociolinguistic suggests that human
interlocutors, when conversing, virtually sign a sort of contract that defines the
exchange rules in both structural and social domains. These rules make the messages
more understandable and the interaction more predictable, but they may also act as a
social bond regulator. These rules can be very basic such as speech overlap avoid-
ance, respect of response delays, turn-taking and vocal accommodation to the
context and interlocutor’s social status. Interestingly, these rules are universally
spread among human cultures questioning their biological basis and motivating
the search for possible parallels with our primate cousins. Here, we will review the
available literature on monkeys and apes. We will describe the different forms of
vocal interactions, the temporal rules underlying these coordinated interactions, the
non-random social selection of interlocutors and the context-dependent acoustic
plasticity associated to these exchanges. The fact that primate species are socially
varied, in terms of both social structure and social organisation, is another interesting
aspect, since different social needs may predict different vocal interaction patterns
and conversational rules. For example, duets, choruses and dyadic exchanges are not
randomly distributed in the primate phylogeny and may even show different
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functions. Also, age proximity, kin membership, social affinity and hierarchy seem
to play species-specific roles. Regarding plasticity, cases of vocal sharing and
acoustic matching have been described in some species, notably in contact calls
which are the calls the most frequently involved in dyadic exchanges. At last, a few
studies also show that these ‘primitive’ conversational rules are often broken by
juveniles and that the appropriate way to vocally interact with others may be socially
learned, thus another aspect that do not seem strictly human.

Keywords Vocal accommodation · Conversation · Turn-taking · Vocal interaction

4.1 Introduction

The psychology and sociolinguistic literature suggests that human interlocutors,
when conversing, virtually sign a sort of contract that defines exchange rules
concerning both the structural and the social domains. These rules make messages
easier to understand and interactions more predictable, and in addition they can act
as a social bond regulator. These rules can be basic such as speech overlap avoid-
ance, respect of response delays, turn-taking and vocal accommodation in relation to
context and interlocutors’ social status. The fact that these rules are universal among
human cultures questions their biological basis and motivates the search for parallels
with our primate cousins. Here, we review the relative literature concerning mon-
keys and apes. We present different forms of vocal interactions, the temporal rules
underlying coordinated vocal interactions, the non-random social selection of inter-
locutors and the context-dependent acoustic plasticity associated with these
exchanges. The fact that primates live in various social systems in terms of both
social structure and social organisation is another interesting aspect. Different social
needs may predict different vocal interaction patterns and conversational rules. For
example, duets, choruses and dyadic exchanges are not randomly distributed over
the primate phylogeny and may even possess different functions. Also, age proxim-
ity, kin membership, social affinity and hierarchy seem to play species-specific roles.
Plasticity in cases of vocal sharing and acoustic matching has been described for
some species, notably for contact calls that are most frequently involved in dyadic
exchanges. A few reports show that these ‘primitive’ conversational rules are often
broken by juveniles and that the appropriate way to interact vocally with others can
be learned socially, thus revealing an aspect that does not seem to be strictly human.
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4.2 Homo sapiens’ Conversational Rules

4.2.1 A Universal ‘Contract of Communication’

Informal verbal interactions are the core matrix for human social life (Stivers et al.
2009). Anthropologists, ethnographers, psychologists, ethologists and sociolinguists
agree that, even though notable cultural variations exist, comparable conversational
basic phenomena appear in unrelated languages (Beach 1990). The universality of
conversations has been well illustrated by the French social psychologist Rodolphe
Ghiglione in his so-called ‘contract of communication’ (Ghiglione 1986). When
interlocutors are engaged in a conversation, they virtually sign a sort of contract
based on shared principles concerning both the temporal and social domains. This
contract facilitates vocal coordination between interlocutors and promotes inter-
comprehension. Ghiglione (1986) listed several principles, among which ‘context
relevance’ (i.e. evaluation of context as pertinent or not to initiate a conversation),
‘reciprocity’ (i.e. evaluation of the partner as a valid interlocutor) and ‘contract-
based temporal rules’ (i.e. respect of turn-taking between speakers and speech
overlap avoidance).

4.2.1.1 Temporally Ruled Interactions

Turn-taking represents the social core of human interactions (Levinson 2016). It is
characterised by a reciprocal exchange of alternating, short and flexible turns
between two or more interlocutors (Pika et al. 2018). Conversing is a well-known
example of behaviour based on turn-taking (Sacks et al. 1974), and this key temporal
coordination can be found in all languages and human societies around the world
(Stivers et al. 2009). To engage in turn-taking, interlocutors A and B have to respect
three basic rules: (i) A and B coordinate their speech temporally and avoid talking
simultaneously; (ii) at any given moment during a conversation, interlocutors have
coordinated roles – one of them sends a signal and the other responds (i.e. following
the pattern AB and not AA or BB); (iii) during a longer conversation, the two
interlocutors alternate (i.e. going from AB to ABA, ABAB, etc.) (Ghiglione 1986;
Kerbat-Orecchioni 1990; Levinson 1983).

The optimal timing to take turns depends on the ability to coordinate language
comprehension (prediction) and language production (formulation) (Sacks et al.
1974). Because, response delays are short, a speaker must begin formulating his/her
response while his/her partner is still talking, and this act of formulation must be
based on a prediction about what the partner is going to say (Sacks et al. 1974). The
silent gaps between turns must last sufficiently to avoid overlap but be short enough
to allow a certain fluidness during the verbal exchange. The brevity of silent gaps,
often less than 200 ms, is particular striking because linguistic formulation takes
time: preparing to name a picture, for instance, takes at least 600 ms (Indefrey and
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Levelt 2004) and can rise to about 1500 ms on average for a sentence (Griffin and
Bock 2000).

Moreover, the timing of turn-taking is less precise and less homogeneously
distributed among societies than often claimed (Heldner and Edlund 2010). Humans’
common response delay varies with their culture (Stivers et al. 2009), and it can be
influenced selectively and locally by social aspects of context (Sacks et al. 1974). For
instance, the common response delays for subjectively on-time responses of Nordic
cultures interlocutors (e.g. Danish 203 ms) are longer than those of Japanese (36 ms)
(Stivers et al. 2009). These different response delays could be due to a specific
cultural interactional pace or stem from more general differences of the overall
tempo of social life (Hall 1959). Despite these differences, the available data are
consistent with the presence of a universal and stable system of turn-taking avoiding
overlap and minimising silent gaps (Stivers et al. 2009).

4.2.1.2 Socially Guided Interaction Patterns

Human oral communication is typically intentional and directional, targeting a
dedicated audience or a particular individual interlocutor. To engage in a conversa-
tion, interlocutors are thus not chosen randomly. Affinity and age proximity with a
chosen interlocutor are often considered determining factors in both traditional and
modern human societies (Bascom 1942). However, humans do not converse exclu-
sively with friends. Humans are hence able to adjust their social distance to the
interlocutor during a given conversation due to an acoustic convergence/divergence
phenomenon named ‘vocal accommodation’ (Babel 2010; Chartrand and van
Baaren 2009; Gallois et al. 2005). Short-term accommodation (i.e. minutes or
hours) can be distinguished from long-term accommodation (i.e. month or years),
and long-term accommodation is commonly assumed to be based on repeated short-
term accommodation (Nguyen and Delvaux 2015; Trudgill 2008). The communica-
tion accommodation theory claims that linguistic short-term convergence and its
opposite, divergence, are strategically used by speakers engaged in spoken interac-
tions in order to respectively minimise or maximise their social distance with their
interlocutors, so as to reinforce their own social identity (Gallois et al. 2005). In this
way, speakers are able to match various kinds of acoustic features, such as funda-
mental frequencies or vowel spectra, in response to social factors such as attraction
(Babel 2012) and strength of the relationship (Babel 2010; Pardo et al. 2012). During
long-term accommodation, the change observed in speech-involved attributes is
measured over long stretches of dialogue such as accent, speaking rate, intensity,
low-frequency band variation, pause frequency and utterance length (Gregory 1990).
Convergent characteristics in vocal behaviour reflect a speaker’s motivation to
increase social integration or identification (McGarva and Warner 2003).
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4.2.2 Functions of Conversations

Humans may converse to transmit a message to a specific person. They can develop
different strategies in order to increase the chance of success to continue a given
conversation, such as persistence (i.e. signal repetition) and elaboration (i.e. signal
variation) (Golinkoff 1986, 1993). However, observational studies of human con-
versations in relaxed social settings suggest that these consist predominantly of
exchanges of social information (mostly concerning personal relationships and
experience) (Dunbar et al. 1997). Conversations are thus used to facilitate social
integration and social bonding.

Respect of turn-taking during conversation, ‘as an orderly distribution of oppor-
tunities to participate in social interaction’, is considered one of the ‘most funda-
mental preconditions’ for a viable social organisation (Schegloff 2002). Apart from
just ‘politeness’, maintaining mutual comprehensibility when participants talk at the
same time is obviously difficult (Duncan 1972). When this occurs, overlap is mostly
associated with negative and strong personality attributes (Ter Maat et al. 2010) and
considered as serious impoliteness by most human societies (Calame-Griaule 1965).
There is a fundamental distinction between accidental overlap and deliberate overlap
(Kurtić et al. 2013). Conversely, pauses between turns are considered as more
agreeable (Ter Maat et al. 2010). Nevertheless, long silence gaps are considered
less affiliative, or more distancing, than shorter ones (Roberts et al. 2011). Temporal
rules make messages more understandable and interactions more predictable, but
they can also act as a social bond regulator.

4.2.3 Ontogeny of Conversational Behaviours

Maturation and social experience clearly shape efficiency in turn-taking, but turn-
taking is definitely found at very early ages. Reissland and Stephenson (1999)
compared vocal interactions between mothers and their babies who were either
premature (range 26–32 weeks postmenstrual, mean ¼ 30.2 weeks) or term infants
(from 38 to 42 weeks postmenstrual, mean ¼ 40.1 weeks). Their conversational
turns were investigated at the hospital (1 week old for term infants and 39 weeks
postmenstrual for preterm infants) and then at home 2 months later. No differences in
vocalisation rates or conversational turns could be evidenced at the hospital. How-
ever, when they were 2 months old, mothers of preterm infants responded more to
their infants’ non-cry vocalisations, and they took every opportunity to do so. Term
infants were more likely to respond to their mother’s vocalisations. Another report
focusing on mother-preterm conversational turns found that both adult word count
per hour and infant vocalisation count per hour increased from 32 to 36 weeks
postmenstrual age (Caskey et al. 2014). When a parent was present, infants produced
significantly more conversational turns per hour at both ages.
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Around 3 or 4 months old, infants are more capable to control their vocal
production voluntarily. Two structurally different patterns of dyadic vocal interac-
tions between mother and infant emerge: the ‘coaction mode’ when both members
perform the same or similar behaviour at the same time and the ‘alternating mode’
when mothers often create or shape an antiphonal or alternating pattern of
vocalisations between themselves and their infants (Stern et al. 1975). While more
overlaps than alternations are found during the second semester of life, the contrary
is observed during the third semester (Ginsburg and Kilbourne 1988).

Caregivers play a major role in the development of conversational abilities. They
use cues such as stable timing and exaggerated pauses to help infants learn to take
turns (Stern et al. 1977; Stern and Gibbon 1979). Longitudinal approaches reveal
that the structure of vocal interactions elicited by the mother’s behaviour is tempo-
rally stable during the first half year of life in face-to-face interactions (Cossette et al.
1986; Stern et al. 1977). At very early stages –before 2 months – infants’ vocal
production occurs in the form of periodically occurring bursts (Schaffer 1977).
Between these bursts, the mother skilfully inserts her own actions, and by doing
so, she is attempting to provide some temporal organisation for her interaction with
the infant. Mothers’ speech to 2-month-old infants is timed in such a way as to leave
time for the infant’s response. Maternal utterances are brief (between 0.5 s and 1.5 s)
followed by pauses lasting around 1 s and usually followed by another utterance.
Pauses between utterances that are connected through repetition of form, content or
topic rarely exceed 3 s and pauses longer than 3 s generally demarcate the end of
mutual engagement episodes (Stern et al. 1977; Stern and Gibbon 1979). The
majority of maternal responses to infants aged between 2 and 4 months occur within
1 s after the signal (Keller et al. 1999) and pauses between turns of young infants and
mothers range from 500 ms to 1 s (Jaffe et al. 2001).

Of course both caregivers and infants are actors in the acquisition process. The
fact that mothers and infants engaged in a social interaction match each other’s
duration of vocal utterances and pauses suggests mutual regulation of turn-taking
(Beebe et al. 1985; Jaffe et al. 2001). This is in line with the theory of social learning
that presupposes that infant vocalisations are reinforced by continuous social stim-
ulation. Masataka’s (2003) experimental results support the anecdotal evidence that
infants between 12 and 18 weeks old are less likely to begin vocalising while their
caregivers are speaking than when they are silent (Ginsburg and Kilbourne 1988).
Even when mothers stimulate their infants randomly, they maintained their infants’
attention, and infants focused their attention on their mothers to respond contin-
gently. Neglected children fail to develop this ability to converse, showing irrelevant
turns, interruptions, simultaneous talking and non-contingent responding. Moreover,
vocal matching ability appears early during ontogeny. It occurs in 41–57% of
infants’ non-crying vocalisations, during spontaneous vocal interactions between
mothers and their 2-, 3- and 5-month-old infants. With age, matches become more
and more complex in number and types of included features such as pitch, pitch
modulation, duration and rhythm (Papoušek and Papoušek 1989).

These studies show that prelinguistic infants engage in proto-conversational
interactions with their caregivers and that these interactions are well coordinated
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and well timed (Hilbrink et al. 2015). However, when children begin to interact
using language, their fluency at turn-taking declines; gaps in linguistic turn-taking
are then longer than previously in nonlinguistic turn-taking (Hilbrink et al. 2015).
This development trajectory, from well-timed nonlinguistic interactions to less fluent
linguistic interactions, raises the possibility that preschool children (around 9 months
old) may in fact lack competence in flexibly coordinating linguistic prediction and
formulation (Lindsay et al. 2019). This slowing down occurs when the infants begin
to grasp the significance of intentional communication. Levinson (2016) argued that
the poor timing of children’s conversational turn-taking is not indicative of an
underlying lack of competence, but he suggests that children can flexibly coordinate
prediction about what a conversational partner will say by formulating early a
response, but compared to adults, it is hard for them to encode linguistically the
ideas that they want to express, and thus they respond after a longer delay.

4.2.4 Underlying Neurobiological Processes

The cognitive processes governing human behaviour during a verbal interaction are
complex and vary with context. We chose to focus on one well-studied conversation
context, the face-to-face interaction. Unlike other types of communication, face-to-
face interactions involve more continuous turn-taking (Wilson and Wilson 2005).
Recently Stephens et al. (2010) found that, when the speaker’s voice is aurally
presented to the listener, the brain activities of both listener and speaker synchronise.
A successful communication notably results in a temporally coupled neural response
pattern, a pattern not systematically found if speakers talk a language unknown to
listeners. Using the near-infrared spectroscopy developed by Cui et al. (2012) that
measures simultaneously the brain activity of two conversing persons, Jiang et al.
(2012) examined neural mechanistic features of face-to-face communication com-
pared with back-to-back dialogue, face-to-face monologue and back-to-back mono-
logue. These authors highlighted a simultaneous neural synchronisation in the left
inferior frontal cortex – left IFC – (usually important for language production)
increased in face-to-face communication. This facilitation could be explained by
an action-perception system (Fogassi and Ferrari 2007; Nishitani et al. 2005). The
left IFC, in addition to other brain regions, is indeed a site where mirror neurons are
located (Rizzolatti and Arbib 1998). These neurons are well known to respond to the
observations of an action, to a sound associated with that action or to observations of
mouth-communication gestures (Ferrari et al. 2003; Kohler et al. 2002).
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4.3 Nonhuman Primates’ Patterns of Vocal Interactions
and Conversational-Like Features

The first part of this chapter shows that, despite obvious cultural variations, language
seems ‘by nature’ interactive. This questions the existence of possible underlying
biological bases and encourages scientists to tackle the evolutionary origin of
‘conversational’ behaviour. For some authors, the ability to converse in a rule-
governed way with a particular interlocutor probably appeared somewhere before
the common ancestor of modern humans and Neanderthals (600,000 years ago),
since all the genetic and physiological prerequisites for speech seems in place (Dediu
and Levinson 2013), while they seem lacking in Homo erectus (ca 1.6 My)
(Levinson and Holler 2014; MacLarnon and Hewitt 2004). During the intervening
million years, simple alternation of vocal utterances during vocal exchanges may
have provided the framework for linguistic complexity to evolve (Levinson 2016).
The temporal properties of turn-taking may have remained fixed, creating the
foundations on which more complex linguistic material was progressively added.
For instance, more complex linguistic material could be free flowing, intricately
varied, rapid sound sequences suitable for the fast transfer of complex, highly
flexible communication allowed by fine neurobiological control of the respiratory
muscles and complex cognitive processes. Now, language diversity is considered as
driven by cultural evolution (Levinson 2016). However, other authors suggest that
the rules governing humans’ vocal interactions are much more ancestral as reports
stress parallels with birds and mammals (Henry et al. 2015) and particularly with
nonhuman primates (Lemasson et al. 2011a, b; Snowdon and Cleveland 1984;
Sugiura and Masataka 1995).

4.3.1 Definition of Conservation-Like Vocal Exchanges

The vast majority of nonhuman primates are highly social species that live in groups
governed by complex relationships (Dunbar 2009; Grubb et al. 2003; Kappeler and
Van Schaik 2002; McComb and Semple 2005). Their social life requires the
existence of communication rules respected by all individuals, allowing each indi-
vidual to share information and to develop and to maintain social bonds with
particular group members. Although the level of ability to communicate visually
(mimics, gestures, postures) varies greatly among species, all nonhuman primates
are vocal communicants (Lemasson 2011). In this context, vocal interactions play a
key role in their social communication network (Pika et al. 2018).

Nonhuman primates produce a variety of call types, some dedicated to specific
contexts, such as alarm calls, distress calls, copulation calls and food calls. These
calls increase the chances of individuals to survive and to reproduce. However,
several species also produce so-called ‘social/contact’ calls, not specifically linked to
a given context but typically associated with peaceful and relaxed behaviours. They
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are produced with high call rates (most often higher than the other call types) and
usually involved in socially and temporally coordinated vocal exchanges. We
believe that these contact call exchanges are good candidates for ‘conversation-
like vocal interactions’ in primates. They involve a diversity of recurrent vocal
partners. Interlocutors are typically familiar individuals belonging to a given social
group and can be of any age and sex. Production of conversation-like vocal
exchanges is not related to ‘primary need’ contexts, time of day or year, and they
relate more to daily-basis short-distance communication. Thus, these types of inter-
actions differ from vocal interactions related to reproduction in insects (Bailey
2003), amphibians (Forester and Harrison 2008) and even mammals like rodents
(Okobi et al. 2019) or deer (Clutton-Brock and Albon 1979; Reby and McComb
2003).

To what degree vocal nonhuman primates’ communication is intentional is a
matter of current debate. Nevertheless, the debate concerning vocal production
(control of acoustic structure of the sound emitted) is more important than that
concerning vocal usage (control of utterance of a vocalisation). Several reports
show that vocal usage is socially aware. Indeed, the identity of potential receivers
(i.e. active interlocutors or passive listeners) influences the vocal behaviour of
emitters who can choose to vocalise only when particular conspecifics are present.
Audience effect on call rates (but even on call structure to a lesser extent) has been
found in a range of primate species. Good evidence shows that the composition of
the nearby audience can affect the likelihood of calling. For example, some contact
calls are preferentially emitted when approaching specific partners: baboons’ grunts
and macaques’ girneys addressed to affiliated individuals (Silk 2002) and female/
low-ranking male chimpanzees’ pant-grunts addressed to the higher-ranking male
(Laporte and Zuberbühler 2010). However, the audience effect has been observed in
a broad range of contexts and for several types of calls (e.g. chimpanzees: Leavens
et al. 2004, 2009; Slocombe et al. 2010; macaques: Hauser and Marler 1993; brown
capuchins: Pollick et al. 2005; red-capped mangabeys: Bouchet et al. 2010). The
social and temporal rules underlying contact call exchanges are good examples to
illustrate the level of control of vocal usage by nonhuman primates.

Conversation-like call exchanges are only one type of nonhuman primates’ vocal
interactions. Authors typically distinguish this behaviour from other vocal patterns
like isolated calling (one call is emitted and no other calls can be heard around),
repeated calling (the same callers call several times in a row), disorganised phono-
responses (one individual produces a call, typically an alarm call, and all the group
members respond in an apparent chaotic way), chorusing (two or more individuals
overlap their emissions of a given call type) and duetting (two individuals synchro-
nise long series of calls or songs with a stereotyped temporal association). Yoshida
and Okanoya (2005) hypothesised that during evolution choruses came first, then
duets and vocal exchanges finally emerged. These different calling patterns are
however found at different levels of the primate phylogeny, and all the great apes
present all these patterns. The two ‘non-conversational’ interaction patterns
(i.e. chorus, duet) suggest abilities of animals to control the timing of their vocal
utterances with predictable temporal coordination. For example, male chimpanzees
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produce a species-typical long-distance call known as pant-hoot. This vocalisation is
often emitted during choruses in a food arrival context (Clark and Wrangham 1993)
or to maintain contact over long distances (Mitani and Nishida 1993). Pant-hoots
start with a build-up introduction that facilitates synchronisation of the climax part of
the pant-hoots of the different overlapping callers (Fedurek et al. 2013). Duetting
generally concerns vocal interactions between two partners of the opposite sex
(Bailey 2003) and are common among nonhuman primates with stable monogamy
and territoriality (e.g. tarsiers, indris, Mentawai langurs and gibbons: Fuentes 1998;
Geissmann and Orgeldinger 2000; Haimoff 1986; MacKinnon and MacKinnon
1980). Each species of gibbon has its species-specific temporal duet organisation
with predictable male/female/couple parts (Geissmann 2002).

4.3.2 Temporal Organisation of Conversation-Like Vocal
Exchanges

Campbell’s monkeys’ conversation-like vocal exchanges have been well studied.
The adult males and females of this species form harem groups and live in West
African forests. They present different vocal repertoires and patterns of vocal usage.
Males typically produce long loud calls to warn about danger that trigger
disorganised phono-responses from all females using their own versions of alarm
calls (Ouattara et al. 2009a, b). However the social core of intra-harem communica-
tion relies on female contact calls. Their vocal interactions are organised in tempo-
rally structured ways generally involving only two or three interlocutors responding
to each other (Lemasson et al. 2010) and forming the so-called contact call
exchanges respecting a turn-taking pattern (Lemasson et al. 2011a). Exchanging
partners can be physically close (e.g. grooming) or distant (without any visual
contact). The respect of the turn-taking during vocal exchanges has been observed
in a broad range of nonhuman primate species (e.g. pygmy marmosets: Snowdon
and Cleveland 1984; common marmosets: Takahashi et al. 2013; Japanese
macaques: Sugiura 1998; gorillas: Lemasson et al. 2018; bonobos: Levréro et al.
2019). A given caller typically produces a single call and waits for the vocal response
of another group member before possibly calling again.

The first important rule observed is that the respondent adjusts the timing of its
response by leaving a short silent gap after the initiator’s call. This gap respects a
maximum duration (about 1–3 s according to species) to ensure call coordination and
a minimum silent delay to prevent call overlap (Henry et al. 2015). A study focusing
on long periods of common marmosets’ dyadic vocal interactions showed vocal
cooperation and temporal coordination (Takahashi et al. 2013). Marmosets adjusted
their vocal output reciprocally and continuously with each other. Dyads engage in
turn-taking by showing that they prevent overlapping call (waiting ~5 s before
responding); the timing of their calls is periodically coupled, and they mime each
other so that when one speeds up or slows down its call timing, the other will follow.
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Individual Campbell’s monkeys respond to each other with a short intercall interval
of up to 1 s but rarely less than 260 ms (Lemasson et al. 2010). The common
response delay is rarely shorter than an average call duration (e.g. Diana’s monkeys:
Candiotti et al. 2012; squirrel monkeys: Masataka and Biben 1987; Japanese
macaques: Sugiura 1993; spider monkeys: Briseno-Jaramillo et al. 2018; gorillas:
Lemasson et al. 2018; bonobos: Levréro et al. 2019).

Response delay is however flexible as it varies with context, such as the physical
distance between callers. The interval between Japanese macaque interlocutors is
longer when group members are scattered, and more importantly, an initiator persists
and repeats its call when it fails to get a response, and the farther away the targeted
respondent, the longer it waits (Sugiura 2007). Sugiura (1993) also suggested a
possible cultural effect on the common response delay as it varies among Japanese
macaque’ population. Thus, delays are longer in the Yakushima population than in
the Ohirayama population. As the original members of the Ohirayama group were
translocated from Yakushima island 33 years before this study, this difference
suggests possible trans-generational social transmission of the conversational rule
in addition to a dialect-like structural modification of the contact (coo) calls recorded
in these two populations (Tanaka et al. 2006). Social determinants are also key
factors that influence duration of the silence gap between squirrel monkeys’
exchanged vocalisations. This gap is significantly shorter when the respondent has
a strong affiliative bond with the initiator (Biben et al. 1986; Masataka and Biben
1987). Some species, such as common marmosets (Yamaguchi et al. 2009) and
spider monkeys (Briseño-Jaramillo et al. 2018) can exchange two types of contact
calls, i.e. marmosets’ phees and trills or spider monkeys’ whinnies and high
whinnies. Adult interlocutors typically match the call type used to respond to one
another. Nevertheless, response delay can be call type – dependent. Common
marmosets respond faster to a trill vocalisation than to a phee vocalisation, and the
delay between repeated trills, a way to elicit a response from conspecifics, is shorter
(3 s) than the delay between repeated phees (6 s). Authors suggested that phees are
usually longer and louder than trills and would thus be used preferentially by distant
interlocutors (Yamaguchi et al. 2009)

Several studies furthered their investigations and showed that the respect of the
expected temporal pattern matters for animals, at least adults. Playback experiments
showed that adults discriminate spontaneously between artificial vocal exchanges
respecting the turn-taking principle (Campbell’s monkeys: Lemasson et al. 2011a)
and the non-overlap principle (gorillas: Pougnault et al. 2020) and those breaking
these rules. In both cases, subjects lost interest in the broadcast when the interaction
did not respect the temporal rule. Also, in Japanese macaque, adults that produce
repeated calls in a row, leaving no chance for turn-taking responses, are low-ranking
males (Lemasson et al. 2013a, b).

These temporal features (i.e. turn-taking and overlap avoidance during vocal
interactions) by themselves are not sufficient to distinguish primates’ vocal interac-
tions from those of other animal species as similar temporal features have been
observed for a broad range of nonprimate species (insects: Hartbauer et al. 2005,
Hedwig 2006; amphibians: Schwartz 1987, Zelick and Narins 1985; birds: Hyman
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2003, Mennill et al. 2003, Vehrencamp et al. 2014; mammals: Behr et al. 2009,
Carter et al. 2008, Ghazanfar et al. 2002, Goll et al. 2017, Miller and Wang 2006).
What makes the vocal exchanges of some primate species particular is that they
present the necessary combination of temporal and social dimensions that define
‘conversation-like’ vocal exchanges.

4.3.3 Social Organisation of Conversation-Like Vocal
Exchanges

The ‘social bonding hypothesis’ proposed by Dunbar (1996) highlighted the key role
played by oral interactions during the evolution of primates. This theory suggested
that, in large social groups and in groups with solid bonds, the function of gestural
grooming was partially transferred to vocal interactions. Gestural grooming plays an
important role in forming new bonds and strengthening existing ones in all primate
species (Dunbar 1991). As group size and bonding network increased, conversation-
like oral exchanges may have developed since it then became impossible to allocate
sufficient time to groom all partners physically, so vocal exchanges could play a
‘grooming-at-distance’ function (Dunbar 1996).

In line with Dunbar’s predictions, two recent studies confirmed that preferred
contact call exchange partners are the same as physical grooming partners and that
conversation-like exchanges can be considered grooming-at-distance (Japanese
macaques: Arlet et al. 2015; spider monkeys: Briseño-Jaramillo et al. 2018). More-
over, female Japanese macaques that groomed each other more also responded to
each other’ calls more. Thus, the exchange partner, as for humans, is not randomly
nor opportunistically chosen. These findings are supported by several other studies
reporting that individuals involved in a positive relationship are more likely to
exchange calls (e.g. cotton-top tamarins: Jordan, et al. 2004, pygmy marmosets:
Snowdon and Cleveland 1984, bonobos: Levréro et al. 2019, Campbell’s monkeys:
Lemasson et al. 2006, squirrel monkeys: Soltis et al. 2002).

Interlocutors can be selected according to other factors, such as social status. For
Campbell’s monkeys, age of individuals is an important regulating factor; elders,
regardless of dominance status, elicit more responses from their younger conspe-
cifics despite a lower call production (Lemasson et al. 2010). The hierarchy of
dominance in this species is very subtle, and agonism is rare (Lemasson et al.
2006). The attention paid to the age of the interlocutors has also been found for
marmosets (Chen et al. 2009). Interestingly an effect of age has been found
concerning western lowland gorillas’ conversation-like interactions. The closer
two gorillas are in age, the more likely they are to exchanges soft calls (Lemasson
et al. 2018). Age proximity could play a key role in great apes that are characterised
by a long development and longevity (Levréro et al. 2019). Dominance status can
matter more for other species. For example, dominant male and female white-faced
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capuchins receive more vocal responses than subordinates of either sexes (Digweed
et al. 2007).

4.3.4 Neurobiological Processes Associated with Vocal
Exchanges

Although much is known about the acoustic structure of primate calls and the social
context in which their vocalisations are usually uttered, our knowledge concerning
the neocortical control of vocal interactions is still limited. Information concerning
this domain comes mainly from studies of lesions of squirrel monkeys, marmosets or
macaques (Aitken 1981; Jürgens et al. 1967; Jürgens and Ploog 1970; Sutton et al.
1974). Nonhuman primates have been thought, for several decades, to have no
voluntarily control over their vocal production, a fundamental difference from
human language (Jürgens 1995). The first neurological studies on this topic showed
that the production of some of squirrel monkeys’ vocalisations was related to the
limbic system and processed in subcortical areas associated with emotions. Nobody
seriously disputes the fact that humans have far greater control over their vocal
production apparatus and the evidence that some Old and New World monkeys and
apes have limited vocal control (Lemasson et al. 2013a, b).

One line of evidence comes from studies based on conversation-like vocal
exchanges. For example, when a marmoset hears a conspecific vocalisation and
decides not to answer, the primary auditory cortex is activated (Simões et al. 2010).
In contrast, when the individual answers, the ACC (i.e. anterior cingulate cortex), the
VLPFC (left ventrolateral prefrontal cortex; note that the VLPFC is a key region for
speech control in humans) and the DMPFC (dorsomedial prefrontal cortex) are all
activated, suggesting the existence of context-dependent vocal control in nonhuman
primates (Jürgens et al. 1996; Simões et al. 2010). Other studies reported activation
of the ventral premotor cortex when a subject produces conditioned vocalisations,
but not when a subject responds spontaneously to the presence of food (pigtailed
macaques: Coudé et al. 2011). Single-cell recordings in the ventrolateral prefrontal
cortex of monkeys trained to vocalise (contact calls) in response to visual cues
evidenced call-related neurons (rhesus macaques: Hage and Nieder 2013).

A recent study showed a robust correlation between marmosets’ cortical activity
and conversation-like contact call exchanges and in addition that the magnitude of
neuronal responses increased in relation to conversation length. This supports the
notion that the neural process is strongly related to the social context of the vocal
exchange (Nummela et al. 2017). Authors hypothesised that the change in the frontal
motor cortex may reflect a change in social arousal and attention (Miller et al. 2010).
This could serve as a sensory gating function to facilitate rapid processing of
conspecific vocalisations throughout the auditory system (Miller et al. 2010) and
precipitate a cascade of subsequent social decision-making processes (Toarmino
et al. 2017).
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Additionally, recently Okobi et al. (2019) identified a region of singing mice’s
motor cortex (the orofacial motor cortex) that influences vocalisation and mediates
rapid vocal interaction. Authors showed that the motor cortex is required for
adaptive counter-calling but not for the production of the call itself. This is the
first demonstration of cortical dependence of a precise vocal interaction in mammals.
Also, they demonstrated that the motor cortex is able to adjust dynamically the
pacing and duration of call sequences, consistent with changes of these parameters
during social interactions.

All these results support the notion that diverse cortical structures are involved in
the control of nonhuman primates’ vocal communication. Neuronal processes, such
as the social context change in the frontal cortex state, may occur only when primates
are actively interacting with one another.

4.3.5 Acoustic Plasticity Associated with Vocal Exchanges

As stated above, most human conversations deal with exchanges about personal
relationships and experience (Dunbar et al. 1997). Interestingly, contact calls are
often the call types that present the highest level of acoustic identity coding
(Lemasson and Hausberger 2011 but see Keenan et al., sub). Beyond identity,
these call types can also code for different sorts of social information through a
process of vocal convergence. Over more or less long periods of time, individuals
can modify the frequency modulation pattern of their contact call to copy their
preferred partners (e.g. pygmy marmosets: Snowdon and Elowson 1999). Female
Campbell’s monkeys that are more closely affiliated are more likely to share
particular vocal variants than conspecifics that are not, regardless of genetic relat-
edness (Lemasson et al. 2011b). However, an individual’s variants are not stable
over its entire adult life. Reports show that these changes are triggered by alterations
of females’ social relationships (Lemasson et al. 2003; Lemasson and Hausberger
2004). Authors showed, using playback experiments, that only current variants
(conversely to older ones) elicited immediate call responses (Lemasson et al.
2005). Bonobos, another so-called tolerant species, similarly share variants (Levréro
et al. 2019). The greater the age difference between two bonobo callers, the less
likely they will share acoustic variants. These authors hypothesised that juvenile
bonobos display a ‘youngster vocal badge’ as they often play with peers and this
could favour the development of social bonds during their long immaturity period.
However, vocal copying by Japanese macaques, who also often exchange contact
(coo) calls but form despotic societies, does not explain social affinity. Instead,
subordinates copy dominants’ calls (Lemasson et al. 2016). Interestingly, macaque
species vary socially, some are tolerant, while others are despotic (Thierry et al.
2000; Thierry 2007). Recently a study confirmed that hierarchy explains acoustic
similarity in another despotic species, rhesus macaques, but not in their tolerant
cousins, Tonkean macaques (De Marco et al. 2019).
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At the time scale of a vocal exchange, acoustic matching can be observed in
nonhuman primates. The respondent produces a call that matches the acoustic
characteristics of the call used by the initiator, a phenomenon comparable to the
vocal accommodation mentioned previously for humans. This has been clearly
demonstrated using observations and playback experiments with Japanese macaques
(Sugiura 1993, 1998) and bonobos (Levrero, pers. comm.). Female Diana monkeys
converge vocally in social cohesion contexts and diverge in spatial cohesion con-
texts (Candiotti et al. 2012).

These copied acoustic variants can be seen as social badges that individuals use
during vocal exchanges to advertise their affinity and to facilitate social integration
(Lemasson and Hausberger 2004; Sewall et al. 2016).

Apart from convergence/divergence processes, acoustic plasticity can be found in
conversation-like contact call exchanges. During vocal interactions, individuals can
use several kinds of signals to elicit vocalisation by their interlocutors or to indicate
their desire to interact vocally. Biben et al. (1986) demonstrated that during squirrel
monkeys’ vocal interactions, low-frequency chucks are more likely to initiate vocal
exchanges, whereas high-frequency chucks terminate them. Call combination can be
used for similar purposes. Red-capped mangabeys typically add an optional ‘Uh’
unit to their contact call when they engage in vocal exchanges (Bouchet et al. 2010).
Bonobos also use call combination of long-distance vocalisations during interparty
movements (Schamberg et al. 2016). When wild bonobos are motivated to move
from one foraging subgroup to another, they produce a combination of ‘whistle +
high-hoot’. They are likely to travel to the other subgroup if their initial vocalisation
elicited an answer; otherwise they demonstrate an apparent persistence in the
production of ‘whistle + high-hoot’. Moreover, individuals can modify the acoustic
structure of their call combinations to allow the listener to distinguish between those
given spontaneously and those given in a response to another call.

In addition, when a Japanese macaque fails to elicit a vocal response from its
conspecifics, he/she can elaborate by emitting a second (acoustically modified) call
to emphasise his/her motivation to receive a response (Koda 2004). The second call
will be longer with frequency modulations of larger amplitude. Playback experi-
ments confirmed that such modified calls trigger systematically more responses.
Squirrel monkeys’ (Biben et al. 1986) and common marmosets’ (Choi et al. 2015)
calls with ‘exaggerated acoustic patterns’ are used preferentially when the initiator is
far from the targeted respondents.

4.3.6 Breaking the Conversational Rules by Nonhuman
Primates

As in humans, the appropriate way to behave vocally when conversing results from
social development in several nonhuman primate species. Immature individuals
break social and temporal rules more often than adults, supporting the idea of a
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possible learning process. For example, immature Japanese macaques and
Campbell’s monkeys are less likely to adhere to the turn-taking rules than adults
(Lemasson et al. 2011b, 2013a, b). Analyses of spontaneous vocal exchanges of both
species show that juveniles break the turn-taking rule more often (up to 12 times
more frequently) by overlapping conspecifics’ calls or by producing several repeated
calls. Using playback experiments, these authors showed that, conversely to adults,
juvenile Campbell monkeys do not detect or do not care about respecting (or not)
turn-taking in these artificial call exchanges (Lemasson et al. 2011a).

Chow et al. (2015) suggested that turn-taking during common marmosets’ vocal
interactions is learned during ontogeny and that its development is guided by
parents’ behaviours. These authors found that parents were significantly less likely
to produce a response following an interruption of their own call by their offspring
than during vocal interactions when no interruption occurred. Interestingly, overlaps
during vocal interactions are more frequent between offspring and their parents than
between siblings. Additionally, despite only small differences in the duration of phee
calls produced by mothers and fathers, offspring are significantly more likely to
interrupt their father than their mother. Indeed, whereas juvenile marmosets adopt an
adult-like temporal pattern of vocal exchanges with their mothers around 10–-
12 months, this is not the case during vocal interactions with their fathers. However,
while vocal exchanges with mothers and fathers gradually slowed over the first year
of life, the temporal pattern stayed relatively constant during sibling vocal interac-
tions. Chow et al. (2015) suggested that these ontogenic changes are not simply due
to a general maturational process but that marmosets learn to adapt the relative
timing of their vocal responses based on the specific social context and the identity of
their interlocutors.

The hypothesis presented by Chow et al. (2015) could be valid if the quantity of
contingent parental responses was correlated with the rate of turn-taking develop-
ment so that infants with more responsive parents learned to adjust the temporal
pattern of their turn-taking faster. Takahashi et al. (2016) investigating parental
influence on juvenile marmosets’ turn-taking development could not evidence any
relationships between maturation rate of vocal turn-taking and overall frequency of
contingent parental responses. However, the capacity to grasp the vocal turn-taking
temporal pattern increases with age of individuals. During the first post-natal week,
marmosets interact only weakly with their parents, but these interactions increase
with experience. However, the vocal pattern used by parents is not modified during
this period. Takahashi et al. (2016) hypothesised that this was due to self-monitoring
by young marmosets rather than parental influence.

A similar developmental pattern is observed for at respect of social and acoustic
rules. For example, a recent study showed that free-ranging spider monkey adults
respond preferentially to friends and perform systematically call-type matching
immature did not and young individuals even less than older immatures (Briseno-
Jaramillo et al. 2018). Adults may have either the higher cognitive abilities required
for processing such complex information or the social experience necessary for
understanding these conversational rules. Subadult Japanese macaques (aged 3–5
years old) were less efficient than adults at respecting the call-matching rule during
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interindividual exchanges of coo calls (Masataka 2003, Sugiura 1998, Sugiura and
Masataka 1995). A playback study ran by Bouchet et al. (2017) confirmed that adults
of this species care whether vocal exchanges respect the call-matching, while
juveniles do not. A report suggested that a social rule guides western lowland
gorillas’ contact (grunt) call exchanges, i.e. interlocutors are preferentially selected
among group members close in age (Lemasson et al. 2018). A playback experiment
broadcasting artificial vocal exchanges respecting or not this social rule showed that
older subjects, more experienced, paid more attention to exchanges respecting the
age proximity expectation than younger ones (Pougnault et al. 2020).

4.4 Conclusion

During recent decades, research focusing on the existence and the developmental
acquisition of rules governing nonhuman primates’ conversation-like vocal interac-
tions has enlarged perspectives. Current findings bring to light nonhuman primates’
ability to take turns during alternated vocal interactions. They select their vocal
partner and respect a common response delay to avoid overlap between turns, a delay
which seems culturally and socially influenced as in humans. Moreover, nonhuman
primates demonstrate vocal elaboration and persistence capacities so as to elicit or to
perpetuate a vocal interaction. None of these abilities seem to appear spontaneously
but are acquired through social experience during all their ontogeny. Additionally,
recent neurobiological arguments support the idea that vocal production during
vocal interactions is mediated by neuro-cortical control. Authors suggest volitional
control of vocal utterances during social interactions. Human conversation, and more
precisely the rules governing interactions, could be homologies (traits shared with
other primates) rather than analogies (parallel evolution) (Henry et al. 2015). In any
event, these abilities could have been an important step in the evolution of primates’
vocal communication.
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Chapter 5
Language Evolution from a Perspective
of Broca’s Area

Masumi Wakita

Abstract Broca’s area is one of language-related brain areas that typically locates in
the posterior part of the inferior frontal region of the left hemisphere. Broca’s area
plays an important role in the perception and production of sequential/hierarchical
structures of language. A contribution of two major frontotemporal fiber bundles
connected to Broca’s area also supports our language faculty: the dorsal and ventral
pathways. The dorsal pathway supports syntactics, while the ventral pathway sup-
ports semantic processes and local phrase structure.

Homologues of these brain structures have been identified in nonhuman primates.
However, Broca’s area of humans exhibits disproportionate expansion compared to
that of chimpanzees. In addition, the dorsal pathway connections have undergone
considerable modification as evidenced by differences compared to both chimpan-
zees and macaques, while the ventral pathway in nonhuman primate is well devel-
oped as in human. These structural differences indicate that nonhuman primates can
recognize meaning of individual calls or tones but cannot unify constituents to
represent temporally structured sequences. Such assumption is consistent with the
well-documented evidence from auditory memory task. Differences in the language-
related brain structures between human and nonhuman primate species indicate that
language faculty emerged in recent human evolution, since our lineage branched
from a common ancestor with chimpanzees.

Difference between human and nonhuman primates is firstly found in vocal
production. Monkey’s call production is mediated by limbic and brain stem regions,
not by Broca’s area. Thus, their calls largely represent involuntary symptoms of
specific emotional and arousal states like laugh and cry of humans. But this system
may be sufficient for the species-specific vocalizations that does not typically require
rapid articulation. Secondly, difference between human and nonhuman primates is
also found in the sequential processing of vocal production and perception. In the
vocalization of monkeys, monosyllabic calls are typically produced, or the same
calls are repeated. Different types of calls are occasionally combined but in a
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stereotyped order. Thus, combined calls unlikely generate new meaning. Both
laboratory and field studies of nonhuman primate call/tone perception indicate that
they are sensitive to some aspects of call/tone streams. However, they may perceive
call/tone sequences based on local acoustic feature or perceive them as holistic
chunks. Recently, the involvement of the inferior frontal region along the ventral
stream in the processing tonal sequential rule was found in both humans and
monkeys.

Thus, it is reasonable to assume that modification of pre-existing brain structures,
i.e., expansion of Broca’s area and extension of the frontotemporal connections to
this area, allowed humans language faculties. Consequently, humans can intention-
ally control speech production, create new words by combining several different
syllables, and can learn new language. However, Broca’s area may not be a structure
designed exclusively for language processing. Studies have revealed that Broca’s
area contributes in the domains that require sequential/hierarchical processing, such
as music and action domains along with language domain. Language is one of
unique features of human. From a perspective of the function of Broca’s area,
however, language may be a byproduct of the evolution of sequential/hierarchical
processing.

Keywords Broca’s area · Language faculty · Vocal production · Movement

5.1 Introduction

Human language consists of a hierarchical structure in which phonemes are com-
bined to form words, phrases, and sentences. This hierarchy is governed by several
sets of rules and forms the basis for speech structure and discourse. Studies have
investigated the brain regions involved in the structural analysis of language and
have revealed a posterior-anterior functional gradient with substantial overlap in the
left inferior frontal region: phonological sequence processing at the word level is
localized in the Brodmann area (BA) 6/44, the processing of syntactic rules for
words and sentences is localized in BA 44/45, and semantic processing at the
sentence level is related to BA 45/47 activity (Friederici and Kotz 2003; Hagoort
2005; Uchiyama et al. 2008; Uddén and Bahlmann 2012). Thus, Broca’s area
(BA 44 and 45) is involved in syntactic (or structural) and semantic language
analysis.

In this chapter, I provide a brief overview of the comparative anatomy of the
Broca’s area in humans and other primates, as well as the functional uniqueness of
the human Broca’s area as it relates to language. I then discuss the auditory behavior
of nonhuman primates with a “Broca’s area” that is constructed differently compared
to that of humans. Additionally, by surveying the role of Broca’s area in
nonlanguage domains, I discuss how hierarchical (or temporal structural) analysis
based on BA 44 as the posterior region of Broca’s area and its dorsal connection
provides a neurobiological basis for the unique human cognition related to language.
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5.2 Broca’s Area in Humans

The classical definition of Broca’s area comprises the left posterior part of the
inferior frontal region, i.e., BA 44 and 45. This region is essential for linguistic
faculty, particularly sequencing phonemes and words, thereby enabling the detection
of words from continuous speech and the analysis of grammatical structures (Price
2000; Damasio et al. 2004). Broca’s area is a part of the language network; thus, its
connectivity should be considered when seeking to understand its functions.

Broca’s area receives signals from the temporal auditory regions via two main
pathways: the dorsal and ventral pathways (Catani et al. 2005; Dick and Tremblay
2012; Friederici et al. 2017). The arcuate fasciculus of the dorsal pathway directly
connects the posterior region of Broca’s area (BA 44) to Wernicke’s area in the
posterior region of the superior temporal gyrus and the middle and inferior temporal
gyri. The ventral pathway connects the anterior region of Broca’s area (BA 45) with
Wernicke’s area and the posterior region of the inferior temporal gyri via the inferior
fronto-occipital fasciculus. The ventral pathway also connects BA 45 with the
anterior temporal pole via the uncinate fasciculus.

Thus, the dorsal pathway connects regions that are crucial for sequencing pho-
nemes and words, thereby enabling the acquisition of new words and the analysis of
grammatical structures. In contrast, the ventral pathway connects regions that are
crucial for evaluating the meanings of words and sentences (Burton et al. 2000; Price
2000; Humphries et al. 2006, 2007; Hickok and Poeppel 2007; Saur et al. 2008;
Specht et al. 2008; Cunillera et al. 2009; Rodd et al. 2010; Saur et al. 2010; Friederici
2011; Rolheiser et al. 2011).

In addition to being a language domain, Broca’s area has also been known to be
involved in music. The activation of BA 6/44 for rhythm discrimination and melody
matching may reflect the processing of sequential sounds (Platel et al. 1997; Brown
and Martinez 2007). BA 44/45 is involved in harmonic evaluation (Tillmann et al.
2003; Brown and Martinez 2007). The similarities between linguistic and musical
analysis raise the possibility that hierarchical processing in these different domains is
subserved by Broca’s area (Maess et al. 2001; Koelsch et al. 2002; Patel 2003;
Brown et al. 2006; Schön and François 2011). In the musical domain, the inferior
frontal region is generally responsive bilaterally in the auditory perception of
harmony violation (Maess et al. 2001; Koelsch et al. 2002; Tillmann et al. 2003)
and in melody and harmony discrimination (Brown and Martinez 2007).

5.3 Homologues of Broca’s Area in Nonhuman Primates

Given its contribution to language, the comparative anatomy and physiology of a
Broca’s area homologue in nonhuman primates is of obvious interest in studying the
evolution of language. Due to cytoarchitectonic features (dysgranular cortex in BA
44 and granular cortex in BA 45), both areas were found in human, macaque, and
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ape brains at the inferior part of the frontal lobe (Schenker et al. 2010; Zilles and
Amunts 2018). Human and nonhuman primates have comparable cortical structures
in the inferior frontal region with the exception that galago has neither BA 44 nor
45 (Preuss and Goldman-Rakic 1991) and that BA 44 is missing in the common
marmoset (Fukushima et al. 2019). Thus, the human Broca’s region appears to be a
phylogenetically new region in the history of primates. Particularly, BA 44 is
proposed to have evolved from evolutionally old neighboring regions (Amunts
and Zilles 2012), i.e., BA 6, BA 9/46, and the frontal opercular cortex, which
share similar features with BA 44 in terms of action observation, working memory,
and linguistic syntax, respectively.

The cytoarchitecture of BA 44 and 45 of nonhuman primates differs considerably
from those in humans. Thus far, detailed quantitative data on the size of these areas
have been reported for humans and chimpanzees. BA 44 in the left and right
hemispheres are 6.6- and 4.1-fold larger, respectively, and left and right BA 45 are
6.0- and 5.0-fold larger, respectively, in humans compared to chimpanzees
(Schenker et al. 2010); additionally, the overall brain size is roughly 3.6-fold larger
in humans than chimpanzees. Notably, the superior temporal cortex (area Tpt) in the
left and right hemispheres, which is homologous regions of Wernicke’s area, are
only 4.2- and 2.0-fold larger in humans than chimpanzees (Spocter et al. 2010).
Thus, there have been disproportionate increases in Broca’s area (particularly left
BA 44) during human evolution.

Dissimilarity in Broca’s area between humans and nonhuman primates has also
been found in its microstructure. Notably, the spacing between cortical minicolumns
caused by the neuropil-rich region is wider in human BA 44 and 45 than in
nonhuman primates (Schenker et al. 2008; Rilling 2014). There is also higher
neuronal density in the minicolumns in human compared to nonhuman primate
brains (Palomero-Gallagher and Zilles 2019). Such cortical modifications may
indicate the availability of more space for neural connections.

Recent comparative neuroanatomical studies have elucidated that the arcuate
fasciculus of macaques and chimpanzees is rudimentary compared with that in
humans, although other connections of the dorsal pathway are relatively preserved
(Schmahmann et al. 2007; Perani et al. 2011; Amunts and Zilles 2012; Dick and
Tremblay 2012; Petrides et al. 2012; Thiebaut de Schotten et al. 2012; Rilling 2014).
The arcuate fasciculus is minimal in nonhuman primates, and its temporal termina-
tions are predominantly in the parietal lobe. In the monkey brain, the connections
from the posterior region of the superior temporal cortex that is homologous to
Wernicke’s area terminate anteriorly to the regions that are homologous to the
posterior region of Broca’s area (BA 44). Thus, BA 44 in nonhuman primates
processes little auditory information (if any) via the dorsal pathways. The dorsal
pathway potentially carries information about spatial location (Romanski et al.
1999), while the human dorsal pathway contributes to the structural analysis of
sound sequences.

Unlike the dorsal pathway, nonhuman primates have relatively well-developed
ventral pathways. The prefrontal region that is homologous to the anterior region of
Broca’s area (BA 45) and the anterior and middle regions of the superior temporal
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cortices are connected via the uncinate fasciculus and the extreme capsule of the
ventral pathway. Thus, their ventral pathway is involved in auditory object identi-
fication (Romanski et al. 1999). Notably, hearing species-specific calls has been
shown to activate homologues of human Broca’s and Wernicke’s areas in monkeys
(Poremba et al. 2004; Gil-da-Costa et al. 2006; Petkov et al. 2008; Wilson et al.
2015). In chimpanzees, communicative signaling has activated the homolog of
Broca’s area (Taglialatela et al. 2008; Taglialatela et al. 2011).

Thus, the comparative neuroanatomical findings mentioned above indicate that
the uniqueness of human language function may be linked to a disproportionate
expansion of the Broca’s area (particularly left BA 44) and an extension of the
arcuate fasciculus for syntax and hierarchically ordered information.

5.4 Auditory Behavior in Wild Monkeys

Unlike the dorsal pathways, both human and nonhuman primates have well-
developed ventral pathways that contribute to semantic processing of sound. How-
ever, since the dorsal pathway of nonhuman primates does not permit syntactic
processing of sound, the capacity that their ventral pathway can process may be
limited to a single tone, such as typical calls of monkey species. Notably, monkey
species recognize the meaning of calls as a form of “vocabulary.” Playback exper-
iments have indicated that some monkey species can recognize the individual
identity, including the kinship and social rank, of a caller (Cheney and Seyfarth
1980; Bergman et al. 2003) and have different alarm calls that can specify distinct
predators (Seyfarth et al. 1980; Macedonia 1990; Zuberbühler et al. 1999; Arnold
and Zuberbühler 2008; Ouattara et al. 2009; Price et al. 2015). The majority of their
calls consist of single-element vocalizations but are often repeated; different ele-
ments are also occasionally combined (Itani 1963; Winter et al. 1966; Cheney and
Seyfarth 1980; Cleveland and Snowdon 1981; Bezerra and Souto 2008).

Some nonhuman primate species have been reported to emit different calls
sequentially (Mitani and Marler 1989; Arnold and Zuberbühler 2008; Schel et al.
2010; Wheeler 2010; Cäsar et al. 2012). Are they sensitive to the temporal order of
call sequences? In classical playback experiments, Mitani and Marler (1989) tested
gibbon behavior by broadcasting artificial call sequences in which the positions
and/or transitions of call types were not naturally heard. They found that signifi-
cantly more territorial calls were elicited when they heard arranged songs than when
normal songs were broadcasted. Accordingly, the authors suggested that gibbons
recognized the call sequences. However, such findings were only sufficient to show
that gibbons can use local transitions to recognize familiar and unfamiliar songs. It
was difficult to prove whether gibbons can analyze the entire call sequence because
their natural call combinations typically occur in a stereotyped order.

In another example, Arnold and Zuberbühler (2012) tested monkeys’ ability to
understand the sequential structure of calls by systematically modifying call config-
urations. Male putty-nosed monkeys uttered alarm calls of “pyow” (P) and “hack”
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(H) in the appearance of leopards and eagles, respectively. Additionally, combined
alarm call sequences (PH) induced progression in other members of the group
(Arnold and Zuberbühler 2008). Such findings may imply an idiomatic function of
call combinations. However, when Arnold and Zuberbühler (2012) played back
three variations of “P-H” sequences (e.g., “PPPPPH,” “PPPHHH,” and
“PHHHHH”), equivalent responses were elicited from other members of the
group. In their study, detailed observations revealed that the number of P-calls in
the sequence and the sequence length, rather than an entire sequence pattern, were
related to the travel distance of the group. Although different types of calls were
sequentially emitted, due to the variable components and length as well as a long
silent gap between calls within natural PH sequences, combined calls are unlikely to
be interpreted as idioms (Schlenker et al. 2016). Moreover, monkeys lack an
essential cortical motor network for volitional vocal control (Jürgens 2002;
Simonyan 2014; Kumar et al. 2016), and motor planning of long purposeful
utterances may not be possible. Therefore, analyzing the temporal structure of
calls may not be part of monkeys’ natural behavior.

5.5 Auditory Perception in Monkeys

In addition to field studies, laboratory studies have also tested the abilities of
nonhuman primates to analyze the temporal structure of tone sequences. Studies
have shown that nonhuman primates can learn tonal sequences. Izumi (2001) and
Brosch et al. (2004) trained macaque monkeys to discriminated tonal sequences and
demonstrated that they were able to abstract an ascending or descending direction of
pitch change independent of their absolute pitch. However, Izumi (1999, 2003)
showed that monkeys’ ability to detect frequency changes was influenced by a silent
gap inserted between two tones; similarly, monkeys’ ability to detect intertone gaps
declined when the frequencies of two tones were different. However, Brosch et al.
(2006) revealed that such a categorical perception of the pitch contour was not
affected by modifying the intertone intervals or the tone duration. These examples
indicate that macaques memorize and identify tonal sequences according to their
pitch contour, i.e., to the sequential up-and-down patterning between adjacent notes.
However, they cannot integrate auditory pitch with a temporal change to perceive a
tonal sequence such as a melody contour.

In another instance, Wright et al. (2000) found that, after melody discrimination
training, the monkeys could generalize their responses to the +1 and +2 octave-
transposed test melodies. Such results may imply an ability to recognize melody
contours. However, such a generalization did not occur when test melodies were
arranged in a different key by transposing by +1/2 or +2/3 octaves despite the
preservation of the relative pitch relations between adjacent tones. This lack of
generalization indicated that monkeys’ discrimination of auditory sequences is
largely controlled by tonality or local acoustic cues rather than by the temporal
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structure of the entire tone sequence (also see D’Amato and Salmon 1984; D’Amato
and Colombo 1988).

Auditory sequence analysis of monkeys likely relies on the ventral pathway,
particularly the frontal operculum cortex, which is one of frontal terminations of the
ventral pathway and is responsive to the relationship of adjacent tones (Friederici
et al. 2006a). Common marmosets, a New World monkey species that lack BA
44, could not discriminate ABAB and AABB patterns after a long training, although
they could efficiently discriminate constituent sounds (Wakita 2019). Notably, they
could detect a pattern change (e.g., a transition from ABAB to AABB patterns)
(Wakita n.d.). Such results indicated that the ventral connection is not useful to the
structural analysis of an auditory sequence but that it is sufficient for the online
processing of an auditory sequence.

A poorly organized dorsal pathway likely influences not only auditory sequence
perception but also auditory list memory. It has been shown that monkeys can hold
sound information of a single sound for longer than 10 seconds (D’Amato and
Colombo 1985; Kojima 1985; Colombo and D’Amato 1986; Fritz et al. 2005).
However, monkeys find it difficult to retrieve a target sound from the sequentially
presented sample list (Wright 2007). Scott and colleagues suggested that the mem-
ory trace of a preceding sound can be disrupted by incoming distractor stimuli that
are presented during the retention period (Scott et al. 2012).

5.6 Brain Activity in Monkeys

Recent comparative studies elucidated similarity and dissimilarity between macaque
and human auditory sequence processing. Such studies employed a habituation-
dishabituation procedure: the monkeys and humans were passively exposed to
sequences of sounds structured according to a given rule and then tested with
acoustically new stimuli, which were arranged either congruently or incongruently
with the original rule. Functional imaging studies revealed that, in both macaques
and humans, the cortical regions that represented partial properties of auditory
sequences were found in the ventral pathway (the anterior supratemporal sulcus
and the anterior insular/frontal opercular) (Wang et al. 2015; Wilson et al. 2015).
Furthermore, the cortical regions that represented global features of the sequence
were found in the bilateral inferior frontal areas (mainly BA 44) and posterior
superior temporal sulcus only in humans; no such region was found in macaque
brain (Wang et al. 2015). Thus, semantic information or physical properties such as
local transitions of sound or the number of items within a sequence may be available
to macaques. However, humans abstract syntactical information or the structural
regularity of auditory sequences. These findings indicate that monkeys may perceive
tone sequences as unstructured pools of individual tones and thus cannot perceive
global temporal patterns of sound.

Milne et al. (2016) compared macaque mismatch response patterns to the deviant
test stimuli with those obtained from human infants and adults (Mueller et al. 2012).
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Despite differences in experimental conditions, they found that macaque brain
activation to auditory sequences was more similar to that in human infants than
human adults. Such results imply a strong engagement of the ventral, rather than
dorsal, pathways in both human infants and macaques for certain sequencing
operations. An electrophysiological study (Milne et al. 2016) revealed that contrasts
in event-related potential patterns evoked by congruent and incongruent sequences
from monkeys are more similar to those from human infants than human adults.
Thus, such findings indicate similar strategies for detecting rule deviations in sound
sequences in both monkeys and human infants.

5.7 Ontogeny of Language Acquisition

Processing the temporal structure of auditory sequences is also the core of human
language and is subserved specifically by BA 44 and its dorsal connection to the
posterior temporal cortex, and thus the arcuate fasciculus. How can the language
acquisition process be linked to the maturation of this fiber that is unique to humans?

Although the ventral fiber tract is clearly present at birth, the dorsal tracts,
particularly the arcuate fasciculus, are very immature (Dubois et al. 2008; Perani
et al. 2011). Prelinguistic infants are able to detect word-like segments within an
auditory stream, although such chunks cannot be stored in a long-term memory store
(Jusczyk 1999; Yoshida et al. 2010; Kudo et al. 2011; Shukla et al. 2011; Erickson
and Thiessen 2015; Friedrich and Friederici 2015; Minagawa et al. 2017). Infants
appear to perceive speech as holistic chunks dependent on pitch changes or prosodic
information rather than phoneme sequences. Using such a strategy, they may learn
the prosodic patterns of their target language before they can analyze the sequential
structure of relevant language.

By the age of 4, children have recruited Broca’s area and Wernicke’s area during
sentence understanding (Brauer and Friederici 2007; Dick et al. 2010; Moore-Parks
et al. 2010). However, the segregation of syntactic and semantic information at the
sentence level occurs slowly and gradually. In children aged from 5 to 7, the arcuate
fasciculus is not well myelinized (Brauer et al. 2011), although Broca’s area and
Wernicke’s area are functionally connected (Xiao et al. 2016). In addition, confusion
between semantics and syntax relation is seen in the mid portions of the left superior
temporal gyrus (Skeide et al. 2014). Consequently, it is difficult to understand
sentences in which unfamiliar events are described or words are arranged in
noncanonical order (Brauer et al. 2011; Knoll et al. 2012). The degree of myelination
of the arcuate fasciculus determines the accuracy of understanding noncanonical
sentences (Skeide and Friederici 2016).

By the age of 10, although children can understand noncanonical sentences, BA
45 and BA 44 are recruited during noncanonical sentence understanding. In adults,
the noncanonicity of sentences selectively induces activation from BA 44 (Friederici
et al. 2006b). Syntax and semantics are still not fully separated in 10-year-old
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children’s Broca’s area (Skeide and Friederici 2016). Thus, the maturation of this
fiber tract is a neuroanatomical precondition for the acquisition of syntax.

Rüschemeyer et al. (2006) showed that BA 44 of an adult native speaker becomes
active only when processing a structurally complex sentence; BA 44 is less active
when processing a simple sentence. However, BA 44 of non-native speakers is
consistently active, regardless of the degree of complexity of sentences (see also
Rüschemeyer et al. 2005; Yokoyama et al. 2006). Moreover, Jeon and Friederici
(2013) demonstrated that the syntactical analysis of complex non-native sentences
recruited BA 47. Thus, substantial experience is needed until BA 44 represents the
structure of language. However, the less-proficient syntactical processing of
non-native speakers is compensated for by the semantic information in the
sentences. Thus, in an early learning stage, as found during early ontogeny of
Broca’s area, the dorsal pathway is supported by the ventral pathway even in adults.

5.8 Broca’s Areas in the Action Domain

Broca’s area is not an exclusive region for the language and music domains. Broca’s
area is also a node within the action-perception and action-production network that
consists of temporal-parietal-frontal dorsal and temporal-frontal ventral circuits
(Nishitani et al. 2005; Borra and Luppino 2019). Hecht et al. (2013a) compared
frontal, parietal, and occipitotemporal activations during the observation of object-
directed grasping actions from macaques, chimpanzees, and humans and found
differences underlying the action understanding mechanism among these species.

In macaques, the ventral connection, which supports object recognition and the
physical results of observed actions, was greater than the dorsal connection, which
supports spatial/kinematics, the detail of observed actions (Johnson-Frey et al. 2003;
Beauchamp and Martin 2007; Goldenberg 2009). Notably, the macaque F5c that
corresponds to human BA 44 primarily represents the consequence rather than the
process of the observed action. Therefore, macaque mirror neurons respond to
actions toward objects (transitive actions) but not to actions without goals (intransi-
tive actions) (Rizzolatti et al. 1996; Nelissen et al. 2005).

Chimpanzees have a stronger dorsal connection between the superior temporal
sulcus and inferior parietal cortex compared to that of macaques. BA 44 in humans
and the FCBm cortex in chimpanzees (i.e., the homologue of human BA 44) map
both transitive and intransitive actions onto one’s own motor system with
somatotopic specificity (Buccino et al. 2001; Hecht et al. 2013b). In macaques and
chimpanzees, however, there was greater frontal activation and less parietal activa-
tion during action observation compared to humans (Denys et al. 2004; Peeters et al.
2009; Hecht et al. 2013b). Frontal and parietal activation were comparable in
humans.

In humans but not in macaques or chimpanzees, however, the dorsal connection
between Broca’s area and parietal mirror regions extends into the superior parietal
cortex, which supports spatial awareness and attention (Husain and Nachev 2007;
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Hecht et al. 2013b). Thus, such a human-unique connection may transfer informa-
tion from the spatial/kinematic trajectories of others’ actions through space to the
human Broca’s area. These findings indicate that humans understand observed
object-related actions in a different manner than nonhuman primates despite having
similar brain regions and connections.

It has also been demonstrated that Broca’s area and its homologue in the right
hemisphere of humans support cognitive control processes such as rule-based action
selection, information retrieval, and hierarchical control (Petrides 2005; Koechlin
and Jubault 2006; Badre and D’Esposito 2009). Chimpanzees show structured
actions in the wild, such as simple tool use for nut cracking. However, their ability
to show a hierarchically structured action, as seen in a nesting-cup task, is limited
(Hayashi 2007). The macaque action repertoire is limited to nonhierarchical object-
directed actions, such as potato washing (Kawamura 1959) and stone handling
(Huffman 1984). Thus, controlling a structurally complex action is a feature that is
unique to humans and is likely linked to a recent modification of Broca’s area and its
right homologue and dorsal connection.

The effect of expertise is also found in the action domain (e.g., Bengtsson et al.
2005; Calvo-Merino et al. 2005; Cross et al. 2006; Wakita and Hiraishi 2011; Wakita
2014, 2016). For instance, in a near-infrared spectroscopy study by Wakita (2014,
2016), two groups of participants (well-trained vs. less-trained groups in music)
observed silent movies of hierarchically organized hand movements playing familiar
and unfamiliar melodies. The results revealed an increased activation in Broca’s area
under the unfamiliar melody condition only in the well-trained group. Thus, Broca’s
area is a center for structural analysis. However, whether this area represents such a
relationship depends on the individual’s experience.

5.9 What Do Stone Tools Tell About Language Evolution?

Evolution in tool making along with fossil cranial size may carry implications for
studying language evolution. Stone tool making was refined during the H. erectus
epoch. Oldowan tools (sharp-edged flakes) that are made by striking one stone with
another stone were gradually replaced with Acheulean tools (hand axes) that are
made by a multilevel process of shaping until a desired design is obtained. During
the same time period, the hominin brain underwent a roughly threefold increase from
450 cc (Australopithecus garhi) to 1350 cc (Homo heidelbergensis). This indicates a
link between the cognitive skill to make complex tools and increments in cranial
capacity (Hillert 2015).

Stout et al. (2011) recently found that, in modern humans, the observation of
Acheulean compared with Oldowan tool making induced more activations of
Broca’s area and the left parietal region irrespective of the participants’ tool-making
skill. Activation of the right parietal region was added depending on the degree of
expertise. In addition, advanced stone tool making was supported by the dorsal
pathway, which overlaps with that in the language domain. These findings suggest

106 M. Wakita



that neural substrates for tool making may be involved in more general human
capacities, including language and music, which require hierarchical processing.
Therefore, the invention of fundamental linguistic capacities may have occurred
during the H. erectus epoch; the coevolution of language, music, and action can also
be suggested.

5.10 Conclusion

Broca’s area, which is one of brain regions essential for human language faculty, is
evolutionally novel. In humans, Broca’s area, particularly left BA 44, is expanded.
The arcuate fasciculus of the dorsal pathway is also extended in humans compared
with chimpanzees. Thus, the neurobiological substrates for syntactical analysis
underwent a large modification during hominization. In early ontogeny, syntactic
understanding of children is related to the degree of the segregation of syntactic and
semantic processing regions and the degree of myelination of the arcuate fasciculus.
Even in adults, representation of syntax in BA 44 is influenced by the degree of
expertise. Broca’s area is also involved in ordering or structural analysis in
nonlanguage domains. The evolutionally young Broca’s area and its dorsal connec-
tion network anatomically develops gradually during early ontogeny. The function
of Broca’s area appears functionally plastic even in adulthood such that the repre-
sentation of structural information of general human capacities including language,
music, and action, which require hierarchical processing, are represented and can be
determined by individual experience.
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Chapter 6
Social Scaffolding of Vocal and Language
Development

Hirokazu Doi

Abstract Human infants achieve remarkable feats in language acquisition within
the first 2 years of life. Social inputs from other individuals, who primarily tend to be
caregivers, facilitate their language development. Across several non-human spe-
cies, social inputs shape vocal learning through social reinforcement, sensory
enhancement, and vocal imitation. Similar mechanisms appear to contribute to the
development of vocal production and phonetic perception in humans. However, it
remains unclear whether such similarities stem from shared evolutionary roots or
convergent evolution. In addition to such shared mechanisms, humans use other
types of social learning strategies to acquire the ability to analyse and produce more
complex forms of linguistic information. The findings of basic researches will surely
contribute to the development of behavioural and pharmacological intervention
programmes that provide more enriched social scaffolding of language development
to at-risk children.

Keywords Vocal communication · Language acquisition · Imitation · Multimodal
information · Social reinforcement

6.1 Contribution of Environmental Factors to Language
Development

The ability to send and encode complex messages that are embedded within a sound
stream is undoubtedly a great feat for mankind. Thus, the fact that typically devel-
oping infants acquire the basic sets of cognitive and motor skills that are necessary
for linguistic communication before the age of 2 years has intrigued many parents
and researchers alike. This is especially surprising when one considers ‘poverty of
the stimulus’; in other words, the amount of linguistic input to which infants are
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exposed during early development appears to be too minimal to allow them to grasp
the underlying structures and many rules of their mother tongues (Pullum and Scholz
2002). Understandably, researchers have been tempted to argue that an innate
machinery or language module is embedded within an infant’s brain and remains
dormant until its fullest potential is unleashed during the appropriate developmental
stage. An influential theory of universal grammar (Chomsky 1965) is the widely
accepted nativist perspective, and it has succeeded in theorising about the mecha-
nism of language development, especially the acquisition of the grammatical struc-
ture of one’s mother tongue to some extent. Similarly, the development of precise
motor control, which is required for the production of linguistic sounds (Fitch 2000,
for a review), had largely been attributed to the innately programmed maturation of
the vocal apparatus (Fitch and Giedd 1999) and neural systems that are responsible
for motor control (Smith et al. 1995). Behavioural genetic research has facilitated the
identification of a component of the genetic predisposition that enables linguistic
communication, thereby offering further support to the nativist view of linguistic
ability. It is well-known that a rare mutation in the FOXP2 gene leads to a severe
deficiency in or complete lack of linguistic function (Vargha-Khadem et al. 2005;
Lai et al. 2001). Further, a series of twin studies have shown that substantial
variances in linguistic ability are attributable to hereditary factors (Stromswold
2001).

The nativist view succinctly explains the process of language development but
does not account for individual differences in linguistic ability. Widely cited reports
underscored intra-generational gaps in language development (Anderson and
Freebody 1981; Farkas and Beron 2004; Hart and Risley 1995; Snow et al. 1998).
According to the reports, there is a prominent delay in linguistic acquisition among
children who belong to households with a low socio-economic status (SES) than
those who hail from relatively affluent communities. This gap widens as they grow
older and is considered to be one of the leading factors that determine educational
achievement and economic success.

In an attempt to address this problem, researchers have investigated the environ-
mental factors that are linked to language acquisition in ecologically valid environ-
ments (Fernald et al. 2013; Weisleder and Fernald 2013). Many studies typically
focused on the association between the amount of linguistic input (e.g. number of
caregiver utterances that are directed towards infants) and later language develop-
ment. As expected, they found that exposure to large amounts of linguistic material
during infancy and toddlerhood leads to faster acquisition of more sophisticated
language. In addition to the quantity of language input, studies have also
underscored the importance of the quality of linguistic input by undertaking fine-
grained analysis of the interaction between infants and their caregivers (Cartmill
et al. 2013; Hirsh-Pasek et al. 2015). For example, Cartmill et al. (2013) investigated
the quality of linguistic input and later development of vocabulary by video-
recording mother-infant interactions. The quality of linguistic input was defined as
the accuracy with which adults who were naïve to the research purpose guessed the
word that the caregiver had uttered from a muted video of a mother-infant
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interaction. Their main finding was that the input quality of interactions between
mothers and their 1.5–2-year-old infants predicted vocabulary size 3 years later.

Past studies have shown that it is not only quantity but also the quality of
linguistic input that plays a facilitative role in infant language development (Cartmill
et al. 2013; Hirsh-Pasek et al. 2015). The contribution of environmental factors
(i.e. quality and quantity of linguistic input) is a promising observation that has
implications for the development of intervention programmes that promote language
acquisition among children who live in adverse environments. At the same time, in
many of these studies, the quality of linguistic input was loosely defined. Conse-
quently, the precise mechanism through which environmental factors, especially
caregiver interactions, influence infant language development remains poorly
understood.

In real-life situations, remarks and linguistic sounds are not uttered in a vacuum.
Instead, caregivers make these utterances and sounds within the context of social
interactions with infants. Linguistic inputs that are directed towards infants are
usually embedded within a flow of social exchanges and accompanied by various
kinds of multimodal information. Consider the example of a caregiver who changes
an infant’s diaper. The caregiver repeatedly utters the infant’s name and makes short
remarks using a high-pitched voice. Simultaneously, the caregiver may make exag-
gerated faces and provide tactile stimulation to gain the infant’s attention. In
response, the infant may laugh and smile, which presumably entrains the caregiver
to expend greater effort to amuse the infant. In such a context, the following
questions emerge: which components of such a social interaction contribute to infant
language development, and what are their unique contributions?

6.2 Social Context Plays a Role in the Vocal Learning
of Animals

Since the focus has shifted from the innateness of language functions to the envi-
ronmental determinants of language development, research findings on how social
interaction influences different aspects of language development in humans have
accumulated (Kuhl 2007; Syal and Finlay 2010). At the same time, a substantially
larger number of articles on the influences of social context on the vocal communi-
cation and development of animals have been published. Thus, a review of the main
observations of non-human species may serve as a good starting point from which
one can explore the means by which social interaction promotes language acquisi-
tion in humans.

Many studies on vocal learning have been conducted using songbirds. The
birdsongs of young birds are immature; there is substantial variance in the timing
of motor control of their vocal instruments, and the birdsongs of young birds contain
many acoustical features that are not observed in the birdsongs of their adult
counterparts (Syal and Finlay 2010; Goldstein et al. 2003; Petkov and Jarvis
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2012). Young songbirds refine their motor control and the acoustic structure of their
birdsongs through post-natal experiences. As a result, the learning process that the
production of birdsongs entails is often considered to be a model of speech devel-
opment in humans (Syal and Finlay 2010; Goldstein et al. 2003).

The ability to engage in vocal learning has been observed in many non-human
species other than songbirds, including mammals such as dolphins (Janik 2000),
whales (Noad et al. 2000), bats (Wilkinson and Boughman 1998; Boughman 1998),
elephants (Stoeger and Manger 2014), and some species of primates (Sugiura 1998;
Masataka and Fujita 1989). An illuminating example is the series of studies that
Boughman (1998) conducted using spear-nosed bats. Spear-nosed bats form social
groups, and members of different groups produce group-distinctive calls. When
female spear-nosed bats forage and find a food-rich location, they emit group-
distinctive calls to gather other members of their social group so that they can
collectively defend the foraging site (Wilkinson and Boughman 1998). In another
study that was conducted by the same group (Boughman 1998), young captive bats
were transferred from one cage to another one in which bats of another social group
were housed. At first, the acoustic features of the calls of young bats were slightly
different from those of their roommates. However, after several months, the young
bats that had been transferred to another cage had begun to produce calls that were
very similar to and ultimately indistinguishable from those of the adult bats. Thus,
through social interaction with other group members, the spear-nosed bats had
learned to produce group-distinctive calls and use them effectively to gain survival
benefits both as a social group and as individuals.

Bottleneck dolphins are another well-known example of mammals that have an
excellent ability to engage in vocal learning. They can mimic novel sounds with very
high accuracy in the first attempt, and they have been known to demonstrate this
ability throughout their lifespans. Once dolphins form a social group or alliance, they
begin to produce shared whistles through vocal learning (Watwood et al. 2004). The
production of shared whistles is considered to strengthen and promote group cohe-
sion (Sewall et al. 2016; Sewall 2012; Tyack 2008).

As the aforementioned examples illustrate, the usage of a learned vocal repertoire
as a ‘password’ to ascertain group membership or transmit affiliative or confronta-
tional messages has been widely observed (Sewall et al. 2016; Sewall 2012; Tyack
2008). At the same time, little is known about the mechanisms, especially the neural
one, through which vocal learning is achieved in avian and mammalian species
through social experience. In this regard, the existing literature delineates at least
three contributions of social interactions: social reinforcement, sensory enhance-
ment, and vocal imitation.

6.2.1 Social Reinforcement

Reinforcement learning is one of the most widely studied mechanisms of
behavioural learning. The recent surge in interdisciplinary research has revealed
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that the neural process that underlies reinforcement learning can be modelled using
the classic algorithms of machine learning (Glimcher 2011). Thus, the nature of
reinforcement learning not only is well understood but can also be described as a set
of algorithmic steps, which is quite rare in neuroscientific and behavioural studies.

Given the success of reinforcement learning in explaining a wide range of
learning processes, it is logical to postulate that vocal learning may also be shaped
by reward-based reinforcement learning. Direct support for such a contention is
offered by the findings of a laboratory study that was conducted by Manabe and
Dooling (1997). They trained budgerigars to emit calls that were similar to a
‘template call’ using food reward. When production of the template call was
reinforced, all the budgerigars learned to emit the template call in response to a
cue. Conversely, when the researchers trained the budgerigars to produce
non-template calls, they learned to avoid the production of the template call,
which in turn resulted in an increase in the diversity of emitted calls.

The findings of Manabe and Dooling’s study (1997) suggest that reinforcement
learning can function as a mechanism that underlies vocal learning. However, the
kind of signal that serves as a reinforcer in natural environments outside the
laboratory is yet to be identified. Nevertheless, recent studies on infant marmosets
have revealed that the temporally contingent calls of adult marmosets serve as social
reinforcers that facilitate call maturation (Takahashi et al. 2016, 2017). In this study,
infant marmosets were reared in two different environments. In one environment,
infant calls with mature characteristics (e.g. low entropy) were contingently
rewarded with adults’ calls. This social contingency was experimentally diminished
in the other environment. Among infants who had been reared in the high-
contingency environment, the entropy of their calls had steadily decreased, and
this was indicative of a smooth maturation of their calls. This was not the case for
the infants that had been raised in the low-contingency environment. Thus, social
exchanges with adults, or more specifically temporally contingent vocal exchanges,
facilitated vocal maturation in marmosets. This finding is especially surprising given
that the social contingency was experimentally manipulated for only 40 min per day.
This underscores the possibility that small differences in the social environment may
have a large impact on vocal and possibly language development.

6.2.2 Sensory Enhancement

As has been briefly described with regard to interactions between human infants and
their caregivers, the utterances that adults direct towards infants are often accompa-
nied by abundant multimodal information. Chen et al. (2016) investigated how
multimodal information influences vocal learning in songbirds. They compared the
song learning of young zebra finches that were allowed to multimodally interact with
a tutor bird and those that were passively exposed to the vocalisations of a tutor bird.
As expected, the song structure of pupil birds that had socially interacted with a tutor
bird was more similar to that of the tutor, when compared to the song structure of
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their counterparts that had only been passively exposed to the tutor’s songs. Inter-
estingly, social interaction only in auditory modality did not facilitate pupil’s song
learning compared to passive exposure to tutor’s song. Thus, the multimodality of
social interactions is of primary importance to zebra finches’ song learning.

What role does visual information play in guiding the vocal learning of zebra
finches? This question was addressed in the analysis of attentiveness of pupil birds.
The researchers found that more attentive songbirds emitted songs that were more
structurally similar to those of the tutor birds, irrespective of the quality of social
interaction. Importantly, social interaction increased the attention that young birds
paid to their tutor’s songs. Further, the positive outcomes of attentiveness were more
pronounced among pupils that had multimodally interacted with their tutor. These
findings underscore two points. First, social interaction motivates young birds to pay
more attention to adults’ songs. Visual information appears to be quite efficient in
gaining the attention of young birds; indeed, pupil birds were more attentive to the
tutors’ songs when the tutor birds directed their attention towards their pupils.
Second, and more interestingly, the songs that tutors had produced during their
multimodal interaction contained some characteristics that facilitated song learning.
Indeed, when tutors sang to their pupils during the multimodal interaction, their
songs entailed more repetitions of introductory notes, longer intervals between
motifs, and a lower mean frequency and spectral entropy; these acoustical features
are homologous to those that characterise infant-directed speech or ‘motherese’
among humans (Golinkoff et al. 2015). Taken together, social interaction influences
the behaviours of both pupil and tutor birds. The visual attention of tutors motivates
pupils to pay attention to the tutor’s songs, and in turn, the presence of pupils
motivates tutors to modify their songs to facilitate song learning.

6.2.3 Vocal Imitation

Since the ground-breaking discovery of the mirror neuron in the premotor region of
macaque monkey, the mirror system has been linked to a variety of social behaviours
(Iacoboni et al. 1999; Rizzolatti and Fabbri-Destro 2008). Accordingly, the mirror
system is proposed to be involved in linguistic processing (Rizzolatti and Arbibb
1998; Levy 2011), but very few studies have examined this mechanism. Mirror
neurons fire during both the observation of another individual’s action and the
execution of the same movement, thereby representing the sensorimotor correspon-
dence between a visual image of an action and the motor command that generates
it. The activation of the mirror system was first identified as a response to visual
information. However, it was later found to also occur in response to auditory
information that accompany articulatory movement among humans. For example,
Fadiga et al. (2002) reported that listening to speech sounds triggers preparation of
speech-related tongue movement. Thus, it is logical to contend that the mirror
system also plays a role in vocal learning. This conjecture is supported by findings
in previous lesion studies. Forebrain high vocal centre (HVC) is roughly analogous
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to human Broca’s area in birdsongs’ brain and sends projections to neural pathways
that play essential roles in singing and song learning (Mooney 2014). Lesions to
HVC impairs songbirds’ ability to process conspecific’s songs (Brenowitz 1991;
Gentner et al. 2000), which indicates the possibility that HVC neurons function as
auditory mirror system in songbirds. Accordingly, researchers have revealed that
HVC neurons in swamp sparrows and Bengalese finches demonstrate a pattern of
‘auditory-vocal mirroring’ (Prather et al. 2008; Mooney 2014). A subset of HVC
neurons respond to certain sequences in the own and conspecific’s birdsongs and
demonstrate neural firing when the songbirds sing the same sequence themselves.
These subsets of HVC mirror neurons in swamp sparrows categorically represent the
perceptual boundaries of the note durations of a primary song, which is a birdsong
homologue of phoneme boundaries in humans. There is a geographical difference
(a kind of dialect) in the categorical boundaries of note durations. Interestingly, HVC
mirror neurons represent such regional differences in categorical boundaries (Prather
et al. 2009; Mooney 2014). This supports the claim that auditory-vocal mirroring
plays a role in post-natal vocal learning through sensory exposure.

6.3 How Social Interaction Shapes Human Language
Development

Human infants undergo remarkable development of their ability for sensory analysis
during the first year of life. Traditional perspectives posit that infants are born as a
‘blank slate’ with no meaningful representations of the outside world. As peripheral
sensory organs mature and infants make many observations of events, they accu-
mulate experiences and knowledge about how the world around them works (James
1890). However, evidences from the field of developmental psychology drastically
changed this view by demonstrating that infants as young as only a few days or even
hours old exhibit signs of their ability to represent basic knowledge about the world
(Spelke et al. 1992; Spelke 2000). Similar observations have been made in the
domain of social cognition as well. Early studies showed that neonates were able
to recognize schematic faces that were composed of three black rectangles, which
were configured as an inverse triangle (Slater 2002, for a review). Similarly, human
neonates demonstrate sensitivity to point-light displays of biological motion (Simion
et al. 2008). Another well-known example is Meltzoff and Moore (1977)’s obser-
vation that neonates mimic the facial movements of adults. These and other obser-
vations indicate that human infants are innately endowed with representations of and
predispositions to pay attention to socially meaningful information. As their social
brain matures, they acquire more refined abilities to exchange social messages as
multimodal sensory information.

As noted earlier, past studies have shown that it is not only quantity but also the
quality of linguistic input that determines the course of language development. The
quality of linguistic input is determined by how linguistic material is embedded
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within a stream of multimodal social information. At the same time, any effort on the
part of the message sender, which is typically the caregiver, to enhance the quality of
linguistic input will be futile if the receiver, namely, an infant, cannot analyse and
respond to the multimodal information that accompanies the linguistic material.
Thus, it appears that the type of social information that caregivers use to enhance
the quality of linguistic input varies depending on the developmental stage of their
infant’s socio-cognitive functions. This in turn indicates that the timing of emer-
gence of linguistic ability is at least partly constrained by the development of social
cognition (see, Tomasello 2000, for similar view). In this regard, an understanding of
human social cognition is indispensable to the elucidation of the course of language
development in humans.

Some mammalian and avian species achieve vocal learning by recruiting at least
three mechanisms: social reinforcement, sensory enhancement, and vocal imitation
(which have been described in the preceding section). The number of studies on the
role of social experience in the development of auditory processing in non-human
species is relatively small. However, a few studies reported that pattern of neuronal
responses in zebra finches, whose auditory processing shares many characteristics
with human speech processing (Ohms et al. 2010), is tuned by exposure to conspe-
cific’s songs (Chen et al. 2017; Prather et al. 2008; Mooney 2014). Thus, similar
processes to those observed in non-human species such as songbirds may play a role
in the development of vocal control and phonetic perception in human infants as
well. However, it remains an elusive enterprise to delineate whether such similari-
ties, if any, are the consequences of phylogenetic linkage or convergent evolution.

The complexity and flexibility of human language is unmatched by the vocal
communication of non-human species. In human vocal communication, a word is
rarely uttered in isolation. Instead, multisyllabic words are concatenated in accor-
dance with grammatical rules and successively uttered as a sound stream. Thus, the
first hurdle that hinders human infants from analysing linguistic inputs after acquir-
ing the ability for phonetic perception is the segmentation of the acoustic stream of
linguistic sounds into the unit of words. Another important task that infants are
required to engage in is the comprehension of the semantics of linguistic input. As
the classic Gavagai problem (Quine 1960) illustrates, language learners are
confronted with a great ambiguity in understanding the correspondence between
an unknown word and its referent. Several previous studies have reported signs of
the precursors of semantics in non-human species (Fedurek and Slocombe 2011).
For example, it has been reported that dogs possess the ability for fast word-to-object
mapping and long-term retention of correspondence (Kaminski et al. 2004). How-
ever, the number of learned words and semantic flexibility of human language is
unparalleled.

The need to segment a sound stream into words and comprehend the semantics of
them poses a unique problem to the full development of the linguistic ability of
human infants. The question of if and how social information helps infants tackle
these tasks is important because the corresponding answers are likely to reveal the
uniqueness of human language acquisition.
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6.3.1 Vocal Learning

During the first year of life, an infant’s vocal ability undergoes drastic transition
(i.e. repeated vowels to babbling and well-formed syllables), and the first words are
uttered approximately 10 to 15 months after birth (Owens 2005). The timeline of
such vocal development is partly constrained by the anatomical and physiological
maturation of the vocal instrument and neuronal maturation of the centres that are
responsible for vocal control (Fitch and Giedd 1999; Smith et al. 1995). At the same
time, many researchers have proposed that multimodal inputs from others and an
infant’s self-generated input contribute to the refinement of the ability to produce
syllabic sounds. This claim has been supported by the findings of studies that have
been conducted among infants with hearing loss. For example, Oller and Eilers
(1988) found that infants with hearing loss start producing well-formed syllables
much later than those without hearing loss.

How do social inputs from others contribute to vocal development? Many studies
that have examined this question have found that the temporal contingency of
caregiver behaviours influences the syllabic nature of infant vocalisation (Bloom
1988; Bloom et al. 1987; Hsu and Fogel 2001; Goldstein et al. 2003; Goldstein and
Schwade 2008). Across a series of early studies, Bloom (1988) manipulated the
social contingency of mothers’ vocalisations during their social interactions with
their 3-month-old infants. In one condition, the mothers were encouraged to smile
and provide tactile stimulation and vocalisation after each infant vocalisation,
thereby complying with the ‘turn-taking rule’ of communication. In the other
condition, the turn-taking rule was violated; specifically, the same kinds of stimula-
tion were provided to infants at pre-cued timings. Bloom’s (1988) main finding was
that the proportion of syllabic vocalisation had increased from baseline when the
turn-taking rule was maintained but not when it was violated. Bloom (1988)
replicated the same experiment using non-verbal sounds as mothers’ vocal stimula-
tion. Interestingly, the proportional increase in infants’ syllabic vocalisation was not
observed when mothers provided non-verbal stimulation after infant vocalisation.
Goldstein and Schwade (2008) made similar observations of the babbling of 9.5-
month-old infants. Specifically, infants mimicked the acoustic features of their
mothers’ vocalisations (e.g. produce a consonant-vowel sound in response to one’s
mother’s consonant-vowel vocalisation) when their mothers responded to them
contingently, but no such trend was observed when mothers responded
non-contingently.

Taken together, these findings indicate that temporally contingent caregiver
vocalisation facilitates more speech-like infant vocalisation. One obvious mecha-
nism that underlies this phenomenon is vocal imitation. As mentioned earlier, even
neonates possess the basic ability to represent sensorimotor correspondence between
the visual image of bodily motion and one’s own motor program (Meltzoff and
Moore 1977; Rizzolatti and Fabbri-Destro 2008). Thus, it is not surprising that the
viewing of articulatory movement triggers the production of a more mature form of
infant vocalisation, especially when infants interact with caregivers in an en face
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position; this was the case in the laboratory studies that have been discussed in the
preceding paragraphs. Consistent with this view, Masataka (1992) delineated the
possibility that infants who are as young as 5 months of age can modify the acoustic
features of their vocalisations to render them more similar to those of their mothers’
vocalisations (see also Ko et al. 2016, for similar findings among 12–30-month-
olds). Similarly, Kuhl and Meltzoff (1996) found that 3–5-month-old infants can
mimic the vowel sounds of adults.

The question of how the temporal contingency of caregiver responses to infant
vocalisation influences the tendency for infants to mimic the acoustic features of an
adult’s sounds and consequently produce more mature vocalisations remains elu-
sive. Mutual entrainment that is founded on temporally contingent social interaction
might increase the perceptual salience of a social partner against the environment.
Infants who have reached 5 months of age have strong expectations that their partner
in a social interaction should respond to their behaviours in a temporally contingent
manner (Rochat 2001). Hence, infants may volitionally change the allocation of their
attentional resources based on this expectation and consequently end up paying more
attention to meaningful information, which in turn augments vocal imitation when a
social contingency is maintained. Such an increase in attentiveness towards the
multimodal information that caregiver vocalisation entails and accompanying artic-
ulatory movement may underlie the increase in the frequency of more mature
vocalisation, which is similar to what has been observed in the case of song learning
in zebra finches (Chen et al. 2016).

Interestingly, several studies have shown that caregivers also modify their
vocalisations in response to the acoustic features of infant vocalisation. For example,
Gros-Louis et al. (2006) found that mothers provided differential verbal feedback in
response to infant vocalisation based on its acoustic features. More specifically,
when compared to vowel vocalisation, an infant’s consonant-vowel vocalisation was
more likely to beget mother’s interactive response that was accompanied by vocal
sounds. The reason that underlies such a modification in maternal response is
unclear, but it seems likely that mothers intuitively try to facilitate the production
of mature infant vocalisation by socially rewarding advanced forms of infant
vocalisation and affording infants the opportunity to observe more templates for
vocal imitation.

6.3.2 Phonetic Perception

An infant’s auditory system is tuned to discriminate the phonemes of their mother
tongue until the age of 9–12 months (Best et al. 1995). Interestingly, before this
stage, infants possess the capability to discriminate phonemes that are not categor-
ically differentiated in their mother tongue. Thus, during this developmental stage,
there is a decline in the ability to discriminate between phonemes that do not belong
to one’s mother tongue. Can this decline be reversed by exposure to a foreign
language? Kuhl et al. (2011) tackled this question by investigating the effects of
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short-term exposure to a foreign language. As the researchers had hypothesised, the
decline was attenuated among infants who had participated in sessions in which they
were exposed to a foreign language. Specifically, infants who were residing in the
United States and had been exposed to Mandarin showed lower levels of decline in
the ability to categorise phonemes that are unique to Mandarin than their counter-
parts who had not been exposed to a foreign language. Interestingly, however, the
effect of short-term exposure was evident only when the infants had socially
interacted with live tutors.

Off-line analysis of infant behaviours during exposure sessions revealed that
infants paid more attention to a foreign language speaker or the objects that he or
she was referring to, when they were interacting with a live tutor than when they
were passively exposed to foreign language materials and a speaker through a
television. Thus, attentiveness to information that is relevant to linguistic input
plays a key role in the development of receptive language as well as vocal learning.
Given the contribution of temporal contingency to vocal learning (Bloom 1988;
Goldstein and Schwade 2008), it is logical to postulate that real-world social
interaction also facilitates phonetic learning by enhancing the attentiveness of
infants.

Yet another strategy that mothers use to direct the attention of infants towards
linguistic materials is infant-directed speech (IDS) or motherese. When compared to
adult-directed speech (ADS), IDS has several peculiar characteristics such as a
higher pitch, a slower tempo, and an exaggerated prosodic contour and intonation
(Kuhl 2007; Golinkoff et al. 2015; Sulpizio et al. 2018). The benefit that IDS confers
on language learning is well-documented (Kuhl 2007; Golinkoff et al. 2015). A slow
tempo and an exaggerated intonation make it easier for infants to perceive phonemic
units, segment sound stream into words, and consequently grasp the grammatical
structure of language. From the perspective of attentional effects, the positive
valence of IDS (i.e. happiness) makes it attentionally salient to infants (Singh et al.
2009).

During the period in which phonetic discrimination abilities are immature, visual
information that is gained from the face, especially the mouth region, facilitates the
disambiguation of a linguistic sound. Lewkowicz and Hansen-Tift (2012) found that
infants strategically use facial information depending on their developmental stage
of speech processing ability. In their study, fixation patterns for speaking faces,
which were presented using an audio-visual movie format, were measured among 4-,
6-, 8-, 10-, and 12-month-old infants (Fig. 6.1). Four-month-old infants viewed the
eye region for a longer duration than the mouth region, but 8–10-month-old infants
shifted their attention from the eyes to the mouth region; these infants represented
the developmental period during which one learns to discriminate between the
phonemes of one’s mother tongue. When infants reach 12 months of age, and
phonetic learning of their mother tongue is almost complete, they shift their attention
back from the mouth to the eye region when they view faces that speak native but not
non-native languages. This pattern of development offers strong support to the view
that the multimodal information that is gained from facial regions plays an indis-
pensable role in phonetic learning.
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6.3.3 Word Acquisition

The most fundamental question that is relevant to language acquisition may pertain
to why infants map referents to linguistic sounds but not to other types of auditory
stimuli in the environment (Tomasello 2000; Woodward and Hoyne 1999). One key
to answer this question seems to be ‘communicative intent’ of speaker of linguistic
materials (Tomasello 2000). When an adult speaks to a toddler, the toddler under-
stands ‘that the adult is making these funny noises in an attempt to communicate
with her’ (Tomasello 2000). This insight motivates children to explore what the
adult is trying to communicate through a particular sound, thereby helping them link
a linguistic sound to its referent.

Fig. 6.1 Developmental change in proportion of total looking time (PTLT) to eye and mouth
regions. This figure was taken from Lewkowicz and Hansen-Tift (2012). The PTLT difference
scores in the vertical axis were calculated by subtracting PTLT to the mouth region from that to the
eye region
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Consider a situation in which you are surrounded by people who are speaking a
language that is completely foreign to you. One of them utters a word, and you have
to find out what the novel word means. The word could refer to a single object,
collection of objects, particular attribute of an object, or an abstract concept. As this
example illustrates, the referent of a novel word cannot be determined using a
bottom-up approach, and this problem is called ‘referential indeterminacy’ (Nimtz
2005; Tomasello 2000). Nevertheless, human infants somehow manage to acquire
the ability to correctly map words to their referents. Past investigations into word
acquisition have centred around how human infants solve this problem.

The constraints theory of word learning (Markman 1990, 1992) attempts to
answer this question by introducing several mapping rules or ‘constraints’ as
follows: ‘words can be extended to basic-level categories’. In contrast, the social-
pragmatic theory of word learning, which has been championed by Tomasello
(2000), emphasises the important role that communicative intent plays in helping
children navigate towards the resolution of referential indeterminacy.

Communicative intent can be transmitted through several different forms, one of
the most important of which is joint attention (Moore and Dunham 1995). In a joint
attention episode, two individuals simultaneously pay attention to the same object,
thereby forming a triadic relationship. When a word is spoken during a joint
attention episode that involves an adult, a child can intuitively grasp what an adult
is referring to by the linguistic sound. Following another’s gaze not only helps
children disambiguate the referent but also facilitates the processing of the referred
object, which in turn seemingly aids the long-term retention of word-object mapping
(Okumura et al. 2007). The link between joint attention and later vocabulary
development has been observed in several longitudinal studies (Morales et al.
2000; Brooks and Meltzoff 2008; Mundy et al. 2003). Interestingly, the effect of
joint attention on lexical acquisition is amplified when joint attention episodes are
initiated by children (Tomasello and Farrar 1986; Baumwell et al. 1997). The
findings of Tomasello and Farrar (1986) indicated the possibility that children with
mothers who tended to follow their attentional focus rather than intrusively initiate a
joint attention episode had a larger vocabulary size at later developmental stage.
Thus, children are no longer passive learners at least at this developmental stage;
instead, they actively search for information that they are curious about (Begus et al.
2014).

Joint attention and gaze-following are not solely sufficient to scaffold word-to-
referent mapping. To fully grasp the communicative intent of another, the ability to
make inferences about his or her mental state is indispensable. Early studies have
argued that children acquire representations of others’ mental states typically
between the ages of 3 and 4 years (Wimmer and Perner 1983). Given that vocabulary
size is said to rapidly increase during the second year of life (Ganger and Brent
2004), information about complex mental states such as beliefs may only make
limited contributions to word learning during the stage of ‘vocabulary explosion’.
However, more recent studies have shown that children as young as 24 months old
possess the ability to represent others’ beliefs (Onishi and Baillargeon 2005;
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Southgate et al. 2007). Therefore, communicative intent may bear greater signifi-
cance to word acquisition than what has previously been believed.

Another perspective offers a different explanation to the process of referent
disambiguation: caregivers present the referents of a word in such a manner that it
bears the greatest perceptual salience against the environment (Yu and Smith 2012).
This makes it almost unnecessary for children to disambiguate the meaning of a
word either by deciphering communicative intent (Tomasello 2000; Tomasello and
Farrar 1986) or adapting constraints (Markman 1990, 1992). In their ingenious
study, Pereira et al. (2014) video-recorded the first-person perspective view of
15–20-month-old infants during sessions in which they played with their caregivers
using unfamiliar objects with novel names. They found that children tended to
remember object names better when caregivers uttered the name of the object
while moving the referent object towards the centre of the visual field of the child.
Since placing an object in the centre of one’s visual field demands high attentional
priority, all that the children were required to achieve in this situation was to
associate the auditory signal with the most perceptually salient information in the
environment. The findings of these lines of studies imply that caregivers can assist
the word learning of toddlers by intentionally, or intuitively, increasing the percep-
tual salience of a referent object when they introduce object names to their children.
This can be deemed to be another type of social scaffolding that caregivers provide
to children to help them increase their vocabulary size.

6.4 Practical Implications and Directions for Future
Research

Investigations into environmental influences on human language development have
partly been motivated by the objective to bridge intra-generational gaps in linguistic
ability by facilitating the language development of children who live in adverse
environments. This section summarises the specific means by which the findings of
basic research studies can be used to develop and implement interventions that
promote the language development of at-risk children.

6.4.1 Implementation of Parent-Focused Interventions

Past studies have found that social variables such as the temporal contingency of a
social response (Bloom 1988; Goldstein and Schwade 2008), use of IDS (Kuhl
2007; Golinkoff et al. 2015), and simultaneous presentation of vocal and facial
information (Lewkowicz and Hansen-Tift 2012; Hillairet de Boisferon et al. 2018)
contribute to the quality of linguistic input and consequently influence later devel-
opment of linguistic abilities. Thus, the most straightforward strategy to facilitate the
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language development of children who live in adverse environments is to dissemi-
nate empirical findings and offer educational courses to caregivers, particularly
expectant mothers and fathers. Researchers have already begun to implement such
parent-focused language intervention programmes. For example, Buschmann et al.
(2008) demonstrated the efficacy of a short-term intervention for parents of children
with expressive language delays using a randomised control design. Their interven-
tion programme provided training on child-oriented interactions, and it fostered the
parental skill of social assistance, which facilitates children’s language development.
Parents of children with problems in receptive/expressive language tend to be more
aware of the need for interventions than their counterparts with typically developing
children. In contrast, adults who belong to a low SES community are generally
difficult to reach, and this makes it difficult to provide them with parent-focused
interventions that facilitate the linguistic development of children who hail from
such communities. Thus, the identification of incentives that will effectively moti-
vate parents who belong to a low SES community to participate in such intervention
programmes is an important topic that applied researchers must address to resolve
the intra-generational gap in language development.

6.4.2 Interventions for Children with Depressive Mothers

With regard to parental problems, the children of depressive mothers constitute
another group that is vulnerable to delays in language development. The prevalence
of post-partum depression is relatively high (Gavin et al. 2005), and maternal
depression, even subclinical one, poses a great risk to the language development
of children with varying SESs. There have been many reports about the detrimental
effects of maternal depression on mother-infant interactions. Specifically, mother-
infant dyads with depressive mothers are less efficient in managing socially contin-
gent interaction (Skotheim et al. 2013; Weinberg et al. 2006). Moreover, mothers
with depressive state are not good at producing IDS (Kaplan et al. 2001). Indeed,
infants with depressive mothers fail to learn from their own mother’s IDS but are
capable of doing so, when presented with an unfamiliar healthy mother’s IDS
(Kaplan et al. 2002).

Currently, the most commonly prescribed medication to depression is selective
serotonin reuptake inhibitors (SSRIs). Although relatively little information is avail-
able, a systematic review underscored the effectiveness of SSRIs in ameliorating the
symptoms of post-partum depression (Hoffbrand et al. 2001). In addition, Kaplan
et al. (2001) reported that IDS of depressive mothers taking SSRI had comparable
quality to IDS of healthy mothers. Thus, pharmacological inventions that are
provided to depressive mothers may be beneficial in promoting the language devel-
opment of their children. However, the effects of SSRIs should also be cautiously
examined from the perspective of its influences on the quality of mother-infant
interactions and children’s language development, because a recent study raised
the possibility that SSRI medication to mothers alters the trajectory of speech
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perception development of children during pre- and post-natal period (Weikum et al.
2012).

6.4.3 Interventions for Children with Autism Spectrum
Disorders and Their Parents

Even in the case of parents who are able to provide their children with rich social
environments, interventions may be needed to help their children maximally benefit
from their social environments. Children with autism spectrum disorder (ASD)
appear to be vulnerable to delays in language development (De Fossé et al. 2004).
ASD is characterised by a collection of core symptoms (Lenroot and Yeung 2013),
one of which is atypicality in social communication. People with ASD are not good
at decoding emotion faces and voices (Doi et al. 2013), often fail to follow the gaze
of another (Gillespie-Lynch et al. 2013), and do not spontaneously make inferences
about the mental states of others (Senju et al. 2009). Typically, a diagnosis is made
when a child is approximately 3 years old. Nevertheless, infants who are later
diagnosed with ASD manifest atypical patterns of social development (e.g. less
frequent fixation on another person’s face, reduced cortical activation in response
to gaze information) when they are as young as 12 months old (Osterling et al. 2002;
Elsabbagh et al. 2012). Further, several researchers have argued that some of the core
symptoms of ASD stem from atypical development of the mirror system (Rizzolatti
and Fabbri-Destro 2010). All these findings and theorisations suggest that infants
with ASDmay receive limited assistance to enhance their linguistic ability from their
social environments.

Studies have found many aspects of linguistic function to be atypical in people
with ASD. A peculiar symptom of the now-classic Kanner’s autism is prominent
delays in language development. This has led to the contention that atypicality in
neural function in ASD is left-lateralised (McCann 1982), though empirical studies
have yielded only mixed support for this postulation (Doi and Shinohara 2017).
More recent studies have found that phoneme perception and the audio-visual
representation of speech are atypical even in people with high-functioning ASD
(Saalasti et al. 2012; Smith and Bennetto 2007). In an event-related potential study,
Kuhl et al. (2005) measured cortical activation in response to syllables among 2.5–6-
year-old children with and without ASD. They focused on an event-related potential
component, namely, mismatched negativity (MMN), which is elicited by a deviant
syllable that is embedded within a stream of standard syllables. Their main finding
was that children with ASD but not the control children failed to demonstrate MMN
in response to deviant syllables, thereby underscoring the less efficient speech
perception of children with ASD.

Researchers have developed several training programs to promote the communi-
cative functions, including linguistic abilities, of children with ASD (Paul 2008, for a
review). A majority of these programs are child-focused interventions that are
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conducted within natural environments. Parent-focused interventions are relatively
few in number, but the findings of empirical studies offer hints about how caregiver
behaviours can be modified to promote the language development of children with
ASD. In one such study, Dimitrova et al. (2016) investigated the association between
parents’ translations of children’s gestures and vocabulary development. They found
that children with ASD exhibited fewer gestures to point at or request for a specific
object than typically developing children. However, when parents translated the
gestures of children (e.g. by uttering the names of the referent), the referent names
were more likely to be incorporated into the children’s vocabulary than the referents
of untranslated gestures among both typically developing children and their coun-
terparts with ASD. This finding indicates that increasing the frequency of gesture
translation can help expand the vocabulary of children with ASD. In another study,
Warlaumont et al. (2014) found that caregiver responses to children’s vocalisation
are less dependent on whether the vocalisation is speech-like or not among children
with ASD than among their typically developing counterparts. Such a lack of
discriminability in caregiver responses may weaken the positive effects of social
reinforcement on the vocal learning of children with ASD. Thus, parent-focused
interventions that teach them to provide quality-contingent responses to their child’s
vocalisation are likely to promote the vocal learning of children with ASD.

In addition to behavioural interventions, pharmacological interventions that utilise
oxytocin administration as a remedy for ASD symptoms have also recently received
substantial attention. The findings of past clinical trials have observed significant
variability in response to oxytocin administration among people with ASD and yielded
mixed support for the efficacy of this type of intervention (Parker et al. 2017 for a brief
review). Nevertheless, if oxytocin administration does indeed modulate central ner-
vous system function in the expected manner, it may be effective in ameliorating the
language problems of children with ASD in several ways. First, the findings of several
oxytocin administration studies have indicated that the nasal administration of oxyto-
cin can enhance attentiveness to socially meaningful information such as the eye
region (Auyeung et al. 2015). Thus, it is only logical to expect that increased
attentiveness to social information induced by oxytocin administration can promote
the language development of children with ASD. Second, it is possible that oxytocin
administration facilitates human vocal learning. Animal studies have found that the
neural substrates that are recruited in vocal learning and production are influenced by
the oxytocinergic neural system (Theofanopoulou et al. 2017, for a review). Songbird
homologue of dopaminergic circuit of the basal ganglia plays primary roles in motor
control of vocal apparatus and song learning (Gale and Perkel 2010). Further, Tanaka
et al. (2018) revealed that dopaminergic projection from periaqueductal grey to HVC
drives social learning of birdsong from tutor birds. An emerging view suggests that the
function of the dopaminergic system is modulated by oxytocin in humans (Gregory
et al. 2015; Doi et al. 2017; Scheele et al. 2013). Taking all these into consideration, it
is conceivable that oxytocin administration facilitates vocal development in human
children through its influences on oxytocinergic and dopaminergic neural systems.
However, caution should be exercised in implementing such intervention, because
little is known about the efficacy and safety of oxytocin administration on young
children.
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6.5 Conclusion

Human language development is indeed a great feat. Given the conundrum of the
poverty of stimulation, several researchers have claimed that an innate machinery is
largely responsible for human language development. However, research findings in
the field of developmental psychology have underscored the importance of social
inputs from other individuals, mainly caregivers, in navigating infant language
learning. This view has gained further support from the findings of behavioural
and neuroscientific animal studies, which indicated the possibility that similar social
mechanisms are involved in vocal and phonetic learning, when compared to human
language development.

Taken together, the findings that have been reviewed in this chapter underscore
the effectiveness of interventions that modify social environments in promoting
language development during childhood. These interventions can take many
forms. For example, they may be parent-focused interventions that improve the
manner in which caregivers interact with their infants or pharmacological treatments
that are directly provided to children. However, few empirical studies have exam-
ined the efficacy of such intervention strategies. Further, clinical trials have largely
failed to examine the effects of pharmacological interventions on language devel-
opment. The study of language development is interdisciplinary in nature. Accord-
ingly, researchers from various scientific disciplines should be invited to make a
concerted effort towards the creation of practical changes that promote the language
development of children who live in adverse environments or amidst pathological
conditions.
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Chapter 7
Emergence of the Distinction Between
“Verbal” and “Musical” in Early Childhood
Development

Aleksey Nikolsky

Abstract The pattern of acquisition of speech- and music-related skills during early
stages of human infancy provides insight into the origins of language and music.
Indiscriminate until shortly after birth, babies start gradually developing acoustic
features in their vocalizations, as well as accompanying behaviors that make it
possible to distinguish their attempts to speak from their attempts to sing. Compar-
ative analysis of tonal organization of children’s original (nonimitative) vocaliza-
tions in their developmental succession throughout the first 3 years of life casts light
on several important acoustic features. These features play an important role in the
separation of music skills from verbal skills and shaping the primordial music system
the infant uses to address his/her musical needs.

Much of the existing scholarship makes a fundamental error by interpreting the
earliest forms of human speech and music in terms of “adult” state of their mastery,
regarding children’s communication as a sort of “defective” imitation of adults’
models. Moreover, such models are significantly biased toward Western classical
music and Indo-European languages, which despite their cultural importance in the
modern world, nevertheless, constitute only a small fraction of typology of tonal
musical and phonological verbal organization. A much more comprehensive
approach toward children’s music and speech has been developed by Lev Vygotsky
and his circle: Alexander Luria, Aleksei Leontyev, Alexander Zaporozhets, Peter
Galperin, as well as Boris Teplov. They and their followers regarded children’s
speech and music as reflecting a child’s own peculiar method of thinking. The
Vygotskian approach shares much in common with that of Piaget and the
neo-Piagetians, but offers an alternative framework for the explanation of the
dichotomy between language and music—based on the methodology of intonation
theory by Boleslav Yavorsky and Boris Asafyev. This theory was implemented in
the State program of obligatory education within all territories of the former USSR; it
had passed deep scrutiny throughout many years of administration over a massive
population, which resulted in the creation of a special discipline of ear development
that theoretically and practically dealt with the development of “musical hearing” as
distinguished from “verbal hearing” throughout childhood. Unfortunately, much of
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this literature is unknown to Western developmental specialists. This chapter covers
this gap, familiarizing English-speaking scholars with a unique perspective on early
musical and verbal development by Soviet and modern Russian ear-training special-
ists, with special attention to the issue of absolute pitch.

Advances in the methodology of intonational analysis have made it possible to
adequately describe and more deeply understand the principles that govern the tonal
organization of non-Western types of music—including those that are based on
timbre rather than pitch. This approach can be effectively applied to the analysis of
both ethnological and developmental data—to identify common patterns of ontoge-
netic and phylogenetic development.

Keywords Timbre-based music · Frequency-based music · Tonal organization ·
Musical mode · Modality · Tonality · Vygotskian school · Absolute pitch

7.1 Ontogeny and Phylogeny in a Historic Perspective
on Science

The idea that studying the emergence of speech and music faculties in early
childhood can reveal important patterns in the emergence of language and music
in prehistoric societies is not new. The supposed “biogenetic law” holding that
“ontogeny recapitulates phylogeny” was formulated in the very beginning of the
nineteenth century by Johann Friedrich Meckel, formalized by Etienne Serres in the
1820s (Rehbock 1990) and elaborated into a theory of recapitulation by Ernst
Haeckel in the 1860s (Breidbach 2002). Although Haeckel’s mistakes were revealed
already in the early twentieth century, as the embryology passed its embryonic state
leading to the rejection of his theory, in the 1980s, a few embryologists voiced their
concern that, after all, on a fundamental level, Haeckel was correct in assuming that
all vertebrates develop a similar body plan (Sander 2002). In light of the collected
evidence that certain genes control the ontogenetic development over a range of
organisms, perhaps “recapitulation” indeed should be downgraded in its status from
a “law” to just a “rule” while still be considered at least partially valid for the earliest
developmental stages (Blackwell 2007). Alternatively, this can be considered to be
fundamentally “imperfect” (Arthur 2011).

The recapitulation theory was comprehensively evaluated and refuted in Gould’s
classic Ontogeny and Phylogeny (Gould 1977). And prior to the establishment
of evo-devo, Gould’s arguments against ontophyletics appeared overwhelming
(Müller 2013). However, it was often overlooked that Gould’s resurrection of the
heterochrony theory exposed a mechanism for evolutionary change capable of
resurrecting the recapitulation theory—the modification of development through
heterochrony (Müller 2008). Gould’s disproof of Haeckel’s “pure recapitulation”
did not discard the general idea that developmental processes had been subjected to
natural selection—the modern evo-devo synthesis only made the conceptual relation-
ship between evolution and development much more complex (Coall et al. 2015).
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In fact, the diversity of factors contributing to individual development and its
open-endedness might justify the reversal of Haeckel’s formula into: phylogeny
recapitulates ontogeny (Zeleny 1981). Since social systems can be maintained in
no other way but by individuals, the way in which individuals perceive the sur-
rounding world and process the perceived data determines the social conventions
that govern the emergence and the collapse of cultural phenomena (Hallpike 2014,
190). In this sense, the cultural phylogeny is constructed from the statistically
dominant ontogenetic patterns. The proof for this can be found in the unprecedented
massive social “experiments” in “upgrading” the social organization of the rural
Uzbeks and the nomadic Kyrgyz to the industrial lifestyle, undertaken by Bolsheviks
in the Middle Asia (Luria 1976, 161). Once the majority of the indigenous young-
sters were brought up in a Westernized schooled way, an indigenous culture that was
based on irrational beliefs dating back to animistic ideology became unsustainable
and gave way to a rational worldview (Nell 1999). The entire line of human cultural
evolution can be envisaged as a chain of similar “experiments”—changes in
upbringing of children due to important environmental changes that required inven-
tion and mastering of new means for survival. The efficacy of such innovations
resulted in the replacement of one culture with another, very much like the replace-
ment of one cognitive scheme with a more effective one as an infant learns how to
handle tasks that are common in his/her environment. A crucial role here belongs to
the genetic component responsible for the succession of developmental stages.

The idea that biological evolution and the child’s cognitive development, which
both “follow much the same progression of evolutionary stages as that suggested in
the archaeological record,” has earned its place in the field of cultural anthropology
(Foster 1994). In developmental epistemology, this idea has found even greater
support. The entire research of Piaget was inspired by the possibility of
reconstructing the prehistory of human thinking based on the ontogenesis of cogni-
tive notions throughout childhood (Piaget 1970, 13). This approach met severe
criticism from Lévi-Strauss, who held such parallels to be the manifestation of a
Europocentric bias, ignited by the supposed aversion of scholars who were brought
up within the framework of Western academia, to the “primitivism” of childish
thinking in general, as well as of adult’s thinking in preindustrial societies (Lévi-
Strauss 1969, 88). It should be noted, however, that unlike such assumption by Lévi-
Strauss, Piaget’s theory did pass extensive testing in hundreds of studies all over the
world during the 1960–1980s (Cole et al. 1971; Dasen 1972; Berry and Dasen 1974;
Piaget 1976; Modgil and Modgil 1976; Dasen 1977; Poortinga 1977; Eckensberger
et al. 1979; Dasen and Heron 1981; Mishra 1997; Segall et al. 1999)—revealing
cultural differences neither in cognitive capacity nor in cognitive processes (Dasen
and de Ribaupierre 1987). Pierre Dasen, one of the experts on cross-cultural devel-
opmental psychology, sounds unequivocal in his statement that he knows of no
research that contradicts Piagetian claim of universality of the succession of senso-
rimotor, preoperational and operational stages at the structural level, with the only
restriction that the stage of formal operations is reached only in societies that
cultivate formal schooling (Dasen 2012). And this restriction is by no means
“hardbound”—non-Western indigenous peoples were experimentally found to
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match or even outperform the Western urban population in certain cognitive tasks
after having been exposed to formal training (Munroe and Munro 1997). If the
succession of developmental stages stays the same across the currently existing
cultures, there is no reason to believe that it was less universal in cultures of the past.

There must be some kind of a feedback loop between the individual cognitive
development of each member of a sociocultural formation and the typology of
representation of reality adopted within that formation, which in return directs the
development of each youngster via the formative influence of his/her older siblings.
This ongoing feedback is essential in the sociogenetic model of cognitive develop-
ment advocated by Vygotsky and his school (Rene van der Veer and Valsiner 1991).
According to this model, infants’ inborn capacities are nearly congruent across
different cultures, diverging farther and farther apart with each successive stage of
development under cultural influences. In their longitudinal experiments with hun-
dreds of twins, Vygotsky and Luria tried to establish the age at which a child’s
development becomes more driven by personal experience rather than by “genetic
control” (i.e., driven by culture rather than by nature) and identified the age 7–12 as
being critical in this transition (313–314).

Along the same line, Ian Cross, an authority on the evolution of music, holds that
“the clearest traces of the impact of evolutionary processes on the mind are evident
not in encultured adult behaviors but in the capacities of the infant mind” (Cross
2001a). He points out that very young infants acquire certain competences too
rapidly to be explained by learning alone: they seem to innately know which sounds
constitute speech, which—music, and which—non-conspecific sounds (e.g., bird’s
warbling or dog’s barking). Such “priming” of infants for language and music
comprises the influence of evolution in shaping the infant’s predispositions, while
culture shapes the expression of these predispositions into specific and distinct
forms. Cross stresses that the need to process certain types of information rapidly
and expertly without being taught to do so determines the power of phylogeny over
ontogeny in language and music communication. Retaining the juvenile character-
istics of our ancestors is part of that delicate biological balance between the capacity
to effectively respond to events that are most common in one’s immediate environ-
ment and critical for survival, on the one hand, and the ability to optimize or even
create anew a necessary skill, on the other hand. Recapitulation and neoteny,
respectively, support these hardwired yet flexible adaptive responses. And the
former receives much greater importance at the very beginning of one’s life, when
the person is the most vulnerable and dependent on caretaker’s help.

7.2 Toward Structural Distinction Between Music
and Language

Language and music constitute the primary means for human infants to maintain
effective communication with their caretakers, with whose help infants can acquire a
set of skills optimal for their natural and cultural environment. Much has been
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written on the convoluted distinction between language and music, as well as their
uneasy relation to animal communication. In short, music can be opposed to
language across the pragmatics of communication: music focuses on “affective
meaning,” whereas language only accounts for it (Gussenhoven 2002). Of course,
this distinction is not always clear-cut. Music can be used for conveying a referential
meaning, as in military signals to gather or to go to bed. Speech, on the other hand,
especially colloquial, is often used to express the affective state of a speaker.

For the lack of clear semiotic distinctions, scholars often prefer to rely on
structural features to delineate between music and language. The most common is
to distinguish music from speech by defining music as the arrangement of musical
sounds in discrete units of pitch and rhythm—in contrast to continuous and some-
what arbitrary modulations in pitch levels and duration for the sounds of speech
(Reybrouck and Podlipniak 2019). However, such view is nothing but the manifes-
tation of the Europocentric bias of researchers who impose rules of such music
system that is native to them on all other forms of music, disregarding their actual
organization. For absolute majority of Western scholars, this is the framework of
Western tonality—the system of hierarchic subordination of musical tones to one
dominant pitch (“tonic”) whose permanence enables fluctuations in harmonic ten-
sion (instability) and relaxation (stability) in the flow of music (Krumhansl 1990).
But this is not the only way to arrange musical tones. Not any less common is the
framework of modality—the system of heterarchic coordination of pitches based
on permanence of patterns of their melodic relation (“musical mode”) (Nikolsky
2015a), where tension and relaxation (Tsougras 2010) are generated not by
referencing musical tones to the “tonic” but by altering the degrees of the musical
mode (stability/instability of the entire mode) (Nikolsky 2016, Appendix-3). Yet, a
third type of music systems is based on arranging musical tones in timbre rather than
pitch (Nikolsky et al. 2019). In this kind of music, the changes in tension seem to
originate mainly from contrasts between harmonicity and inharmonicity of sounds,
as well as changes in their roughness1 and a few other spectral parameters, such as
spectral spread and spectral roll-off (Nikolsky 2017).2

1At present, research of which exact parameters of timbre are responsible for the perception of
tension and relaxation in music remains in virginal state (Granot and Eitan 2011). The salience of
specific harmonics can be perceived as increase or decrease in tension of sounds (Nazaikinsky and
Rags 1964). Acoustic roughness is shown to have direct relation to the perceived timbral tension
(Pressnitzer et al. 2000). The impression of timbral tension might originate in the conflicting
interaction between the frequency- and time-based parameters of timbre (Volodin 1972). The
dialectics of timbral tension and relaxation was laid into the foundation of the theory of phonism,
elaborated by Nazaikinsky from the notion of phonism proposed by Tiulin for explanation of
modernistic compositional styles of classical music (Tiulin 1937). According to Nazaikinsky,
timbral tension constitutes a special form of harmonic interrelations between “dissonant” simulta-
neous combinations of musical tones, different from tonal and modal stability/instability by the
peculiar integration of the holistic inseparability of a timbre with distinctions between different
frequency components of a spectrum (Nazaikinsky 1988).
2There is some experimental evidence that listeners perceive the inflections of musical tension and
relaxation due to timbral changes in music (Paraskeva and McAdams 1997). Granot and Eitan
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In reality, by far, not every existing form of music is based on “pitch classes” and
“rhythmic values.” In fact, some ethnicities do not make music based on
discretization of pitch at all. For instance, in Tuva, indigenous musicians perceive
music in terms of changing the timbral colors rather than pitches, which is set in early
childhood when children entertain themselves not by combining different pitch
levels (as Western children usually do) but by reproducing natural sounds from
their environment and creatively modifying and recombining them (Levin and
Suzukei 2006). Many ethnicities, such as Inuits or Australian Aborigines do not
even have words in their languages to distinguish between “melody” and “vocal
timbre,” which suggests that music makers in these cultures think musically in terms
of timbre rather than frequency (Walker 1997). Evidently, such music is constructed
not of discrete “pitch classes” but of “timbre classes” (Nikolsky et al. 2020).
However, those scholars who consider discrete pitch to be the structural criterion
of music qualify any music that is based on alternative principles as being nonmusic
(Brown 2017)—even if such qualification goes against the conviction of its users.
Sometimes, musicological conventions side with musicians’ conventions in defining
some difficult cases of what is considered to be music: e.g., rap songs (Adams
2015).3 More consistent appears to be Patel’s approach (Patel 2010b) in recognizing

uncovered the evidence for the combination of loudness and register as being capable of inducing
the sensation of changes in tension (Granot and Eitan 2011). Clarke also maintains that timbral and
dynamic aspects partake in the generation of the impression of musical movement (E. F. Clarke
2001). Volodin established the presence of the parameter of tension in listeners’ perception of
timbral differences in comparison of isolated tones (Volodin 1972). Mazepus identified the systemic
use of timbral tension in many forms of indigenous music across Siberia—which he traced to the
sensation of tension in the vocal folds and vocal articulations impeded by that tension (Mazepus
2009). Lerdahl recognized that timbre can be organized hierarchically into multidimensional
timbral arrays, which would involve not only coordinational but also subordinational relations,
thereby setting expectancies of resolutions in the manner of dissonance-consonance (Lerdahl 1987).
An example of such hierarchical relationship between the timbral reductions of differing dimen-
sionalities was demonstrated in the analysis of a traditional shakuhachimelody (Bolger and Griffith
2005). The gradations of tension in timbral modulations constitute the primary form of musical
expression in deep throat singing of numerous traditions of Ural, Siberia, Mongolia, Far East,
Kamchatka, Chukotka, Alaska, Canada, and Greenland (Sheikin 1996). This is also the only source
of musical syntax in authentic traditions of Jew’s harp music and musical bow across the world. For
Jew’s harps, the presence of syntactic/semantic organization by grouping of specific syllables in
combination with a limited number of special effects is simply indisputable—most obvious in
thorough method-books on Jew’s harp playing, such as by Robert Zagretdinov (Zagretdinov 1997).
3The same problem occurs even within the decidedly “frequency-oriented” music systems, includ-
ing Western classical music. Thus, recitative semplice in French and English operas could be scored
or spoken: e.g., Bizet and Balfe have it written out as notes in some operas, and not notated at all in
some others. In Russian Imperial opera productions, recitative was always sung—even in those
operas such as Italian or French that originally used recitative secco, as a rule performed parlando.
Operas by Russian composers rarely, if ever, use parlando in recitatives. So, according to the
approach by such scholars as Brown, Reybrouck, and Podlipniak, such recitative would constitute
nonmusic inserted into music (opera), which however appears inconsistent, since the very same set
of sounds is pronounced “music” in French production of a particular opera and “nonmusic” in its
Russian production. Such metamorphosis is hardly acceptable for a scientific study of music.
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similar intermediate cases of music/language usage (e.g., recitative) as music—
provided that such uses are designed to invoke emotional response in the listener.

This problem reveals the necessity to revise the definition of music and to base it
not on purely structural but on functional semiotic criteria—one that reflects on the
convention of the kind of sound humans conceive and perceive to be music. Such
approach would require a scholar to evaluate the tonal organization (TO) of the
sounds in question in order to establish whether or not they constitute music. The
notion of tonal organization was conceptualized by François-Joseph Fétis in 1840 as
the method of joining musical tones together according to the sensibility of music-
users (Fétis 1994, XXV). In this sense, TO encapsulates tonality, modality, and
“timbral music.” TO can also be found in verbal speech, where it takes the form of
“tonemes” (Pike 1948). Musical TO can be distinguished from tonemes by its
complex multifactorial functional relations between musical tones that involve
their arrangement according to simultaneous estimation of changes in rhythm,
meter, pitch/register, dynamics, and articulation style (e.g., staccato/legato). These
changes are usually categorized and rasterized into some kind of “classes” (most
commonly, pitch or timbre) throughout the production or perception of music, so
that every new sound is comparatively related to the previous sound in order to
group them into a meaningful entity (Walker 1997, 322–3). Parsing of a music flow
into such groups and gradient-based estimation of their relative tension is as crucial
for music as the identification of syllables, and words based on phonemic contrasts
are crucial for language.

Pragmatically, music can be defined as such tonal organization that entrains
listeners and performers and transposes performers’ intentions in order to emo-
tionally stir the listeners by vocal and/or instrumental performance. This definition,
elaborated after Cross (2001a, b), emphasizes three criteria that are imperative for
music:

1. Entraining of psychophysiological reactions of listeners/performers to acoustic
changes in the music flow secures the effective encoding and decoding of the
information conveyed by specific idiomatic patterns of music—e.g., succession
of a fanfare-like motif (a melodic motion whose sound outlines a major triad) and
a lamento-like intonation (a descending step that is initiated on a strong beat)
(Monelle 1991) would generate the synchronous change from happy to sad in the
listeners (even if the performance is solitary).

2. Emotional contagion between the affective state assigned to a particular musical
idiom and the actual affective state of the listener—e.g., detecting a fanfare motif
in music causes the listener to experience joy, happiness, or some other kind of
uplifted emotional state (ideally, this includes both the performer and the listener
but can include the emotional change for the performer alone, if he/she happens to
perform a fanfare motif while being in a sad state).

3. Transposability of intention to convey specific information secures the semantic
integrity of a conveyed message over numerous instances of the use and reuse of
exactly the same idiomatic pattern—e.g., whenever the musician makes the
melody move by the sounds of a major triad, he/she intends to express the
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same affective state of happiness (disregarding the differences in the circum-
stances of the performance).

None of these three criteria is found in the sounds of speech. Entrainment
exclusively characterizes the perception of music as part of the social bonding effect
typically involved in the interpersonal synchrony between performers and listeners
even in situations of passive listening (Tarr et al. 2014). In speech, only some
isolated utterances (e.g., laughter) are capable of triggering this effect. The special-
ization of music on the emotional contagion is most evident in the phenomenon of
chills and chill-like reactions to music intended to express strong emotions, which is
unique to music (Altenmüller et al. 2013). Transposability of intention is most
obvious in music genres: e.g., most lullabies, across different cultures, engage the
same or exceedingly similar set of structural features (Trehub et al. 1993). It seems
that this similarity has to do with the natural sonic preferences of infants who
generally prefer motherly singing to talking and have greater calming reaction to it
(Nakata and Trehub 2004). In situations when mothers want their infants to rest, they
most likely intuitively select the prosodic features that secure the strongest calming
effect—which in many different cultures happens to coincide (Fernald 1992).

In terms of structure, TO of music usually can be identified by examining the
pitch contour (Deutsch 2013b), rhythmic patterning, metric grid (Large 2008), and
dynamic contour (Graves et al. 2013) which all interact (Granot and Eitan 2011) and
contribute to the grouping of successive tones (Deutsch 2013b) into melodic motifs
and phrases. The acoustic notion of “musicality” implies the complementarity of the
pitch, rhythmo-metric and dynamic grouping, implemented in a systemic ongoing
manner: unlike prosody of a tone language, musical prosody requires that every
successive sound be evaluated in its pitch and dynamics, rhythmic value, and its
position in the metric grid in relation to the previous sound. It is this combined and
continuous comparison of sounds in regard to their pitch, rhythm, meter, and
dynamics that structurally distinguishes music from speech. Any of these parameters
taken in isolation does not suffice to distinguish music: a rap song or a dance
performed on percussive instruments can have no pitches, a recitative or a religious
chant might have no clear metric and rhythmic patterns, and a whisper song might
have no dynamic changes. On the other hand, speech in tone languages uses pitch
contrasts, poetic speech uses rhythmic values and metric feet, and sentence prosody
often uses dynamics to distinguish one sentence type from another. Poetic speech
comes exceedingly close to music, exposing the common roots of music and
language, making the reliance on referential meaning over the entirety of speech
the most salient distinction between verbal and musical prosodies (Lerdahl 2001).
Just as much as the TO of speech prioritizes the intelligibility of words and their
constituent syllables in order to support the retrieval of lexic meaning, the TO of
music prioritizes the combined intelligibility of pitch, rhythmic, and dynamic groups
within some metric grid (rigid or flexible) in order to support the intended emotional
impact.
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7.3 Tonal Organization (TO) of Music in Infancy

Music and language are considered structurally indistinguishable from each other in
the earliest stages of verbal and musical development in infancy (Chen-Hafteck
1997). The reason for that seems to be biological. The same neural process of audio-
vocal learning governs the acquisition of singing and speaking skills based on the
common foundation of instinctive emotional communication—the same is true for
both ontogenetic and phylogenetic developments (Gruhn 2009).

Semantically, reliance of preverbal infants on the emotional cues, found in
prosodic features of infant-directed vocalizations of their caretakers, points in the
direction ofmusic as the closest prototype for infant’s communication (Malloch and
Trevarthen 2009). Animal calls, generally, also stay closer to human music than to
human language, since animal vocal communication tends to specialize in displaying
the information about the caller’s affective state (Fitch 2006). Human infants start on
the same page as primate cubs—by producing reflex-like utterances specific to a
particular kind of stimulus (e.g., shrieking for pain) (Jürgens 1995). This semiotic
similarity is accompanied by the anatomic similarity of the supralaryngeal vocal tract
of infants and of nonhuman primates (Lieberman 1985). Animals express their
affective states volitionally and do actually “feel” the perceived signal as long as it
remains based on their innate “vocabulary” (Fitch 2010, 179–81). But if for animals
such signaling remains hardwired disregarding their age and experience (Hauser
1996, 315), children quickly learn to modify the characteristic timbre and pitch
contour of their cries according to what they need from their caretakers during the
first year of their life (Wermke and Mende 2009). This opens doors to a long-lasting
process of learning during which a prelinguistic infant builds and optimizes a
repertory of calls and infers the rules of their connection in its own vocalizations
as well as in response to the adult’s vocalizations and behaviors in an attempt to keep
them informed about his/her state. This stage is likely to be universal in human
development (Wermke et al. 2007).

Not any less universal must be the call/cry stage in cultural evolution. One of the
leading specialists in perception of music Klaus Scherer believes that the develop-
ment of emotion in ontogeny mirrors that of the phylogeny, so that in both cases the
new emotions emerge following the same pattern, are changed by age, and are
determined by the degree of cognitive capacity for appraisal of events (Scherer
2013). This is important, because emotional communication lies at the heart of
music semiosis (Nikolsky 2015b). Prehistoric musilanguage that preceded music
and language (Brown 2000) most probably at first generated the conventions for
affective music-like prosody and thereafter the intonational prosody, similar to
language (Brown 2017). This must have occurred in response to the rising need to
transfer and accumulate technological knowledge, triggered by the population
growth and the growing demand in sustenance (Richerson et al. 2009). The emer-
gence of language answered the necessity of coordinating the collective efforts
between the participants in complex tasks and of passing the technological informa-
tion to the next generation (Johansson 2015). Therefore, the investigation of the
earliest stages in musical development can cast light on the evolutionary origin of
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music and language (Trainor and Hannon 2013). Especially the onset of musical
development prior to birth and immediately after it provides insight into human
prehistory (Parncutt 2016).

Phylogenetically, in all likelihood, music emerged prior to language, since the
acoustic shape of primate vocalizations is mainly determined by music-like features
which provide the basis for ontogenetic acquisition of verbal skills for humans
(Koelsch 2009). An interesting argument for this was delivered by Vygotsky
(2001, 58–61).4 Starting from 1929, together with Luria, he ran the longitudinal
study of speech and musical development in 150 pairs of mono- and dizygoric twins
of 6–14 years of age with the purpose to estimate the impact of genetic versus
environmental factors on different psychological functions (Luria 1962). Dizygotic
twins were found to have the coefficient of 0.67 of musical abilities and of 0.89 of
speech abilities versus, respectively, 0.93 and 0.96 for monozygotic twins (p. 59).
This was interpreted as primarily the manifestation of their genetic differences, since
the uteral conditions of all twins were identical and their early childhood experience
remained very similar. Vygotsky and Luria decided that the greater similarity
between the ratings of the monozygotic twins as opposed to dizygotic twins in
respect to a particular function, the more that function was determined by heredity
(p.60). Since the difference of the music coefficients was almost four times greater
than the speech coefficients, Vygotsky was confident that music evolved earlier than
speech.

It is regrettable that for the lack of methodology that could adequately capture the
most important aspects of TO and support the comparative analysis of various
vocalizations, the study of animal communication and of early human vocalizations
so far has not delivered as much as they could potentially have done so. Both acoustic
analysis of animal calls and human infants’ vocalizations suffer from the same
problem as takes of Western cognitive scientists on comparative ethnomusicol-
ogy—they heavily lean toward the tonality model, thereby introducing aWestern bias.

7.4 Pitch Reductionism and Its Detrimental Effects
on the Study of Pretonal Forms of Music

The problem is that neither infants nor animals can be interviewed in order to supply
scholars with information about what exactly they communicate and how they do
it. At the same time, the acoustic features of their communication provide the most

4Unfortunately, this opus magnum, “Lectures on Pedology,” is still unavailable in English. Its first
part (seven lectures) was published in 1935 by the State Institute named after Gertzen in Leningrad,
whereas its second part was stenographed by Serapion Korotayev, Vygotsky’s assistant in the
Institute, upon listening to these lectures. Korotayev prepared the materials for publication during
his work at the Udmurt State University, while Vygotsky’s legacy was banned by the Communist
authorities. Korotayev’s daughter completed the edition after Korotayev’s death. Only the fourth
lecture has been translated in English (Vygotsky 1994).
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direct and valuable data for statistical analysis that could potentially establish the
typology of the principal patterns in communication. Of course, researchers did
develop techniques for conducting experimental studies of animal’s and human
infants’ capacities to process auditory signals; however, such techniques remain
quite limited in gathering information that could possibly enable comparative
analysis of different types and typological variations of signals to the extent of
reliably inferring the repertories of signals, their semantic values, and the rules of
stitching signals together. As a result, absolute majority of studies that try to identify,
categorize, and interpret such signals resort to the framework of the most verifiable
model of TO—that of Western tonality. They typically estimate the auditory signals
in terms of discrete pitch classes, pitch class sets (usually theorized as scales),
arithmetically proportional rhythmic values, pitch intervals expressible in simple
arithmetic ratios, and harmonic concepts of stability and instability that make sense
only within the tonality framework. Application of all of these notions in the analysis
of TO, even within the modal framework of Western “frequency-oriented” music
(e.g., the so-called “Mixolydian”major typical for folk Slavic traditions), is prone to
skew the results of the analysis (Pashina et al. 2005).5 A convincing case of such
“overinterpretation” of chromatic alterations in folk modal music demon-
strate Ambrazevičius and Wiśniewska (2008). Even greater discrepancies are to be
expected in the application of tonality-based analysis onto the music originally
conceived as “indefinite in pitch” (Alekseyev 1976).6

5Von Hornbostel provides an example of such musicological misreading of the notated composition
for shen composed within the traditional Chinese anhemitonic pentatonic system, giving the
impression of being written in “E-flat major” (Hornbostel 1919). In general, modal music can be
easily misinterpreted by false identification of “tonic.” The same set of pitch classes G-A-B-C-D-E
can be interpreted as a hexatonic G Major or A minor, which can be figured out only upon
examining the melodic functions of these pitch classes in a particular piece of music (Hornbostel
1913). This goes to illustrate the absolute necessity of distinguishing between a “scale” and a
“mode.” Unfortunately, not all researchers of music make such distinction: e.g., Steven Brown and
Richard Parncutt in their publications hold that “scale” and “mode” are synonymous. Such
misunderstanding of music theory often leads to false generalizations. Thus, Doğantan-Dack
assumes that resolution of unstable degrees of a pitch set into a stable degree at the end of music
constitutes a universal rule in evolution of music (Doğantan-Dack 2013). In reality, a piece of modal
music can finish on any degree of the mode, or even on a tone of “indefinite pitch,”whose glissando
presents a contrast to the usage of “definite pitch” in the rest of the music and therefore performs its
function of marking the end of the music (Kholopov 2005).
6Alekseyev describes a situation common for traditional Yakut music explaining that when a singer
is asked to repeat his/her song, they reproduce only the melodic contour and the rhythm—the exact
intervals between the adjacent tones of the same tune change (1976, 148). If asked about the pitch
differences, performers usually become surprised and deny any difference, reaffirming that the
music is exactly “the same.” At the same time, if tested in the manner of ear-training tasks, such
singers have no trouble reproducing the pitch of an isolated tone perfectly in tune. When the singer
is asked to sing the same song higher, he compresses its intervals to a smaller compass (Alekseyev
2013). Evidently, Yakut traditional music is based not on “pitch classes,” but on “pitch contours.”
Similar to Yakut isomorphism was reported by List (1987) in relation to 11 performances of
supposedly the same traditional lullaby Black Bug by Hopi Indians.
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The extent of such distortions can be estimated by relating the findings of such
tonality-based studies to the information gathered from indigenous adult users of
“timbre-based music.” Thus, Nenets rasping songs appear as “out of tune” and too
noisy to Western listeners whose attempts to faithfully reproduce such music are not
recognized as acceptable by Nenets—the latter of whom are totally unfamiliar with
the notion of “wrong pitch” and instead focus primarily on the spectral features of
sound, lyrics, and the shape of the melodic contour (Ojamaa and Ross 2011).
Therefore, Nenets listeners find Western reproduction of rasping as timbrally “out
of tune,” while simply ignoring the exact pitch values of sounds of rasping (Ojamaa
2005). According to them, any pitch produced by a performer is necessarily “right”
for his expression.

Yet another way of uncovering misattribution of TO is by comparing renditions
of the same tune by different performers who belong to different music cultures that
subscribe to different music systems. This is a rare musicological topic, but Eduard
Alekseyev makes a convincing demonstration of how a Russian/Ukrainian popular
song Provody, created within the framework of tonality (minor key), becomes
anhemitonic pentatonic in a Buryat rendition and whole-tone tetratonic in a Yakut
rendition—in both cases almost completely substituting the original pitch intervals
with new ones (Alekseyev 1986, 148–55). Many Western cognitive scientists and
even musicologists are likely to qualify such transformations as “mistakes” on part
of indigenous performers and put them on the account of their supposedly deficient
musical ear rather than to recognize them as the deliberate result of a systemic
“conversion” of a tune from one music system that appears foreign and strange to a
performer to another music system that is native and comfortable.

Albrecht Schneider (2001) describes how common such “overinterpretation” is in
the acoustic analysis of tuning standards in African xylophone and East Asian gong/
bell indigenous traditions which rely on timbre-oriented comparison of instrumental
tones. Hence, Schneider qualifies the expression of tuning standards in terms of
frequency as “pitch reductionism.” Avoiding such reductionism is an imperative
condition for finding out the real TO intended by the indigenous music makers and a
great challenge for Western researchers (Schneider 2013). There is a rather convinc-
ing empirical evidence that the practice of tuning by pitch reference originates from
earlier practices of tuning by various perceptual attributes of timbre.7 A glimpse of
timbre-oriented tuning is still observable in the gamelan tradition—formative for the
entire region of Eastern Asia from the antiquity times onward (Blench 2007) and
influential even for the Western classical music (Wen-Chung 1971).

7Timbral contribution to tuning is significant. As William Sethares demonstrates in the chapter “The
Octave Is Dead” in his treatise Tuning, Timbre, Spectrum, Scale: “Introducing a dissonant octave—
almost any interval can be made consonant or dissonant by proper choice of timbre” (Sethares
2005). And, indeed, in practice of gamelan tuning, tones about an octave apart are often deliberately
mismatched to produce a special timbral effect (Hood 1971). Timbral contribution to tuning is very
“real”—and too bad that it is less measurable than fundamental frequency. However, this difficulty
should not be reason for dismissing it altogether. Good science explains the unknown and does not
dismiss it.
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The devil is in the tricky relationship between timbre and pitch in discretization of
the spectral content. Discrimination of intervals is different for pure tones and for
complex timbres (Vos 1988). In real-life conditions, a pitch often sounds “dirty,”
such as in auditioning of intervals on gongs, bells, cymbals, or xylophones. In such
cases, ambiguity of spectral content affords multiple approaches to categorization of
pitches, where harmonicity/inharmonicity and periodicity/non-periodicity (the prime
acoustic sources for pitch evaluation) constitute only one of the possible axes of
evaluation. Thus, gamelan performers estimate tuning of the intervals not in terms of
frequency, but what they describe as “comfort,” apparently referring to the interplay
between the harmonic and inharmonic spectra that makes one tone perceptually
stand out in relation to another (Li 2006). However, recently, gamelan tuners have
started to follow the pitch standard set by their government’s radio station and cater
not to the preferences of instrumental players but of singers, which directed the
tuning toward frequency evaluation (Vetter 1989). This development very likely
reflects the cultural influence of the Western classical and popular musics—indige-
nous Balinese gamelan tradition does not incorporate vocal performance (Kartomi
et al. 2008).

Similar situation is described by Gerhardt Kubik in regard to African traditions.
Indigenous cultures rely on “deep listening” into the timbre of sound objects and
selecting one of its attributes as a reference for tuning musical instruments (Kubik
1985)—in contrast to cultures influenced by Western music where tuning is done
according to the reproduction of a specific harmony comprised by fixed frequency
values, such as the chord generated by striking the open guitar strings (Kubik 1979).

The ubiquity of pitch reductionism in the modern globalized world is illustrated
by the phenomenon of “musicalization”—intuitive assigning of pitch values to
environmental sounds or signals that clearly have no relation to music (e.g., the
squeaking of car breaks or an emergency alarm)—which is wide spread in societies
that cultivate frequency-oriented music. The reason for this must be the difference
between “musical” and “verbal” modes of listening: if speech perception relies on
componential dynamic analysis of sound spectra (detecting the lowest formants),
musical perception [for frequency-based music] relies on holistic analysis of peri-
odicity, called forth to identify all natural series synchronously present in the entirety
of spectrum (Walker 1997). Perception of timbral music comes closer to perception
of speech in its focus on specific salient spectral components, breaking the entire
spectrum into “foreground” objects to be accounted for and “background” objects to
be ignored and thereafter tracking the contrasts between the “foreground” compo-
nents in the flow of sounds (Nikolsky et al. 2019). The perception of timbre is rooted
in environmental soundstage analysis based on the clues for sound-source identifi-
cation and consistent delineation between an acoustic signal and the percept it
provokes within the framework of structurally unclear and continuously changing
tonal attributes of a sound (Fales 2002). The principal difference of this mode of
listening from listening to speech is the abstract, purely symbolic connection of the
constituent verbal phonemes to lexic meaning as opposed to iconic or indexical
connection of timbre classes of timbral music to their semantic values (e.g.,
onomatopoeic-like sounds are usually iconic, while non-onomatopoeic indexical).
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• Orientation of music toward frequency tends to correspond to the urban industrial
environment that features lots of parallel and perpendicular lines, whereas orien-
tation of music toward timbre produces indefinite-in-pitch intervals and degrees
which correspond to life in open spaces like tundra or step where scarcity of
landmarks promotes orientation not by increments between the visible objects
within the three-dimensional frame of reference, but by reliance on natural
phenomena like the direction of wind, sunlight, moonlight, the disposition of
stars, relative time of travel, etc. (Nikolsky 2016, Appendix-7).

In effect, exposure to Western culture establishes the preference for frequency as
the medium of TO, and its spatial representation in terms of vertical height, as
confirmed by a study of pitch perception by urban Canadian, Indian, and Intuit
children (Walker 1987). English musicians represent pitch/time as vertical/horizon-
tal axes; Japanese musicians raised on Western music share the same representation,
while Japanese musicians raised on Japanese traditional music encode pitch/time as
horizontal/vertical axes; and Papua musicians are not receptive to any of these axes,
but instead, they estimate the melody in terms of hue and loudness (Athanasopoulos
and Moran 2013), which appears to constitute the timbral mode of music hearing.
All in all, Western cultural influence corresponds to the adoption of standard of
mapping vertical dimension to incremental differences in pitch (Ashley 2004).
Children raised in a Western urban culture normally perceive pitch and rhythm in
mathematical terms as “how much,” “how many,” and “what ratio” by the age of
11 years (Bamberger and DiSessa 2003). It is very possible that regular singing and
listening to tonal music contribute to the establishment of a quantitative attitude
toward the world. The way children are taught and learn music is shown to determine
the developmental route and structure of their mental representations (Gruhn 2004).

The research conducted in the Soviet Union by the Vygotskian school led to the
consensus that the emergence of frequency reference in early childhood reflects the
child’s experience in three-dimensional orientation and the projection of spatial
characteristics onto the arrangement of musical sounds. Alexander Zaporozhets,
pupil and colleague of Vygotsky, was the director of the Institute of the Preschool
Education at the USSR Academy of Sciences and the head of the research lab which
for a few decades conducted experiments on pitch perception in infancy. A number
of studies, considered “classic” in Russia, were carried under his direction
(Endovitskaya 1959; Endovitskaya 1963; Repina 1964; Lisina 1966; Mukhina and
Lisina 1966; Repina 1966a; Repina 1966b). In sum, their findings demonstrated that
frequency-oriented listening represented the acquisition of conventional sensory
standards used to investigate perceived objects by means of materialistic models
of space-like representation of reality in the auditory domain (Zaporozhets 2003,
26–7).

Another Vygotskian, Petr Galperin, regarded “objectivization” of sensory expe-
rience, “materialized” through various spatial properties and relations of objects as
the principal path for formation and mastering of cognitive operations by means of
symbolic representation of reality (Galperin 1999, 253–314). Here, music acted as
an aid in abstracting the objective properties of the surrounding world—musical
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intervals, changes in the direction of the melody, the number of the simultaneously
sounding pitches become the manifestations of the ways in which real things can be
moved and how they relate to one another. And the main tool of such representation
is the notion of the “sound object,” constructed by the analogy to physical objects
and supported by the rule of object permanence (Nazaikinsky 1973). As a result,
object permanence becomes the attribute of the vertical axis of musical texture (the
number of simultaneously sounding tones), while space permanence becomes the
attribute of the axis of depth (the number of voices/parts used in music) (Nazaikinsky
1982, 82).

The iconic primordial nature of “frequency music” (in contrast to the symbolic
nature of speech) manifests itself in the capacity of “sound objects” (perceived as
pitches) to generate actions (perceived as melodic intervals that can leap or step) and
form events (perceived as changes in musical movement, e.g., interruption, climax,
and collapse)—similar to physical objects of the real world. A number of experi-
mental studies conducted by Zaporozhets and his associates have demonstrated that
children’s realization of cross-modal correspondences between melodic tones and
spatial arrangement of physical objects, or proportions in size between various
creatures, or characteristics of a particular form of locomotion—all such cross-
references have the power to accelerate the acquisition of fine-frequency categori-
zation in childhood. Recent studies on early frequency discrimination that claim the
opposite that neonates from birth attain the skill levels comparable to adults
(Stefanics et al. 2009) should be taken cautiously and be thoroughly examined in
their design. There has been a trend of “generous interpretation of the infant
findings” among researchers who are looking for the earliest onset of various
cognitive abilities (Trehub 2013). Trehub provides an example of such study that
concludes that newborns are capable of detecting traits of TO related to musical keys
just hours after birth (Perani et al. 2010). Such interpretation contradicts the known
timeline of acquisition of harmonic skills, according to which children develop
sensitivity to key structure not until 4–5 years of age (Corrigall and Trainor 2010).

The propensity of some researchers to overinterpret their findings and/or design
their experiments with the purpose to discover the presence of patterns of TO that
characterize adult music in vocalizations of young infants is a form of “pitch
reductionism,” based on the assumption that children somehow already possess
germs of adult skills and therefore follow the same methods of encoding and
decoding musical information as adults. For Western developmental psychologist,
it is even more enticing than for a Western8 musicologist to resort to this circular

8Here and earlier, I have emphasized that Western researchers are more prone than Eastern
European and Asiatic researchers to commit to circular reasoning and discover traces of tonality
in music that was created on timbral or modal rather than tonal principles. This is because in
majority of Eastern European and Asiatic countries there are strong indigenous traditions of modal
music which can significantly depart from the heptatonic diatonic Western stereotype by using
pentatonic, hexatonic, hemiolic, chromatic, micro-chromatic, non-octave and/or symmetric modes
(Nikolsky 2016, Appendix-8). Researchers familiar with these and timbral forms of music (espe-
cially when they are native to researchers) are likely to be more open-minded in evalutation of
infants’ musicking attempts than their “orthodox” Western colleagues.
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logic. After all, children do follow a genetic script in their maturation that brings
them up to attain a set of skills on par with adults. This can justify the evaluation of a
melody performed by a young child in terms of its compliance to the Western
tonality and attribute all deviations from “properly” tuned degrees of Western keys
as children’s “mistakes” due to immaturity of their technical skills. And majority of
the studies dedicated to the analysis of children-made music indeed approach it
this way.

Thus, one of the leading specialists on early children music, Lyle Davidson
(1994), whose “contour theory” has become the mainstream theory of TO in early
childhood, describes the earliest stage of children music-making during the first
3 years of life as revealing the ability to sing distinct pitches but lacking interval
stability and tonal coherence between multiple musical phrases. Such description
implies that infants are aware of pitch classes, pitch class sets, and tonicity, as well as
the typology of pitch intervals, and only have technical problems in producing music
in full accordance with them. However, there is no proof that it is common for 0–3-
year-old infants to process music in terms of pitch classes, pitch class sets, interval
classes, and interval class sets in reference to tonic. In fact, there is abundant
evidence to the contrary: absolute majority of children of that age cannot identify
different harmonic and melodic intervals upon hearing them, cannot keep track of
“tonic” throughout a musical piece, and cannot reliably distinguish different major
and minor keys—any music instructor who has had experience working with this
age category in nurseries and preschools would testify to this. The best testimony to
this is the State program of early musical education in Russia, which specifies the
goals of music activities for children of different ages and includes none of the
above-listed music skills for 3-year-olds (Kostina 2004).

The Soviet Union dedicated an unprecedented amount of resources (specialists,
institutions, programs, etc.) to forge an effective system of musical education from
the most basic to the most advanced levels and make this education available to the
widest population. In 1921–1925, during his directorship of Glavprofobr (Chief
Office of Professional Education) at Narkompros (People’s Commissariat of
Enlightenment), Boleslav Yavorsky included ear training in the State program of
education (Fedorovich 2014, 89). Ever since ear-training programs have been
systemically developed, administered to general population, and perfected by qual-
ified specialists (Blium 1977). A full scope of professional musical ear development
in Russia takes 14 years, with a wealth of standardized tests and exercises
(Karasyova 2010). Not any less thorough and comprehensive is the methodological
framework for music education in preschools and nurseries (Anisimov 2004). In all
the countries of the former Soviet Union, after the Second World War, music
preschool education was administered on a massive scale unparalleled by any
Western country. Early music education was ideologically esteemed as the bastion
in the upbringing of creative and socially adaptive members of society, reflected by
the introduction of a new position of a “head of music” in the kindergarten personnel
by the provision of the Council of Ministers of the USSR in November 1, 1947
(Kiilu 2011). The chief responsibility of this “head of music” was to carry out music
education for the general population in strict accordance with the program adopted
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by the Ministry of Education. This program was created and improved by the mutual
efforts of many specialists in music education across the country. According to this
program, before the age of 3, teaching was limited mostly to listening to models and
exercises involving unrestricted changing of voice in pitch, and at 3, children for the
first time were given specially composed songs based on 2–4 tones within the range
of a fourth with the syllables imitating animal calls and contrasting melodic shapes
(ascending/descending) and interval sizes (steps/leaps) (Radynova et al. 1994,
101–104).

Nikolai Metlov, the pioneer and one of the main proponents of obligatory music
education, during the 1920s, laid out a program of singing, rhythmic motion,
performance on basic musical instruments, and music appreciation course (Metlov
and Mikhailova 1935). It laid the foundation for the 1934 Program of Musical
Development by Narkompros that featured the “expanding” model of gradual
introduction of, at first, melodic and then harmonic intervals, starting from a step
(Metlov 1985, 5). Nearly 90 years of ongoing testing and optimization of this
program did not result in accelerating the time frame of mastery of pitch in TO,
which indicates that children younger than 3 generally tend to process music not as
conglomeration of pitch changes but in some other alternative method.

7.5 The Model of Early Developmental “Timbral Hearing”

Soviet researchers spent much effort trying to identify this earliest method of
TO. The leading role here was played by Boris Teplov, the head of the psychology
department in the Moscow State University and the author of the theory of timbral
music hearing. Teplov was able to experimentally demonstrate that pitch contour can
be comfortably followed without paying any attention to pitch—the proof for which
is speech prosody: undifferentiated perception of spectral content is sufficient for
noticing changes in direction in pitch contours (Teplov 1947, 88). Such “phonic,”
broadband noise-like, holistic perception of tonal quality is exactly what very young
children hear when they track melodies. The ability to resolve spectral change into
frequency change has to be developed and is acquired only when perception of pitch
becomes culturally important (89). Timbral hearing can lead to drastic discrepancies
when it substitutes pitch hearing in harmonic analysis. Sofia Beliayeva-
Ekzempliarskaya initiated a very unusual line of research in Russia right after the
Bolshevik revolution. She asked kindergarten-age children without any formal
music education to rate the pleasantness of two arrangement of a well-known folk
tune, one in a “euphonic” manner and the other in a “cacophonic” manner: e.g., the
melody and accompaniment in the same key versus the melody and accompaniment
in two different keys (Beliayeva-Ekzempliarskaya 1925). Only one girl found the
mismatched keys to sound worse than the matched keys. The majority of subjects
did not hear any difference, and a few found the mismatched version even more
pleasing. Evidently, their learning was occurring in the “timbral hearing” domain—
which was their “natural” manner of listening in the absence of dedicated ear

7 Emergence of the Distinction Between “Verbal” and “Musical” in Early Childhood. . . 155



training. Similar results were found by Costa-Giomi who used a sudden abrupt
modulation in the accompaniment of a song to see if the children would be able to
adjust their singing to a new key (Costa-Giomi 2000). Less than half of the
kindergarteners could stay in tune with the accompaniment. The percentage of
older children (fourth graders) was higher, and they improved their performance
after instruction. Evidently, commitment to timbral hearing is a matter of age and
absence of dedicated ear training.

Teplov (1947, 192) commented on findings by Carl Stumpf (Stumpf 1890, 2:84)
who conducted experiments with the preschool-age children, asking them to identify
the number of simultaneously played tones. Children often mistook a harmonic
octave for one tone, whereas they mistook major and minor third as well as major
second—for three tones. Some children even recognized a major second as four
tones. The same problem occurred with some older children without musical train-
ing. Teplov explains this numerical anomaly to be the result of children’s commit-
ment to timbral hearing. Their judgment of hearing too few (for octave) or too many
(second and third) tones must have been caused by centering on the relative fullness
of spectra in a way similar to appreciating the fullness of a particular timbre (i.e.,
oboe versus flute). Such manner of listening does not allow for resolving spectra into
pitch, hence their failure to analyze the harmonic interval into two constituent tones,
and instead their guessing a greater number of tones.

Perhaps the strongest support for Teplov’s theory was delivered by Aleksei
Leontyev (Leontyev 2009, 115–136). He started his research in 1958 by discovering
the phenomenon of interference between categorizations of timbre and of musical
pitch in perception of sung out verbal syllables. Leontyev measured the ability of 93
Russian-speaking non-musicians to discriminate pitch in dyadic combinations of the
front vowel “Y” and the back vowel “U,” each tuned to a different fundamental
frequency within the range from 200 to 400 Hz. Only 13% of the subjects were
consistent in recognizing the changes in frequency across all melodic dyads of Y-Y,
U-U, U-Y, and Y-U, demonstrating a reliable skill to focus on the pitch parameter,
ignoring the spectral parameter of vowel contrast. About a third of the subjects
turned out to be completely “tone deaf”—they considered “U” as always lower in
pitch and “Y” always higher, no matter if the actual F0 was higher or lower, even if
the F0 difference neared an octave.

Then Leontyev ran the same test on 20 Vietnamese speakers and found out that
none of them were “tone deaf.” Since Vietnamese is a tonal language, “tone
deafness,” observed by him in Russian speakers, must have related to habituation
to nontonal language, where timbral differentiation played the primary part and
changes in pitch were unimportant.9 To investigate the capacity of “tonally

9Another confirmation comes from a cross-cultural comparison between the Chinese- and English-
speaking first graders: Chinese speakers show better singing performance than English speakers,
indicating that speaking a tonal language enhances the perception and production of musical pitch
(Rutkowski and Chen-Hafteck 2001). Even more specific is the finding of the experimental study by
Mang who investigated the effects of age, gender, and language on the singing competency of 7–9-
year-old Cantonese-speaking children (Mang 2006). She discovered that exclusive learners of tonal
language acquired singing voice earlier than those children who learned English in parallel.
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impaired” listeners to discriminate pitches, Leontyev measured their discrimination
thresholds in detecting the difference between two tones of different frequencies in
five attempts, where after the initial attempt they were asked to loudly sing the
auditioned tones. Subjects showed dramatic reduction in their discrimination thresh-
olds as a result of singing (e.g., a subject who could not judge the relative pitch in
Y-U dyads, even with a difference of 1200 cents between them, achieved the
threshold of 135 cents). In a further test, those “tone-deaf” subjects who could not
sing in tune were trained to match their voice to the sound of an electric generator in
two to six 30-minute-long training sessions. This reduced the discrimination thresh-
old in pitch matching tests that these subjects had initially failed five times before.
Evidently, during the study, they had developed pitch hearing. To test the contribu-
tion of vocalization, experimenters conducted a task of training in pitch discrimina-
tion in a control group with no singing and found only insignificant improvement in
pitch sensitivity.

The conclusion Leontyev drew was that without the development of proper vocal
activity and its inclusion in the receptor system, the musical ear would not become
trained. This suggested that the use of speech and music was each associated with its
own dedicated type of hearing. Since most phonemes in world languages are
nontonal (only certain vowels constitute lexic tones), verbal ear in majority of
individuals is based on fine timbral discrimination between consonants and vowels.
If an infant learns to focus on the timbral aspect of verbal vocalizations and verbal
development is most intense during infancy, a timbral mode of auditory analysis is
likely to form the foundation for the development of musical ear. The child will use
his/her “verbal ear” to process musical information and accommodate his/her
perceptory schemes as needed for song production. Hence, the “pitch ear” develops
with a considerable delay after the verbal spurt.

Both language and music are products of social development, crucial for a child’s
ability to manage his/her environment. Language and music, each, call for a distinct
and autonomous method of processing information in order to avoid confusion
between the two. Therefore, “pitch ear” becomes differentiated as a special faculty
that isolates the parameter of pitch from timbre—as opposed to “verbal ear” in
nontonal languages, which abstracts the timbral properties of sounds, isolating them
from pitch (Leontyev 2009, 245–94). The proof of such specialization is the
phenomenon of whispering speech, which is completely deprived of the tonal aspect
by the exclusion of the vocal folds, yet it does not obstruct its understanding,
provided whispering is sufficiently loud (Leontyev 2001, 213). The prevalence of
the timbral aspect in the perception of verbal articulation is evident even in tonal
languages, where whispering speech in long sequences supports up to 85% accuracy
in the identification of the tonal components of the language, even in such tonally
sensitive language as Thai (Abramson 1972). Recent advances in computer tech-
nology have even allowed for the development of software in automatic recognition
of whispered speech in Mandarin (Lee et al. 2014). Quite similar to whisper in
disclosing the self-sufficiency of timbral organization for speech is speaking in a
monotone—for nontonal languages a monotone speech remains highly intelligible—
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in sharp contrast to completely unintelligible monotimbral speech (where all pho-
nemes are replaced with just one phoneme) (Patel 2010b, 51).

The reverse applies to music where a strictly monotone melody is hard to
memorize and distinguish from another monotone melody—in contrary to a
monotimbral but multitonal melody. The examples of strictly monotonic music are
scarce and fragmentary—constituting only a section of a larger music form, such as
Tibetan Tantric chants that can feature extended repetition of the same frequency,
but usually contain other frequencies as well, and are framed by performance of
multitonal vocal and instrumental music. Noteworthy is the affiliation of monotonic
music with religion (Buddhist or Christian Orthodox), where the unusualness of
monotonic limitation serves to illustrate austerity and focuses on purely spiritual
matters, abstaining from a “normal” secular impulse to appreciate diversity in the
flow of music. Even more rare is the employment of whispering in production of
music. Thus, consistent whispering characterizes the genre of whispered inanga in
Burundi, but its musical aspect is comprised entirely of its instrumental accompani-
ment, whereas vocalization in itself is realized by indigenous people as primarily
verbal rather than musical expression (Fales 2002).

Leontyev considered “pitch ear” a dedicated musical functional physiological
organ of the nervous system (Leontyev 2009, 286)—following the model of a
“functional organ” by Aleksey Ukhtomsky (1978), who argued that “organ” was
not necessarily a morphologically distinct anatomical part, but could constitute an
organization of a specific function with dynamic rather than static attributes. Such
organ would be comprised of some complex linking of numerous reflexes into an
integral system possessing a highly generalized and qualitatively special function.

This view is shared by another pupil and colleague of Vygotsky, Luria, who
considered “musical ear” and “verbal ear” to constitute different organs that not only
differ functionally but also depended on different locations in the brain (Luria 2003,
85). He observed that in 800 cases of disruption of phonematic hearing, right-handed
individuals with lesions in their left temporal lobes lost the ability to discriminate
opposite phonemes, while maintaining the ability to discriminate pitches, whereas
patients with lesions in their right temporal lobe retained the speech function but
demonstrated symptoms of sensory amusia (154). Leontyev and Luria’s conclusions
seem to generally agree with the model of modularity of music processing, devel-
oped after Jerry Fodor (Fodor 2001), by Peretz and Coltheart (Peretz and Coltheart
2003). Their idea of tonal encoding of pitch as a distinct music-specific component
inside the dedicated music module, designed to process music signals differently
from speech, via different neural pathways, strongly resonates with Leontyev’s
insight that dated some 50 years earlier. This cognitive-neurophysiological model
of music processing has recently found solid support in numerous experimental
studies (Nunes-Silva and Haase 2013). Additional support for Leontyev’s ideas
comes from the developmental perspective on mechanisms of learning and memory
in music and speech, suggesting that their modularity is emergent rather than present
at the beginning of life (Mcmullen and Saffran 2004).

To test his hypothesis that pitch hearing is a functional organ that is absent at the
moment of birth and forms only at a later point as a consequence of cognitive
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development, Chumak (1962) conducted a series of experiments aimed to exclude
hearing altogether as a sensory apparatus in the discrimination of pitch, while
retaining the effector apparatus of intonation (Leontyev 2009, 128–33). They built
a practically noiseless vibrator machine equipped with a rod that was embedded in a
soundproof shell and used it to generate vibrations in the frequency range between
100 and 160 Hz. The ratio of amplitudes in the measuring of discrimination
thresholds was 1:2, and the frequency and amplitude of the stimuli were continu-
ously controlled. At first, they established the sensitivity of those subjects who were
touching the rod for the stimuli that had the same amplitude. Then, by comparing the
frequency values of stimuli with different amplitudes, they established the discrim-
ination thresholds which turned out to be two to four times as high as the differential
thresholds. The subjects were then asked to match the perceived vibration with their
singing in an attempt to produce the tone whose frequency they thought would
correspond to the vibration perceived by their hands. Although this task initially
seemed impossible to many subjects, after a considerable number of trials, Leontyev
and Chumak succeeded and demonstrated the same results as found in previous
experiments with singing to the auditioned tones—the initial threshold of discrim-
ination in all the subjects throughout their singing attempts was falling within the
range of 66–80%, as measured between the initial and the last attempts.

Evidently, in the process of the experiment, a completely new functional system
of pitch discrimination was artificially founded and made operational. To complete
the study, experimenters excluded the motoric component, while keeping the sen-
sory component. They constructed a disk with a tensometer, the pressing of which
caused a smooth change in the generated frequency that was transmitted to a
frequency meter, oscillograph, and telephone. The stronger the key was pressed,
the higher was the frequency that was generated by the instrument. The test was
administered to three “tone-deaf” subjects (all subjects in the previous vibration
experiment had good musical hearing). The objective was to establish a conditioned
link between the frequency of the sound and the degree of static force of the muscles
of the arm. The subject had to react to a pure tone of 100–500 Hz by the pressure of
his hand without hearing the actual sound generated by the instrument. After 25–33
sessions of 40 min each, a conditioned link of “pitch degree of muscular effort” was
formed in all the subjects. The thresholds of discrimination were found to reduce
from 1994 cents to 700 in the first subject, and from 1615 to 248 and from 828 to
422 in the other two. In this artificially created functional system, the role of the
vocal apparatus in traditional means of generating a pitch was transferred to the arm
muscles.

The scope of this chapter does not allow for the description of all the important
studies conducted in the Soviet Union in the investigation of “musical” versus
“speech ear” beyond the most basic information that could suffice to highlight the
validity of this research and the usefulness of its theoretic framework for under-
standing and interpretation of early children vocalizations. Leontyev’s experiments
go to prove that the human brain has the capacity to generate new functional sensory
and motor organs based on instruction and learning. Once formed, such organs
display considerable stability and can function on par with innate organs, seemingly
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manifesting elementary innate capacities. The principal difference is that such
functional organs are not “analog” in a sense that the reflexes that comprise them
do not “simply trace or copy the sequence of the external stimuli, but unite inde-
pendent reflex processes with their motor effects in a single complex reflex act”
(134), which is then established as a whole to become more and more automatic. In
the end, this course of development installs what appears to be a fully automatic
mechanism of pitch categorization that might effectively operate even when a well-
trained individual is not consciously trying to identify pitches in music, making an
impression that his/her ability to detect pitches is inborn.

7.6 The Ontogenetic Problem of Absolute Pitch and “Pitch
Reductionism”

Crucial for the question of evolution of music and language is the phenomenon of
the so-called “perfect pitch,” or “absolute pitch,” as psychologists prefer to call it
(Parncutt and Levitin 2001). “Genuine” absolute pitch hearing, characterized by
instantaneous automatic identification of all pitch classes across all timbres, without
any ear training, is most probably a biological product of long-lasting cultivation of
frequency-based music—long enough and culturally important to make it inheritable
at least in some cases (Tan et al. 2014). Of course, not every type of absolute pitch
has to do with inheritance—it is imperative to distinguish between different types of
absolute pitch (Bachem 1937). Its most widespread form is the passive “piece-
absolute pitch,” when the listener hears if a familiar music piece is played in the
original key or if it is transposed to some other key (Levitin 1994). Musicians,
musicologists, and ear-training specialists do not consider this to constitute “perfect
pitch.” They give credit only to active “tone-absolute pitch.” However, many
possessors of the latter also remain limited in their frequency detection: succeed
only in identifying the sounds of specific musical instruments (most commonly,
piano), only in diatonic tones (white keys of the piano), or only within the middle
range (Deutsch 2013a). Such “imperfect” cases of perfect pitch are usually handled
by categorical perception and have to do with long-term memory of tuning standards
(Rakowski 1993). Like “piece-absolute pitch,” “tone-absolute pitch” can be acquired
by those who originally did not exhibit any form of absolute pitch. This is usually
achieved through consistent ear training according to the effective methodology.10

10I can attest to the latter from my own experience. Up until the age of 14, I did not possess any
absolute pitch and could reliably detect degrees of a key, intervals, and chords only in a “relative”
manner. After following the special methodology developed by Boris Utkin in the State Schnittke
University, Moscow, for 2 years, in 1980, I developed a high-quality absolute pitch that enabled me
to reproduce on the piano any simultaneous combination of up to four tones in series of up to three
sonances in any register by any string, wind, or keyboard instrument tuned to A ¼ 440 Hz (plus/
minus 30–40 cents) without any mistakes. Moreover, all six of my classmates developed absolute
pitch hearing of comparable reliability.
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In fact, many experienced professional singers can remember pitches in absolute
terms by referring them to specific neuromuscular sensations in their vocal appara-
tus: i.e. remembering how “middle C” feels in the throat versus a C an octave higher
(Utkin 1985). Vocal training based on such neuromuscular control can reliably build
an absolute pitch hearing (Teplov 1947, 138). Operationally similar absolute pitch
hearing, but limited to a particular musical instrument, is found in professional
instrumentalists after they acquire fine coordination between the extent of their
technical action and the frequency generated by that technique (Lockhead and
Byrd 1981).

The “natural” absolute pitch, when a person automatically detects all frequencies
within the critical bandwidth across all timbral variations, without any training, is
rather rare, found in about 0.0001% of population (Profita et al. 1988). However,
such a low rate has been questioned by later studies, some of which reported
substantially higher rates, up to 15% (Gregersen 1998). The estimates of
ear-training specialists in Russia, where ear-training courses have been offered to
both general population, as part of the kindergarten and primary school curriculum,
and to musically gifted children within the State system of elementary music schools
(Karasyova 2010), range within 6–9% among musically gifted and 1% in the general
population (Berezhansky 2000). The rates for the acquired absolute pitch are gen-
erally much higher, substantially varying depending on the choice of the methodol-
ogy of ear training and the consistency of training.11 The discrepancy in the
estimates must owe to the difficulty of defining criteria for testing the functional
“tone-absolute pitch” hearing. Yet another obstacle is posed by the difficulty of
finding out if absolute pitch was acquired through cultural exposure or was present at
birth. Even if found in newborns, it could be a product of intrinsic learning during the
last months of gestation, since the fetus can already hear sounds louder than 80 dB
SPL, and even softer for lower frequencies (60 dB) (Abrams and Gerhardt 1997).

Therefore, we can make valid generalizations only by delineating between two
general classes of absolute pitch: “trained” versus “non-trained.”12 Such a distinction
might correspond to two different mechanisms of pitch processing (Ross et al. 2005):

1. Simple categorization of high/low changes in pitch is used to track the melodic
contour in music and prosodic contours in speech—this mode of pitch processing
is based on tonotopic representations of sounds and is neither limited to music nor
to human perception, exceedingly common for animal communication as well
(Snowdon 2003);

11The estimations of different methodologists and authors of ear-training courses range from about
a half of their students (e.g., Dmitrii Blium, Nina Kachalina) to 80–90% (Boris Utkin, Vladimir
Kiriushin)—according to personal communication. The historic review of different methodologies
of absolute pitch acquisition is reviewed by Berezhansky (2000).
12This distinction is not exactly the same as “cultural” versus “natural”—because non-trained
absolute pitch is only an indicator of the possibility of “natural” possession of it.
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2. Complex categorization of pitch classes is used to identify fundamental frequen-
cies and pitch intervals between the successive tones—this mode is unique to
music and is based on periodotopic representation of auditory stimuli.

The former is much more widespread than the latter. An implicit form of absolute
pitch, found in majority of population, includes remembering the “proper” frequency
value for the opening of familiar tunes, dial tones, and lullabies sung by mothers to
infants (Deutsch 2013a, 142–4). In fact, memorization of tunes by their absolute
rather than relative pitch constitutes the preferred strategy of 8–9-month-old Western
infants (Saffran and Griepentrog 2001). The same applies to the auditory signal
learning by animals, especially common for birds (Hulse et al. 1984). Monkeys and
rats too can learn to discriminate between a couple of tonal patterns on the basis of
the absolute frequencies of 1–2 tones (D’Amato 1988).

Both of these mechanisms do not exclude each other. In fact, the current notion of
musical professionalism implies the possession of both skills, usually qualified by
ear developers as, respectively, “melodic” and “intervallic” hearing (Starcheus
2005). Here the specialists in ear development drastically differ from the rest of
specialists and general public who tend to view “absolute pitch” as the requisite of
outstanding musicality (reflected in its nickname “perfect ear”). Professional music
educators consider absolute pitch hearing to present a likely obstacle in full-fledged
musical development, potentially preventing the integration of one’s emotional
experience from hearing specific musical patterns with learning to categorize such
patterns by ear (Berezhansky 2000). For Russian ear developers, possession of
natural absolute pitch is first and foremost a warning that its possessor risks to
have the hearing of a piano tuner rather than of a musician.

A teacher of ear training in a Russian musical school is likely to pay an extra
attention to a possessor of the natural absolute pitch, helping that person overcome
his/her instinct to momentarily define the pitch values of melodic, harmonic, and
textural patterns of music, which all require successive “caching” and integration of
changes in the flow of music. This is in polar opposition to the “natural” strategy of
the possessor of natural absolute pitch, who automatically breaks the music into
discrete particles. Listening to music in this way resembles listening to the spelled
out verbal speech. Just like spelling of letters significantly complicates the retrieval
of lexic meaning of words and sentences, “spelling out” of absolute pitch values
stands on the way of the retrieval of the affective meaning of musical idioms. Teplov
was one of the first psychologists to notice that “the possession of natural absolute
pitch hearing can delay the development of the other forms of musical hearing
(melodic, harmonic, polyphonic) because it can substitute them, thereby removing
the practical need in their mastering (Teplov 1947, 153).

In essence, relying exclusively on absolute pitch constitutes yet another type of
“pitch reductionism,” where the quantization of pitch contours, harmonies, and parts
causes the omissions or distortions in the retrieval of the melodic, harmonic, and
textural grouping (respectively, motifs, chordal progressions, and counterpoint).
Possessors of natural, untrained, absolute pitch “reduce” the variety of acoustic
characteristics of a sounding stimulus to rather roughly defined frequency values,
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usually disregarding the functional relations between proximal and distant tones,
which obstructs the perception of “horizontal” components, such as musical intona-
tions, motifs, and phrases, and even some of “vertical” components, such as har-
monic intervals and chords—along with their corresponding semantic qualia. Even
professional musicians with natural absolute pitch after completion of ear-training
courses and developing their natural gift typically have the threshold of discrimina-
tion between two different pitch classes 2–5 times higher than other professional
musicians (Garbuzov 1948).

• From the perspective of an ear developer, absolute pitch is the ability to process
music by the default approach of breaking the entire musical ambitus of the
auditioned sounds into rather wide zones, thereby processing each pitch change
as a switch from one zone to another, akin “brushstrokes” rather than “points” of
pitch, as non-absolute musical professionals usually hear music (Grebelnik
1985). This extended zonal categorization relies on the theoretical rules of
definition of pitch, according to which the variety of intonations and the variety
of “sonances” (i.e., simultaneous combinations of sounds that occur in chords,
double notes, and melodic counterpoint) are reduced to a few pitch classes. This,
by design, introduces substantial omission of meaningful data.

In practice, the predisposition to absolute pitch needs to be capitalized on—by
turning the algorithm of “pitch reduction” into a default method for music processing
early in child’s life. In the entire vast database of millions of people that passed
through the ear-training courses in Russia in the past century, there is not a single
account of the emergence of an effective absolute pitch hearing in an adult profes-
sional musician in a natural way, without vigorous training—and this is despite
the ongoing enhancement of musical hearing throughout a musician’s career
(Berezhansky 2000). Nevertheless, an adult musician can acquire reasonably good
absolute pitch hearing by means of extensive rigorous exercising based on the right
methodology (Brady 1970). However, such absolute pitch evidently remains unsta-
ble, prone to deterioration and even disappearance once the regular exercises are
stopped (Köhler 1915). Self-reported age when absolute pitch possessors usually
discover their gift is tied to their first instruction in musical theory and constitutes the
average age of 5.4 years (Gregersen et al. 1999). The earlier the age of absolute pitch
activation (provided it is done through formal schooling), the more reliable the
absolute pitch categorization (Deutsch et al. 2006). Critical period for absolute
pitch acquisition seems to exist not only in relation to the “non-trained” gift but
for its trained variety. Thus, after training, 3–6-year-old children were found to
surpass adults in learning a single absolute pitch reference (Russo et al. 2003).

Absolute “pitch reductionism” is even more severe at the moment of activation of
the natural absolute pitch gift than in its adult possessors. When a predisposed child
is familiarized with the “names” and the target tuning of the “correct” pitch classes,
the child develops a special intermediate mode of hearing that was called black-and-
white hearing by Grigory Liubomirsky (1924). The first researcher who noticed that
the majority of absolute pitch possessors have at first mastered to identify white keys
and—only later—black keys of the piano was von Helmholtz (1877). He and Otto
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Abraham (1901) explained this by the commonality of using piano as a first musical
instrument to teach music theory to children. Miyazaki adopted the same explanation
(Ken’ichi Miyazaki 1989) for his discovery that white-key pitches are usually
recognized by possessors of absolute pitch with greater accuracy than black-key
pitches (Ken’ichi Miyazaki 1988). The cross-sectional study of children’s earliest
piano instruction indeed confirmed that children mastered absolute pitch classes in
the order of their presentation by the teacher during piano lessons (Miyazaki and
Ogawa 2006). However, closer investigation demonstrated that non-keyboard
instruction also generated the “white-key bias”—even to a stronger extent than
keyboard instruction (Deutsch et al. 2011). The alternative explanation puts the
“white-key” effect on the account of greater commonality of “white keys”
(C major, D major, etc.) than “black keys” (F-sharp major, G-flat major), which
supposedly simplified the frequency resolution of the degrees of these keys
(Takeuchi and Hulse 1991). The statistical study of distribution of “black-” and
“white”-pitch classes in the compositions by J.S. Bach and J. Haydn confirmed the
distribution of reaction times in recognition of absolute pitch obtained by Miyazaki
(Simpson and Huron 1994). This explanation appears more plausible than
Miyazaki’s, but it fails to explain why possessors of absolute pitch hearing testify
that they experience black-key pitch classes as carrying a peculiar tonal quality that
is absent in white-key pitches, and they detect the presence of this quality before they
retrieve the name of the pitch class (Baird 1917). The modern practice of ear training
confirms this fact and reveals its relation to mastering TO (in particular, the differ-
ences between diatonic degrees and their chromatic alterations) within Western
tonality (Berezhansky 2000, 60).

Absolute hearing is not acquired “per se,” as mechanical memorization of abstract
pieces of information. Absolute pitch reference is discovered by those who have
predisposition to it within the context of Western tonality—specifically, within the
hierarchic tonal framework of a major key that serves as a model of functional
relations between the degrees of a key. It is this modeling that is responsible for the
greater accuracy of the absolute pitch recognition by the 5–6-year-olds than that of
the 3–4-year-olds (Russo et al. 2003). Hearing of the tonal framework becomes
much more reliable in kindergarten-age than in preschool-age children. In essence,
children prototype their learning of all keys on the degrees of C major (Baird 1917).
And in reverse, prolonged ear training in C major alone leads to higher rates of the
acquired absolute pitch hearing (Agazhanov 1985). This is what lays the foundation
for “black-and-white” hearing and its side-effect of reducing absolute pitch classes to
mere seven diatonic tones (Liubomirsky 1924).

The “white-key bias” originates not in the commonality of “white keys,” but in
the diatonic framework that supports and enables the chromatic alterations. Oth-
erwise, those youngsters who started their music education on the transposing music
instruments (e.g., saxophone in B or in E flat, or clarinet in B or in A) would have not
possess white-key bias. On the other hand, the errors in pitch recognition by
possessors of natural absolute pitch reveal the systemic relation of absolute hearing
to diatonicity. Those who were introduced into tonality by learning the circle of fifths
typically mistake a pitch by the intervals of fourth and fifth rather than a semitone,
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while those who learned keys by breaking an octave “doh-doh” into seven “white”
steps first (re, mi, fa, sol, la, ti/si) and then altering these steps by sharps or flats
usually commit semitonal errors (Starcheus 2005). The latter seems to be more
common, comprising about three quarters of mistakes of absolute pitch possessors
(Weinert 1929).

This brings us to the very important issue. Chromatic alterations play the funda-
mental role in supporting the capacity of tonality to express various affective states
(Nikolsky 2016, Appendix-3). Phylogenesis of chromatic music systems as a rule is
accompanied by profound cultural changes; when music occupation becomes pro-
fessionalized, music becomes theatric, and aesthetic appreciation of music becomes
the norm of listening to music. Pitch reductionism of the absolute hearing stands on
the way of the emotional functionality of music by distorting the qualia of pitch
classes in chromatic pitch class sets and impoverishing the emotional communica-
tion that constitutes the backbone of music. Semitonal mistakes by absolute pitch
possessors indicate that they do not fully control the emotional aspect of recognizing
the chromatic alterations (discriminating various levels of tonal tension) and per-
ceive both a degree and its chromatic alteration as basically interchangeable in their
expression. However, in reality, each chromatic alteration possesses its peculiar
qualia (Huron 2006a). Therefore, pitch reduction of 12 chromatic pitch classes to
7 diatonic pitch classes severely cuts down the semantic diversity of music. After all,
music that is limited to seven diatonic degrees only, devoid of any chromatic
alterations, according to the conventions of the common practice period, expresses
either excessive simplicity, childishness, naivety, or light-mindedness (Mazel 1952).

Moreover, absolute hearing reduces the TO even more than 12:7, if to make an
important correction. As a matter of fact, chromatic tonality is built not on 12 pitch
classes, as it is commonly stated in English musicological literature, but on 17 pitch
classes. In practice, the D-sharp and the E-flat constitute not the same pitch class in
music created for string and wind musical instruments as well as for vocals: these
tones are tuned differently and participate in different melodic intonations, or, how
Huron puts it, constitute different “tendency tones” (Huron 2006b). Unfortunately,
orthodox Western harmonic theory has left this matter obscured in shadow, so that
even such experts on musicology as Christopher Longuet-Higgins erroneously
believed that the ideal intonation required the D-sharp to be lower than the E-flat
(Longuet-Higgins 1975). However, there is no doubt that W. A. Mozart taught his
pupil, Thomas Attwood, the 17-tone model of a key, and not a 12-tone model
(Chesnut 1977).13

13Although Mozart adhered to the meantone model of making a chromatic semitone smaller than a
diatonic semitone, following his father, the meantone model maintains the presence of 17 pitch
classes in the same way as the Pythagorean-like model of the nineteenth century. It is just that Eb is
higher in pitch than D#—in accordance with Longuet-Higgins. The meantone enharmonic distinc-
tion was true for the most of the classical music created before the nineteenth century: e.g., Haydn in
his enharmonic modulation in the String Quartet op. 77 No. 2 used the transition from Eb to D# with
the mark “l’istesso tuono,” indicating that the performer should not play Eb and D# as different
pitches (Duffin 2007, 79–83). The first advocates of keeping enharmonic tones perfectly equal on
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Eb has been tuned lower than D# in vocal and string solo performance practice
since at least the 1800s (Barbieri and Mangsen 1991), coinciding with ultimate
formulation of the theory of tonality, tonal relations, and modulation. The origin of
“tonality” as we know it was proclaimed by Rameau in 1722 (Rameau 1971), and
fully formulated in its functional hierarchy by Gottfried Weber in 1821 (Weber
2012). The concepts of tonal plan, recapitulation, and system of relationship between
keys were laid out by Johann Albrechtsberger in the 1790s (Kholopov 1988, 237).
The time frame of these three most important innovations generally agrees with the
first definite indication that Ab is lower than G# coming from the fingering charts by
Robert Crome (c.1740s). They probably reflected the growing preference for
Pythagorean thirds in favor of the earlier meantone tuning standards advocated by
Pier Francesco Tosi and Francesco Geminiani, until Bartolomeo Campagnoli
(c.1797) provided the first evidence of decidedly Pythagorean tuning (Barbour
1952). The transition must have occurred by the end of the eighteenth century in
England and France (Barbour 2004, 58–59). The most immediate reason for needing
sharper Pythagorean distinctions between major and minor intervals was to mark
melodic functionality of different intervals, especially that of a leading tone—
instrumental for harmonic tension within a key (Barbieri and Mangsen 1991).
Hence, Pythagorean intonation was often termed “functional” and explained by
teachers as the rule of “shading pitches in the direction of their attachment,” as
determined by the harmonic functions of resolution (Chesnut 1977). Pythagorean
intonation became normative for expressive melodic performance on non-keyboard
instruments and vocals since the first half of the nineteenth century, when the music
system of tonality became full-fledged. The same principle of adhering to Pythag-
orean intonation in the melodic context of tonal music was confirmed in acoustic
measurements of expressive solo performance (Friberg 1995).14

• Therefore, absolute hearing at its “black-and-white” stage practically reduces
17 pitch classes to only 7, which is much more than merely 2.4 times. In reality
of melody making, pitch classes create functional pairs of increasing or decreas-
ing tonal tension. So, 7 pitch classes allow for 5040 possible combinations,
whereas 17 for 355,687,428,096,000! This is indicative of massive
impoverishing of the melodic intonation in the youngest possessors of the “perfect
pitch” gift.

string playing, such as Spohr, became vocal about it by the mid-nineteenth century, but their impact
was small, affecting only performance in small ensemble with the piano (Barbieri and Mangsen
1991). For the piano tuning, equal temperament supplanted meantone tuning only around the
middle of the nineteenth century (Shepard 1999).
14The 17-pitch model of a key by the mid-nineteenth century has caused the discrimination between
tuning standards for enharmonically spelled keys. Thus, Alexandre and Provost conducted an
experiment in 1862 by asking string players to perform the identical melody in F# major and in
Gb major—to find that the tones of the Gb major were modified in a manner of bringing them closer
to the minor mode to project a darker sound as opposed to more “brilliant” sound of F# major
(Barbieri and Mangsen 1991).
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Yet another manifestation of absolute pitch reductionism is a systemic error of not
recognizing the octave placement of pitch classes (Lockhead and Byrd 1981).
Octave errors are more common among all absolute pitch possessors than semitonal
and fourth–fifth errors and are committed even by those well-trained musicians who
do not commit other errors (Berezhansky 2000, 62). Berezhansky stresses that such
mistakes cannot be explained in any other way but by serious deficiency in melodic
and timbral hearing: in both expressive aspects, timbre and pitch contour, the tones
closest in FF, are usually more similar than the tones an octave apart. Octave errors
demonstrate nearly complete overriding of melodic hearing by harmonic hearing.
Octave is the greatest harmonic consonance, yet often constitutes a melodic disso-
nance—it disrupts the smoothness of melodic motion by a huge leap up or down
(Nikolsky 2015a). Such leaps introduce melodic tension and require melodic reso-
lution in a form of a step following a leap. This rule is well-known in practice of
good voicing (Huron 2001). In a musician, frequent melodic octave errors testify
about the lack of emotional reactivity to music, and in general, lack of musicality—
since melody constitutes the most expressive part of music (Szabolcsi 1965).

And indeed, a number of Russian specialists in ear training view absolute pitch as
fundamentally unmusical. Teplov underlined that absolute pitch hearing was not
“musical” hearing (Teplov 1947, 117). Endovitskaya considered the initial “natural”
form of infant’s hearing, oriented toward the reproduction of absolute pitch values,
to be essentially unmusical, since musical hearing is supposed to evaluate not stand-
alone tones but semantically meaningful combinations of tones (Endovitskaya
1963). The natural tendency of possessors of absolute pitch to dissect vertical and
horizontal combinations of tones comes as fundamentally unmusical, preventing
music from serving one of its most important biological purposes—securing emo-
tional contagion in order to mediate and optimize the relations between an individual
and a social group. At its worst, absolute pitch can effectively “lock-in” its possessor
in a restricted individual use of music: e.g., Joseph Hofmann, himself a prodigy-
possessor of natural absolute pitch, testified that his father could not even recognize
well-familiar pieces of music if they were played in a key, different from that of his
original learning (Hofmann 1920)—which would certainly isolate him from other
listeners whenever participating in social musical activities. And here it would be
appropriate to point to the connection between absolute pitch and autism.

7.7 Absolute Pitch, Its Autistic Connection,
and the Psychosocial Perspective on Its Phylogeny

Autistic individuals that exhibit extreme intellectual and communicative deficits
combined with islands of specific enhanced abilities (autistic savants) are found to
invariably possess absolute pitch that enables them to automatically disembed
individual pitch classes from chords (Heaton 2003). Non-savant autistic individuals
also have enhanced pitch discrimination. Autistic absolute pitch does not seem to
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interfere with pitch contour perception as long as the pitch intervals remain small
(Heaton 2005). The organic connection between wide melodic leaps and increased
emotional intensity, common for both music and speech (Johnson-Laird and Oatley
2010, 107), confirms the presence of restraints in emotional communication long
observed in autistic individuals (Kanner 1943). The subsequent research revealed the
complexity of the matter of what exactly constitutes autism and which exactly
emotional tasks are affected by it (Nuske et al. 2013). Pamela Heaton demonstrated
that non-savant autistic children did match auditory and visual stimuli (major/minor
keys with happy/sad faces) that expressed the same basic emotion (Heaton 2009),
concluding that autism did not make children unemotional but merely directed their
emotional development toward a different path than in non-autistic children (Heaton
et al. 2008). However, Bhatara et al. convincingly demonstrate that children and
adolescents with autism spectrum disorder are impaired in their judgments of the
emotional expressivity of piano performance, completely failing to differentiate the
expressivity levels by different performers for either the nocturnes in major or minor
keys (Bhatara et al. 2010). This raises the question if Heaton’s subjects indeed felt
the emotions they detected in the auditory stimuli. Perhaps, they knew that major
keys were supposed to express happiness while minor keys sadness, but did not
actually experience these emotional states, and were aware of only compositional but
not performance cues in their auditory analysis. There is evidence that autistic
children have no mirror neuron activity in the inferior frontal gyrus, which likely
underlies the social deficits, preventing emotional contagion (Dapretto et al. 2006).
Since much of one’s understanding of emotions comes from early experience with
social affective communication with a caretaker (Trevarthen 2000), a neural abnor-
mality would prevent one from developing musical and verbal competence in auditory
display of emotions. Indeed, autistic 2–4-year-old children fail to show a preference
for motherese over adult speech and do not display a significant mismatch negativity
(MMN) in response to hearing the motherese syllable changes (Kuhl et al. 2005).

But the abovementioned autistic musical limitations are not limited to individuals
diagnosed with autistic spectrum disorder. Recent research demonstrated the pres-
ence of increased autistic traits in professional musicians with absolute pitch
(Wenhart et al. 2019). The mechanism of veridical mapping was proposed to explain
how functional rededication of perceptual brain regions to higher-order cognitive
operations may lead to enhanced pitch perception in autism (Bouvet et al. 2014). It
could be that professional musicians develop a habit of frequency categorization for
any auditory stimuli similar to autistic savants, which exposes them to the same
advantages and disadvantages in processing and interpreting music. Indeed, it is
quite common to encounter the criticism of the performance of highly advanced
classical professional musicians for “clinical” execution of what is written in score
without much affection, as though just doing a good job of playing the right pitches
clearly with technical perfection. Unfortunately, this performance approach is pro-
moted by the music industry through the system of music competitions, causing
formalization of advanced professional music education (Horowitz 1991). Perhaps,
Oliver Sacks was right in his suggestion that the absolute hearing might differ from
“normal talents” by being a “savant talent”—a precocious ability to process complex
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tasks in functional isolation from conceptual, verbal, and even general musical
powers, independently from training and practicing music (Sacks 1995). In this
respect, absolute pitch might be the backbone of the “savant syndrome” that affects
many extremely talented musicians who display signs of “low-functioning autism”

(Sacks 2008). This view is shared by many Russian pedagogues specializing in
training of musical prodigies (Kirnarskaya et al. 2003).

The etiology of musical prodigism and its attribute, absolute pitch, strongly
suggests its roots in Western schooling, rational music theory, and frequency-
oriented music culture. Diana Deutsch believes that if modern infants are given the
chance to associate pitches with meaningful terms during the critical period for
music and speech acquisition, they as a rule might readily develop absolute pitch
(Deutsch 2002). Early onset of music schooling and exposure to the ear-training
methods based on “absolute doh” prior to the age of 7 are the strongest predictors of
absolute pitch acquisition among musicians (Gregersen et al. 2007). The great
importance placed in Western urban societies on children’s academic success
might have promoted the precocious onset of frequency discrimination, generating
a peculiar selection for an absolute pitch gene. That such gene might be located in
chromosome 8q24.21 was found by Theusch et al. in a genome-wide linkage study
on 73 multiplex families of absolute pitch possessors (Theusch et al. 2009). Note-
worthy is that this chromosome is related to the European ancestry and the impli-
cated gene ADCY8 is connected to learning and memory (Tan et al. 2014). Most
renowned music prodigies also come from Europe, the first accounts of their
celebration dated by the late Baroque period, becoming more widespread from the
1750s on (Kenneson 1998). The popularization of music prodigism definitely had to
do with the competitive pressure to secure for a child a successful musical career and
financial well-being—most obvious in Jewish European population (Conway 2012).
But during the past 20 years, more and more music prodigies appear in East Asia.

Absolute pitch phenomenon might be nothing but exacerbation of the general
pitch reductionism trends within the frequency-oriented music cultures, fueled by
the competitive advantage of earlier musical maturation for career building. Preco-
cious children receive strong edge over “regular kids” in industrial societies, where
each new generation faces an increased pressure for more and more extensive
learning. And tonality, being the embodiment of hierarchic and rational organization
of urban lifestyle, cultivates the preferential treatment of pitch-related aspects of
musical expression (melody, harmony, texture). Here, absolute pitch stands as a
form of maximizing the musician’s focus on frequency at the expense of other
domains (time, amplitude, timbre).

The available phylogenetic information fits this perspective. There is no men-
tioning of anything like absolute pitch in antiquity. Ancient Greeks did not know it
despite using the fixed nominal system for all pitches afforded by their music system
and long-standing practice of tuning their music to aulos (West 1992, 273). Neither
the usage of tuned resonators that ensured the fixed pitches for Hellenic citharas (the
preferred instrument for high art) prompted the discovery of the concert pitch
standard (Hagel 2009, 69) without which no absolute pitch is possible. Ancient
Romans did not know pitch standards as well—the leading third-century authority
on music, Aristides Quintilianus recommended to determine the absolute pitch
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reference by nothing better than singing the lowest producible tone and judging the
tone under question in reference to it (Stumpf 1883, 1:139). The only known ancient
music culture that defined the concert pitch standard was Chinese: 60 pitches of
Zeng music system were standardized to absolute frequency values represented by
the battery of bells, manufactured at the court as a State standard for tuning of
musical instruments in important rituals (Falkenhausen 1992). And the frequency
values for each of the bells were inferred by dividing the octave in six equal whole
tones and then subdividing a whole tone in halves—quite similar to the “black-and-
white” method of absolute pitch acquisition. However, this Chinese system was
definitely not practiced on individual level by regular musicians. Its use was limited
to administration of State rituals in order to maintain “correct” harmonious pro-
portions between the celestial, social, and individual organizations as part of the
concept of “harmony of spheres,” crucial for ancient Chinese as well as Greek
civilizations (Daniélou 1995).

The world’s first tool for standardizing concert pitch in everyday music practice, a
tuning fork, was invented quite recently, in 1711, in London, albeit for medical
purposes of physical examination, but Handel became the first celebrity musician to
use it (Feldmann 1997). However, even with this invention, it took a while before it
became really standardized. Throughout the eighteenth century, as tuning fork was
earning recognition among musicians engaged in ensemble performance, its refer-
ence tone kept varying in pitch within a tone or so across Europe until the early
nineteenth century (Bickerton and Barr 1987). The first reported possessor of
absolute pitch was W. A. Mozart, and the earliest documented commentaries on
the qualia of specific keys (in regard to temperament) that would require absolute
pitch reference are found in treatises by Leopold Mozart and Johann Mattheson
published toward the middle of the eighteenth century (Steblin 1987). The entirety of
historic, musicological, and psychoacoustic information leads to believe that abso-
lute pitch hearing did not exist or was considered unimportant, and therefore was not
reported, prior to the nineteenth century, and its establishment was directly related to
the adoption of temperament as an international standard of ensemble performance
in worldwide distribution of classical music (Nazaikinsky 1993). Temperament
allowed the use of all keys, equalizing them in qualia and instilling the notion of
universality of 12 pitch classes (Barbour 2004). This equalization led to the inven-
tion of dodecaphonic compositional techniques by numerous composers in the
beginning of the twentieth century (Kholopov 1983), marking a new era in history
of Western music. Dodecaphony (and serialism that stemmed from it) became a form
of TO most suitable for temperament and absolute pitch. This is hardly a coincidence
that dodecaphony and serialism have been severely criticized from many angles for
their formalistic approach to music and lack of affective impact on the common
audiences, in general, and of diversity of expression, in particular, as compared to the
conventional tonal music (Krauss 1985; Smith and Witt 1989; Lerdahl 1992;
Thompson and Robitaille 1992; Born 2000; Moelants 2000; Weber 2003; Ross
2007; Taruskin 2009; Kremp 2010; Thomson 2010; Ball 2011; Daynes 2011;
Tagg 2012). Such criticism was voiced out even by those composers who themselves
became famous through their implementation of dodecaphonic and serialist tech-
niques (Henze 1982; Boulez 1990; Nikolskaya and Lutoslawski 1995; Nono 1999;
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Schnittke 2004; Berio 2006; Denisov 2009). The byproduct of this development was
pronounced decrease of the expressive means available to the composer and the
performer (Duffin 2007). This trend culminated in formulation of dodecaphonic
compositional techniques by numerous composers in the beginning of the twentieth
century (Kholopov 1983), which has become the form of TO that is most suitable for
absolute pitch.

Absolute pitch is tied to pitch reductionism in phylogeny just as strongly as in
ontogeny.

• Concert pitch standard is nothing but the reduction of the diversity of all pitch
classes suitable to accept the role of tonic in a variety of possible tunings to just
one pitch value within the well-tempered tuning.

• Tonality is nothing but the reduction of all possible pitch class sets to one major
and one minor key.

• Frequency-oriented music is nothing but the reduction of timbre to frequency.

The very concept of absolute pitch negates the semantic contribution of timbre:
the ideal possessor of absolute pitch is supposed to momentarily recognize the
sameness of a pitch value disregarding by which musical instrument or vocal it is
performed and even in non-musical sounds. Historically, this course of development
is very pronounced in the Western civilization: many of its earliest forms of music
incorporated timbre as an important expressive means.15 However, the crystalliza-
tion of tonality throughout the seventeenth century was accompanied by the reduc-
tion of the importance of timbre for TO (Scruton 1997, 77–8), so that by the
eighteenth century, classical music adhered to the motto “pitch is governed by law
while timbre is governed by taste” (Fales 2002). In fact, the reduction of timbre to
pitch in Western tradition is captured in the official psychoacoustic definition of
timbre: “attribute of sensation in terms of which a listener can judge that two sounds
having the same loudness and pitch are dissimilar” (ASA 1951). This definition
clearly bases the notion of timbre on frequency, therefore being unsuitable to the
timbre-oriented music cultures.

Is absolute pitch possible in pretonal music systems at all? Indispensable for the
activation of the absolute pitch predisposition in a young child is the presence of an
explicit music theory capable of defining pitch classes in a rational manner—so that
a child could prime an auditory stimulus with certain acoustic properties to a name of
a certain pitch class, and thereafter automatically retrieve that name upon every
encounter of the corresponding sound (Nazaikinsky 1993). For phylogeny, this
means that absolute pitch can emerge only in a music culture that supports some
kind of mathematical inference of pitch classes and a purely frequency-based
standard of tuning (Nikolsky 2016). Although it was demonstrated that individuals
who could not accurately name tones nevertheless possessed absolute pitch (Ross

15For example, French “florid organum” of the twelfth century is compositionally based on the
timbral and textural contrast between the bright light “florid” upper part and the dark heavy “firm”

lower part (Tischler 1956).
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et al. 2004), cultivation of absolute pitch can survive only if one generation can pass
the system of pitch naming down to the following generation. It is possible that a
single individual would develop a skill of tuning to some kind of “concert pitch
standard.” Kubik reports such a case of an African xylophone manufacturer-player
(Kubik 1985). However, inventions like that are doomed to stay isolated unless an
inventor manages to formulate a corresponding music theory and transmit it to the
critical number of users sufficient to sustain a new tradition. But chances for this are
rather slim—I know of only one non-European indigenous culture that developed a
proprietary concept of absolute pitch designed to reflect social status, and that is the
Sundanese music of West Java (Zanten 2004). However, this system has remained
culturally isolated. Cross-cultural propagation of absolute pitch would require cross-
cultural adoption of technological tool for delivering the concert pitch reference. As
Kubik notes, across the entire Africa, aids like tuning forks are extremely unusual
despite the diversity of ensemble instrumental traditions and tuning systems (i.e., a
new xylophone is tuned directly from an old one) and are used only on Western
musical instruments (Kubik 1979).16

Normal musical development requires some kind of compensation for the pitch
reductionism of absolute pitch hearing, usually achieved by at least three other forms
of tonal hearing, capped in a methodological literature on ear training as “relative
pitch” skills: hearing of a key, of degrees in a key, and of intervals between the
degrees (Geinrikhs 1978).17 So, in order for frequency discrimination to be “musi-
cal” (contextual) rather than “autistic” (detached), each tone demands a binary
definition:

• As a member of the ultimate repertory of all possible pitch-classes (absolute
framework) and as a member of a specific key or mode (relative tonal frame-
work)—demanding from a musician equally reliable orientation in both coordi-
nates (Agazhanov 1977).

Only the automatic or nearly automatic orientation in a musical key/mode can
secure reliable recognition of degrees of a key or a mode, thereby opening ways for
quantization of pitch intervals and their subsequent memorization (Nazaikinsky

16It is possible that Western folk musicians might have adopted the absolute pitch following the
model of classical music, since many musicians specializing in various forms of folk and popular
music these days take formal schooling and obtain graduate degrees from conservatories and
universities. However, in such a situation, the absolute pitch is likely to cause detrimental effects
on musical expression due to the use of temperament that has to accompany the use of absolute
pitch. Other than that, folk music seems to commonly feature “song-absolute pitch,” as indicated by
the analysis of keys in folk song databases (Olthof et al. 2015).
17A number of methodological studies by ear-training specialists describe the integration of
absolute and relative hearing in musicians with a well-developed musical ear (Garbuzov 1948;
Seredinskaya 1962; Veis 1967; A. А. Agazhanov 1977, 1985; Geinrikhs 1978; Utkin 1985;
Bytchkov 1993; Nazaikinsky 1993; Sladkov 1994; Karasyova 1999; Berezhansky 2000; Os’kina
and Parnes 2001; Starcheus 2005). The evidence for alternation between absolute and relative
modes of pitch processing was demonstrated even in the undeveloped autistic possessors of
absolute pitch (Heaton 2003).
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1977). The semantic qualia of modes, keys, intervals, and chords are all instrumental
in supporting effective emotional communication through music (Cooke 1959), as
confirmed experimentally (Kaminska and Woolf 2000). Absence of absolute-
relative integration would make the gift of absolute pitch musically useless, causing
the severe distortion in retrieving the semantic information, especially detrimental
for decoding music upon listening. Therefore, in practice, every student of music
who possesses absolute pitch, even a complete beginner, is likely to possess relative
pitch hearing as well—at least the ability to detect a specific pitch class set and
define sounds in reference to their membership in that set (Berezhansky 2000, 59).
The integration of absolute and relative modes of hearing is to blame for the errors
that absolute pitch possessors routinely make. Without the relative pitch feedback,
the absolute frequency discrimination would have work as perfect as a machine.
Poor integration of absolute and relative pitch data is especially prone to cause errors
in frequency analysis of the multipart musical textures. Many professional ear
trainers in Russia know how to throw off the possessors of immature absolute
pitch to the extent that they completely lose track of pitch values in a melody in a
real-time task of listening to multipart music.18

To sum things up, the phenomenon of absolute pitch should be regarded as a
relatively late phylogenetic development, specific to Western countries and
frequency-based musical cultures at the industrial and postindustrial stages. Abso-
lute pitch might constitute a genetically selected trait designed to simplify categori-
zation of pitch according to the well-tempered tuning. However, reliance on absolute
pitch alone in auditory analysis of music is likely to severely limit one’s emotional
experience of music and altogether obstruct musical communication. Absolute pitch
appears to work as a mere “shortcut” to the processing of the TO in frequency-based
music, reducing the complexity of TO to its surrogate frequency component. In order
to support fully functional musical hearing, including the perception of semantic
qualia of melodic intonations, motifs, harmonic intervals, chords, and different
musical modes, absolute pitch hearing must be combined with relative hearing of
melodic and harmonic aspects of TO.

18For instance, Boris Utkin was able to consistently throw off the absolute pitch possessors with
underdeveloped integration of absolute and relative hearing by improvising on the piano with long
four-part harmonic progressions with the melody in the bass, engaging a chain of gradual and
enharmonic modulations every 2–3 bars (e.g., the tonal plan like C major-G major-B major-G-sharp
minor-G minor-D major-B minor-C major is likely to cause an untrained possessor of absolute pitch
to mismatch the destination key and the initial key). Typically, if a possessor of absolute pitch
names every key along the modulation path, the third or fourth enharmonic modulation (the above
given chain contains two of such modulations, marked by italic) would leave him/her clueless
unless they have developed a reliable relative pitch hearing. Yet another strategy for confusing a
possessor of absolute pitch is to start the four-part harmonic modulation chain with strict chords and
then start introducing the melodic motion in different parts by engaging non-chordal tones, with
frequent changes from one part to another, effectively generating four-part polyphony while
committing a chain of distant modulations (e.g., C major-E-flat major).
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7.8 Absolute Pitch and Speech Perception

Noteworthy, the reductionist side effects of absolute pitch hearing do not impact the
communication through speech. Neither its lexic meaning nor its prosodic expres-
sion depends on quantization of pitch contour into different pitch values. Lexic tones
in tone languages do engage pitch relations, but the exact quantity of a pitch change
does not matter for verbal semiosis. In light of this, it seems reasonable to disagree
with the suggestion by Ross et al. that the current consensus is wrong, and absolute
pitch might not be a strictly musical phenomenon (Ross et al. 2005).

Gregersen et al. raised the issue of a possible link between tones in tone languages
and absolute pitch by demonstrating (through polling) a higher incidence of absolute
pitch in East Asian music students in American universities (Gregersen et al. 1999).
Gregersen et al. attributed this to the greater popularity of the “fixed doh” ear-
training in Asia—combined with the cultural trait of starting music training earlier
in life (Gregersen et al. 2001). Deutsch et al. provided the objective confirmation for
the supposed “language effect” in the greater percentage of absolute pitch possessors
at the Central Conservatory in Beijing than at Eastman School of Music by admin-
istering there frequency discrimination tests (Deutsch et al. 2006). Deutsch et al.
concluded that learning early in infancy to perceive pitch flexions in lexic tones must
somehow prepare East Asians to learn absolute pitch better than early speech
experience of Western children. Previously, Deutsch et al. established that speakers
of Vietnamese and Mandarin routinely intoned their lexic tones in the same word
with nearly absolute precision—with fluctuations well within a semitone—between
different sessions despite breaks up to 2 days (Deutsch et al. 1999). This prompted
the authors of the study to suggest that absolute pitch must have originally evolved
as a feature of speech that naturally occurred in tonal languages (Deutsch et al.
2004). Rakowski and Miyazaki put it on the account of a weaker inhibitory effect of
acquisition of verbal prosody in growing infant speakers of tone languages than
those of nontonal languages (Rakowski and Miyazaki 2007).

However, the totality of known data on geographic and historic distribution of
absolute pitch across the world, listed above, contradicts the hypothesis of linguistic
origin of absolute pitch. It is quite possible that early exposure to lexic tones provides
a fertile ground for developing an absolute frame of reference for production of
certain vowels, but there is a long stretch from this to the formation of the practice of
breaking the octave into a set of absolute pitch classes. Of course, we know of cases
where characteristic patterns of lexic tones in African languages influenced patterns
of musical TO in indigenous musics of the same ethnicities (Kubik 1985). However,
this influence does not include absolute pitch—speakers of African tone languages
do not seem to observe the sameness of pitch levels either in the production or
perception of lexic tones (Schneider 1961). Kubik, one of the leading experts on TO
of African music, when he speaks of linguistic influences, brings up not the issue of
absolute pitch but the “deep listening” mode designed to zoom into the spectral
properties of sounding objects, following the model of human voice, which includes
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the speaking voice (Kubik 1985). Lexic tones might provide the model of pitch
reference for “verbal ear” at the earliest stages of infant’s speech development as
well as the beginnings of music acquisition. But such modelling definitely does not
encompass the incrementation of pitch changes and the consistency of certain pitch
levels that could possibly prototype a “pitch class.” Stability of pitch levels discov-
ered in speech is sustained per individual, and only on average (substantially varying
in standard deviation), which precludes the functional use of absolute pitch in verbal
communication and makes its phylogenesis impossible.

What unites the acquisition of absolute pitch and the acquisition of lexic tones is
their time frame—they both occur during the sensitive critical period during the first
years of life. For the majority of its possessors, “natural” absolute pitch acquisition
falls within what is colloquially called the “language window” that stays wide
“open” throughout infancy and gradually shuts down into the adolescence, making
acquisition of a second language much harder (Myers 2009, 214). Critical periods
are crucial for automatic acquisition of basic conspecific skills of communication in
many animal species, probably directed at securing the most accurate reproduction
of conspecific auditory signals at the earliest developmental stages, when effective
communication with a caretaker is most valuable. For humans, the manifestation of
such accurateness is the absence of foreign accent in languages acquired during the
critical period (Lennenberg 1967, 175–82).

A musical equivalent of a foreign accent (a “musical accent”) was first noticed
and described by Roman Jakobson in 1932 (Jakobson 1987, 455–6). Thus, attempts
of Yehudi Menuhin to improvise raga on his violin are perceived by indigenous
Indian musicians as inauthentic due to deviations from normative tuning and inton-
ing of standard raga motifs, while attempts of Lakshminarayana Subramaniam to
play pieces from Western classical violin repertoire appear to Western musicians as
carrying a foreign “Indian” accent in violin intonations.19

• The presence of “musical accent” manifests the competition between discrimina-
tion of pitch in two music systems by a performer essentially in the same way how
presence of “linguistic accent” manifests the competition between two phonemic
systems in a speaker.

The evidence for the presence of “musical accent” was demonstrated by
Matsunaga et al. in bimusical subjects competent in Western classical and Japanese
traditional music: each form of music activated different subregions in the brain
around the inferior frontal cortex and the premotor cortex (Matsunaga et al. 2012). A
follow-up study showed that the more efficient processing of both music systems
occurred in those listeners who were more proficient in the secondary, non-native,
music system—in parallel to the similarly effective bilingual communication by
those bilinguals who were more proficient in L2 (Matsunaga et al. 2014). This
suggests that primary and secondary learned repertories of verbal phonemes, as

19This example was suggested and substantiated by Jivani Mikhailov in personal communication.
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well as of musical pitch classes, interact with each other based on their spectral
characteristics, supporting the inclusion of a bilingual into both speech communities
as well as into both music communities.

The phonemic system of a language and a method of TO employed by a music
system as “normative” both are tied by mutual reflection of grouping, metric,
durational, contour, and timbral patterns of organization (Lerdahl 2001). The “par-
ent-child” developmental relation between timbral hearing and pitch hearing tran-
spires into a number of direct analogies in TO between native music and speech,
manifested in a way how an auditory stream is parsed into meaningful patterns.
Verbal intonations of English, Farsi, Mandarin, and Tamil languages share the
greatest concentrations of power in the normalized spectrum of speech sounds
with the most frequently used musical intervals—probably reflecting “a statistical
process by which the human auditory system links ambiguous sound stimuli to their
physical sources” (Schwartz et al. 2003). Amplitude—frequency pairings in human
utterances tend to be distributed in a way that discloses biologically significant
information about the speaker (i.e. speaker’s sex, age, and emotional state) in
ambiguous auditory signals—by means of TO of prosodic intonations. Over time,
statistical relationship between perceptual responses and naturally occurring sounds
is likely to form some kind of temperation, once they include the full sonic
characteristics rather than isolated phonetic features. This is akin to the division of
an octave in 12 semitones with optimal harmonic distribution of the simplest ratios
of 5/4, 4/3, 3/2, 5/3, and 1/2 falling exactly on the I, III, IV, V, VI, and VIII¼I
degrees in a heptatonic pitch class set (Shepard 2010).

The primordial foundation for TO of frequency-based music seems to come from
the voiced elements of speech (viz., the vowel), which is the most significant
auditory signal to humans (Terhardt 1984). The task of parsing the speech involves
extraction of virtual pitches from complex tones even where fundamental tones are
not present. Musically trained listeners tend to focus on the fundamental frequency
of a musical sound, whereas non-musicians are more likely to focus on its fused
overtones (Seither-Preisler et al. 2007). This finding indicates that musical pitch is
derived from verbal harmonicity that is projected onto music by means of learning to
infer the missing fundamental from the harmonics of its harmonic series. Moreover,
processing of pitch in speech shares with music yet another important feature. It is
essentially hierarchic, based on listener’s knowledge of contourization and general-
ization, with substantial abstraction in processing of the low levels of the auditory
hierarchy (Terhardt 1992). Developing a sense of consonance is likely a by-product
of acquisition of verbal competence, according to the virtual pitch theory by
Terhardt. This must be the underlying mechanism that determines “natural” acqui-
sition of absolute pitch and its connection to Western temperament. It is possible that
each musical culture initially captures the statistically prevalent features of TO
present in natural acoustic stimuli (Monson et al. 2013), and once TO becomes
centered on frequency, thereafter succumbs to the process of optimization of pitch
classes based on the harmonic contrasts, which results in 12-tone temperament.
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• According to this scenario, Western temperament presents the optimal distribu-
tion of pitch values that satisfies horizontal (melodic) as well as vertical (har-
monic) axes of TO, which might be the best trade-off for various musical cultures
once they absorb Western forms of multipart music. This could explain the
overwhelming adoption of Western tonality across the globe by so many coun-
tries despite their cultural and political differences, even when their governments
pursued nationalistic anti-Western policies (e.g., China, India or Iran).

It seems that the discovered prevalence of absolute pitch in East Asian population
is the consequence of the growing popularization of Western classical and popular
music along with the Western lifestyle that promotes objectivization of auditory
perception and rationalization of the schemes of its processing. The experience of
perceiving and producing lexic tones plays into the musical ear development,
directed by the adoption of Western music and social advantages of receiving the
musical prodigy status. In the modern globalized culture, East Asian prodigies
receive the same prominence that was held by Jewish prodigies during the past
two centuries. The totality of the phylogenetic information in regard to absolute pitch
indicates that absolute pitch was imported into Asia rather than generated there. The
direct evidence that could clarify this issue can be attained through the comparative
analysis of TO of the extensive pool of the earliest infant vocalizations across
different countries and age groups.

7.9 The Prospects of Using the Ethnomusicological TO
Analytic Methods for Infant’s Vocalizations

Like adult musicians who practice timbre-oriented music, Western 0–3-year-old
infants (not to speak of infants in non-Western cultures) most certainly process
music not by pitch classes, which they cannot even reproduce faithfully within
first 1–2 years of life. Musical “timbre classes,” similar to phonemes of verbal
speech, present the likely alternative, united in musical modes as suggested by the
extensive research conducted on the territory of the former Soviet Union from the
1920s on. Bolsheviks dedicated an unprecedented amount of resources (specialists,
institutions, programs, etc.) to the investigation of traditional folk cultures to fulfill
their ideological claims of the advantages of “people’s music” (Krader 1990),
leading to a swift advance in the understanding of TO in folk music (Zemtsovsky
1967). Indigenous peoples on the territory of the USSR varied enormously in their
lifestyles, from urban industrial to nomadic hunting/gathering. The comparisons of
their lifestyles and cognitive styles common in these societies supplied researchers
with invaluable comparative perspective.

In 1925, Asafyev created and headed the scientific-musicological department at
the Leningrad conservatory that included a musical-ethnographic specialization
(Mekhnetsov 2014, 330–1). Groups of Soviet ethnographers went on expeditions
to collect samples of songs, transcribe them, publish their results, and engage in
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scientific discussion with other experts with the purpose of understanding and
identifying the principles by which these musics were made. By the 1950s, the
whole Soviet Union had dozens of institutions performing such research (Ivanova
2009). During the 1940s, dedicated centers of folkloric studies were created at all
major conservatories, leading to the accumulation of substantial databases and
scholarly research. The Moscow Conservatory collection alone contains over
140,000 units of folk recordings, covering almost all districts and regions of the
former Soviet Union, and even many foreign territories (Giliarova 2010). The
Phonogram Archive of the Institute for Russian Literature in St. Petersburg contains
150,000 records, starting with wax cylinders of the 1890s, made in expeditions to
Siberia (Korguzalov and Troitskaya 1993).

All major musicologists active in the USSR territory from the 1930s onward
researched folkloric music. All graduate students in musicology and composition
were required to take an ethnomusicology course and participate in field studies
(Mekhnetsov 2014, 309–53). The structural principles of tonal organization uncov-
ered in the research were subsequently used in reproductions of folk music and
arrangements of folk music for different vocal and instrumental settings and new
original compositions that emulated folk music styles. All of these works were
performed through professional concert agencies and a wide network of amateur
music clubs—which by 1946 included nearly 70,000 clubs in the Russian Republic
alone and in 1977 involved 15 million performers participating in the multinational
annual festival of folk music (Yakovleva 1973).20 Such a production cycle of
national folk music was administered in all republics and autonomous regions of
Soviet Union and involved evaluation of the authenticity of produced music by
experts in native indigenous cultures.

Sound recording and distribution of folk records through LPs and radio occurred
on a massive scale—the Melodiya catalog of folk albums released between 1970 and
1990 has 501 entries, and this counts only authentic performances, excluding
popular, light, and classical arrangements of folk music (Zemtsovsky 1991). The
access to free advanced musical education allowed indigenous population to become
musicologists, supporting nearly ideal integration of emic music theory and perfor-
mance practice with the etic methodology and scientific methods of research. This
along with enormous breadths of sample base for ethnomusicological analysis and
interactive coordination of thousands of researchers have ensured the reliability of
the analytic framework of Soviet-era music theory. The 1926 Census, by the time of
the start of the ethnomusicological research programs, listed 169 resident ethnicities
in the USSR (Semenov 1928). It would be justified to conclude that by the time of
the collapse of the Soviet Union, the analytic knowledge of TO of traditional

20Certainly, the research in and production of folk music were supervised and coordinated by the
Communist authorities, which involved promotion of certain forms of music and suppression of
some other forms (Frolova-Walker 1998). However, despite all abuses of formalistic treatment of
national musics at the territories of USSR, the scale and quality of research, as well as the extent of
popularization of folk music, was unparalleled by any Western country (Zemtsovsky 2002).
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indigenous music was about as deep and thorough as the analytic understanding of
compositions of Western classical music.21

The theoretical base for the analysis of early forms of pretonal music was
developed in the works of Eduard Alekseyev (Alekseyev 1973, 1976, 1986, 1988,
1990, 1993, 2013), summarized in English by Nikolsky (2015a). Alekseyev’s model
of primordial archaic TO is based on the theories of his predecessors: musical
intonation analysis by Boleslav Yavorsky (Protopopov 1930), its sociogenetic
model developed by Asafiev (1952), Tull and Asafyev (2000), its psychoacoustic
foundation experimentally formulated by Nikolai Garbuzov (1980) and Yevgenii
Nazaikinsky (1972), the corresponding theory of music form integrated with seman-
tic analysis by Leo Mazel (1952, 1982), the systematic theory of style and mode
elaborated by Sergei Skrebkov (1967, 1973), the theory of modal evolution in
comparative ethnomusicology formulated by Viktor Beliaev (1990), and the gener-
alized systematic theory of intonation by Izaly Zemtsovsky (1980, 1987). Following
the idea of Eduard Alekseyev of similarity between the earliest phylogenetic and
ontogenetic forms of TO (Alekseyev 1986, 14) and similar ideas by a few Western
scholars (Winner 1982; Garfias 1990), I have collected the samples of children
musical vocalizations and analyzed their TO, currently preparing this material for
publication as a monograph. Below are the excerpts from this research related to the
development of verbal and musical specialization in earliest children vocalizations.

There are a number of studies, mostly by Western scholars (Soviet and Russian
researchers have completely neglected this line of research), of patterns in sponta-
neous musicking and its precursors in the natural behavior of young children
(Bentley 1966; Michel 1973; Ostwald 1973; Moog 1976; Moorhead and Pond
1978; Davidson et al. 1979; McKernon 1979; Papoušek and Papoušek 1981;
Ramsey 1983; Dowling 1984; Flohr 1984; Hopkin 1984; Davidson 1985; Kratus
1985; Davies 1986; Hargreaves 1986; Swanwick et al. 1986; Holahan 1987; Kalmar
and Balasko 1987; Kelley and Sutton-Smith 1987; Ries 1987; Merrill-Mirksy 1988;
Kratus 1989; McDonald and Simons 1989; Flowers and Dunne-Sousa 1990; Fox
1990; Fujita 1990; Campbell 1991; Bjørkvold 1992; Davidson 1994; Papoušek and
Papoušek 1995; Hargreaves 1996; Papoušek 1996a, b; Marsh 1997; Campbell
1998b; Campbell 1998a; Harwood 1998; Sundin 1998; Dowling 1999; Adachi
and Trehub 2000; Kreutzer 2001; Révész 2001; Swanwick 2001; Burton 2002;
J. Davidson 2002; Tafuri and Villa 2002; M. Barrett 2003; Young 2003; Lew and
Campbell 2005; Mang 2005; de Vries 2005; M. S. Barrett 2006; Custodero 2006;
Gembris 2006; Young and Marsh 2006; Miyamoto 2007; Young and Gillen 2007;
Tafuri et al. 2008; Addessi 2009; Emberly 2009; Lum 2009; Marsh 2009; Forrester
2010; Gillen and Cameron 2010; Yennari 2010; M. Barrett 2011; Dean 2011; Elmer
2011; Campbell and Wiggins 2012; Elmer 2012; Koops 2012; Swanwick 2015).

21See the brief summary of the modal typology, elaborated within the Soviet systematic musicol-
ogy, and the example of modal analysis of the indigenous music in the Appendix-1, “Taxonomy of
tonal organization of modal music” (Nikolsky 2015a).
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Most of them, with notable exception of Elmer22 and perhaps Bjørkvold, suffer from
the same methodological shortcoming of analyzing children musicking in terms of
its similarity to typical samples of adult frequency-oriented music, especially West-
ern tonality. Whenever the sounds of children’s music violate such rules, this is put
on the account of children’s poor hearing or/and poor vocal control (Hutchins and
Peretz 2012).

Both of these reasons are definitely valid and common in limiting children’s
ability to create music, but more likely than not, in practice, they limit the repro-
duction of melodic contours and timbral properties of children vocalizations rather
than the reproduction of pitch classes and pitch class sets. The latter skills typically
are formed no earlier than by the age of 4 years, when children develop intuitive
competence in TO rules of their native music systems (Louhivuori 2006). Excep-
tions to this time frame are few and reserved for precocious children raised in
families where at least one of their caretakers is a professional or an advanced
amateur musician (Kelley and Sutton-Smith 1987). The rest of the 0–3-year-old
children who develop within the “normal,” non-expedited time frame, must follow
not pitch-oriented model but pitch contour and timbral models of some kind—only
gradually discovering the pitch relations at first between the adjacent tones and later
between remote tones. One cannot make mistakes in the production of pitch classes,
if he/she is unaware of pitch classes. What appears as infant’s “poor singing” to a
researcher, in fact, might be not “poor” at all to an infant, but quite satisfactory
rendition of a goal set to reproduce a particular pitch contour or a combination of a
few timbre classes. There is evidence that sometime between 6 and 12 months of life
infants switch from the biologically driven mode of musical tuning to a culture-
specific form that characterizes their native music, which involves perceptual reor-
ganization for musical tuning (Lynch and Eilers 1992). And the earliest child songs
in different musical cultures across the world might share many common features
(Campbell 1991), perhaps even constitute a single universal type of TO, based on
indefinite pitch/timbre.

Infants’ singing is no more pitch-“defective” than their first attempts to speak are
phoneme-“defective.” However, philologists already by the 1920s realized that
deviations from “correct” adult speech by young children are systemic and reflect
the peculiarity of children thinking (Chukovsky 1963). Piaget and Vygotsky made it
clear that child’s speech is organized by its own principles that are different from
adult speech, and this has been accepted as a status quo in academia. Russian
research especially has been instrumental in uncovering the systemic principles of
semantic and phonetic aspects of the earliest verbal development (Shvachkin 1948).

22Elmer (2012) objects the approach of most researchers who evaluate early children’s songs in
terms of diatonic intervallic type of Western tonality and define stages in tonal development based
on correspondence of children songs to the samples of diatonic music. She proposes to use quarter-
tone representation of children musicking and seeks to define stages of music acquisition without
committing to diatonic quantization, relying not on compositional analysis of children vocaliza-
tions, but rather on behavioral aspects of their singing. Needless to say, the purely behavioral
approach is futile for defining the features of TO and their interpretation in comparative analysis.
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Unfortunately, the analogous idea that child’s art does not perform the same func-
tions as artworks of an adult (Vygotsky 1971, 240–262) has found less recognition,
especially in regard to music (Bjørkvold 1992; Elmer 2011, 2012). The explanation
of it certainly has to do with the incredible shortage of studies of forms of children
musicking in non-Western societies. Only a handful of publications in English
discuss the issue of musical ontogeny in non-Western indigenous musical cultures
(Blacking 1967; Buckton 1982; Hopkin 1984; Merrill-Mirksy 1988; Garfias 1990;
Campbell 1991; Bjørkvold 1992; Fernald 1992; Papoušek 1996a; Campbell 1998a;
Campbell 1998b; Harwood 1998; Kreutzer 2001; Mang 2002; Minks 2002; Stige
2002; Lew and Campbell 2005; Nettl 2005; Levin and Suzukei 2006; Emberly 2009;
Lum 2009; Marsh 2009; Gillen and Cameron 2010; Campbell and Wiggins 2012).
The lack of cross-cultural comparisons is to blame for strong Europocentric bias,
pronounced in the Western literature on music development—it is much harder for a
Western developmental psychologist to catch himself/herself on circularity of their
interpretation of infant’s musicking than on their interpretation of infant’s earliest
speech, because of the first-hand knowledge of how much languages can differ in
their phonemic and morphonological organization. Also, language provides a more
obvious connection between the sound and meaning due to the referential nature of
its semiosis, which makes it easier to see that children’s earliest language uses
nonconventional child-made words and ascribes unconventional meanings to con-
ventional words.23

Yet another problem is that many developmental psychologists simply do not
know how to approach the analysis of early children’s music. What adds to confu-
sion is the lack of clarity of what exactly constitutes “children’s music.” Thus,
nursery ditties and rhymes do not constitute children’s music and poetry—these
are adult’s products created for children within a cross-cultural folk genre (Campbell
1991). The same applies to motherese (Mampe et al. 2009). Such forms of musicking
can reflect the patterns of TO characteristic to children’s musical thinking albeit only
indirectly, provided that caretakers who created it resorted to only those patterns that
were indeed perceptible and meaningful to children. However, in practice, many of
the tunes that have earned a stable place in a repertoire of “children’s music”
(commonly performed by caretakers and often reproduced by children), in fact,

23For instance, Shvachkin gives examples of a boy who used the word dany in reference to a bell, a
clock, a telephone, and a bellflower or a girl using the word “moo” to refer to a cow and to a big bird,
whereas another girl using the very same word in reference to a cow and to a big dog (Shvachkin
1948). Such polysemantism often spreads as broad as to include the opposites of the concepts: e.g.,
the word “boo” in reference to lighting a candle up as well as to turning it off. Shvachkin explains
the origin of this polysemantism by the Vygotskian concept of emotional experience
(perezhivaniye—literally, “living through”). The first words of children refer to their “emotional
experience” of a particular object rather than to an object in itself. The meaning of a word is
comprised by the complex set of emotional experiences from perception of objective, affective, and
functional characteristics of surrounding objects in reality. Their admixture is initially syncretic and
poorly differentiated, semantically diffused to the extent of resembling a vague semantic circle over
a delineated center point—e.g., the word foo used to refer to anything that has to do with warmth
(p. 102).
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were composed by classical composers abiding by the rules of Western tonality and
therefore are way too complex for adequate acoustic analysis by infants who are
likely to misunderstand the TO of this music.24 By no means such compositions are
representative of early infant’s indigenous musical thinking, and their popularity
obstructs the task of identifying the proprietary children’s features of TO in chil-
dren’s musicking.

The problem is that once an infant is exposed to an adult song, he/she is likely to
try to imitate it only as much as their perceptory capacities would permit (Peery and
Peery 1986). But by ethnomusicological standards, such kind of reproduction
constitutes an inauthentic borrowing from a foreign musical culture, not representa-
tive of the indigenous traits of the investigated culture. It is crucial for developmental
specialists willing to investigate the TO of genuine children music to distinguish
between infant’s reproduction of adult’s music and infant’s proprietary music
created as a spontaneous original improvisation that elaborates a musical idea
preselected by a child (McKernon 1979). This might not be a simple task, since
any musical idea picked by a child is likely to originate from some sounds once
overheard in the child’s environment. The deciding criterion should be the quantity
and the scope of the prototyped features in a vocalization under question: usually, a
deliberate reproduction of a tune involves reproduction of many motifs, rhythms,
and words borrowed in their totality from the source song, whereas child’s original
music usually elaborates just one-two musical patterns that are interesting to a child
and inspire a playful experimentation. Such music, created not in response to the
adult’s singing or playing and not fulfilling a request to sing a particular song, but
generated to own lyrics or meaningless syllables, is usually termed “invented songs,”
(also “self-invented”), “narrative songs,” or “spontaneous improvisations” (Moog
1976).

The framework of the so-called “ekmelic mode,” based on indefinite pitch and
indefinite size of pitch intervals, theorized by Soviet musicologists (Nikolsky
2015a), appears to be applicable to the analysis of the earliest samples of such
songs. Moog (1976), Campbell (1998a, b), and Bjørkvold (1992) left thorough
descriptions of different types of spontaneous vocal improvisation by children,
many of which accompany other activities, such as playing or reading, or appear
to be created without any purpose, merely to amuse themselves (see the video
footage supplemented in Forrester 2010). Noteworthy, in ethnomusicology, ekmelic
organization is associated with “song-for-oneself” as opposed to “song-for-others”
(Alekseyev 1986, 12). Songs “for-others” are consumed collectively, which pro-
motes rhetoric principles of communication, leading to the intense development of
technical skills and compliance to some conventional model. Songs “for-oneself” do

24For example, I’m a Little Teapot andHowMuch Is that Doggie in the Window contain many leaps
in different directions that make these tunes hard to reproduce for very young children; O Little
Town of Bethlehem contains many chromatic alterations and Frosty the Snow Man, and even some
folk tunes, such as Deck the Hall include modulations that demand reliable recognition of multiple
pitch class sets. Such songs represent more of what those adults who were brought up on the
Western tonality believe sounds “childish” enough to be suitable for children musicking.
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not have to convince anyone in anything. Sheikin (2002, 304) nicknames personal
singing tradition, prevalent among the majority of Siberian ethnicities, as fundamen-
tally “Cartesian”: “I sing therefore I am.” The manner of usage of individual song
here is quite similar to “safety signals” employed by animals that live in social
groups. Such songs merely accompany common occupations: riding, fishing, saw-
ing, etc. and are produced instinctively, with little conscious control. This is quite
analogous to children’s “narrative songs” that accompany activities like playing,
reading, drawing, etc.

Many infant’s songs are essentially “songs-for-oneself.” Jay Dowling describes
infant’s first songs with indiscrete pitch intervals that are very different from the
adult music, wandering and sounding “out of tune” to an adult ear, with a high
variability of interval sizes and a drift in a “tonal center” (Dowling 1984). Such
melodies, usually 5–9 phrases in length, as a rule include a refrain-like repetition of
the same melodic pattern. They are sung in rhythms that remain simple and steady
within a phrase, making the variants of the “same” song recognizable. Multiple
variants rotate in a child’s repertoire for a period of no more than 6 weeks—to be
replaced by a new song with its new variants. Dowling insists that these are indeed
variants, and not a bunch of unrelated songs, based on the similarity of their melodic
material and of their lyrics/vocables. Such songs are spontaneously composed
starting from the age of 2 and differ from “cover songs” by increased concern for
privacy. A child performing “song-for-oneself” is highly conscious of being
observed and can easily cease singing from feeling intimidated. Burton conducted
the interviews of the children who engaged into spontaneous song making: most of
them could not answer the question what were they thinking about during singing—
indicating that they did not consciously pursue the reproduction of any specific
musical model in their choice of sounds (Burton 2002). This agrees with Moog’s
(1976) conclusion that spontaneous songs of 2-year-olds give an impression of a
narrative directed at communication with oneself, using lyrics that make no sense to
others. Barrett also describes child’s song as transitional event through which a child
symbolizes his/her personal feelings and articulates his/her understanding of the
encounter with a world (M. Barrett 2003).

Similar descriptions of self-invented pretonal songs-for-oneselves of 2–3-year-
old self-conscious singers are made by Helmut Moog (1976), Margaret Barrett
(2011), and Lisa Koops (2012). The use of discrete pitches that wander around
[resembling the ekmelic “stretchable” intervals] is reported by Bentley (1966), Moog
(1976), Moorhead and Pond (1978), Davidson et al. (1979), and Révész (2001). In
the Boston Project Zero, children were found to acquire the ability to use discrete
pitches by the age of 19 months—although limited to small size intervals. According
to the longitudinal study of infants’ singing in home environment, 7-month-olds
mostly used the major second in ascending and descending directions in legato
articulation (Ries 1987). At the age of 11 months, the interval of a third became
common as well, although not as much as second. The interval of a second retained
its dominance in the singing of 19-month-olds, although the use of wider intervals
increased. McKernon confirmed the overall dominance of a second by the age of
2, reporting that major second, minor third, and unison (in this respective order) were
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the most commonly used intervals (McKernon 1979). It is very likely that this
reported major second-minor third was actually a single indefinite (stretchable)
interval of the ekmelic complementary step, whereas unison-minor second consti-
tuted the ekmelic anchoring unison (Nikolsky 2015a).

David Hargreaves, in addition to such intervallic preferences, points out the
repetitiveness of the melodic contours and of the rhythmic patterns as important
features of organization in the spontaneous songs of 2-year-olds, so that the consis-
tency of the melodic scheme compensates for the wandering pitch levels (Har-
greaves 1986, 69). Alekseyev (1976) regards this formulaic rigidity as one of the
most characteristic traits of Siberian “songs for oneselves,” called to compensate for
the looseness of the “stretchable” intervals. The third important point of similarity
between ekmelic music and earliest attempts of music-making by infants was noted
within the research project of the Boston Project Zero group in relation to the typical
method of composition engaged by 2–3-year-olds. They displayed possession of
some basic concept of the “frame of a song”—akin to a skeleton without
flesh (Davidson 1985)—something that closely resembles the musical form of
variations on the ekmelic melodic formula favored by many Siberian indigenous
ethnoses. Formulaic organization is common in self-made songs of 2–4-year-old
children—possibly, cross-culturally (Bjørkvold 1992; Mang 2005).25 And the fourth
common “ekmelic” trait of early infant’s music was reported by McKernon. The
most common melodic typology of the earliest formulas was undulating rather than
simple ascending or descending shape (McKernon 1979). Papoušek and Papoušek
(1981) considered undulating contours to be a general characteristic of vocalization
from birth to 1.5 years of age. Based on his communication with folk performers,
Alekseyev (1986) explains the strong preference of Siberian indigenous musicians
for undulating formula by their strategy of “scanning” the intervallic space reserved
for the ambitus of a song. Life in wide open spaces that lack landmarks promotes the
adoption of such strategy of orientation in unfamiliar places (Nikolsky 2016,
Appendix-7). Tracking pitch in a pitch contour can follow the model of tracking
visual motion (Huddleston et al. 2008). Perhaps, young infant in a room finds
himself in a situation like an indigenous Siberian travelling over an unknown terrain,
therefore resorting to the same “scanning” strategy and committing to the strict
application of the wavelike contour. Preceding Alekseyev, Ellen Winner drew the
parallel between undulating typology of the children melodies with that identified by
ethnomusicologists in the music of indigenous peoples (Winner 1982, 234).

Scalable intervals in ekmelic mode can be viewed as the compensation for
increased verbal skills that put pressure on music users to increase the pitch strength
(pitch saliency)—the relative strength of the perceived frequency component of the
complex sound as opposed to the overall spectral content of that sound (Shrivastav

25A well-known example of the cross-cultural formula that has earned the reputation of the
“universal chant” is the succession of descending third, ascending fourth, and descending second,
closed by another descending third (Hargreaves 1986, 68). This formula constitutes a musical
semiotic phenomenon because it is universally related to playful teasing (Bjørkvold 1992, 71).
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et al. 2012). In general, pitch strength might be defined as the perceived difference
between the total sound and its timbre (Yost 2009). The impulse to stress the
frequency modulations in a pitch contour selected for babbling by an infant might
prompt representation of that contour in terms of a succession of melodic “steps” of
variable size. The pragmatics of communication directs the growing infant toward
developing two communication systems, each specializing in its own type of
information: referential for speech and affective for music. The necessity to distin-
guish verbal intonation from musical one pushes the development away from
leaning on timbral TO toward reliance on pitch. Timbre still remains important—
much more so than in the music of tonality: e.g., vibrato, pitch bends, contrasts in
sound production, as well as in articulation styles, all contribute to significant
variations in tonal quality of ekmelic degrees. However, in ekmelic mode, compar-
ing to the earliest timbral-oriented vocalizations, more attention is attracted to pitch
in transitions from one tone to another. Ekmelic songs generate consistent musical
intonations that adopt formative functions in determining the musical mode. Even
more importantly, four basic ekmelic functions of anchoring, complementing,
opposing, and extreme relations between musical tones that belong to different
registers each receive a distinct emotional denotation.26 Together with the ascending
and descending melodic inclinations, acquired during the first year of life, this lays
the foundation for a purely musical system of emotional communication.

During the first 3–4 months of life, children employ various utterances in intuitive
attempts to establish communication with their caretakers—which can be regarded
as a “prelinguistic alphabet” (Papoušek 1996b). During that time, 82% of vocaliza-
tions consist of descending glissando patterns within a narrow diapason, despite the
fact that infants can vocalize across a very wide range of frequencies (Fox 1990).
Vocalizations become susceptible to “vocal contagion”—convergence between
baby’s voice and that of a caretaker (Ostwald 1973). At about 10 months of age,
infants start vocalizing following their own spontaneous patterns that resemble
intonations of their native language (Boysson-Bardies et al. 2008). The specifically

26Degrees can anchor, complement, oppose, or extremize (polarize) each other, projecting melodic
attraction or repulsion. These functions do not permit conservation of pitch but do allow for
rough estimation of intervallic distances between salient melodic tones. Each function becomes
associated with a particular registral span in correspondence to that function’s valence. The larger
the span, the more dissonant the melodic relation. Thus, anchoring is the smallest in range
[functionally equivalent to the melodic unison], and it always strengthens the degree, with a
confirming or insisting intonation. Unlike the anchoring, complementing intonation is larger in
size, and one of its tones always attracts the other, making a softer impression than the anchoring
intonation. The next in line of size is the opposing intonation that always involves rivalry, either
between two anchors or two complementing tones. Finally, the extreme intonation gives the largest
interval, generating the relationship of maximal discontinuity between two tones, causing rivalry
not only between the tones but between the margins of the register—often involving timbral
contrast. Consistent usage of these functions puts in place the notions of four intervallic zones,
relative in size, distinguished by melodic functionality and semantic values. For more information
see “Ekmelic mode” in (Nikolsky 2015a).
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“musical” features, such as phonation that produces resonant frequencies in the
vocal folds, are evidenced from 2 months onward (Tafuri and Villa 2002).

David Hargreaves qualifies the first period of musical development as “sensori-
motor,” delimiting it by the first 2 years of life (Hargreaves 1996). The landmarks of
this period are the onset of babbling and rhythmic dancing. Both of them provide
fertile soil for the separation of musical sound production from speech. This distinc-
tion was first drawn by Helmut Moog in his longitudinal study of musical behavior
of 50 infants along with supplementary information from their parents (Moog 1976).
He distinguished musical babbling from non-musical (verbal) babbling. The latter
was found to appear first, in the first year of life, and did not seem to constitute a
response to the environment, serving rather as the precursor of speech in a format of
playful exercises with syllables. In contrast, musical babbling occurred in response
to musical stimuli heard in a child’s environment. Such a reaction sets on at the age
between 3 and 6 months and is triggered by awareness of some tonal unity present in
the auditioned sounds (i.e., realization of a musical mode).

Musically, babbling is made of sounds of varied pitch, sung out on a single
vowel. Moog characterizes their structure as “amorphous,” showing no rhythm or
pitch accuracy, with sporadic pauses inserted by whim. Dowling disagrees with this
observation, considering rhythmicity to be a distinctive feature (albeit a fuzzy one)
between speech and music babbling (Dowling 1984). Both Moog and Dowling
agree that wandering pitch and stretchable intervals together structurally distinguish
musical babbling from verbal. The downward melodic direction prevails, often
involving glissando slides from pitch to pitch. The successive sounds are mostly
proximal pitch-wise, with rare descending leaps up to fifth, unclearly intoned. Such
singing is accompanied with physical movement of increasing variety, involving the
feet, head, and hands—synchronizing the physical and melodic motions. This
coordination grows to become consistent throughout the second year of life, after
which seizes to improve.

John Holahan provides another valuable account of the development of babbling.
In his longitudinal 2-year study of musical babbling in the environment of a day care
center, he identifies three levels of babble (Holahan 1987). At the first level, children
typically do not babble apart from musical stimulation and generally put together
discrete musical elements to synchronically track the salient features of the external
musical stimulus, as if trying to guess the features of their TO. At the second level,
they put together the combinations of musical elements to sing along the external
music, as well as spontaneously perform their own music apart from the external
stimulus—but their music does not give rise to patterns of tonal or rhythmic
organization present in adult music. At the third level, their babbling becomes
more coherent and only resembles, but is not identical to the musical features of
the familiar songs. At this level, the first signs of a recurring “pitch value” and a
consistent “tempo value” appear, indicating that children become aware of the
relationships between the successive sounds of the melody, engaging their short-
term memory (this level corresponds to the emergence of “ekmelic mode”).
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Hargreaves (1996) reports that compositional efforts of sensorimotor children
demonstrate their awareness of the melodic contours while basically presenting
experimentation with sounds, durations, and their grouping. A sensorimotor child’s
attempts to represent the music graphically on paper produces “action equivalent”
scribbling. Swanwick et al. (1986), who studied not only singing but also instru-
mental improvisations of children, also qualify compositions of the ages 0–2 years
old (what they call “sensory level” of the “material stage”) as unpredictable and
explorative, based on pure “sensuous engagement with sound materials” (p. 316).
Swanwick notes that the compositional choice here seems to come from taking
pleasure in the sound itself, especially in timbre and opposites of loud and soft
(Swanwick 2015, 113). Conversely, children pay no attention to the significance of
variations in timbre—similar to their disregard for steadiness of pulse or adherence
to a specific pattern.

Swanwick’s account captures the essence of TO at its primordial stage. Children
center either on timbre or loudness in their choice of tones for musical babbling.
They might restrain the timbre from changing and vary the loudness or vice versa.
Variation is processed not incrementally, but by opposition: loud sound against soft,
similar timbral quality against contrasting one. It is possible that in practice one
sound would come out as slightly louder or softer, thereby producing a dynamic
value between the opposites of loud-soft. The same applies to timbre. Often such
variations are not intentional but are by-products of experimentation. In the same
vein, variations in pitch can hardly represent a compositional plan on the part of a
sensorimotor child. His intelligence at this period is motoric: as is his use of his vocal
folds. Just like his hands commit actions without any goals, merely exploring the
resistance of the surrounding objects, so is his vocal folds constrict at certain points.
The pitches most often come out as a side effect of an attempt to preserve the tonal
quality of a particular timbre, and therefore fall not far from each other. The only
exception would be dropping the pitch as a result of uncontrolled relaxation by the
end of a phrase, at the expiration point. The importance of this stage is that it
supports serendipitous forging of new musical modes, enabling production of
original forms of TO.

The roots of ekmelic organization should be sought in the process of establish-
ment of a “tonal constant”—a model of which was developed by Yevgenii
Nazaikinsky (1973). According to him, the ability to perceive constants in auditory
signals depends on the capacity to perceive an auditory stimulus as an object. This
capacity is formed at the earliest stages of the development of musical hearing as a
result of discovered correspondences between visual and auditory impressions. A
sound object is detached from the auditory scene and is perceived and felt according
to the salient features in its auditory characteristics, which quickly turn attention to
timbre as the most “interesting” parameter suitable for playing with it. Timbre is
usually experienced in synesthetic integration with the mechanism of sound produc-
tion (action of singing or playing). Hearing a constant becomes tied to perceiving it
as a sound object by the following factors:
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1. Stability and permanence characterize objects more than anything else.
2. An auditory constant is easier to detect as a property of a sound source located in a

certain acoustic space—where the generator of a sound becomes an object, be it
physical or imaginary.

3. A constant is defined via breaking an auditory scene into foreground and back-
ground, the latter involving the knowledge of possible sound generators, of
acoustics in a room, of size of a sound source, a distance from it, etc.—in a
word, a context of audition that supports identification of a constant even at the
absence of this or that particular piece of information.

Nazaikinsky stresses that this “sound localization” model for objectification of a
musical tone separates music from non-music and establishes the foundation for
commonality between perception of tonal and spatial organizations. The first
advance in the development of musical perception occurs when a relation of two
tones is realized as an auditory constant. Then a particular quality of relation of two
physical objects becomes converted into a relation of two sound objects. The
simplest element of such relation is a melodic contour—an “auditory line.” Like a
geometric line, it does not have thickness; it is not material but mental realization of
unity, a grouping connection. Since music involves time, melodic contour is a
process. The latter is very important, because melodic line is not like a line drawn
by pencil. Melodic line is like an ongoing trace left by a moving body. If we were
watching the motion, we see a trace. If we did not pay attention to the moving body,
we see no trace. Here a sound object acts as an agent of melodic motion: its most
salient characteristics charge melodic motion with certain tonal quality. The most
characteristic and easily identifiable timbre is of the human voice, as well as of the
musical instruments that come the closest to its imitation (e.g., oboe and bassoon).
Therefore, vocal intonation serves as a primary source for establishing the tonal
constant. In essence, the listener learns to focus on the linear connection between
two musical tones, centering on its most salient perceptory feature—and takes it as a
quasi-object of an auditory “observation.”

It is in this sense that timbral mode at the beginning of a babbling period utilizes
melodic contour without actually generating “melopoeia”—a skill of constructing a
“good” melody (West 1992). No actual “composition” of tones in relation to their
pitch value takes place here—what is conventionally considered “melody-making.”
Instead, tones are grouped in relation to their most salient features of timbre and
loudness. However, these salient features are not perceived as separate entities, but
rather as an organic part of the tonal quality, prototyped after the voice quality. The
latter is an “auditory impression” from the “amplitudinal relationship of the partial
tones of a voice,” comprised of the conglomerate of pitch, loudness, register, and
relative degree of adduction—in common words, a specific “sound color” (Eerola
2009, 167). A particular timbral mode establishes a tonal quality of some kind that is
then maintained within a musical vocalization.

At this level, we can think of music-making at the atomistic level: defining a
musical tone as an aesthetic object and manipulating it in the same way as how a
child would manipulate a rattle or a ball. The transition from atomistic to molecular
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level constitutes the first advance in TO—construction of musical intonation that is
indefinite and arbitrary in pitch. During the first year of life, infants learn to
discriminate small timbral differences (Papoušek 1996a), which should enable
them to combine tones that are slightly different in their tonal quality. There is
experimental evidence that 6-month-old infants are capable of grouping tones into a
pattern despite the presence of short pauses in-between (staccato articulation)
(Thorpe and Trehub 1989). TO here is analogous to sensorimotor play—notewor-
thy, both playing behavior and musical babbling typically appear between the 12th
and the 18th month of life (Gembris 2006). Papousek even considers vocal tract “the
first naturalistic toy and/or musical instrument” (Papoušek and Papoušek 1995).
Music comes into being from the discovery of a musical mode through playful
solitary experimentation that eventually is turned into a form of emotional self-
regulation.

7.10 Conclusion

This chapter started by reviewing the issue of the relation between ontogeny and
phylogeny and showing the validity of projecting the patterns of individual acqui-
sition of verbal and musical skills in early infancy onto the earliest stages in
evolution of music and language. The lack of clear semantic boundary between
music and language even in mature adult implementation makes structural psycho-
acoustic distinction between their earliest ontogenetic forms the principal means of
establishing their origin. And here instrumental is the analysis of their tonal organi-
zation (TO)—the manner in which music users and speakers combine tones of music
and speech in order to convey their message. There is little controversy in relation to
tonal organization of speech, which occurs primarily through the combination of
phonemes, whose contrasts support the production of syllables and words that are
assigned referential meaning via social conventions. The prosody of language,
closely resembling the pitch aspect of musical TO, serves as the second important
source of verbal semiosis. It is not primary because at the absence of meaningful
words prosodic features alone cannot support reliable transmission of referential
information, which constitutes the main reason for choosing speech rather than
music as a medium of expression.

The only phonological trait that blurs the distinction between TO of speech and
music is the use of lexic tones in tone languages. However, although lexic tones do
employ changes in pitch levels and contours, resembling melodic pitches, the latter
remain unique in their capacity to form melodic intonations that convey specific
affective semantics: e.g., the ascending fanfare intonation expresses happiness,
whereas the lamento intonation sadness. This turns melodic intonations into idioms
that operate on the iconic basis. Ascending leaps of the fanfare are associated with
the uplifting and energetic character of the happy state. Descending steps of the
lamento are associated with the depressed and droopy character of the sad state. This

7 Emergence of the Distinction Between “Verbal” and “Musical” in Early Childhood. . . 189



is in contrast to the abstract nature of purely symbolic connection between lexic
tones and the lexic meaning of words that contain lexic tones.27

However, TO of music presents a much greater intricacy than that of speech. The
problem is that discrete incremental pitch, subdued to a single “pitch center” (tonic),
which provides the clearest contrast to speech, constitutes just one of three general
types of TO in music—tonality. The other one—modality—does not possess a pitch
“center,” featuring heterarchic rather than hierarchic TO. The third type—timbre-
oriented music—does not rely on pitch classes, instead engaging continuous pitch
modulations in melodic contours combined with timbre classes. This type comes the
closest to speech due to its indefinite-in-pitch intervallic typology, making it hard to
distinguish melodic intonations of timbral music from lexic tones in speech. The
most effective way of achieving this is to use the pragmatic definition of music that
postulates three criteria: (1) entrainment of psychophysiological responses to music
to structural changes in music, (2) emotional contagion between the affective state
assigned to a particular musical idiom and the actual affective state of a listener, and
(3) transposability of intention to convey specific information by the repetitive use of
the same idiomatic pattern on different occasions by different music makers.
Together these criteria reliably exclude any form of speech.

The starting point in the development of vocal communication of human infants
is the same as for primate cubs—the instinctive utterances that inform their care-
takers of their affective state. Semantically, these cry-based vocalizations are closer
to human music than to human speech. However, unlike any other species in the
animal kingdom, human infants quickly pass through the profound transformation of
their initial repertory of calls, based on interaction with the elderly and the experi-
ence of playing with sounds. As a result, they learn to manage modifications of
vocalizations in pitch, rhythm, dynamics, and timbre within the framework of
two-end communication with a caretaker. This communication gradually breaks
into two general domains, determined by the pragmatics of delivering referential
(speech-like) versus affective (music-like) information. The former is adjusted
according to the efficacy of a receiver in retrieving the conveyed information, and
therefore features a dialogic format, whereas the latter tends to prefer the monologic
format. This is not a hard-bound distinction. An infant might resort to referential
communication in a soliloquy format, which nevertheless usually retains dialogic
traits, when the child speaks for different characters, either in imaginary play or in
problem-solving situations. On the other hand, an infant typically learns patterns of
affective communication via dialogic exchange with the caretaker, but then quickly

27The use of iconic signs in language is quite limited to phonesthemes and ideophones (Dingemanse
et al. 2016). However, their contribution to semantics in modern languages is obvious perhaps only
through a few onomatopoeic words. Iconicity seems to constitute the vestige of some earlier stage in
the evolution of languages, supplanted by conventiolization as language develops the capacity to
reflect the relations between multiple abstract concepts, which become more important than the
relations between the sound of a word and its meaning (Ahlner and Zlatev 2010). The share of
iconicity in languages of peoples that maintain preindustrial lifestyle and animistic ideology is
rather higher than in languages of industrial countries and urban societies (Nuckolls 2004).).
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switches to solitary play with the learned patterns, which seem to promote an
aesthetic evaluation. In the process of ongoing playing (babbling), a child develops
an expertise in production and perception of musical emotions through the repertory
of dedicated idiomatic patterns of pitch, rhythm, and timbre, shaped by the dynamic
enveloping (usually, a meaningful pattern is marked by a clear crescendo, diminu-
endo, or wave-like dynamic contour).

This leads to crystallization of two alternative ways of vocal communication—
interactive dialogic propositional, characterized by rapid continuous updating of
information, versus largely self-directed communication of a selected musical emo-
tion to personal satisfaction, characterized by sustaining the same affective state for a
rather long time. Dialogic communication becomes the main form of social interac-
tion (externalized speech) and problem-solving (internalized speech) (Vygotsky
1987). Monologic self-communication, on the other hand, becomes the main
form of emotional self-regulation (Saarikallio 2009). The ontogenesis of two
corresponding methods of TO gives an insight into the phylogenetic origin of
music and language.

However, the task of identifying the musical TO of the earliest stages in ontogeny
of music finds a serious obstacle. The problem is that almost all research studies that
contain the description and the analysis of the earliest forms of infant’s musicking
are compromised by “pitch reductionism.” They evaluate acoustic features and
patterns in children vocalizations in terms of the model of Western tonality as it is
presented in adult’s music. This retrograde application of the principles that rule the
production of only one general type of music—“frequency-based” music—onto
every child’s musicking clearly constitutes a speculative assumption that is likely
to severely distort our understanding of the basic principles of infant’s music. It is
hard to believe that infants who grow in societies that cultivate modality- or timbre-
based musical cultures start their musical development with Western tonality. Even
inWestern countries, where tonality constitutes the main form of TO, children obtain
the capacity to recognize the structural and semantic features of major and minor
keys and process musical patterns in reference to those keys not earlier than by the
age of 3–4 years. Earlier acquisition of “pitch class set hearing” occurs only for a few
specially gifted who grow in a family of professionals or advanced amateur
musicians.

A further complication is that pitch reductionism occurs not only in attempts of
scholars to understand TO in early infants’musicking, but in processing of music by
children themselves—in the form of the “natural” acquisition of absolute pitch. It
seems that there is a genetic substrate of frequency discrimination that is common for
a number of animal species, including humans, and can be activated upon exposure
to Western schooling. Once children who have stronger predisposition learn to
recognize pitch classes of the temperament tuning upon hearing music and to retrieve
the names of these pitch classes, they rapidly, often without much training, acquire
an automatic ability to reduce any musical and even non-musical sounds to the
tempered pitch classes. This usually occurs more like a discovery—in contradistinc-
tion from the rigorously “learned” perfect pitch that can be attained by many, if not
most, individuals after completing the course of effective ear training directed at
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memorizing the pitches of C major. Once internalized, they are abstracted into
pitch classes to be projected on any key and any kind of music—even atonal
(Krumhansl et al. 1987).

Unfortunately, the common reputation of absolute pitch as an attribute of “per-
fect” musical hearing that distinguishes the most talented performers and composers
promotes extensive pitch reductionism. In reality, although many outstanding West-
ern musicians, featured in history of Western music, indeed possessed “natural”
absolute pitch, this gift was combined with other gifts that typically compensate for
pitch reductionism. The most crucial of them are hearing of a key/mode (pitch class
set), hearing of a sound as a degree in that key/mode, hearing of melodic (successive)
and harmonic (simultaneous) intervals and chords, and more complex forms of
hearing, such as hearing of a musical texture (polyphonic) and hearing of the
progressions of chords within a key/mode as well as modulations to other keys/
modes. Acquisition of fully fledged musical hearing by individuals seeking maximal
proficiency in music proceeds exactly in this progression of stages: from discrimi-
nation of pitch in a single melodic line to hearing of the tonal plan for a multipart
musical composition.

Absolute pitch at the absence of these other skills of processing tonal intervals,
chords, counterpoints, textural modifications, and tonal plan, regrettably, amounts to
unmusical understanding of music: a creation and appreciation of music is fit into the
procrustean bed of tempered 12 tones like spelling out words instead of their
expressive pronunciation. Needless to say, such “spelled” representation of music
leaves behind meaningful melodic intonations, harmonic intervals, timbral diversity,
and expressive harmonic changes, severely cutting down the emotional experience
in production and perception of music. Reliance on absolute pitch alone often
produces autism-like usage of music, when an individual is attracted by music yet
fails to communicate affective information through it. At best, such an individual
will intellectually know which musical emotion is implied by the most salient
patterns of tonal organization (e.g., such basics as “happy” major versus “sad”
minor), but suffer from lack of emotional reactivity, especially to fine details of
TO (semantic qualia of intervals, chords, modulations).

All in all, absolute pitch appears to be a very recent cultural product of Western
civilization, brought to life by cultivation of multipart music, complex music forms
based on recapitulation of the original tonality in the tonal plan, and veneration of
symphonic music as the pinnacle of artistic expression in music. The establishment
of the tradition of orchestral performance effectively undermined the formative
importance of timbre for TO, since in the orchestral music it is exceedingly common
to pass the same theme from one instrument to another, which in no way induces
changes in tension or relaxation in addition to melodic, harmonic, and rhythmo-
metric aspects of TO. On the other hand, the rule of recapitulating the initial key in
every composition grants formative powers to absolute pitch reference. The entire
line of historic development of Western music runs toward overwhelming domi-
nance of frequency and debasement of timbre to the secondary, mostly ornamental,
role in expression. The first documented references to absolute pitch hearing are
dated to no earlier than mid-eighteenth century, accompanying the institution of
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tonality, temperament tuning, and a tuning fork. In this light, the spread of absolute
pitch in Western countries and especially its rampant dissemination in East Asia
seems to reflect a cultural hype, related to social prestige and career advantages of
musical prodigism in modern urban societies.

This overview of the earliest stages of music acquisition highlights the necessity
for scholars of music to critically revise the traditional views on musical TO and
methodology of testing musical skills. Here, about 130 years of non-interrupted
research in ear development in Russia, pioneered by Rimsky-Korsakov (1963, 2:
207) and Maykapar (Maykapar 1900), come in handy in supporting the line of
research of musical abilities by the Vygotskian school. Yet another valuable asset of
Soviet and later Russian scholars was the enormous pool of population exposed to
the standardized obligatory musical education across a huge territory that was a
home to hundreds of ethnicities with the most diverse cultural and socioeconomic
background. As a result, Russian researchers enjoyed much broader comparative
ethnomusicological perspective and statistically grounded generalizations of most
common types of TO in music than their Western colleagues. It is paramount to test
children not by essentially unmusical stimuli, such as isolated pitches, especially if
they are presented through pure tones, but by representing them through semanti-
cally valid musical elements, such as melodic intonations, harmonic intervals,
chords, etc., preferably in meaningful musical context. Only this approach has
chances to reduce the pitch reductionism and make it possible to identify the real
underlying principles of early TO.

All the collected database of musicking during the first 3–4 years of life should be
re-examined according to the acoustic traits and regularities that the music objec-
tively contains rather than wish-to-be principles of Western tonality. Western nota-
tion should be altogether avoided in musicological analysis, since it introduces a
clear Western bias and constitutes “pitch reductionism.” A better alternative is to use
prosograms for pictorial representation of music (Mertens 2004) and statistical
methods for estimation of the stability of tuning of degrees in musical modes of
frequency- and timbre-oriented music (Nikolsky 2017). Every study on early chil-
dren musicking should be based not only on the analysis of musical behavior but on
the musicological analysis of TO. This is an invaluable source of objective infor-
mation that allows to accumulate extensive databases of music samples, instrumental
for inferring synchronic, and diachronic variations of TO in comparative ethnomu-
sicological research.

Ideally, every publication on music ontogeny should provide an open access to
the recordings of children musicking and to the researcher’s analysis of it, so that
his/her findings could be re-examined by other scholars. This has to do not only with
the situation where a specialist in the musicological analysis might uncover traits of
TO that could have slipped away from the attention of a developmental specialist
without a dedicated musicological training. Acoustic analysis very much depends on
the technical resources, such as hardware recording devices and software programs,
which keep substantially improving every decade. Already, modern frequency
analysis is much more refined than 30 years ago. Especially rapid progress occurs
in software spectral analysis. Therefore, ideally, any analysis older than about

7 Emergence of the Distinction Between “Verbal” and “Musical” in Early Childhood. . . 193



20 years should be redone using the most recent software. But unfortunately current
procedures of scientific publication stand on the way of the ideal open access
cooperation. To illustrate this point, I contacted 31 scholars who referred to their
analysis of early children music recordings in their publications with the request to
re-examine their recordings, but received such materials only from 5 scholars. The
other ones could not share their data because of the ethical issues related to the
concerns for privacy of the recorded individuals. This is a regrettable state of affairs
that holds back any advance in the realm of coining the general music theory of
children music.

What we know about the ontogenetic development of babbling and its bifurcation
into verbal and musical types is applicable to the phylogenetic perspective of the
development of musilanguage and its bifurcation into protolanguage and proto-
music. It seems that the primordial musilanguage was closer to music in its reliance
on call as a unit of communication, its semantic specialization on displaying the
affective state of the caller and its “isophonic” (non-synchronized) texture, examples
of which is still possible to find in indigenous music of few ethnicities that have so
far avoided Western cultural influence, such as Akia Indians of the Amazon
(Nikolsky 2018). Once the climate change toward the end of the Pleistocene enabled
the steady population growth, and it reached the critical effective population size
sufficient to sustain the accumulation of modern behavior traits (Powell et al. 2009),
verbal “dialogic”mode of communication became indispensable in such activities as
hunting large prey and passing the technological knowledge to younger generations
(Ambrose 2010). Employing musilanguage for such uses must have promoted the
emergence of intonational prosody to distinguish between different types of verbal
interaction, e.g., request, question, statement, etc. (Brown 2017). Intonational frame-
work probably supported the morphonological process of adjusting isolated calls to
conjoin into call groups (“bouts”) capable of expressing more complex and more
specific ideas.

Single-word holophrasic communication of infants based on the directly observ-
able context and the “analog” correspondence between auditory signal and a specific
message must be prototypical for the starting point of the phylogenesis of syntax
(Johansson 2005). The extensive use of deictic reference in the infant’s earliest
vocabulary and gestural support of it supports the gestural model of the language
origin (Corballis 2002). This model has been opposed to the vocal model
(MacNeilage and Davis 2005), but their complementary coexistence seems more
plausible (McNeill 2005). Verbal babbling points in the direction of onomatopoeia
and phonetic symbolism as the likely origin of verbal symbolization (Svantesson
2017). The semantic analysis of the earliest attempts of infants’ verbal communica-
tion leads to believe that acquisition of verbal skills proceeds from the individual
self-communication through a repertory of invented words to the dialogic commu-
nication with the caretaker and thereafter the group communication (Shvachkin
1948). The efficacy of interpersonal communication directs verbal communication
away from one-end expression of one’s affective state and personal conventions of
expression to the two-end transfer of referential information in the alternating order.
There is no reason to restrict this line of development to ontogeny.
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Musical babbling runs a different course, enabling an infant to maintain self-
control of his/her emotional state to reduce the overall negative experience and
increase the positive one. At first based on vocalization games designed to self-
entertain, musical babbling sets in place the abecedary of pitch contours and timbral
classes and defines the range of their semantic values. The child learns to maintain
the tonal coherence between the sounds of a musical phrase by means of imposing a
specific melodic contour or retaining a timbral quality. In effect, this constitutes the
acquisition of musical mode—the first landmark in the development of purely
musical abilities. It is the presence of musical mode that tells melopoeia from verbal
creativity. There is no any analog to “musical mode” in speech. Music is unique in
shaping important brain functions through the hedonistic effect of holistic appreci-
ation of sounds per se (Patel 2010a).

Once humans discovered the musical mode as the principal tool of sustaining the
appreciated tonal quality, their musicking probably proceeded toward building the
stock of expressive means capable of representing at first the basic and then the most
common complex social emotions. In the course of this development, the strong
chill-like emotional experiences, instinctively triggered by the “built-in,” probably
genetically rooted, basic emotions received their more refined yet subtle counterpart
in the set of “aesthetic emotions” (Altenmüller et al. 2013), put in place by learning
to associate specific features of musical TO with specific affective states. The end
result of this process is the formation of a music system designed to support the
cultivation of those proprietary “musical emotions” that are of greatest importance in
a given musical culture.
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Chapter 8
“Talking Jew’s Harp” and Its Relation
to Vowel Harmony as a Paradigm
of Formative Influence of Music
on Language

Aleksey Nikolsky

Abstract A very popular, yet barely researched, musical instrument is Jew’s harp
(a.k.a. Jaw harp, JH). Its earliest archeological occurrences date back to the early
Bronze Age, but its simplest constructions, made of tree twigs and bark, along with
its cross-cultural connection to shamanic beliefs, suggest its prehistoric use.
Archeological evidence points to Northeast China and the Amur basin as the source
of JH’s early dissemination (BCE) over a vast area, from the Volga steppes to Japan.
JH has been an important musical instrument in most local traditional musical
cultures within this area. For some indigenous ethnicities such as the Yakuts, this
is the only non-percussive musical instrument. Its uniqueness is manifested in the
peculiar tradition of articulating speech-like sounds. The importance of this tradition
is evident by its enormous geographic span from Western Europe to Melanesia. Its
use to camouflage romantic communication between a young male and a young
female is especially common. Little known is the similarity between the vocal
system of articulations in the “talking JH” tradition and vowel harmony found in
most languages of the Turkic, Mongolic, and Tungusic families of the Transeurasian
(a.k.a. “Altaic”) family, as well as in many Uralic languages – all of which are
spoken by peoples that regularly use the JH. This paper outlines a possible scenario
in which the spread of the cult of ancestral plants across this vast region, from Altai
to Sakhalin, and the cult of the “singing mask” of the Tuva-Amur area may have
given special importance to musicking on the JH, initiating its spread along pasto-
ralism to the neighboring regions. Once established, the JH tradition may have
bifurcated into two types: the framed idioglot, usually made of organic materials,
which was sustained in north and northeast, and the bow-shaped heteroglot metallic
type that spread to west and southwest. The ethnicities that preferred the framed JH
construction retained the JH as their sole (or one of the very few) musical instru-
ments within their timbre-oriented music culture. The ethnicities that adopted forms
of frequency-oriented music developed a rich assortment of musical instruments
which transformed their JH traditions and reduced the importance of the JH in their
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music cultures. It is JH’s unique status as a primary traditional instrument that may
have granted it formative influence over the existing languages of the Transeurasian
family and the neighboring Uralic family.

Keywords Jew’s harp · Protomusic and protolanguage · Musilanguage · Tonal
organization · “Timbre-oriented” music · “Timbre-class,” vowel harmony ·
Agglutination · Morphonology · Transeurasian family · “Altaic” languages

Language and music have been seen by generations of scholars as semiotic systems
unique to human species. Recent research, however, has questioned this view. Not
only the delineation between animal communication and human language/music
became blurred out, but the traditional opposition between “referentially oriented”
language and “affect-oriented”music as well. Music’s capacity to convey referential
information is employed in military, hunting, and herding calls (Monelle 2006).
Language’s capacity to convey emotional information is high enough to justify it as
language’s “second-order” function (Jensen 2014), especially important in poetic
speech (Kraxenberger and Menninghaus 2016). Cross-disciplinary investigation of
speech, music, and animal communication has led to conceptualization of a single
communicative system used to convey referential and affective information, parental
to both music and language and derivative of animal communication –

musilanguage (Brown 2000a). Since both language and music possess shared and
domain-specific features, it would be logical to accept that the shared features were
the first to evolve, followed by domain-specific, turning language and music into
homologues (Brown 2001). This paper examines the shared features between the
languages and the music systems practiced in northeastern Eurasia and argues that
the indigenous tradition of Jew’s harp musicking that remains vital, important, and
surprisingly homogeneous across many local ethnoses constitutes a common ground
for both tonal organization of music and vocal systems of languages of this region.

8.1 Current Views on Emergence of Language and Music

The musilanguage model allows to distinguish six possible ways for music and
language to be formed, as determined by the differences in vocal learning and known
ethological typology of auditory signals. These six ways are as follows (Cross et al.
2013):

(a) Autonomy of music and language components within musilanguage and after its
extinction

(b) Their mutual origin in musilanguage, followed by their bifurcation and autono-
mous development

(c) Their inseparable origin and development
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(d) Their autonomy within musilanguage, followed by their convergence
(e) Music emerging as language’s offshoot (Spencerian view)
(f) Language emerging as music’s offshoot (Darwinian view)

Of these possibilities, (b) (Brown 2000b), (f) (Fitch 2010), and to a lesser extent
(e) (Bowling 2013) find support among modern scholars. The consensus leans
toward the (b) scenario (Cross and Morley 2009). The recent update of the
musilanguage model further elaborated the (b) framework, distinguishing two evo-
lutionary stages (Brown 2017):

1. Formation of the affective prosody from the innate conspecific animal calls,
produced collectively in an uncoordinated manner by a group of animals based on
emotional contagion

2. Formation of the intonational prosody from common heterospecific traits of
affective prosody, produced individually and branching into “musical” and
“linguistic” domains, as determined by different approaches to temporal organi-
zation of frequency modulations:

(a) Musical intonation is faceted by tightening the synchronization of sustained
pitch levels in collective vocalization, aimed primarily at mediating the
affective state of each of the participants within a group.

(b) Linguistic intonation is faceted by the alternation of vocalizations in a duetic
setting in a freer timing, without strict timekeeping, aimed primarily at
exchanging propositional information and only secondary at manifesting
speaker’s affective state and attitude toward the conveyed data.

Temporal organization here plays the formative role, directing the entire tonal
organization (TO) of protomusic and protolanguage, including frequency, ampli-
tude, and timbre-related aspects of vocal expression (e.g., pitch contour, dynamic
contour, registers) toward different targets. Inherently uncoordinated collective
production of “affective prosody” engages a peculiar musilinguistic texture –

“isophony”: brief calls, continuously reproduced by multiple performers with irra-
tional deviations in timing and pitch, where each participant retains idiosyncrasy of
rhythmic, timbral, and directional attributes of the pitch contour (Nikolsky 2018).
“Intonational prosody” imposes TO on “jumbled” isophonic texture, transforming it
into synchronized and definite-in-pitch progressions of musical pitch classes or
asynchronous and essentially atonal indefinite-in-pitch progressions of linguistic
phonemes:

1. The paradigmatic model of “musical texture” becomes monodic choral – simul-
taneous production of the same melody by multiple singers,1 expressing the same

1Not all forms of traditional non-Western music adhere to the collective format of musicking. The
vast part of Eurasia, between the Volga Plateau and Japan/China, has nourished the cross-cultural
tradition of personal music that is based on cultivation of timbre classes and pitch contours as
opposed to pitch classes of the frequency-based music, conventional for the Western European
music cultures as well as many non-European cultures (Nikolsky et al. 2020). Nevertheless, this fact
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musical emotion in a certain timing. Most known forms of music adhere to this
paradigm even in complex heterophonic, polyphonic, and homophonic textures.
Unlike language, any music usually contains some kind of a recognizable the-
matic material (Drabkin 2001) confined to a single melodic line (stream) and
reproducible by numerous performers: synchronously or solo – at some other
point in some other suitable circumstances (Val’kova 1992). “Musical” TO
specializes in integrating the expression of multiple performers throughout
multiple performances, called to repeatedly reproduce the “same” affective
expression in redundant and long-lasting way.

2. The paradigmatic model of “verbal texture” becomes individualized dialog –

successive production of different sentences by two interlocutors in loose timing,
in response to each other, where prosodic features similar to musical rhythm and
pitch are used without incremental quantization and where interlocutors focus on
informing each other of the constantly changing whereabouts. This paradigm
retains its formative power over the individual use of speech, e.g., in internal
speech (Winsler 2009). The dialogic setting promotes dialogic thinking – “ongo-
ing interplay between different internalized perspectives on reality” (Fernyhough
2009). “Verbal” TO specializes in segregating the expression of few performers:
“actual” in conversation or “imaginary” in internal speech. In both cases,
opposing viewpoints stay non-redundant, constantly updated, and relatively
compact.

Distance plays a key role in transforming musilanguage into protomusic and
protolanguage. Close proximity favors audio signals that are brief, diverse, and
rapidly changing, relying on quick processing, innate reflexes, short-term memory,
and integration of multi-sensory data – since auditory expression is often accompa-
nied with non-auditory cues (Wallin 1991). Long-distance communication relies
exclusively on the auditory data, requiring long-term memory, retrieval, and inter-
pretative skills bound to a particular environmental frame of reference (ibid.). Such
communication forges sender/receiver conventions that operate via ritualization of
behavior (Wiley 1983). Conventionalization opens doors to dishonest signaling that
works to the advantage of the sender, thereby devaluating the acoustic markers
characterizing a particular call type and causing the signaler to eventually modify the
signal. The chain of ritualization and devaluation goes on until a state of stationary
equilibrium is reached within a sizeable population, at which point the convention
becomes permanently fixed (Maynard-Smith 1976). Close-distance communication

should not take away from the overall importance of the criterion of synchronization in defining
music in contradistinction to speech. Although traditions of personal music make collective
performances exceedingly rare, makers of timbre-based music are capable of synchronizing their
performance with multiple participants (which normally occurs during few of the most important
annual festivities). Moreover, the historico-morphological analysis of the indigenous genres of
personal music indicates that timbre-based forms have been gradually replaced by frequency-based
forms. Combined with the current overall prevalence of collectively-made frequency-based music
all over the world, this suggests that personal music might have constituted an intermediary form of
musilanguage cultivated prior to the divergence of music and language.
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allows receivers to verify the auditory information by non-auditory cues and detect
the dishonest use of a signal.

Both protomusic and protolanguage seem to represent two different methods of
identifying dishonesty by means of cross-relating the acoustic markers of a signal
type to the prosodic traits that convey the affective state of signaler and to the
framework of a “speech act” or “music act” within which a signal was produced. If
animal communication tends to be relatively long-range, stereotypical, with coarse
gradations of very few expressive parameters – depending on the acoustic properties
of the environment – human communication is mostly close-range, diverse, using
incremental gradations of multiple parameters, and quite independent from the
environmental acoustic properties (Morton 1977). Semiotically, protolanguage was
shaped by complexity of production and reproduction, intention to communicate,
sound symbolism, parity of encoding and decoding, hierarchical organization,
accounting for past and pre-planning future speech acts (Arbib 2012). All of these
fit into the “face-to-face” dialogic exchange that refers to the shared environment,
supported by deictic gesticulation and mimics – such communication is found in
human infants as well as among primates (Kita 2003).

Protomusic differs from protolanguage in engaging gestures of another kind – not
deictic but locomotive: histrionic bodily expression and technical motions necessary
for sound production (Arbib and Iriki 2012). Hence, “music act” constitutes gestures
that are inherently expressive on their own, not needing real objects to which to point
(Godøy 2004). Such gestures become abstracted early in infancy throughout the
baby’s interaction with the caretakers and form the foundation for perceiving
melody, harmony, and rhythm (Trevarthen et al. 2011). These gestures are appreci-
ated holistically on par with “sound objects” (Nazaikinsky 1973), which requires
extra time for their semantic processing, thereby setting an upper limit for how fast
and for how long the music can go before its intelligibility becomes compromised
(Nazaikinsky 1972). Gestures that accompany speech do not require such mediating
interpretation. They are not autonomous “objects,” but rather aids in support of faster
transmission of the propositional information (Lieberman 2008):

• The goal of verbal communication is to maximize information output, whereas musical
communication limits it in sake of achieving emotional contagion.

Protolanguage opposes language across “the divide between biology and culture”
(Arbib 2012), where “closed” auditory qualities of phonemes are more limited than
“open” qualities of natural auditory sources in establishing parity between the sender
and receiver (Liberman and Mattingly 1989). Likewise, music differs from
protomusic by abstracting the auditory qualities of pitch and rhythm and using
them to construct histrionically expressive musical movement in a virtual space of
vertical (harmonic) and horizontal (melodic) axes (Nikolsky 2015). Abstraction of
phonemes and using them to construct syllables and words trigger the syntax
creation process that marks the transformation of protolanguage into language,
opening a great number of roads that all lead to the genesis of a great variety of
languages. Similarly, abstraction of pitch and rhythm classes generates a great
wealth of music systems – in contrast to homogeneity of protomusic. The gist of
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this diversification can be grasped from observing how music skills advance
throughout childhood (Hargreaves 1986). All newborns sound more or less the
same in their narrow assortment of cries and coos (Loewy 1995) which becomes
progressively diversified (Wermke and Mende 2009) until the child’s vocal
musicking obtains clear traits of its native musical culture (Louhivuori 2006).
There is no reason to believe that this course of development is limited to ontogeny.
Anatomic organs necessary for production and perception of language and music are
present in Homo heidelbergensis (Wurz 2010). Its newborns must have shared
music/language capacities with the modern newborns, except that their parents did
not expose them to musicking as we know it today. However, the latter circumstance
would simply delay rather than revert the development of vocal skills from its
direction toward greater diversity and cultural specificity of vocalizations.

8.2 Jew’s Harp and Its Sound Production

Traditional forms of Jew’s harp (JH) music fit the second, “intonational,” stage of
the musilanguage model, containing traits that are likely to have a formative
influence on the genesis of both TO of music and language.

JH is a unique musical instrument (Fig. 8.1) that somehow evaded the attention of
scholars until the mid-twentieth century despite the fact that for at least 21 indigenous
ethnicities of northeastern Eurasia (the largest of which is Yakut) JH still remains a
principal musical instrument in the scarce instrumentarium that features primarily
the instruments of “timbre-oriented music” (Nikolsky et al. 2020). Such music
engages timbre as the primary expressive means and differs from “frequency-
oriented music” that prevails in the West by relying on “timbre classes” rather
than “pitch classes” in its TO. A JH music piece is built from the limited set of
sounds made from onomatopoeic imitations of environmental sounds, speech-like
articulations, isolated harmonics, and special effects. Changes in pitch in timbre-
based music are usually indefinite: performers take into consideration only the
direction and the rough estimate of the interval of the pitch change (e.g.,
step vs. leap). Evidently, people habituated to such music have no need in “fre-
quency-oriented” musical instruments, so that JH completely satisfies their musical
needs.

Amazingly, JH remains one of the very few instruments whose sound generation
is not yet fully understood, leaving problems in its organological classification.
According to Fox (1988), already the earliest scholarly attempt to classify JH
remained inconclusive: in 1636, Mersenne pronounced JH “percussive” (Mersenne
1957), whereas circa 1640 he called it “pneumatic.” This controversy has not yet
been resolved (Kolltveit 2016). The classic work by von Hornbostel and Sachs
(1914) qualified JH as a plucked idiophone, based on the plucking action of the
hand on the lamella (Fig. 8.1) (Sachs 1917). This classification lasted until Crane
(1968) pointed out that the lamella alone is incapable of generating melodies made of
the sounds of the harmonic series, therefore reclassifying JH as a free aerophone. Not
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all organologists accepted Crane’s correction (Montagu and Burton 1971). Ledang
(1972) confirmed Crane’s classification by experimentally demonstrating that the
distance between the JH’s arms and the lamella is no less critical for sound
production than plucking of the lamella, which per se produces a bleak monotone
when plucked away from the mouth, and that the range of JH’s tones is determined
by the configuration of the player’s mouth. Adkins created an electric analog of the

Fig. 8.1 The typical construction of JH on the example of the favorite instrument by Ivan
Alekseyev, made by Ivan Kolodeznikov (Khampa, Vilyi ulus). All parts are numbered according
to their contribution to typical sound production of the JH. Their Yakut names are provided by
Shishigin (2015): (1) Lamella or “JH’s tongue” (tyl) is usually 1–2 mm thick, 20–25 mm wide, and
9–11 cm long. (2) Left and right arms (syngaakhtar) are on average 5 mm thick and are separated
from the lamella by the mean gap of 0.1 mm (0.04–1.6 mm). (3) The inner cheek (iss iedes) is
usually the widest of all four sides of an arm and comprises a wide angle in relation to the upper
front side of the lamella. (4) The outer cheek (tas iedes) usually forms an acute angle in relation to
the inner cheek. (5) The knee of the lamella (khakhuora) is typical for metallic instruments, where it
supports stronger striking, and usually makes about a quarter of the lamella’s length. (6) The tip of
the lamella (chyychaakh) enables more energetic plucking as compared to its knee. (7) The ring
(tierbes) can be held with various extents of firmness/looseness. (8) The frame (iedes) can be held in
a variety of ways. Together, these eight parts determine the timbral characteristics of the JH sound
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JH and demonstrated that JH’s sound is generated by the resonances of the mouth
cavity which can be varied continuously at a high-frequency range (Adkins 1974).
Nevertheless, Kolltveit argues that JH should not be regarded as a reed instrument
because it requires hand action (Kolltveit 2016). Such arguments zoom into the mere
mechanics of playing JH, ignoring what kind of music is produced on JH:

• Qualifying JH as an idiophone makes it a percussive instrument, which subse-
quently emphasizes rhythm as a primary means of its expression

• Qualifying JH as an aerophone makes it a wind instrument, which emphasizes
pitch as a primary means of its expression

The use of JH as a rhythmic instrument is exceedingly rare and is limited to the
South Indian and Indonesian ensemble music (Morgan 2008). Across the vast region
of northeastern Eurasia – its most likely homeland (Fox 1988, 45) – JH is used as a
melodic solo instrument (Yesipova et al. 2008). Absolute majority of ethnicities of
former Soviet Union consider JH purely melodic – obvious in its use to play
traditional songs (Alekseyeva 1986). A number of ethnic traditions, even those far
away from north, consider JH a wind instrument, because one has to blow into it,
e.g., Khmer (Sam 2008). Huli of Papua New Guinea explain JH’s sound production
as “thoughts formed in a person’s chest” and “carried up to the mouth” through
breathing, where “thoughts roll off the tongue as words,” spoken out with the help of
JH (Pugh-Kitingan 1977).

Breathing technique is more important for JH music than hand technique. It is
simply impossible to play on JH without breathing into it. But there are many JHs
that can be played without any engagement of hands (Mazepus 1989). Interaction of
the strength and speed of inhaling/exhaling on the one hand and the frequency and
amplitude of the lamella’s vibrations on the other hand can stop the sound or excite it
without plucking (Shishigin 2015, 47). There are entire traditions of handless
performance on JH. Thus, Altaic women used to play JHs while doing housework
or handicraft, when their hands were busy, holding the instrument by their jaw and
controlling the lamella with their tongue (Konchev 2004, 13). The JH designed for
such performance was called t’ak komys (Tiukhteneva et al. 2006). Its name,
translated from Altaic as “jaw harp,” reflects its handless design (Sheikin 2002,
469).2

Breathing rhythm is not any less important for JH articulations than plucking
rhythm (I. Alekseyev 1988). In Indonesian tradition, JH players even employ a
special solfege to teach JH, where pitch levels are named according to whether they
are produced by inhaling or exhaling (Morgan 2008). Similar approach is used in
Bashkiria, where performers master the repertory of syllables in combination with
various patterns of breathing (Zagretdinov 1997). The hand rhythm constitutes
merely one of four and the most rudimentary means of rhythmic expression – after
the rhythms of breathing, mouth articulations, and pitch changes (Alekseyev 1991a).

2One of the leading JH players of today, Aigul Abysheva from Kirghizia, often plays without using
her hands. Many of her performances can be found on YouTube.
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JH’s sound is generated in three stages. Sound production starts with the
excitation of the lamella generating transverse waves (Ledang 1972). Unlike longi-
tudinal vibrations, transverse cantilever vibrations do not form harmonically related
modes, though they produce standing waves (Fletcher and Rossing 1998, 58–67).
Their propagation depends on the vector of the shear force applied to the lamella,
causing different states of polarization (Bettini 2017, 235–236). Each of the modes
of transverse, longitudinal, and torsional vibrations features its own frequency,
altogether comprising a complex tone that consists of numerous partials of different
intensities, some of which form periodic relations, while others do not (Fletcher and
Rossing 1998, 624). This can be thought of as a “spectral chord” where some
component tones are more salient than others. The performer can activate a partial
vibration by varying the angle of excitement of the lamella, the tightness of fixing the
clamped end, and the jaw/lip pressure on the JH’s ring.

The slit between JH’s arms and the lamella acts as a filter, dampening most of the
vibration frequencies that lay above the lamella’s FF (Ledang 1972), comprising the
second stage of sound production. Gaps>0.2 mm cause the reduction of the periodic
content in the spectrum, impoverishing it beyond any musical use at gaps exceeding
1 mm. Absolute majority of commercially available JHs have the clearance size
between the lamella and the arms about 0.1 mm.3 Ledang specifically states that it is
this geometry that explains why the enormous variety of JHs made of different
materials retains the same characteristic JH sound, easily recognizable by the ear.

The mechanism of the second stage was identified by Adkins (1974). The
turbulence of air, excited by the lamella’s vibrations, interacts with the tightly spaced
arms as in an accordion where the valve drives the air through the reeds. The lamella
pumps air through the slot of the frame, increasing the air pressure in the front and
decreasing it in the rear, and then goes through that slot – at which point the air
begins to stream into the low-pressure area. The thinner the arms, the faster the
lamella travels through the frame and the fewer partial vibrations are dampened by
the arms, enriching the sound. As the amplitude of vibrations recedes with the decay
of sound, the lamella’s oscillations slow down, and the radiated sound loses its
harmonic richness – from the smaller vibration modes to the larger.

The third stage in sound production is initiated when the air turbulence along the
frame reaches the player’s mouth and finds the Helmholtz resonator in the oral
cavity. The coupling of sound generator to the resonator occurs through the air rather
than the solid material of the JH body (Crane 1968). The player continuously
reconfigures his/her oral cavity, tuning it to different resonant frequencies: the

3There are 236 JH retail models sold at the Oberton store, in Saint Petersburg, Russia, one of the
world’s biggest retailers of JHs (as of 12/9/18), offering a variety of JH constructions developed by
various ethnic traditions all over the world (https://www.oberton.pro/en/). The lab at this store
publishes the metrics for all instruments that have been featured in its catalog (https://www.oberton.
pro/en/lab.htm), as well as the information on how these metrics relate to the instrument’s sound.
All JHs have a mean gap of 0.1 mm (SD 0.06 mm), 4x ratio of the lamella’s overall length to the
distance from its elbow to the tip, and 5 mm arm thickness – which corresponds to the wavelength
of 68.6 Hz. The average FF of these 236 models is 78 Hz (SD 24 Hz).
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more reduced the cavity’s volume, the higher the frequency (Dournon-Taurelle and
Wright 1978). JH is peculiar in its design that delegates the frequency and dynamic
controls to different stages: the lamella generates partials but cannot selectively alter
any of the partials’ amplitude (only all of them together), whereas the player’s vocal
apparatus amplifies or attenuates specific partials while unable to generate any
additional frequency components (Trias 2010):

• Themusical instrument itself is responsible for producing changes in frequency
content within the JH’s spectrum, many of which are not audible even to a close
observer.

• The player’s vocal apparatus is responsible for making a particular frequency
audible to observers and the player.

Integration of instrumental and vocal production makes JH a hybrid musical
instrument – what Eduard Alekseyev, one of the main specialists on JH music,
calls “centauric” (1991b) – akin a centaur that inseparably combines anthropomor-
phic and non-anthropomorphic features. What this merging introduces is a para-
doxical combination of the monotonous complex tone, generated by JH’s lamella,
and extremely diverse articulations, produced by the vocal apparatus. In essence,
the performer uses his/her mouth in a way identical to speaking a language or singing
a song – but silently, without engaging the vocal cords – instead of relying on the
JH’s monotone. This has two very important consequences (Nikolsky et al. 2017):

1. JH’s monotone replaces the player’s voice, which does not allow the listener to
retrieve personal information about the player (gender, age, state of health, etc.).
Effectively, JH makes every person sound “the same,” thereby making a player
anonymous. JH also conceals the affective state of a player by cutting off
expressive modulations of the player’s voice. JH replaces individualized
human conspecific “affective prosody” with generic “intonational” prosody of
JH.

2. JH player’s articulations compensate for JH’s monotony by engaging a much
wider range of motions of vocal anatomical organs than that of singing and
speaking. JH maximally enriches vocal articulation to support all sorts of
naturally prototyped as well as “fantastic” sounds.4

4JH players routinely imitate an enormous repertoire of natural sounds, e.g., animal calls, sounds of
animal gait, rain, wind, and even streaming water (E. Alekseyev and Levin 1990). This trait is the
most cross-cultural (Maslov 1911; Beliayev 1933; Roux and Charles Constant 1950, 2:507–8;
Picken 1957, 186; Koizumi et al. 1977; Zagretdinov 1997; Alekseyeva 1986; Alekseyenko 1988;
Bulgakova 2001; Sermier 2002, 103; Alexeyev and Shishigin 2004; Mamcheva 2005; Canave-
Dioquino et al. 2008; Yesipova et al. 2008; Suzukei 2010; Kartomi 2012, 159) – in fact, it is hardly
possible to name a single indigenous JH tradition that would not include onomatopoeic imitations.
JH also uses “experimental” articulatory devices that find no analogs in the player’s native language
or sound environment, but are the result of exploring the JH’s sonic capacities, such as a special
device of traditional Yakut technique, khos yrya (“2-part singing”), characterized by the ongoing
opposition of different registers in JH musicking (I. Y. Alekseyev 1988).
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Audio Example 1 Onomatopoeic imitations of bird songs, horse trot, etc., in the
khomus improvisation “A summer morning” by Peter Ogotoyev. Used with his
permission. http://chirb.it/AszLqB.

8.3 Jew’s Harp as the World’s Earliest Vocoder and Its
Cultural Ramifications

The combination of monotone and diverse articulations, in effect, makes JH into a
vocoder (Leipp 1963). The lamella generates the “carrier” signal, whereas the vocal
apparatus passes it through the “modulator filter.” Such vocoding is related to
secrecy. Electric vocoders were invented to conceal the speaker’s identity while
delivering those speaker’s words in military communications (Tompkins 2010).
Adoption of vocoders in Western popular music also answered the need to conceal
singer’s personal traits (gender, age, ethnos, class, temper), perceived as potential
vulnerability (Dickinson 2001). The same applies to two cross-cultural uses of JH,
typical for many indigenous traditional music cultures. From North-Western Europe
to Papua New Guinea, across the entire Eurasia, JH is employed as a ciphering
device in private romantic serenading of young couples (Hauser-Schäublin 1995;
McLean 1999, 265; Hsu 2001; Levin and Suzukei 2006, 116–17; Sam 2008; Uchida
and Catlin 2008; Kartomi et al. 2008; Matusky 2008; Canave-Dioquino et al. 2008).5

Among the speakers of tone languages, JH is effective in imitating not only linguistic
phonemes but tone intonations as well (Poss 2012).

Another cross-cultural tradition, probably of greater antiquity, is using JH to
camouflage one’s voice in rituals dealing with supernatural forces. JH excels in the
production of “grammelot” effect (Jaffe-Berg 2001). Such enigmatic “foreign”
speech, interspersed with onomatopoeic imitations, is used by Siberian shamans to
represent messages from spirits (Alekseyenko 1988). Common people, too, use JH
as a “vocal mask” for protection from evil. The animistic belief system, surviving in
Altai, holds that masters of landmarks (mountain, river, forest) can steal a person’s
voice, which equates with that person’s death (L’vova et al. 1989, 90). In many
indigenous cultures of Eurasia, voice is regarded as an immanent live object, tied to
the person through breathing and vulnerable to invasion by a spirit (Pashina et al.
2005, 50). Hence, JH is seen as a shield protecting its possessor.6

5Typical applications include concealing the young man’s identity in his confessions of love,
articulated on JH just outside of the maiden’s house, while she is not allowed to look out
(Canave-Dioquino et al. 2008, 437), or the reversal of the serenading roles between both genders
(Hsu 2001). A variation of this use is in engaging JH to “encode” romantic confessions in order to
prevent possible eavesdropping (T. Levin and Suzukei 2006, 117).
6Thus, Yakuts believed that abaasy (evil spirits) liked the sounds of JH and tried to imitate them but
became confused, upset, and therefore left the playing human alone by himself/herself (Popov
1949, 265). Similar beliefs would explain the tradition of using JH as a talisman to repel bad
fortune, still surviving in Siberia and Altai. In Tuva, a JH is sewn into a person’s attire to prevent
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“JH magic” most likely comes from the totemic ideology that is still very much
alive in Siberia and Far East, especially in Altai (Nikolsky et al. 2019b). Many
ethnicities draw their ancestry from a specific plant: Nivkhi, from larch; Oroks, from
birch; Ulchi, from cedar; and Ainu, from fir (Duvan 2003). Plants were believed to
breathe and to possess soul (L’vova et al. 1989, 89), therefore capable of nourishing
or even giving birth to human kin-founders (Tadysheva 2018). As of today
Khakassian and Altaic kins still hold different tree species for their ancestors
(Sagalayev and Oktiabr’skaya 1990, 50–59). A dying tree near a human settlement
is seen as an ill omen for the death of someone from the corresponding kin: Kuzen,
for pine; Tubalar, for aspen; Jyc, for fir; and Todosh, for honeysuckle (Kypchakova
2006). Therefore, cutting of ancestral trees is tabooed across Altai.

In Siberia, Ugric and Turkic ethnicities use trees to identify genealogical “trees”:
they believe that bones of people from the same kin are made of the same “wood”
type in accordance with the paradigm of the tree species and the forest, so that every
person corresponds to some tree, while their kin to the same tree species within the
forest that represents a particular ethnos (Sagalayev and Oktiabr’skaya 1990,
43–57). Traditional identification system involves a totemic animal, an ancestral
tree, and a sacred mountain (Tadysheva 2016). This system is still in use: in 2010,
there were 82 kins (seoks) registered by the census in Altai Republic (Tyukhteneva
2015).7 Turkic cosmology envisages the Seok Tree as the global origin of life (Turan
2006). In such belief system, JH made of the ancestral tree would secure its
possessor against misfortune with its ancestral protective power. Therefore,
unauthorized use of someone else’s JH was seen as potential danger of trigger-
ing revenge from an ancestral spirit. Thus, in Buryatia, after a shaman died, no one
played his personal JH – it was hung on the sacred tree nearest to the shaman’s place
of burial (Agapitov and Khangalov 1885).

The association of JH with supernatural powers might have originated in the
“Aeolian harp” naturally made by the lightning striking an ancestral tree. Turkic
ethnicities of Siberia consider such trees purified of evil spirits and have a custom of
keeping their chip as a talisman, using such chips to make JH (Duvan 2003). Modern
Yakut master-makers of musical instruments explain that the lightning strike dries
and fragments the tree so that its wood can “sing” unlike the regular wood (Sheikin

evil spirits from approaching that person in his/her sleep (V. Dyakonova 1981). Some informants
explain JH’s power by the evil-repelling properties of metal of which the JH is made and the
blacksmith who has forged that metal – akin to beliefs in the horseshoe protection, common in
Europe (Tadagawa 2017b). However, this cannot explain why JHs made of organic materials are
believed to possess supernatural power. Thus, Ulch shamans use not only metallic but also wooden
JHs (Duvan 2000).
7The Altaic word “seok” has been traditionally used to refer to “kin,” “bone,” “remnants,” and
“generation” in the context of a specific form of societal exogamic patrilineal organization
(Verbitsky 1865). These meanings are all united under the umbrella of the general symbolic
meaning of “cemetery,” where bones are metaphysically understood as “the quintessence of an
alive matter, capable of supporting future births” – native Siberians think that children of the same
kin “grow” out of their parental bone ingredients (Sagalayev and Oktiabr’skaya 1990, 39–40).
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2002, 68). Yakuts call such JHsmas-khomus (Yakut, “chip harp”) and today use it as
a children’s toy (Dyakonova 2017).8

Siberian myths attribute the invention of JH to the bear, a sacred animal, related or
ancestral to humans, who accidentally discovered that a splinter of a tree makes a
peculiar sound (Startsev 2017, 104). Ugrian ethnicities worship a bear-looking
deity Kaigus who made the first JH from the birch’s chip and used it to imitate
animal calls in order to gain power over these animals – later teaching human hunters
to play JH before hunting to secure prey (Sheikin 2002, 126). It is quite possible that
this myth indeed faithfully reflects the invention of JH – albeit by humans – Udege
hunters of Primorye still use wooden JHs right after setting hunting traps despite its
reputation of a children’s toy, unlike the “artistic” metallic JHs used to make
“serious” music (131).

The vocoding capacity of JH is perhaps of greatest value to shamans whose job in
traditional societies consists of dealing with evil spirits on behalf of their clients
(Balzer 2016). In fact, the idea of putting on an “auditory mask” complements
putting on a facial mask that Siberian and Altaic shamans wear for self-protection
(S. Ivanov 1975). Not surprisingly, JH has earned the reputation of shamanic
accessory all over the Eastern part of Eurasia: from Bashkiria (Shchurov 1995) to
Malaysia (Canave-Dioquino et al. 2008).9 A distinguished turkologist, Saul
Abramzon, held that ancient Turkic shamans used two musical instruments: JH
and tambourine (Suleimanova 1994). Across Altai shamans receive their “standard”
musical instrument, a tambourine, only after reaching maturity in their supernatural
skills, prior to which they were allowed to use only JH (Rouget 1985, 126). This
applies to Buryat and Mongol shamans (Pegg 2001), as well as Ulchi in Amur and
Sakhalin (Duvan 2000). Noteworthy, Chukchi, Kereks, and Koryaks call JH “a
mouth tambourine” – probably because of their shared shamanic affiliation
(Podmaskin 2003).

8In the mid-twentieth century, mothers still taught little children to make mas-khomus by splinter-
ing a chip from a young tree and holding the thicker end by the hand while bringing the thinner end
to the mouth and pinching it by the finger, treating it like the JH’s lamella (Tchakhov
2012). Beliayev (1933) considers the JH’s adoption as children’s toy by Turkic peoples in
Uzbekistan and Turkmenistan as one of the typical cases of “infantilization” of an archaic musical
instrument after the ideological aspects of its original music culture have become forgotten.
9The only large Siberian ethnos that does not unequivocally regard JH as a traditional shamanic
instrument is Sakha. Thus, Maria Czaplicka categorically stated that, in contrast to the surrounding
peoples, for Sakha JH was a purely secular instrument (Czaplicka 1914). However, her predecessor,
Ivan Khudiakov, reported that Yakut shamaness Dyereliyer always carried a few JHs with her
(Khudiakov 1969, 362). Few surviving rites and superstitions of Yakuts in regard to JH indicate that
JH might have been a part of the archaic shamanic cult of Mother-Beast (Vasilyev 2016). It seems
that Czaplicka’s informants misunderstood her questions. “White” shamanesses, “udagan,” who
unlike “black shamans” did not commit sacrifices and specialized in contacting benevolent spirits,
have been using JH to cure diseases and foretell fortune (V. Dyakonova and Grigoryeva 2017). It
could be that Czaplicka’s informants were speaking about “black shamans” (“oyuun”). Khudiakov,
most likely, had a better rapport with local indigenous population since, unlike Czaplicka, who
just briefly visited Yakutia (1914–1915), he spoke fluent Yakut and resided there for 10 years in
exile (1867–1876) while serving his sentence.
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Some shamans never qualified to receive a consecrated tambourine and were left
with a JH until their death (Vainshtein 1991, 248). This circumstance led Vainshtein
to believe that JH was the primordial musical instrument of shamanism and tam-
bourine was introduced at a later point (273). Vasilevich (1969, 209) considered JH
to have proto-Tungusic origin and belong to female shamanism. Among Ugric
ethnicities, JH retains the reputation of female shamanic accessory (Alekseyenko
1988). The reputation of JH, especially its more ancient, non-metallic varieties, as
belonging to the female and children domain, is exceedingly strong among nearly all
Middle Asian, Ugric, Turkic Altaic (Emsheimer 1986), and Far Eastern ethnicities
(Mazepus and Galitskaya 1997) – to the extent that male players would abstain from
playing such instruments (Sheikin 2002, 131). This could be the remnant of an
ancient shamaness cult, rooted in a special need for vocoding by wives within the
circle of the husband’s relatives. The traditional practice among Uralo-Altaic eth-
nicities, ancient enough to have left a genetic impact, is for men to marry foreign
women (Pakendorf 2007). According to a widespread behavioral code, the wife
remained a stranger to her husband’s kin and therefore was tabooed from calling his
kin’s totemic entities by name under the threat of harming the kin (Tadysheva 2018).
Using JH to articulate their names or hint at them by sound imitations would
circumnavigate this taboo. This may explain why most archeological finds of JHs
in Volga-Kama and Ural region of Turkic and Finno-Ugric cultures occurred in
female burials (Aleksandrova 2017).

If JH indeed served as the oldest auditory shamanic tool, then the entire area
occupied by Turkic diaspora can be regarded as the basis of cultivation of the JH’s
vocoding capacities within the framework of ancestor cult that was served by
shamanism, thereby culturally uniting a vast territory by establishing JH as a
model for all forms of instrumental and vocal musicking (Suzukei 2010). The
available archeological data seems to support this perspective: across most part of
Eurasia, JH remains one of the few musical artefacts consistently found in burials,
which must be taken as a proof of its connection to supernatural and ancestral beliefs
(Oleszczak et al. 2018). The similarity of forms of JH usage and its religious
functions over Central Asia, Siberia, and Mongolia indicate the existence of a vast
archaic culture based on common shamanic rites (Emsheimer 1986).

One of the leading specialists in religious beliefs of Siberian peoples, Nikolai
Alekseyev, points out that shamanism constituted a pan-Turkic religion that since
antiquity has been providing a “state” ideology for the confederation of Turkic tribes
all over Siberia (Alekseyev 1992). Shamanism absorbed the principal traits of the
earlier pan-Siberian ideology of Paleo-Siberians: cult of spirits of local landmarks,
hunting rituals, beliefs in reincarnation of hunted animals, and magic. It seems that
the transition from this ideology to shamanism corresponds to the transition from
using JH as an instrument of magic to its use as a musical instrument, appreciated for
the sounds it makes rather than its talismanic power. This transition was probably
concurrent with the tambourine becoming the principal shamanic instrument in
Siberia and Far East. At this point the vocoding capacities of JH must have found
different, non-magic uses: of private romantic serenading, of representing one’s
environment in its aesthetic appreciation, of entertaining oneself during everyday
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chores, and of providing children with a versatile sound-toy.10 Such uses forged the
specific “musical” patterns of playing the JH, causing trifurcation of JH music from
singing and speaking and a generation of proprietary JH vocal system.

8.4 The Repertory of JH’s Sounds

All styles of playing JH share the same repertory of sounds determined by JH
construction. The frequency range of JH is limited by the player’s ability to control
his/her vocal apparatus. The upper range remains quite universal for different
performers, since the minimal volume of the resonance camera is about the same
for every human. Even unskilled players can produce 11 distinct harmonics to
support pitch changes within 3.5 octaves above the FF (Nikolsky 2017). Skilled
performers reach even the 13th harmonic for melodic use (Emsheimer 1986).
Non-melodic use of harmonics for timbral recolorations extends much higher.
Metallic instruments bring out up to the 145th harmonic (over seven octaves
above the FF) above the noise floor – 7.6 times higher than the highest salient
19th harmonic of the same articulation pronounced in a spoken manner and 6.3 times
higher compared to the sung version of the same articulation (Nikolsky 2017).

The lower limit of JH’s range is much more variable, depending on the player’s
selective control of four cavities: oral, nasal, laryngeal, and thoracic (Exs. 2–6) –
maximizing their volume and coupling their resonances can generate frequencies
well below the normal speaking voice of a player (Mazepus 1989).

Audio Examples 2–6
Ex. 2. Sürün dorğoono (the main tone) – the device of traditional Yakut khomus

performance technique that is characterized by the isolation of the player’s oral
cavity in sound production and fixing the position of a tongue (Alekseyeva 1986).
Demonstration by Ivan Alekseyev, used with his permission (http://chirb.it/
Fd1P7J).

Ex. 3. Uos dorğoono (the lip tone) – the device of Yakut JH traditional technique
that is characterized by extending the oral cavity by means of stretching the lips
out. Demonstration by Ivan Alekseyev, used with his permission (http://chirb.it/
BnIcFa).

Ex. 4. Beles dorğoono (the throat tone) – the device of Yakut JH traditional
technique that is characterized by engaging the laryngeal cavity as a resonance
chamber by means of quick closing and opening of the performer’s larynx
together with contracting and relaxing the tongue’s root. Demonstration by
Ivan Alekseyev, used with his permission (http://chirb.it/tqC87w).

10Historically more recent use of vocoding’s secrecy was found in those Turkic cultures, such as
Bashkir, which adopted Islam – since the latter restricted musical entertainment, especially for
Turkic women who constituted the base for using JH made of non-organic materials (Zagretdinov
1991).
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Ex. 5. Köñköle~y (chest voice) – the device of Yakut JH traditional technique that is
characterized by engaging the additional resonance of thoracic cavity while
excluding the nasal resonance. A performer relaxes muscles of the mouth, throat,
and trachea in an attempt to maximize the resonance chamber while avoiding
breathing with the nose. Demonstration by Ivan Alekseyev, used with his per-
mission (http://chirb.it/9e0E8H).

Ex. 6. Murun dorğoono (the nasal tone) – the device of Yakut JH traditional
technique that is characterized by adding the nasal resonance by closing the
oral air passage while opening the nasopharynx. Demonstration by Ivan
Alekseyev, used with his permission (http://chirb.it/P6eMEB).

In Tuvan and Bashkir traditions, players can transpose JH’s FF an octave lower
(Ikhtisamov 1988). Here, the difference between JH traditions becomes important.
Limiting the resonance to the oral cavity, common for Western European per-
formers, restricts the low end of JH’s range to about 500 Hz (Dournon-Taurelle
and Wright 1978, 21). However, Norwegian munnharpe tradition apparently sup-
ports the range down to 330 Hz by engaging laryngeal technique (Trias 2010). Yakut
tradition utilizes eupnea and expands the low end down to 218 Hz. So, all in all, the
JH’s range for Siberian lay-players who possess chest technique includes harmonics
nos. 3–11 (or 240–880 Hz for the JH tuned to 80 Hz).

Eduard Alekseyev (1991b) lists three principal types of vocalizations on JH
(Table 8.1).

Each type calls for a different analytical approach to its TO: (1) soundstage
analysis, (2) musicological analysis of aspects of musical expression (pitch, rhythm,
dynamics, etc.), and (3) phonemic and morphonological analysis. The first two kinds
of analysis are well known. A glimpse of the latter is provided by new method books
of traditional indigenous JH playing. Thus, Robert Zagretdinov (1997) offers the
biggest list of the following “phonational exercises” for mastering kubyz (the
Bashkir JH) in the order of increasing complexity:

I. The principal vowel positions [a], [o], [i], [ɘ ̆], [ĕ], [u], [ja], and [ju]
II. The principal diphthongs [ai], [aj], [au], [ie], [jʊ ̞], [juja], [ui], [ou], and [ɯja]
III. The principal consonant-vowel combinations [va], [vɯ], [la], [li], [vi], [vu],

[vo], [za], [ta], [tɕa], [gi], [gu], [lja], [lĕ], [na], [no], [ni], [χa], [ku], [ko], and
[kĕ]

IV. The principal vowel-consonant combinations [ar], [in], [ol], [ip], [ĕs], [uk], and
[jud]

V. The principal syllable combinations [laa], [vaj], [ana], [ali], [ara], [aki], [asi],
[ati], [api], [azi], [aka], [atja], [gaja], [guju], [ila], [inĕ], [ina], [eʒi], [ora], and
[χat]

VI. The principal vocable “words” [aj-aj-aj], [ala-la-la], [au-vau-vau], [ana-na-na],
[ali-li-li], [ara-ra-ra], [aki-ki-ki], [asi-si-si], [api-pi-pi], [azi-zi-zi], [ga-lja-lja-
lja], [gu-lja-lja-lja], [gu-sja-sja-sja], [jala-la-la], [χrr-raj-raj], [χrr-ta-tan], [jʊ̞la-
la-la], [eʒi-ʒi-ʒi], and [ĕgĕt-ɘ ̆gɘ ̆t-gĕt]
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Zagretdinov’s system clearly differs from the phonological system of Bashkir
language (Kiyokbayev 1958), which indicates that JH’s articulations do not merely
reproduce Bashkir speech on JH, but present some autonomous form of expression.
Similar assortments of phonemes and vocables are used in other influential neigh-
boring JH traditions: Tartar, Kyrgyz, Yakut, and Tuvan. They all contain the
tradition of “talking JH” (Grigoryan 1957) that is highly regarded by indigenous
population (Ivanov 1999). For Yakuts this tradition is called syyia tardyy (Yakut:
“syyia,” slow and graceful; “tardyy,” to pull) – the tradition of “moderated playing” –
ancient solitary style of musicking, characterized by restricting the diversity of hand
strokes, imitations, and special effects in order to focus on the clarity of phonemic
articulations (Shishigin 2015). This style has influenced other styles. Today it is
implemented wherever the performer feels the need to emphasize the vocal articu-
lations, such as when expressing an elevated affective state (Zhirkova 1991).

Noteworthy, the Yakut tradition does not oppose the “singing” and “speaking”
styles of JH playing – most probably, because they share the same articulation
technique (Alekseyev 1991b). Nevertheless, each is distinguished by TO. One of
the leading masters of JH playing, Peter Ogotoyev, testifies that TO of “singing
khomus” (Yakut JH) is governed by the harmonic series of its FF – in contrast to
“speaking khomus” with its “articulatory series” (or “phonematic series”) that tend
to distort the just tuning (Ogotoyev 1988). According to Ogotoyev:

• “Singing JH” requires the player to select degrees of the “just mode” ¼ a set of lower
harmonics from the harmonic series (e.g., f4-f10, or f6-f11), built from the FF to which
the JH lamella is tuned;

• “Speaking JH” engages degrees of the “articulatory mode” ¼ a set of tongue positions
used to produce specific vowels throughout the continuum of changes in vowel height
and frontness/backness (e.g., [a]-[u]-[e]-[i]).

Something similar to JH’s articulatory mode has been noted by phonologists.
Edward Sapir (1929) discovered what he called “gradated size scales” – the consistent
cross-linguistic grading of vowels in regard to their perceived size, representable in the
manner of an ascending musical scale in the order of the decrease in size. For English,
such scale (from the lowest to the highest sound) is [a] > [æ] > [ε] > [i]. Stanley
Newman (1933) extended such scale for English to eight vowels, where two pairs
equaled in size: [ɔ] ¼ [o] > [u] ¼ [a] > [æ] > [ε] > [e] > [i]. More modern
studies unveiled even more extensive scales in vowel-rich languages, e.g., 13 vowels
and diphthongs of Kammu: [u] ¼ [ua] > [ɨ] > [ɨa] > [o] > [ə] > [ɔ] > [a] > [ia] >
[ʌ] ¼ [i] > [e] > [ε] (Svantesson and Tayanin 2003). Although the “degrees” of such
scales are relative in their frequency values, nevertheless each of the degrees was
found to fluctuate within a certain range of musical intervals per speaker, e.g., major
third–major seventh, placed consistently higher in the speaking frequency range for
[i] and lower for [a] (Lehiste and Peterson 1961). This phenomenon was called
“intrinsic vowel pitch” and was found to occur as a result of tongue action, increased
for high vowels, pulling on the larynx and raising the tension of the vocal cords,
thereby raising the pitch of the voice (Ohala and Eukel 1987).

The overall musicality of the resultant distinctions between vowels of a given
language prompted Peter Ladefoged to compare a set of vowels in a language with
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an ensemble of different musical instruments – vowels retain their tonal qualities,
including their typical pitch range, essentially in a way similar to the way in which a
musical instrument retains its characteristic timbral quality enough to be recognized
upon hearing it despite all variations in pitches (Ladefoged and Disner 2012, 32).
Each language can be thought of as an “orchestra” of vowels supporting its capacity
to convey the speaker’s affective state by means of expressive aspects common for
human music (pitch, rhythm, dynamics, etc.). Each vowel here contributes its own
specific semantic value, determined by its phonetic symbolism, most evident in
ideophones and phonoaesthemes (Svantesson 2017). The gist of this was captured
by Diedrich Westermann (1937) in his description of the systemic opposition of high
([i], [e], [ε]) and low ([u], [o]) vowels of three West African languages as small/large,
narrow/broad, light/heavy, quick/slow, and bright/dark.

JH players observe similar symbolic associations while producing and perceiving
vowel articulations (Nikolsky et al. 2020). Indigenous traditions often combine the
articulatory and just modes, enriching them with onomatopoeic imitations and
special effects in a single piece of musicking. Musicality remains the key feature
of any JH style (Table 8.2). “Speaking JH” and “onomatopoeic JH” also engage
aspects of expression that are traditionally related to music – and carry them out in a
systemic and interactive manner. So, it would be justifiable to conceptualize each of
the aspects of expression into a dedicated “musical mode” and gradations within it –
as “degrees” of that mode. That would result in six types of modes: melodic,
harmonic, rhythmic, metric, tempo, and dynamic – the first three of which are
already recognized by many music theories.

8.5 Modal Nature of Tonal Organization of JH
Vocalizations

At this point, it is necessary to stress the difference between the concept of “mode,”
suggested by Ogotoyev, and the concept of “scale” already in use by linguists.
Musical mode is much more than a mere “scale” – the very same pitch classes can be
organized differently, e.g., G-A-B-C-D-E can function as G major or A minor (von
Hornbostel 1913). As Sachs warned, scale is nothing but attempts of scholars to
logically reconcile what musicians do in practice according to some theory (Sachs
1960). Unfortunately, the voluminous entry on “mode” in the Grove dictionary does
not provide a clear distinction between mode and scale (Powers and Wiering 2001).
Russian Musical Encyclopedia is more instrumental in its definition: mode is a
euphonic set of tones, with one or few anchor tones, which systemically relates
certain pitch classes by keeping in place specific melodic intonations (Kholopov
1976). Evidently, “mode” is greater than “scale”: it incorporates not only pitch
classes per se, but also their functions within the set and certain melodic rules –

what Huron called “the tendency tones” (2006, 160) – those pitch classes that have
tendency to proceed to certain other pitch classes. In Russian musicology, tones that
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tell one mode from another are called “modal” (Grigoryev 1981).11 It is exactly
the characteristic “modal tones” and “modal intonations” that allow listeners to
recognize a familiar mode upon hearing the music (Nazaikinsky 1977). Melodic
modes often coincide with harmonic modes, but not always.12 Melodic mode is the
primary form of musical mode in overwhelming majority of Western and
non-Western music cultures (Powers and Wiering 2001; Porter et al. 2001;
Kholopov 1976). Harmonic modes (“harmonic,” “melodic” and “natural” varieties
of keys) are peculiar to Western tonality (Mazel 1972).

Rhythm too is often conceptualized into the “mode” – a patterned succession of long
and short values within a certain ratio where the value and relative duration of each tone
are determined by its position within a group (Roesner 2001).13 Rhythmic modes are
well known in Western music (Roesner 2001) but are also important for some non-
European music systems, such as raga (Clayton 2000) and maqam (Touma 1996).

In a similar vein, metric organization can be conceptualized into a “metric
mode” as grouping of beats based on the perceived periodicity of stresses generated
by longer and louder tones as well as by changes in melodic direction and harmonic
pulse (London 2004). In this case, a “metric mode” would be a specific progression
of symmetric or asymmetric binary and/or ternary groups regularly used within a
music work – each of such groups constitutes a “metric degree”. In non-Western

11For example, the characteristic “modal” tone in the harmonic minor mode is the sharpened
seventh degree that distinguishes the harmonic mode (e.g., A-B-C-D-E-F-G#-A) from the natu-
ral (A-B-C-D-E-F-G-A). This degree is nicknamed the “leading tone” because of its tendency to be
resolved by the ascending melodic motion to the upper “tonic” degree – which prompted Huron
(2006, 160) to introduce the term “tendency tone.” The characteristic modal intonation of the
harmonic minor mode is the interval of augmented second that descends down to the V degree of a
minor key (G#-F-E). More rare is the ascending intonation (F-G#-A), directed at the upper tonic
(Nikolsky 2016, Appendix-4).
12A well-known example of this discrepancy is the subdivision of the minor key of Western
classical music into 3 modes: harmonic, melodic and natural. A “harmonic mode” is indeed
“harmonic” in a sense that it is defined by “vertical” relations of tones in chords and double
notes. In absolute majority of cases in Western classical music, “harmonic mode” is not displayed
melodically – there is not a single occurrence of an augmented second (between the sixth and
seventh degrees) in the melody, and this second is confined to the accompaniment for the melody
(usually, in chords, but possibly engaged in melodic figuration). Melodic use of the harmonic minor
in the Western tradition usually has to do with referencing non-Western music of Jewish, Turk-
ish, Arabo-Persian or Gypsy origin (Nikolsky 2016, Appendix-4). In contrary, a “melodic mode” is
genuinely “melodic,” i.e., defined by the succession of two “modal tones” (sharpened sixth and
seventh degrees) in melody rather than harmony. Harmonically, the use of major subdominant triad
in a melodic minor is exceedingly rare. Finally, a “natural mode” in the Western tradition is
harmonic as well as melodic: its modal tone, “natural” seventh degree, occurs with equal frequency
in harmonic progressions and melodic motion.
13In Western classical tradition, modal rhythm constituted the backbone of temporal organization in
early Medieval music (Ars Antiqua) (Hughes 1954). Modal rhythm had formative influence on the
compositional practice, most obvious in “isorhythmic motets” that often featured different rhythmic
modes reserved for different parts in multi-part settings. However, in general, modality of rhythm
by no means was limited to Western music systems, e.g., classical Indian music theory also
observed rhythmic modes despite employing completely different metric principles (Clayton 2000).

8 “Talking Jew’s Harp” and Its Relation to Vowel Harmony as a Paradigm of. . . 241



cultures, “movement” – a musical term for one’s impression of a specific pattern of
motion (akin to a gait) adopted for an entire musical work or its substantial portion
(Sadie 2001) – is not often limited to a single clear-cut pattern of regular stresses,
expressible by time signature, because the latter emerged as means of keeping time
in a multi-part music (Houle 1987). Therefore, “fixed” simple meter is poorly
compatible with many non-European musical traditions, posing difficulties for
those Western ethnomusicologists who are trying to notate metrically flexible
music (Clayton 1996). Usually, the procedure for rhythmo-metric analysis of folk
music closely follows the lexic and syllabic structure of a song’s lyrics, taking into
consideration the performer’s breathing cycle, the overall expression of tempo, and
the repetition of structural patterns – all of which are cross-related in order to
establish the boundaries of motifs and phrases (E. Alekseyev 1990). The resultant
notation usually comes out as a continuous change of alternating meters rather than a
single time signature that holds from the beginning to the end of a musical work,
standard for Western popular and classical musical compositions of the Common
Practice Period.

The reason for this is the deep methodological divide between the stress-based
divisive metric standard of Western civilization and the duration-based additive
standard of many non-Western civilizations such as Indian (Clayton 2000, 37). In
comparative ethnomusicology these have been termed, respectively, qualitative and
quantitative and are related to the formative influence of accent-based and quantita-
tive languages (Sachs 1953, 24–26).14 Western tactus, and “tonic versification,”
corresponding to it, evolved from the additive metric theories of Ancient Greeks and
Romans, forged by the strategy of ordering the rhythmic versatility within the poetic
prosody by means of imposition of rhyme and propelled by the necessity to
coordinate parts in multi-part music, as polyphonic textures gained more and more
importance from the eleventh century onward (Kharlap 1978). Hence, the adequate
way of thinking of metric organization of non-Western music would be to represent
it as changes in the number of “pulses” (beats/syllables) that are united into a metric
group [¼“metric degree”] – while taking into consideration that such pulses can be
of unequal sizes.15 Incrementation by virtual “dance steps” of different sizes does to
metric organization in instrumental music what incrementation by syllabic quantity
does to lyrics in vocal music. In both cases, the metric mode constitutes the formula
for constructing rhythmic pulses within the movement.

14Additive meter should not be confused with compound or composite meters of Western music
theory (Read 1969): the latter two remain divisive in their concept by marking the downbeat,
thereby dividing musical time into a succession of equal-size tactus, although this tactus could
consist of symmetric as well as asymmetric parts which seem to be added together (London 2004).
15Thus, in many Eastern European, especially Balkan, traditions, the metric group is created
by adding contrasting (viz., even versus odd) “long” and “short” pulse-groups, e.g., the meter in
a Greek Levendikos is defined as a 17-beat period made of long-short-short-long-short pulses
(i.e., 4 + 3 + 3 + 4 + 3) estimated by performers in terms of the relative sizes of dance steps
(Joukowsky 1965, 68–75).

242 A. Nikolsky



By the same token, the tempo aspect of a musical work can be conceptualized as a
mode made up of discrete changes between a number of characteristic gaits (e.g.,
running, walking, mincing, skipping, etc. – each constituting a “degree” in the “tempo
mode”). The interaction of the beat rate and the rhythmic patterns establishes the
relative density of pitch changes per metric unit of time (Madison and Paulin 2010),
which sets the limit for how fast or slow the music can proceed in order to optimize
the perception of the music flow – in other words, defines an ideal “perfect
tempo” (Gabrielsson 1999). Evidence for its existence comes from empiric studies
of “absolute tempo” consistently preferred for a particular music piece within a rather
narrow range of beat rates by musicians (Garbuzov 1950) and non-musicians (Levitin
1994). The assortment of the most common gaits usually forms a music system, e.g.,
12-tempi system of the Common Practice Period (Nazaikinsky 1972), where each
tempo constitutes a discrete class, recognizable by the ear (Garbuzov 1950). Like
chromatic alterations of pitch classes, tempo class can also have inflections: incre-
mental (e.g., piu mosso or meno mosso) and gradual (ritenuto or accelerando).16

Similarly, the dynamic aspect includes transitions between discrete dynamic levels
that refer to specific intensity levels of excitation and relaxation – as well as their
gradual changes. Thus, a piece of music can be limited to only two “dynamic degrees”
(e.g., forte and piano) and the inflection of diminuendo. Although performers do not
conserve the exact dynamic values for such gradations interpersonally, each performer
remains consistent intrapersonally, in his own performances (Garbuzov 1955). Music
practice generates standard dynamic distinctions that support the affective intensity of
music by an assortment of dynamic increments (e.g., fortissimo, mezzo forte, forte,
mezzo piano, piano, pianissimo) spread over the entire dynamic range from the softest
to the loudest acceptable levels (Berndt and Hähnel 2010). The use of such sets of
dynamic levels is found not only in Western classical music but in many music
cultures that came after the Ancient Greek music (Thiemel 2001).

All in all, the TO of a piece of JH musicking can be adequately characterized by
defining six concurrently applied modes: melodic, harmonic, rhythmic, metric,
tempo, and dynamic. Such analysis applied to JH vocalizations and to singing or
speaking vocalizations is going to reveal their differences. Thus, speaking and
singing of vowels of Yakut languages by native speakers contain pronounced
glissando inflections, whose frequency span and timing phases characterize specific
vowels, while rendition of the same vowels on JH by the same performers has no
such inflections (Nikolsky 2017). This suggests that clarity of pitch levels’ distinc-
tions is more important for JH articulations than for speech or singing and that
stressing of specific harmonics for specific vowels, responsible for pitch distinctions,

16The exact pace of each tempo can be adjusted without changing its main character. For example,
in Western classical tradition, applying “meno mosso” in Presto does not turn Presto into Allegro,
since meno mosso (Italian “less motion”) only refers to the pace but not the character of the music –
it does not cancel the sense of hastiness and nervousness that characterize Presto. Similarly, a
gradual inflection of “ritenuto” (Latin, “retain”) does not modify the character of the original
movement. Ritenuto would only hold Presto back, generating tension – by no means easing the
tempo (which would be required by Allegro that is characterized by a natural “lively” and jolly feel).
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plays a formative role in the vocal system of JH’s articulations – unlike those of
speaking and singing.

Aleksey Aksyonov (1964), an expert on Tuvan culture, believed that JH provided
a model of TO for the famous deep throat “solo-polyphony” of Altai and Mongolia
by means of spectral “dispersion” of a complex sound into its constituent partials.
Khamza Ikhtisamov (1988) nicknamed this “spectral refraction” and compared JH
with a prism. Furthermore, he noticed that JH articulations tied pitch levels that
marked specific speaking vowels with specific harmonics of JH’s FF: “by hearing
JH’s tone, we can figure out which vowel it renders and by which mouth configu-
ration it is achieved” (p. 208). Ikhtisamov concluded that this registral correspon-
dence between the just mode of harmonics and the articulatory mode of tongue
positions was intuitively discovered by JH players and turned into a principle of
vocal and instrumental music-making by Turko-Mongol population of Middle Asia,
Siberia, and Mongolia.

This correspondence seems to also exist in other music cultures where JH
occupies a central role. Thus, in Indonesia, children are taught to manufacture,
tune, and play palm-made JH, using the solfege system where the JH range is broken
into pitch classes, each of which bearing a syllabic name with a unique vowel
(McPhee 1955, 79).17 Ikhtisamov’s mode ([a] > [o] > [u] > [e] > [i]) comes
close to Ogotoyev’s mode, possibly disclosing similarity between the constructions
of metallic bow-shaped Bashkir kubyz and Yakut khomus, as well as between the
Bashkir and Yakut vowels, belonging to the same Turkic family – in contrast to the
construction of a wooden frame-shaped genggong and vowels of the Balinese (Exs.
13–14).

Audio Examples 13–14
Ex. 13.Ascending articulatory scale of Yakut vowels on metallic khomus: o, a, ö,

u, y, ä, ü, i. The vowels are ordered according to the convention adopted among
Yakut khomus players (Ogotoyev 1988), with the correction by Shishigin (2015)
that places “o” rather than “a” at the bottom of the scale. The only degree that
clearly violates this order is the sixth – “ä” (perhaps, due to its greater variability
on different khomuses). Demonstration by Erkin Alekseyev, used with his per-
mission (http://chirb.it/6kyEEL).

Ex. 14.Ascending articulatory scale of Yakut vowels on bamboo angkuokh: o, a,
ö, u, y, ä, ü, i. This recording of the same player in the same room shows more
differences rather than similarities with Ogotoyev’s scale in the example above:
the first four degrees appear descending rather than ascending, and the sixth
degree (“ä”) seems lower than the fifth degree (“y”). In general, it is harder to

17These syllables correspond to the following pitch values, expressible in Western diatonic tuning
as “ning” ¼ E, “nong” ¼ G, “neng” ¼ Bb, “nung” ¼ C, and “nang” ¼ D, if FF¼C (Morgan 2008).
Although this mode ([i] > [o] > [e] > [u] > [a]) differs from Ogotoyev’s
([a]> [o]> [ö]> [u]> [y]> [å]> [ü]-[i]), the very correspondence between pitch and articulatory
degrees indicates that the JH tradition had at least some influence on singing and speaking practices
within the vast geographic area from Bashkiria to Indonesia.
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judge whether one degree is higher or lower than the other one on the bamboo
instrument compared to the metallic instrument. Demonstration by Erkin
Alekseyev, used with his permission (http://chirb.it/I62kr1).

Comparison of the available recordings of Eurasian indigenous JH traditions
leads to the belief that articulatory modes vary between different constructions,
different materials, and, to a less extent, native language of a player. Thus, two
steel khomuses played by two native Yakut speakers, nevertheless, feature different
lowest degrees: [a] for Ogotoyev (1988) and [o] for Shishigin (2015). The difference
most likely owes to the contribution of roundness of [o] that lowers the resonance
bandwidth of the frontal portion of the mouth cavity, influencing the pitch level of
the second formant (Zsiga 2013). Shishigin’s khomus must have been more respon-
sive to lip rounding than Ogotoyev’s, causing the rounded [o] to appear lower than
unrounded [a], despite the latter engaging the maximal volume of the mouth cavity.
It is plausible to expect a considerable variability of articulatory modes between
different instruments and performers – akin to variability of pitch modes for songs of
the same genre and tradition.

8.6 Where and When Did Jew’s Harp Emerged
as a Principal Instrument

The current consensus among the specialists in JH archeology holds that the JH
tradition must have originated in Northeastern Asia, become cross-cultural, and
spread westward to Western Europe (Fox 1988; M. Wright 2004; Kolltveit 2006;
M. Wright 2011; Honeychurch 2015; Kolltveit 2016; Aleksandrova 2017; Turbat
2017; Oleszczak et al. 2018), as well as eastward toward Japan (Tadagawa 2007;
Tadagawa 2016; Tadagawa 2017a) and Austronesia (Blench 2004) (Fig. 8.2).

Although the archeological evidence remains fragmentary in the global spread of
JH, it is, nevertheless, consistent in showing that in Americas, Africa, and Australia
there are no traces of the usage of JH prior to European colonization (de Ramón and
Rivera 1982; Beck et al. 1983; Kungurov 1994; Barr 1994; Yakovlev 2001;
Pignocchi 2002; Pignocchi 2004; Wright and Impey 2007; Crane 2007; M. Wright
2011; Honeychurch 2015, 20; Whitridge 2015). The oldest archeological find
belongs to the Inner Mongolia cluster – two bone idioglot JHs from Shuiquan,
Jianping, in Liaoning, dated 2146–1029 BC (Kolltveit 2016). The next in line is a
bone idioglot JH from Xiajiadian, Chifeng, dated 1200–600 BC (Honeychurch
2015). To the same cluster belong four bamboo idioglot JHs from Yanqing, Beijing,
770–403 BC (Tadagawa 2016) (Table 8.3).

According to the comparative ethnographic data by Sheikin, this Inner Mongolia
cluster comes exceedingly close to the epicenter of the genesis of JH pan-cultural
tradition in Siberia and Far East. Sheikin regards the Amur region as the transition
zone where the primordial “bamboo JH technology,” elaborated within the warmer
oceanic climate (e.g., Ainu Mukkuri) and transferred westward, became transformed
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Table 8.3 The earliest pre-industrial JH fsound by archeologists

No. JH type Location Country Dating Source

1 2 bone
idioglot

Shuiquan, Jianping,
Liaoning

China 2146–1029 BC Kolltveit
(2016)

2 1 bone
idioglot

Xiajiadian, Chifeng China 1200–600 BC Honeychurch
(2015)

3 4 bamboo
idioglot

Yanqing, Beijing China 770–403 BC Tadagawa
(2016)

4 5 bamboo
idioglot

Yuhuangmiao, Sichuan China 700–600 BC Shulga (2015)

5 4 bone
idioglot

Jundushan, Hebei China 700–500 BC Honeychurch
(2015)

6 1 bamboo
container

Baojiang, Shaanxi China 576–536 BC Tadagawa
(2017a, b)

7 1 bone
idioglot

Dubrovinskii Borok,
Kolyvanskii District, Ob’

Russia 300–100 BC Borodovskii
2007

8 1 bone
idioglot

Morin Tolgoi, Altanbulag
soum, Tuv aimag

Mongolia 300 BC–
100 AD

Honeychurch
2015

9 4 bone
idioglot

Tcheremshanka and
Tchultukov, Altai

Russia 300 BC–600
AD

Borodovskii
(2017)

10 1 bone
idioglot

Aimyrlyg Burial Ground
XXXI, central Tuva

Russia 200 BC Tadagawa
(2016)

11 1 bone
idioglot

Makhoninskoye,
Chastinskii District, Perm’

Russia 200 BC–300
AD

Aleksandrova
(2017)

12 1 copper
idioglot

Ust’-Brykinskii,
Laishevsky District,
Tatarstan

Russia 300–500 AD Aleksandrova
(2017)

13 7 bone,
22 bronze
idioglot

Prikamye burials and set-
tlements, Udmurtia,
Bashkortostan, Permskii
and Kirovskii regions

Russia 300–1300 AD Golubkova
and Ivanov
(1997)

14 2 bone
idioglot

Sakhsar, Khakassia Russia 400–500 AD Tadagawa
(2016)

15 1 iron
idioglot

Andrianov Kliuch,
Partizansky District,
Primorye

Russia 500–600 AD Leshchenko
and Prokopets
(2015)

16 3 iron
idioglot

Nikolayevskoye,
Shaiginskoye, and
Smol’ninskoye,
Mikhailovskii district,
Primorye

Russia 698–926 AD Leshchenko
and Prokopets
(2015)

17 2 iron
heteroglot

Hikawa Shrine, Omiya,
Saitama

Japan 900–950 AD Tadagawa
(2007)

18 1 silver
idioglot

Idelbayevskiye burial
mounds, Salavatskii dis-
trict, Bashkortostan

Russia 900–1000 AD Mazhitov
(1981)

19 1 iron
heteroglot

Echimauti, Rezina district Moldova 900–1000 AD Feodorov
(1954)

(continued)
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into the “wooden JH technology” by the continental ethnicities living in taiga
environment (Sheikin 2002, 132).18 Following this model, the Lower Xiajiadian
bone JH from Liaoning represents a relatively late development in JH-making that
succeeded the mastering of wooden and bamboo frame-based constructions. The
latter, in turn, succeed the frameless constructions of what Sheikin calls “proto-JH” –
an easy-to-make sound-producing device that is activated by breathing and manip-
ulated by hands to form a peculiar geometric configuration with the player’s mouth
that modulates sounds by silent articulations (Sheikin 2002, 118). Such devices are
picked from natural sources almost in a ready-made condition, akin to gathering of
berries or nuts, and are used only once – disposed after playing. Sheikin draws the
evolution of JH from the frameless chip to the frameless twig and then to the chip in
frame, to the framed idioglot, and eventually to the bow-shaped heteroglot (Sheikin
2002, 124).19

This line of development (Fig. 8.3) corresponds to the general shift from the
“holistic” sonoristic concept of sound to the “analytic” harmonic, also affecting the

Table 8.3 (continued)

No. JH type Location Country Dating Source

20 2 bone,
2 bronze
idioglot

Tankeyevskii, Bulgur
nekropol, Spassky Dis-
trict, Tatarstan

Russia 900–1100 AD Aleksandrova
(2017)

21 1 iron
heteroglot

Hlukhiv, Sumy district Ukraine Thirteenth
century

Pashkovskii
(2012)

22 1 iron
heteroglot

Uppsala Sweden Thirteenth
century

Kolltveit
(2006)

23–27 5 copper
heteroglot

Riga, Skanor, Ribe,
Greifswald, Hamburg

Latvia,
Sweden,
Germany

Thirteenth–
Fourteenth
centuries

Kolltveit
(2009)

The numbering reflects the chronological order of the JH dating. The “JH type” column shows the
number of finds per site, the material of making, and the construction type

18Sheikin (2002, 125–132) concluded that the non-metallic framed JH constructions were cultivated
in two zones: by the Ugric ethnicities of northwestern Siberia (which Sheikin names “continental
mountainy”) and by the Tunguso-Manchurian ethnicities of Far East (“oceanic coastal”). Sheikin
holds that wooden instruments preceded bone instruments, and bone manufacturing was introduced
as JH spread from Amur region and Primorye toward North and Northwest – to substitute for the
shortage of forest in tundra environment. This transition must have occurred at the territory of
modern Yakutia and had direct relation to the institute of seok. Yakut ethnos belongs to the Turkic
family and descends from the seok system of Khakass (Sagai seok) – as witnessed by Russian
explorers of the eighteenth century (Ushnitskiy 2016). The totality of the available linguistic,
anthropological, and genetic data confirms the Altaic origin of Yakuts (Pakendorf 2007). And
there is evidence that in the nineteenth century Verkhoyansk Yakuts were still using bone and
wooden JHs (Khudiakov 1969, 153).
19Suzukei (2010, 10–11) elaborated Sheikin’s model by adding two transitionary substages
between the frame- and bow-shaped constructions: 1) idioglot wooden or bamboo fork-like frame
JH, similar in shape to bow, and 2) heteroglot bamboo or copper JH without a bow and with a
kneeless lamella.
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Fig. 8.3 Twelve types of JH most common in northeastern Eurasian indigenous musical traditions,
arranged in the hypothetical order of their evolution. This figure summarizes the reviewed data of
organological development of JH constructions, prevailing method of sound production and related
to it sound quality, technological complexity of their manufacturing, availability of the materials for
making JHs and time/effort required for this, and paleo-ecological changes in the region of Siberia
and Far East. (a) Frameless proto-JHs. This group is characterized by the one-time use of
dispensable musical instruments, almost ready-made from natural resources, frameless design,
playing technique based on gently tapping with a finger and very soft hollow clicking sound, rather
poorly controlled, and lacking the fixed-in-pitch drone. (b) JH transitionary from frameless to
framed design. This group features the frame that encloses the lamella, which makes the instrument
more sturdy, suitable for multiple use, while changing the playing technique to plucking the lamella.
This, in turn, affects the acoustic characteristics: JH obtains its signature trait – a drone in the bass –
plus louder sound with richer and more selectively controlled spectrum. The construction seems to
have originated in the idea of extending the arms of a chip proto-JH (e.g., charty-komus) into the
framed enclosure. The added pin was probably designed for better plucking of the lamella. (c)
“Classic” frame-based JHs from various materials. This group adapts the frame to the hand action
of jerkily pulling the lamella by means of a rope, which requires more robust construction. Such
sound production makes JH even louder, highlighting greater spectral details and promoting greater
diversity of technical devices. Music becomes more complex, making spectral components distinct
(up to two to three simultaneous melodic patterns), but with lack of homogeneity. Bamboo JH rattle:
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playing technique that becomes more selective in controlling the acoustic properties
of the overtones. This lineage builds on the foundation of Sachs’ model (1917) of
evolution of JH from simple to complex construction (idioglot to heteroglot),
advancing from East Asia to Western Europe. Sheikin’s model also resembles the
five-stage model (bamboo idioglot, metallic idioglot, inward heteroglot lamella,
outward heteroglot lamella, and heteroglot hairpin shape) formulated by Dournon-
Taurelle (1975) based on the construction complexity as well as the playing tech-
nique. Sheikin’s approach involves additional criteria: the playing technique, the use
of JH music and the comparative etymology of names of different JH constructions.
Sheikin tracks three principal stages in evolution of JH music: from mostly pneu-
matic mouth manipulation of proto-JH to hand-jerking of the rope tied to the lamella
of the idioglot frame JH and then to hand-striking of the lamella of the metallic
bow-shaped constructions. Similar view is shared by Emsheimer (1986).

The images are taken from the Museum of Musical Instruments of the Peoples of Northern
Asia at the Arctic State Institute of Culture and Art, Yakutsk (personal collection of Yurii
Sheikin); from the Museum and Center of The Khomus of The People of the World,
Yakutsk; and from the personal archive by Natalia Mamcheva, used with their permission.

Further elaboration in classifying JHs came from the field research of Sakhalin
and Amur JH music by Natalia Mamcheva (Mamcheva 2005). The first proto-JH
most probably was koka chnyr – the “grass JH” made from Leymus (Poaceae
family), common for nearly the entire Eurasia – still in use by Nivkh, Ulch, and
Orok populations (Podmaskin 2003). The thicker bottom part of the leaf (about
20 cm long and 3 cm wide) is torn by the nail to make a lamella which is then bent to
the reverse side of the leaf and gently touched by the finger while breathing into the
leaf. It takes about a minute to make this primitive seasonal instrument that is
discarded after a single use, although it retains its distinct “voice” in hands of
different performers. Leymus was important for Nivkh rituals (Mamcheva 2012,
50) and was mythologically anthropomorphized into a woman (Kreinovich 1927,
1928, 192) – most likely ancestral to some clan, like ancestral trees in Altai.

What confirms the grass origin of JH is that the construction of koka chnyr sets a
prototype for the local frame-based JHs (Kolosovsky 1986), reflected not only in
their form but also in their names – all of them are derivatives of the word “kongon”
which in Nivkh language exclusively refers to the young Leymus plant and the
onomatopoeic imitation of ringing (Mamcheva 2012). The old Leymus, barely

⁄�

Fig. 8.3 (continued) bone ones, rasp; wooden, clang; and metallic, buzz. (d) Bow-shaped metallic
JHs. This group is represented by a single model, since northeastern traditional Eurasian
bow-shaped JHs are always metallic (usually iron or steel) and vary little in their design. It is
distinguished by hitting or strumming the lamella with a great variety of hand (or finger) actions,
holding positions, and lip (teeth) contact with JH. The instrument is much more responsive to their
variations than framed JHs. Its tone is significantly more harmonious and homogeneous, with
prolonged ringing, which not only provides superb separation of spectral components but also
highlights contrasts in their thematic material. This JH type supports the greatest variety of textures
but favors a single melody that can be placed anywhere in the texture except the bass
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usable for JH, is called nunnun (Kreinovich 1927, 1928, 52). The names of Nanai,
Evenk, Negidal, Ulch, Udege, Orok, and Oroch JHs are also derivative of “konga”
(Mamcheva 2005), indicating their descent from the Nivkh grass JH.

In fact, Nivkh musical culture is unique in featuring the greatest variety of
materials for JH-making, which allows to arrange them to a timeline and to consider
the direction of their evolution (Mamcheva 2012, 53–5). Mamcheva points out that
each of Sheikin’s principal stages in the evolution of JH correspond to a different
method of sound production that results in a different sound quality:

1. Grass JH requires gentle touching and pressing by the finger, while breathing
plays the main role, which is why the informants consider koka chnyr a pneumatic
instrument (Mamcheva 2005) – and it sounds like a soft homogeneous hollow
clicking that is free from percussiveness.

2. Framed idioglot bamboo/bone/wood/metallic JHs require pulling of the rope,
which generates a loud rich rattling or rasping sound that can be quite diverse
in its timbral qualities, once the player has mastered the use of the rope (which is
quite tricky).

3. Bow-shaped heteroglot metallic JHs require hitting or strumming the lamella with
the hand, generating very loud ringing or buzzing sound with pronounced
harmonics, well-separated parts in a musical texture, and nearly unlimited variety
of timbral recoloring.20

Mamcheva’s observation can be further substantiated by the fact that all frameless
constructions of JH and proto-JH are characterized by a hollow uniformed sound,
free of a drone monotone in the bass (Nikolsky et al. 2020). This is an important
acoustic trait that distinguishes frameless constructions from framed and
bow-shaped ones. Their evolution proceeds toward a growing timbral diversity
and complexity of sound, increasing clarity of subdivision of JH tone into its salient
spectral components, which culminates in the capacity of the metallic bow-shaped
JHs to selectively control each of the lower 11th–13th harmonics of the harmonic
series. This line of development in sound production justifies the periodization of JH
TO into five stages (Nikolsky et al. 2017) (Table 8.4).

The oldest archeological find – the Lower Xiajiadian JH – falls past the middle of
the timeline of JH’s evolution (type 6 of 9 total types). The invention of the earliest
proto-JH can be dated only roughly by the available paleoecological data. Xerophyte
Leymus, used for making grass JH, constitutes a part of the Northern Hemisphere-
steppe plant community, which is also present in cryophyte tundra-steppe
landscapes – comparatively uniform throughout a vast area spanning from Central
Asia to Wrangel Island (Yurtsev 2001). Tundra steppe has been a mesic ecotone

20To these three stages, it would be plausible to add the transitionary stage between (1) and (2) –
exemplified in a frame-shaped idioglot JH with a little nail-like notch cut at the lamella’s tip – such
notch reduces vibrations while facilitating pinching and plucking (Sheikin 2002, 125). This
construction indicates the rising interest in increasing the loudness and richness of JH sounds by
enabling the use of few fingers in lamella’s excitation. Sonorically, such nail-like JH surpasses
konga chnyr but yields to the frame-based JH with a rope.
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between the hygric tundra and the xerophytic steppes, of a major importance for
sustenance of herbivores (as large as mammoth) in Beringia (Hibbert 1982). Its key
feature is the co-dominance of the steppe herbs and the tundra dwarf shrubs, lichen,
and mosses in subneutral arid soils, with high density of roots, supporting the hydro-
thermic balance that enables graminoid vegetation even in the subarctic landscapes
(Yurtsev 1982). The maximal diversity of the steppe plants within the Arctic is
observed in the mega-Beringian sector, stretching from Russian Kolyma to Alaska
(Yurtsev 1986). This area had even drier and slightly warmer steppic climate during
and before the Last Glacial Maximum (LGM), especially East and West of Central
Beringia (Brigham-Grette et al. 2004) – with ash-buried remnants of herbs well
preserved at the Kitluk surface (Höfle et al. 2000). Reliable evidence of the first
human presence at the Beringian Pacific coast dates back to 34 kya (Ikawa-Smith
2004). By 15 kya, humans left extensive traces of cultural activity in Beringia,
originated perhaps in the Dyuktain culture of Lena Basin (Hoffecker and Elias
2007). This might have been the time of invention of grass JH.

Leymus must have attracted attention of humans as a source of food – it is edible
by many animals (Leymus racemosus is even called “mammoth wild rye”) and is
extensively used for fodder and grazing of livestock in Russia (Tsvelyov 1976, 177)
and China (Wang et al. 2012b). The grinding stones, burned pebbles, and storage
pits that suggest the preparation of vegetable food were found in the Tachikiri site,
dated to 32 kya (Ikawa-Smith 2004). If Leymus was not used by Paleolithic foragers,
then it must have been used by Neolithic livestock breeders and agriculturalists for
strengthening the sand-based soil, as it is done today. The domesticates flourished in
Eastern Asia between 10–6 kya (Dodson and Dong 2016), suggesting the timeframe
for the invention of grass JH some time around 32–6 kya.

The other proto-JHs are made from trees and shrubs (Fig. 8.3). The chip/splinter
construction is made of Larix and Betula in Yakutia (Dyakonova 2017) and Tuva
(Suzukei 1989, 65–66). This construction was definitely used prior to the third to
thefifth centuries AD in Altai – an unframed bone JH with arms and lamella of equal
size, clearly resembling modern Tuvan charty-komus, was excavated in
Tcheremshanka (Borodovskii 2017). The forestation of Far East occurred only
after the LGM. At the LGM, c. 21 kya, North Asia, presently occupied by boreal
forests, had <20% of their present woody cover, increasing after 15 kya (Tarasov
et al. 2007). By 12–5 kya, Larix and Betula grew at the Arctic coast near the Lena
delta – and these northwestern lands served as refugium for the forest species that
spread south during the warming (Kremenetski et al. 1998). However, trees were
absent in the East; in the Kolyma basin, along the Pacific coastline, until 7 kya
(Anderson et al. 2002); and in Kamchatka (Klimaschewski et al. 2015). In Beringia,
the abrupt climate change occurred �13,500 BP and resulted in proliferation of
Betula and Populus after the earlier elimination of forests due to severe cold –

especially Betula became abundant, forming the wide “birch zone” (Hopkins et al.
1982). This suggests the timeframe of 13–5 kya for the hypothetical transformation
of the older Pacific grass proto-JH technology into the continental chip/splinter
technology somewhere at the southern vicinities of Beringia, westside bordering
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with Yakutia – where mas-khomus survived until the early twentieth century
(Tchakhov 2012).

The twig proto-JH construction, most likely, emerged from the grass construction
(very similar geometry, Fig. 8.3), transmitted from Russian Far East westward to
Tuva. Lonicera and Salix, commonly used today (along with Filipendula and
Caragana) to make twig JHs in Tuva and Altai (Suzukei 2006, 159–161), were
part of the taiga and cold/cool mixed forest biomes. They quickly replaced former
tundra communities 11 kya over the Primorye and Amur basin, where forestation
was lusher than today until 2.5 kya (Mokhova et al. 2009). Salix, Filipendula, and
Poaceae were part of an emerging forest biota southwest of Amur, in Northeast
China, even earlier, by 14,250 BP (Stebich et al. 2009). Around 11 kya, similar
combination of Salix and Filipendula with grasses spread North of Sakhalin, to
southern Kamchatka, where Filipendula became abundant after 6300 BP
(Klimaschewski et al. 2015). Caragana, together with patches of Salix and Populus
in riparian areas, constitutes part of the desert vegetation common in innermost
Central Asia (Tarasov et al. 2007). However, cold-tolerant Caragana jubata reaches
the north to the lower Lena River and the east to the Okhotsk Sea coast (Yurtsev
2001). In Mongolian and Northern Chinese deserts, Caragana-containing biota
emerged during the early Holocene (Yang et al. 2004). In the Orkhon Valley of
Mongolia, sand started transforming into soil, enabling a dense vegetation only
during the mid-Holocene, c. 6 kya (Schwanghart et al. 2009). All of this suggests
that the twig proto-JH was invented no earlier than 11 kya for Primorye and 6 kya for
Mongolia.

The transition from grass to twig may have occurred directly in the Central
Primorye, where temperature and humidity markedly raised by 9–6 kya, increasing
the forestation, including Salix and Lonicera – the pastoralist Iman culture ca. 5–4
kya was in a position to use them (Chlachula et al. 2015). In Sakhalin itself, the early
Holocene biota, 16–12 kya, included Salix, Betula, and Poaceae – replaced by
treeless vegetation in the Boreal period, �9300 BP (Rudaya et al. 2013). It is
possible that the Sakhalin inhabitants of Ogonki-5 developed the twig construction
prior to 9300 BP and transmitted it to the neighboring Primorye.

Similarly, the proto-JH constructions might have evolved into a mukkuri-type JH
in Sakhalin, as Mamcheva suggests (2012), sometime during the early Holocene,
during temporary warming. Bamboo is confined to tropical and subtropical climate,
growing lavishly in China (626 species) and Japan (84 species), modestly in Korea
(6 species), and virtually absent in Mongolia and Russia (except Sakhalin), as well as
in Europe (Akinlabi et al. 2017).

Bamboo has been the principal material for tool-making across the entire South-
east Asia (Pope 1989) and may have substituted stone tool technology there
(Watanabe 1985). This “bamboo use hypothesis” has recently received experimental
support and recognition (Bar-Yosef and Belfer-Cohen 2013). The commonality of
bamboo artefacts might explain proliferation of bamboo JHs all over Southeast Asia
and Oceania. However, the “bamboo zone” has remained distant from the cold arid
landscape associated with proto-JHs. Its northern border advanced the farthest in
Paleolithic China, approaching the Beijing latitude (Clark 1998). The Pleistocene
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northern border of the bamboo zone is marked by the habitat area of the extinct
“bamboo rat,” Rhizomys, that could consume nothing but bamboo, and reliable
remnants of which are found no farther than 36�N, at Henan, Shaanxi, and Anyang
provinces (Tong 2007). Impressions of bamboo nodes were found in sites of the
Yangshao culture (7–5 kya), 35�N, far from the modern bamboo habitat (Chu 1973).
By about 6 kya, the northern bamboo forest line must have been situated at least 3�

north of the present latitudinal limit (J. Huang 1984). In Japan, bamboo was used to
build houses at Kuzuharazawa IV, Shizuoka Prefecture (34�N) ca. 13 kya (Kaner
and Taniguchi 2017). However, the subtropical climate, beneficial for bamboo,
became established over Japan only �6 kya (Winkler and Wang 1993), making
bamboo widely available.

Hence, the earliest bamboo JHs were likely to appear as the proto-JHs spread
south, to wetter and warmer regions, away from the zone with dry and cold
conditions required for the growth of proto-JH plants. This event could have
occurred no earlier than 11 kya and more likely by 6 kya.

The wooden JH constructions, like Nivkh khar-kongon (Mamcheva 2005), prob-
ably succeeded the bamboo constructions – despite the availability of Larix, Betula,
Alnus, and Salix across Russian Far East during the Pleistocene. The technology of
manufacturing a JH from wood with the help of flint stone tools is considerably more
complex and time-consuming compared to that of bamboo. Experimentally, it was
demonstrated that making a pottery paddle from oak by stone tools takes 2.5 h and
involves 7 operations (Crabtree and Davis 1968). Making a bamboo knife takes only
15 min and 4 operations – and making of a big spear (5–6 cm in diameter and 6–10 m
long) takes 32–49 min (Bar-Yosef et al. 2012). Strong anisotropy, orthotropy, and
hygroscopy (Bucur 2016) make wood a highly “capricious” material: not only its
mechanical properties vary enormously depending on the direction of the cut (e.g.,
elasticity along the grain is 10–20 times smaller than across the grain), it easily
deteriorates from exposure to high moisture and heat (Esteves and Pereira 2009) and
requires special treatment of knots and spiral grains (Tsoumis 1991). Therefore,
making a wooden JH requires a special knowledge without which an instrument will
not sound “right,” unlike making a proto-JH, and to a lesser extent than making a
bamboo JH, which suggests that wooden technologies were derived from bamboo
technologies (Sheikin 2002, 132).

Although bone differs from wood and bamboo by being available practically
anywhere humans live, it is even more finicky for making a JH. Bone is also strongly
anisotropic and hygroscopic (Spatz et al. 1996) and additionally difficult because of
significant variations in mechanical properties of different cortical and trabecular
bones (Rho et al. 1993). Even a small object made from antler (more consistent in
properties than bone), such as a fishing hook, takes 1.5–2.5 h to make with stone
tools (Robinson 1942). The procedure of bone cutting is by far more demanding than
any woodwork. Without soaking the antler or the bone for at least a week or two, no
cutting with a flint blade is possible at all, and a single cut requires an hour of work
(Schibler 2001). Bone is even a more time-consuming material than antler:
manufacturing a bone spoon that emulates early Neolithic Anatolian and Balkan
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artefacts takes 25 h total and is not possible without any expertise (Sidéra 2011). This
makes it unlikely that the bone JH technology preceded the wood JH technology.

Metal extraction and metalwork are even more demanding than bone work. An
experimental archeological study reproduced a typical procedure (digging and
drying of a pit, surrounding it with stone slabs, filling it with charcoal, and placing
the ore under an inverted pottery vessel) of smelting copper from the simplest copper
ores and found out that no metal is produced unless the procedure is meticulously
followed – the heating of ore up to 600–700� alone takes several hours and requires
hermitization (Coghlan 1939). This experiment was reproduced and confirmed the
results (Böhne 1968). Evidently, the complexity of smelting by far exceeds bone
work and woodwork, demanding professional expertise (Bronson 1996). It took a
long time before the necessary technological knowledge was accumulated in Ana-
tolia and Balkans 9–8 kya, from where the technology quickly spread over Eurasia
(Tylecote 2002). An independent discovery might have occurred in Fennoscandia
(Herva et al. 2009) and Karelia (Zhuravlev 1977). The Northern Far East, where the
genesis of grass proto-JH and its transition to wood and bamboo must have occurred,
obtained its local metallurgy with a significant delay (Wan 2011). The Russian Far
East (Sergeyeva 1981) and Korea (Park and Gordon 2007) were reached only by
2 kya. Copper and iron technologies spread to the Eastern end of Eurasia, where tool
technology remained dominated by bamboo and other organic materials, at about the
same time (Habu et al. 2017). Subsequently, metallic JH formed an entirely different
technological and cultural tradition, bound to West, that contrasted and succeeded
local wood, bone, and bamboo JH technologies in Ural area, Siberia, and Northern
Far East (Li 1956; Golubkova and Ivanov 1997; Pegg 2001; Yakovlev 2001; Sheikin
2002; Mamcheva 2012; Dyakonova 2017).

Within this perspective on the evolution and availability of materials for JH
manufacturing, the earliest archeological finds of JH fall somewhere around the
tertiary transition. At first, the grass technology was transferred to the more solid
frameless chip/splinter and twig constructions in the forested regions of northern
Pacific coastline and Yakutia sometime between 32 and 5 kya. In the region of Tuva/
Altai, this transition probably occurred �5–4 kya, when the open-steppe landscape
changed into the forest-steppe one (Zhilich et al. 2017). Then, the proto-JH con-
structions may have evolved into the bamboo JH. In order for the wooden JH to
emerge, the bamboo JH had to cross the northern “bamboo zone” border at 34�–
36�N once again; spread further to the north, where trees were rare and bone would
have presented a better alternative; and come back to the “bamboo zone.” It was at
this point that the Lower Xiajiadian bone JH was manufactured 4–3 kya. Notewor-
thy, Lower Xiajiadian culture was characterized by active contacts with remote
northwestern Andronovo (55�N) and Seima-Turbino (56�N) cultures (which
influenced local metal production) and had a mixed population, partly of a Yellow
River type and partly of east- and north-Asian Mongoloid type (Liu and Chen 2012,
312). Such crossroad position made bronze, bone, and bamboo (and probably wood)
JH technologies all meet at Northeast China �2000 BC. What makes this territory
uniquely fit in the timeline of JH evolution is the climactic changes from cold to hot
and back to cold throughout the Holocene (Wang 1984). Northeastern Inner
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Mongolia, Heilongjiang, and northern Jilin were covered by tundra 18 kya (southern
border at 44�N) and Liaoning by arid steppe; by 12 kya the tundra receded to 46�–
48�N, changing Liaoning into forest-grassland; and since 9 kya no tundra survived
in Northeast Chinese, transforming entirely into forest-grassland, by 6 kya
supplanted by temperate forest (Winkler and Wang 1993). Specifically, Larix grew
in Heilongjiang, Huma (51�N) c. 5200 BP; Betula grew there c. 8000 and again 2000
BP, also in neighboring Sanjiang Plains (46–48�N) c. 8000 BP and also about the
same time in Dunhua Swamps (43.2�N), Pulandian (39.3�N), Mount Yenshang, and
Beijing (39.5�N). Poaceae proto-JHs of tundra likely naturally evolved into Larix
and Betula chip/splinter proto-JH and thenceforward into the bamboo JH as the local
population adapted to climate changes.

8.7 JH Tradition and Genesis of Languages in Northern
Eurasia

Northern Inner Mongolia, Liaoning, Jilin, Heilongjiang, Primorye, Sakhalin, Amur,
and Khabarovsk Krai make up the area where the transition from proto-JH to
bamboo JH most likely took place between 11 and 6 kya, with the epicenter near
the oldest JH find (Fig. 8.2), in Manchuria – “a meeting place of diverse peoples and
cultures” (P. Huang 1990). Chinese specialists have four views on inhabitants of the
northern Lower Xiajiadian, to which the uncovered JH belonged: to Sushen people,
to pre-Shang Chinese people, to Northern tribes (Guzhu, Shanrong, and Tufang),
and to pre-Yan Chinese (Da-Shun 2002). Guzhu was a vassal state at Lulong;
Shanrong was a confederation of northern mountain tribes, often fighting with the
Yan kingdom; and Tufang was another hostile confederation of the north of Beijing –
all belonging to “the Northern Zone” that ran along the Great Wall demarcating
China from the steppe “barbarians” (Sun 2006). Sushen people are identified as the
earliest ancestors of the Manchus, most probably of Tungus, but possibly of Paleo-
Asiatic, origin, recognized by ancient Chinese as a political entity that unified
non-Chinese ethnoses at the Amur/Ussuri region 4–3 kya (P. Huang 1990). Chinese
historians kept applying terms like “Sushen” or “Shanrong” to tribal conglomera-
tions based on what they saw as important political and territorial issues rather than
ethnic identifiers, which explains why the same name was often applied to numerous
different ethnicities over time. Based on matching Chinese historiographies with the
Russian historic and ethnographic materials, one of the leading Russian sinologists,
Vsevolod Taskin, identified three historic Northern Chinese tribal confederations as
follows: Sushen, Tungusic-speaking; Donghu, Mongolic-speaking; and Xiongnu,
Turkic-speaking (Taskin 1984). Their languages, with all likelihood, prevailed over
Chinese at that time (Janhunen 2010).

The morphological analysis of the remains at the Dadianzi cemetery confirms that
the Lower Xiajiadian population was ethnically mixed and culturally segregated (Liu
and Chen 2012). The mitochondrial DNA and Y chromosome study of 14 human
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remains from Dadianzi indicate that the Lower Xiajiadian people descended from
the Central Plain and from the north (Li et al. 2011). The wider comparison of the
DNA samples from six Lower Xiajiadian sites has confirmed significant genetic
differences between populations of the West Liao River Valley (Cui et al. 2013). The
archeological, phylogenetic, and mitochondrial DNA analysis of 42 remains from
the Jinggouzi Cemetery, c. 2485 BC, near Chifeng, Inner Mongolia, identified their
closest relation to ancient Xianbei people and to modern Oroqens, confirming their
association with the Donghu culture and indicating their nomadic tribal lifestyle
(Wang et al. 2012a).

Better researched is the ethnic identity of people of the succeeding culture of
Northeast Chinese – the Upper Xiajiadian – to which the bone JH from Chifeng,
dated 1200–600 BC, belonged (Honeychurch 2015). Despite the cultural disconti-
nuity between the Lower and Upper Xiajiadian societies, following the demise of
agriculturalism, a few hereditary lines in civic planning and arts were carried through
(Da-Shun 2002). The common anthropological interpretation is that the Upper
Xiajiadian culture was brought by the northern militant newcomers with deep
knowledge of metallurgy, who replaced the sedentary Lower Xiajiadian people
and thereafter kept advancing southward (Di Cosmo 1994). However, recently this
picture of cultural replacement has been overviewed in favor of more gradual
transformation (Sun 2017). Also, the paleogenetic study of temporal continuity of
Y chromosome lineages among the West Liao River populations during the last
5000 years did not find evidence of any population replacement (Cui et al. 2013). No
significant genetic difference was found between the Lower and Upper Xiajiadian
populations in the Liao River Valley (Li et al. 2011). The comparison of anatomical
remains and images on archeological artefacts from Upper Xiajiadian monuments
points to the Mongolic and Turkic origin of their population (Barinova 2014). The
Upper Xiajiadian culture is credited with forming the earliest confederation of
Donghu, Wuhuan, and Xianbei ethnic groups, who probably spoke proto-Mongolic
and evolved into the state of civilization approximately eighth to fifth centuries BC
(Hu 2010). Its influence stretched from Amur (Girchenko 2018) to Altai, mediated
by the Munkh-Khairkhan culture in Khovd province, Mongolia (Kovalyov and
Erdenebaatar 2014). The animalistic style of ornamentation that characterizes this
civilization is of Scythian descent and should be regarded as the cultural interaction
between the east and the west which was initiated some 4500 BP (Wang 2018).

Five bamboo JHs from the Yuhuangmiao burial, Sichuan, seventh to sixth
centuries BC (Table 8.2) most likely belonged to the Shanrong people that invaded
Yan in the seventh century BC and maintained contacts with northern nomadic tribes
(Shulga and Girchenko 2013). All Rong tribes are believed to have been part of the
southern Tungusic intrusion (Barnes 1993, 165). The spread of bamboo JHs from
Liaoning to Sichuan and Shaanxi reflects the general cultural transition from the
Liaodong Peninsula to the Ordos during the first millennium BC (ibid.). The
southern expansion of the Upper Xiajiadian culture formed the most remote branch
of the Scythian-Siberian sphere of influence, most evident in the integrity of the
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animalistic ornamentation from the Korean Peninsula to Central Asian steppe (Kang
2011). The Upper Xiajiadian burials show common cultural traits with the burials of
Xiongnu commoners of the imperial period, indicating their shared origin (Miniayev
1991). And the similarity of the economy types and food production across Northern
China points to the Donghu influence and Mongol descent, including cultural
contacts, political unions, as well as migration – fueled by the competition in military
technologies (Komissarov 1988). The entire area from Transbaikal to Manchuria has
been the melting pot of ethnogenesis of numerous ethnicities of Indo-European,
Mongolian, and Manchurian stalk throughout the first millennium BC – along with
the shared pastoral nomadic lifestyle in contradistinction to the Chinese sedentary
agriculturalism (Botalov 2007). The geographic border between these lifestyles
coincides with the border between two general types of JH music. The indigenous
pan-Siberian tradition is based on an intuitive use of timbre classes of timbre-
oriented music. The non-indigenous Chinese and Russian/Ukrainian JH traditions
that enclose the “indigenous” area at its southeast and western borders are based on
the formally taught music theory of frequency-orientedmusic (Nikolsky et al. 2020).
Both of these “formal” traditions constitute a certain kind of “tonality” – diatonic
heptatonic for Russia/Ukraine and diatonic pentatonic for China (Nikolsky 2015).

Limited natural resources compelled nomadic tribes to keep moving in search of
pastures suitable for their livestock, unleashing conflicts, forming alliances, and
sustaining intense competition in food and military technologies. The ongoing
chain of borrowings and intermarriages within the ever-changing tribal confedera-
tions undoubtfully affected language formation. The population of the entire Siberia
is characterized by extremely low gene diversity, low density, relative scarcity of
indigenous ethnoses (only 31), and languages (35 versus over 100 in Europe),
mostly of Altaic and Uralic phyla, and common economy of nomadic and semi-
nomadic type with common social features, e.g., clan structure, endogamy, and the
levirate (Karafet et al. 2008).

The totality of the information presented above suggests that the genesis of
pan-Eurasian JH tradition occurred probably among people speaking proto-Tun-
gusic �4 kya. By 3 kya, the tribes speaking Mongolic languages entered the scene
and dominated in the Northeast Chinese (Blench 2008). Closer to 2 kya, the Turkic
tribes made their appearance from the west. The admixture of Tungus, Mongolic,
and Turkic languages has been conceptualized as the “Altaic family.” Its concept
was coined in 1845 by the Finnish linguist, Matthias Castren, who grouped these
languages together with the Finno-Ugric ones based on the commonality of their
vowel harmony and agglutination (Bogoras 1927). Castren’s colleague and compa-
triot, Gustaf Ramstedt, excluded the Uralic languages from the “Altaic family,”
replacing them with Korean (Ramstedt 1957). Nikolai Poppe also supported the
inclusion of Korean, renaming Castren’s family into “Uralo-Altaic” to distinguish it
from the extended “Altaic” family (Poppe 1965), which introduced the distinction
between the extended “macro-Altaic” and the basic “micro-Altaic” families (Georg
et al. 1999). Miller (1967) extended the family further by adding Japanese to it.
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However, Gerard Clauson presented arguments for discarding both extended and
basic family concepts. He conducted the lexicostatistical analysis of the glossaries of
“Altaic” languages, disclosing considerable discrepancy between Turkic and Mon-
golic languages, especially in regard to their archaic words, and the lack of genetic
ties between Turkic and Tungus languages (Clauson 1956). Clauson’s lexic and
glottochronological approach, in turn, was criticized by Lajos Ligeti (1971) who
demonstrated the inability of Clauson’s analysis to disclose the ties between those
languages that are already known to be genetically related. Nikolai Syromyatnikov
(1971) formulated the set of principles for comparative lexic and morphological
analysis and suggested to apply them to the most distant languages of the expanded
“Altaic family.” Sergei Yakhontov (1971) emphasized that the methodology created
for the analysis of Indo-European languages is inapplicable to the agglutinative
Altaic languages, and their comparative lexic analysis should include semantic
gradations favoring those words that are less connected with cultural changes.
Gerhard Doerfer (1963) enhanced Clauson’s approach by separating the glossaries
of “peripheral” and “nuclear” basic words (e.g., words denoting the body parts) and
holding the latter for a trans-historic phenomenon, not affected by cultural contacts.
However, Doerfer’s approach also failed to confirm the existing relationship
between the related languages (Andreyev and Sunik 1982). Doerfer’s choice of
“nuclear” words was also criticized for inadequate reduction of actual glossaries
(Kolesnikova 1972). Alexander Shcherbak (1994) attempted to combine the lexic
and cultural analysis in relation to Mongolic and Turkic languages, which revealed
that the Mongolic glossary is based on a forest lifestyle, whereas the Turkic glossary
on a steppe lifestyle. This implies the cultural rather than the genetic ties uniting
Mongolic and Turkic languages, supporting Doerfer’s conclusion.

On the other hand, Sergei Starostin (1991) implemented the Yakhontov method-
ology for the lexico-phonetic comparison of “Altaic” languages and established that
Turkic, Mongolic, and Tungusic languages share about 20% of Yakhontov’s basic
words, whereas Japanese and Korean languages share only 13–14%. Starostin
explained such low percentage as an indicator of the antiquity of the proto-Altaic
language. Later, he expanded the scope of lexic analysis to 2000 words, breaking
Yakhontov’s list in 2 groups, of 65 and 35 words, the latter of which was considered
diachronically stable, so that if the number of common words from this list between
the two languages exceeded the first list, such two languages were pronounced
genetically related (Starostin et al. 2003). This approach has caused extensive
criticism, establishing the consensus that the common traits between “Altaic” lan-
guages are caused by language contact rather than shared ancestry (Kortlandt 2003;
Georg 2004; Vovin 2005; Róna-Tas 2011; Jankowski 2013). Nevertheless, the issue
of similarity between these languages continues to receive attention of researchers,
promising a new synthesis. As Roy Miller noticed (1996, 15–17), the objections to
the Altaic unity rest exclusively on the lexicon, whereas the arguments for Altaic
unity rely on the features of verbal morphology. The solution to the “Altaic”
controversy, therefore, lies in tracking the correspondences between the
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morphological typologies of the languages in question, since different ethnoses
readily borrow words but stick to the same morphological principles (Johanson
2010). The proof of this is the remarkable conservation of the agglutinative lan-
guages, withstanding external influences from non-agglutinative languages.

The new methodology for lexicostatistic analysis within the morphological
context was formulated by Robbeets and seems to be gaining acceptance in the
field (Gözaydin 2006; Rozycki 2006; Büyükmavi 2007; Décsy 2007; Kara 2007;
Dybo 2019). She was able to identify 19 verbal suffixes that reflect formal, func-
tional, combinatory, typological, and paradigmatic co-dependencies and 14 criteria
for distinguishing language contact from common ancestry (Robbeets 2015). Com-
parison of the common innovations of verbal morphology in combination with the
phonological and lexic innovations enabled Robbeets to date the breaking of the
initial protolanguage into the constituent languages and families. Like Joseph
Greenberg (2000), Johanson and Robbeets (2010) replaced the controversial concept
of “Altaic” with more accurate “Transeurasian” family. According to Robbeets,
proto-Transeurasian language split into proto-Altaic and proto-Manchurian
(Koreo-Japonic) language about 5000 BC, which in turn split the former into
proto-Turkic and Tunguso-Mongolic and the latter into proto-Japonic and proto-
Koreanic languages by 3000 BC (p. 506). Proto-Tungusic and proto-Mongolic
languages branched out shortly before 2000 BC. Alternative application of
lexicostatistic method brought dates quite close to Robbeets’ methodology:
4750 BC for formation of proto-Altaic (equivalent to Robbeets’ “Transeurasian”),
4350 BC for its split into proto-Turkic and Tunguso-Mongolic, and the latter’s split
by 3700 BC (Blažek 2009). These dates are slightly earlier than Starostin’s estimates
of disintegration of proto-Altaic language by 6000 BC and formation of proto-
Japonic and proto-Koreanic by 3000–4000 BC (Starostin 1991). Extended etymo-
logical analysis, conducted by Starostin’s team later, confirmed the 6000 BC date but
moved the separation of Turkic-Mongolian and Korean-Japanese branches earlier –
about 4000 BC – while delaying the formation of the Old Turkic language to the first
century BC (Starostin et al. 2003, 235–6).

Even an earlier date of 10,000 BC for the breakup of the proto-Altaic was suggested
by Sunik, based on his estimates of the evolution of the morphological structures
(Sunik 1978). Combining the computerized lexicostatistic analysis with the cultural
reconstruction moved the date for the breakup of the proto-Transeurasian language in
Robbeets’ estimation earlier to 5700 BC, postponing the formation of the proto-Altaic
to 4600 BC, and even more so for the Koreo-Japonic – to 3300 BC – while increasing
the age of the Mongolic/Turkic split to 2800 BC (Robbeets 2017). The latest update of
Altaic chronology that implemented the Bayesian phylogenetic inference generally
confirmed the Russian Altaists’ claim of a closer relation between the Turkic and
Mongolic branches while siding with the Western Altaists’ claim that Tungusic,
Mongolic, and Turkic families each constitute separate entities (Robbeets and
Bouckaert 2018). The Mongolic and Turkic split is valued at 100% posterior clade
support for the families: Korean and Japonic (at 98.7%) and Turkic (90.3%).
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All in all, the timeframe of genesis of the Far Eastern metacultural “organic” JH
tradition coincides with the breakup of the proto-Transeurasian �8 kya – when in
Northeast China and Russian Primorye tundra gave way to a more humid forest-
grassland, enabling the neighborhood of grasses, trees, and bamboo, necessary for
transition from proto-JHs to bamboo and wooden JHs (Table 8.4). Talismanic use of
proto-JHs corresponds to the stage of formation of numerous “dialect continuums”
in low-density populations of constantly migrating nomadic and seminomadic tribes
with limited use of agriculture (Robb 1993). Emergence of mukkuri- and kanga-like
JHs and onomatopoeic JH music in itself was likely to execute the role of lingua
franca in interactions of the neighboring regional tribes, leading to the crystalliza-
tion of proto-Transeurasian.

It is not accidental that the map of distribution of Transeurasian languages
(Robbeets and Bouckaert 2018, 146) basically coincides with the map of modern
distribution of the indigenous JH traditions (Fig. 8.2) – with the sole exception of
Turkey that currently bears no indigenous JH tradition. However, this may have been
a recent omission in light of the presence of such tradition among the neighboring
speakers of very close Azerbaijani (Yesipova et al. 2008) and Gagauz (Dallais et al.
2002).21 The plausibility of this scenario is supported by the fact that the Turkish
word “qopuz” (related to Mongolian “quyur”), used in reference to JH, constitutes
one of the “nuclear words” for the entire Turkic language family, testifying to the
cardinality of JH for nomadic Turkic tribes (Róna-Tas 1986, 25:222–3).

8.8 Nivkh Language’s Ties to the Emergence of Jew’s
Harp’s Eurasian Tradition

Sheikin (2002, 125–132) implemented the “nuclear” epistemological approach to
the names of JH used by Siberians and established five pan-Siberian “nuclear” roots:
(1) Nivkh “kongon” for east, (2) Ainu “mukkuri” for southeast, (3) Yakut “khomus”
for central and southern Siberia (along with the related Manchurian “kumun” and
Buryat “khur”), (4) Selkup “pynkyr” for northwestern Siberia, and (5) Mansi
“tumre” for the Urals. The geographic distribution of these “nuclei” marks five

21Iron JH was listed in the catalog of Turkish national instrumentarium compiled by Evliya (aka
Ewliya) Chelebi in the seventeenth century, with the mentioning “invented in Danzig” – however,
many other instruments on that list are supplied with mythological provenances (e.g., Pythagoras,
Solomon, Queen of Sheba) (Farmer 1936). It is highly probable that JH was initially brought to
Anatolia around the sixth century by nomadic Turkic tribes but lost its importance and became
forgotten as the traditional nomadic clan-based lifestyle gave way to the sedentary lifestyle with a
centralized government, and as Turkey evolved into a regional power, absorbing the cultural
achievements of its southern neighbors, famous for their cultural pedigree. At this point the
exuberance of sophisticated musical instruments and ancient orchestral tradition of Mesopotamia
(Krispijn 2010) and Egypt (Sachs 2008) would have completely out-shadowed the modest melodic
capacities of a quiet JH, designed primarily for personal use (Alekseyev 1991b).
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areas (Fig. 8.4), while their etymological connections,22 along with the historic-
ethnographic data, point to the direction they spread, namely:

1. Pacific coastline (Primorye, Khabarovsk Krai) and Sakhalin (according to
Sheikin, a homeland)

2. Japan and nearby islands, Korea and Northeast Chinese (southern expansion)
3. The “belt” from the Amur basin to Mongolia and Altai plus the northern and

western vicinities (northern expansion to Yakutia and westward to Middle Asia)
4. The Ob’ and Yenisei River basins (further northern expansion)
5. Kama/Volga area (further western and northwestern expansion)

Not much is known about the languages of Area-1 spoken during the early
Holocene. It is likely that JH inventors spoke a language ancestral to Nivkh due to
the Nivkhs’ unique combined use of grass, bamboo and wooden JHs. The origin of
the Nivkh language presents an unresolved puzzle. Nivkh shares many lexical and
grammatical features with Tungusic languages and Ainu (not to speak of all that it
has borrowed from the Russian, Chinese, Mongolian, Manchu and Japanese lan-
guages), and shows typological resemblances to the Chukchi, Ainu and Amerindian
languages (Mattissen 2003). Despite its multiple connections, Nivkh is an isolated
Paleo-Siberian language which should be taken as an indication of the old age of its
“pedigree” since all of its family relatives have gone extinct (Pevnov 2009). This
“age difference” likely explains why the indigenous neighbors of Nivkhs speak all of
one another’s tongues except that of the Nivkh (Gruzdeva 1998). Janhunen regards
the Nivkh language as part of the Amuric family, originated in Manchuria and

22The Ugric word “tumran” does not carry any onomatopoeic connections, unlike many other local
names for JH, but descends from “tombyra” of the Siberian Tatars and Turks of Middle Asia and
Kazakhstan – used to refer to lute-like plucking musical instruments (Alekseyenko 1988). The
common feature in this derivation must have been the plucking hand action that produces a
characteristic sound with a strong attack, followed by a quick decay of the sound. “Pymel” of the
Kets and Yughs does not have indigenous etymological connections either, probably descending
from the Selkup “pynkyr” (“buzzing”) and relating to shamanic tambourines (“pendir” and
“fendir”) of the northern Samodic peoples. The Yakut “khomus” (and its multiple Turkic varieties)
descends from Old Turkic “khobus” (Nadeliayev et al. 1969, 451), which in turn, must be related to
the Manchurian “kumun” – the name of the official 8-tone “state music” (Tsintsyus 1977, 2:431)
and the pentatonic system theory borrowed from Ancient China (Zakharov 1875, 36). “Kumun”
might have descended from the Old Korean “komungo” – “the lute of a black stork” (Tsintsyus
1977, 2:431). Sheikin lists the arguments that explain the sacred meaning of the concepts of “lute,”
“stork,” and “black” within Ancient Manchurian cultures, and connects them to Japanese “koukin”
(2002, 130). Like the word “tumran,” “khobus” is related to words used in reference to plucking
string instruments – which is indicative of the later origin of “khobus” in comparison to “kongon.”
Nivkh “kongon” has onomatopoeic origin (Mamcheva 2005). It relates to Udege “kunkai,” Nanai
and Ulchi “kunkai-konkai,” Orok “kunka” and Negidal “konkikhi,” as well as, possibly, Even
“konkukan” and Evenk “kongiipkavun” (Sheikin 2002, 131) – used in reference to the frame JHs
made of organic materials. Bow-shaped metallic JHs are called by the Nanai, Ulchi, Oroch, Negidal,
and Orok peoples “muene,” “mene,” “mukhele,” “mughene,” “mukhene” and “mukhane” – related
to Manchurian “mekheni” and Ainu “mukkuri” (ibid.). This term must have been originally formed
in reference to the bamboo JH, but was appropriated by neighboring ethnic cultures in reference to
the metallic instruments.
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spread to the north, where it gave rise to Chukotko-Kamchatkan languages
(Janhunen 1996, 71). The latter form a distinct language family (Fortescue 2005).
Fortescue identifies the morphological and typological features that the Nivkh and
the Chukotko-Kamchatkan share, deeming them strong enough to consider their
common ancestry in proto-Chukotko-Kamchatkan-Amuric language, based on a
symmetrical 6-vowel system with vowel harmony (Fortescue 2011). The archaeo-
logical data supports this affiliation.

Maxim Levin (1963) was the first to notice the similarities between the Okhotsk
culture of Sakhalin-Hokkaido-Kurile Islands, associated with the Nivkhs, and the
old Koryak culture of Kamchatka and Taigonos, tracking them to a common origin
from “northeastern Paleoasiatics” (283). Ruslan Vasilevskiy (1969) furthered the list
of cultural commonalities between the Okhotsk and Old Koryak cultures, tracing
their past to the Neolithic Ancient Koryak culture situated by the Okhotsk coast,
from Amur to Tausik Bay. The amazing consistency of climate, landscape and
economy of the coastal population for the last 10 millennia must have contributed
to the preservation of the Nivkh language and culture in Sakhalin as opposed to the
continental Okhotsk coast, geographically open to human migrations. A missing link
between the ancient Nivkh and Koryak cultures could be the maritime Tokareva
culture (Lebedintsev 1998), dated 5.5 kya (Kuzmin 2000), and possibly constituting
an extinct branch of the Amuric family (Fortescue 2011). One of the leading
specialists in Nivkh culture, Chuner Taksami, regarded Nivkhs as direct heirs of
the Neolithic population of Beringia, holding that the comparison of the mythologies
and cults of the regional cultures confirmed their common ancestry rather than later
co-borrowings (Taksami 2009). Sergei Ivanov (1963) arrived at the same conclusion
in his fundamental work on ornamentation in traditional fine art of indigenous
Siberian ethnicities. Aleksey Okladnikov (1955), perhaps, the biggest authority on
archaeology of Siberia and Russian Far East, also considered the Amuric ancestors
of Nivkhs as the prime colonizers of the entire Okhotsk coastal area, whose culture
drastically differed from the neighboring continental cultures already during the
Neolithic.

The genetic evidence clearly distinguishes Nivkhs from the neighboring ethnic-
ities while tying them to the Amur area. Of the 8 ethnoses of the Russian coastal Far
East, it is only the Amuric Nivkhs and Nanaians that do not carry haplogroup Z,
typical for the Tungus, Manchurian and Turkic populations. However, they do carry
the haplogroup Y (the highest in Nivkhs – 47%), associated with Korea and
Kamchatka (Gubina et al. 2013). Haplogroup H is present in Nivkhs, Nanaians
and Evenks (Amur) as well as in Chukchi and Yukaghirs (Chukotka and Yakutia).
Haplotype S13, present in 28% of the Nivkhs and in 14% of the overall Siberian
haplogroup D, probably constitutes the founding haplotype for Siberia and
America – its affinity with the American haplotype AM88 indicates that Nivkhs
are related to the Beringian population that migrated to America (Torroni et al.
1993). mtDNA haplogroups G1b and Y1a, common amongst the Kamchatka
Koryaks, are also found amongst the Sakhalin Nivkhs (Volodko et al. 2008). And
G1b is common amongst the Chukchi as well (Schurr et al. 1999). The comparative
analysis of the genetic relationships of the Siberian populations confirms the genetic
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connection between the Chukchi, Koryaks and Nivkhs (Fedorova et al. 2013). The
distribution of haplogroup Y, restricted to the Lower Amur region and Kamchatka,
reaches its maximum frequency in Sakhalin Nivkhs’mtDNAs (66%) in combination
with low intra-group diversity, which testifies to the relatively recent age of this
haplogroup and of the long isolation of the Nivkh population (Starikovskaya et al.
2005). Nivkhs have the least diverse mtDNA amongst the Okhotsk coastal ethnic-
ities and cluster together with Koreans, distant from Koryaks and Itel’mens, in the
neighbor-joining tree that estimates genetic distances from the nucleotide diversity
values (Schurr et al. 1999).

Interestingly enough, Nivkhs, Nanaians and Koryaks, all share the haplogroup
U5 – most prevalent in the exceedingly distant Saamis (53%) and common for
Western Europe (Gubina et al. 2013). This goes to substantiate Janhunen’s claim that
Uralic language family descends from remote Manchuria (Janhunen 2009). Yet
another indicator of possible Western ties of the Amuric peoples is subhaplogroup
D4 that is common among the Nivkhs (5.4%), Negidals (6.1%) and Ulchi (10.3%) of
Amur as well as the Tubulars (1.4%) and Nganasans (5.2%) of Taimyr, separated by
5000 km (Starikovskaya et al. 2005). Altogether, the available genetic data suggests
that the Nivkhs came to the Okhotsk Sea from Western Siberia before the separation
of America and eventually became pushed out to Sakhalin by newer incoming tribes.

The Nivkh language bears a number of traits that can be attributed to the influence
of the JH tradition.

1. Vowel harmony. In the past, the Nivkh vocal system was characterized by vowel
harmony (VH) (Kreinovich 1937, 26) that regulated the alternation of high ([i],
[y], [u]) and middle/low ([e], [a], [o]) vowels (Gruzdeva 1998).23 And, as we shall
see, VH very much lives up to the musical reputation of “harmony”

Leaving aside the controversies in defining VH, in the most general sense, VH can
be structurally described as the systematic agreement of vowels in adjacent moras or
syllables within the phonological and morphological boundaries of a word (or its
base) in regard to one or more articulatory features (Krämer 2005).24 Perceptually,
VH prolongs the duration of a given tonal quality – especially where the latter is at
risk of being misidentified (Kaun 2004). In essence, this is not different from
increasing the frequency of occurrence of a particular pitch class in TO of music

23Gruzdeva’s qualification of this VH as “height”was challenged by Ko, Joseph, andWhitman who
interpreted it as based on the opposition of the advanced and retracted tongue root rather than the
opposition in height (Ko et al. 2014). Shiraishi and Botma seem to pose a middle ground by arguing
for “a synchronic pattern of co-occurrence restrictions that is based on height” which, in their
opinion, nevertheless might have developed from an earlier tongue-root system (Botma and
Shiraishi 2015).
24VH differs from other forms of assimilation by systematically triggering an alternation in “target”
vowels that are positioned in direct proximity to the “trigger” vowel once a certain feature
specification is met (underlyingly or in the surface form), so that the “target” vowel sounds the
same as the “trigger” vowel (Krämer 2005). Such triggering usually exerts morphonological
influence by highlighting the boundaries of words in a sentence.
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in order to stress its anchoring melodic function. Frequent repetitions, especially in
opening and closing of a musical phrase, ascribe tonicity (stability) to the pitch level
(E. Alekseyev 1986). In contrast, the variability of the pitch value within a wider
frequency “zone” characterizes “unstable” pitch classes, e.g., “the leading tone”
(Garbuzov 1948). The interplay of stability and instability generates oscillations of
tension and relaxation that fuel emotion-based semiosis in music (Krumhansl 2002).
Tension-relaxation dialectics applies not only to the domain of frequency but also to
timbre (Paraskeva and McAdams 1997) (Volodin 1972; Pressnitzer et al. 2000;
Nazaikinsky 1988; Nazaikinsky and Rags 1964; Lerdahl 1987) – just involving
the timbre- rather than the frequency-classes (Nikolsky et al. 2020). In JH music,
vowels function as musical “timbre-classes,” acting “musically” to bind adjacent
sounds – unlike consonants that epitomize the tendency of speech to oppose adjacent
sounds and fragment the sound stream (E. Alekseyev 1991b). Vocal music expands
vowels while contracting consonants, following the paradigm “vowels sing but
consonants speak” (Kolinsky et al. 2009). It is vowels that support prosodic features
common to the pragmatics of both music and speech (Wennerstrom 2001).

In VH, too, it is vowels that initiate the harmony process, whereas consonants
block it (Krämer 2005). “Blockers” halt harmony and usually do not themselves
undergo assimilation (Rose and Walker 2011). Hence, consonants can be viewed as
disharmonizers of vowels in verbal communication that is fundamentally “non-
musical” – after all, natural languages have more consonants than vowels (Bonatti
et al. 2007). This is because there are many more ways of fragmenting the sound-
stream than there are ways of joining sounds into a single stream. VH provides one
way to accomplish this joining – by making a vowel-change mark morphological
boundaries so that the repetition of a vowel quality effectively binds a new syllable
with the previous one into a single syntactic unit. This is not very different from
binding melodic sounds into a musical phrase by making them belong to the same
harmony.25

25This phenomenon is known in musicology in English as “harmonic rhythm” (Swain 2002) and as
“harmonic pulsation” in Russian musicology (Berkov 1962). Its essence is that melodies and
musical textures in Western classical tradition, starting from the XVII century, are built around
the harmonic progressions that tonally fine-tune melodic structures, since the anchor tones of
melody ought to constitute the “chordal tones,” present in a given harmony that encompasses the
entire musical texture from one moment of metric time to another (Nikolsky 2016). Harmonic
changes generate the peculiar pulse whose rate is usually sustained more or less intact throughout
the musical composition in a manner similar to metric pulsation. Western music, including most
folk and popular music styles, abides by rather strict metric and harmonic pulsations (which often
coincide). Therefore, Western musicians and listeners develop a peculiar skill of figuring out an
implied harmony while listening to a melodic progression (Povel and Jansen 2001) – even in a
monophonic piece of music. Restraining the melody to only the chordal tones of a certain harmony
effectively binds such tones into a syntactic group (motif, phrase or sentence): e.g., the main theme
of the “Blue Danube Waltz” by Johann Strauss Jr.. Harmonic pulsation is not limited to Western art
music. It is as common to all forms of Western folk and popular music (e.g., “On Top of
Spaghetti”). Theoretically speaking, it should be present in every form of multi-part non-Western
music that affords the use of chords.
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But musicality of VH goes further – involving harmonicity. Harmonic-to-noise
ratio and subharmonic richness are known to convey affective information in animal
vocal communication (Briefer 2012). Harmonicity and inharmonicity are meaning-
ful in animal calls, used to convey, respectively, friendliness and fear (Morton 1977).
There are reasons to believe that the ability to discriminate specific harmonics is not
unique to humans. Tamarins were shown to discriminate signals with the upper
harmonics eliminated and with the second harmonic mistuned (Weiss and Hauser
2002). This suggests that the harmonic and subharmonic analyses might not apply to
the perception of music alone and that they are engaged in the discrimination of
vowel-like sounds across the animal kingdom. Vowels’ harmonic distinctions could
contribute to semiotic distinctions.

Sound symbolism was found to occupy an important place in the pragmatics of
speech, possibly constituting a cross-cultural universal (Svantesson 2017). One of
the most stable associations of “high” [i] with smallness, and “low” [a] with large-
ness, verified for many languages (Diffloth 2006), finds a perfect match in a musical
universal, where high pitches are perceived as “small” and low pitches – as “large”
(Dolscheid et al. 2014). Both domains, music and phonetics, could be
implementations of general cross-modality of pitch and visual size (Bien et al.
2012). JH follows suit (Nikolsky et al. 2020), so as sung vowels in lyrics (Russo
et al. 2006). If Sapir (1929) and Newman (1933) were right in tying vocal symbolism
to articulatory and kinesthetic visual/motoric experience, then JH provides a par
excellence tool to explore expressive capacities of vowel height, perfectly visible to
the listener and sensible to the player.

Symbolic meaning of vowels often interferes with the lexic meaning of words,
but excels in purely musical applications, which suggests the musical, prelinguistic,
origin of phonetic symbolism. VH presents a further advance in the semantic
exploration of vowel height by elevating it from an elementary syntactic level to a
complexity akin to the composition of a melody. Melopoeic options include
maintaining the same pitch level (monotony associated with reinforcement, emo-
tional shock, deprivation or deep mediation), ascending (increasing tension) or
descending (relaxation) within the same structural syntactic unit. Within the context
of a purely symbolic, non-denotational, frame of reference for the JH music,
committing to one of these melopoeic options fundamentally constitutes musical
semiosis. The latter, however, can obtain a formative influence on verbal commu-
nication in a language that was formed after the formation of a JH tradition within
the same ethnos:

• Musicologically speaking, VH directs the attention of speakers and listeners to
3 musical aspects of vocal expression: pitch, rhythm and dynamics – manifested,
accordingly, in tracking “intrinsic fundamental tone” (Lehiste and Peterson
1961), “intrinsic duration” (Lisker 1974) and “intrinsic intensity” (Möbius
2003). All three are highly reflective of the speaker’s affective state. To follow
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the paradigm of a vowel as a specific musical instrument (Ladefoged and Disner
2012, 32), VH can be regarded as limiting the number of “musical instruments”
in the “instrumentation” of some pre-existing “piece of music,”26 where a word
is treated like such “orchestrated” musical piece. “Instrumentation” here is
called forth to increase the intelligibility of that word. The very idea of such
“instrumentation” may have come from JH musicking.

We have already noted the importance of harmonics for JH articulations. Not only
the configuration of the most salient harmonics distinguishes one JH vowel from
another (Nikolsky et al. 2020) – the entire “talking khomus” style is characterized by
patterns of changes in harmonic structures (Nikolsky 2017). Preliminary results of a
new study27 strongly indicate that VH of the same vowel (e.g., Yakut “ylyym”) on JH
involves matching the harmonic signature of the trigger-vowel by the target-
vowel – unlike the rendition of the very same VH word in Yakut speech (Exs.
15–16). This suggests that in languages of people whose music features JH as a
principal musical instrument, height-based VH generally emulates that of JH, but
cannot exactly reproduce the harmonic signature of the repeated vowel because of
the consonant assimilation. On the other hand, JH consonants are largely filtered out,
ranging from complete elimination to severe attenuation, thereby protecting vowels
from consonants’ influence.

Audio Examples 15–16
Ex. 15. The VH word “ylyym” articulated on khomus and in speech. The

harmonic signature of the first syllable “y-“ is nearly perfectly matched to that
of the second syllable “lyym” in the JH rendition: the harmonics Nos.1–16 retain
the same dynamic configuration (the crests and troughs). The speech version does
not contain such harmonic matching. In contrary, the second syllable seems to be
designed to contrast the first syllable – not only by the harmonic signature, but by
the intonation in pitch. This difference remains strong across multiple perfor-
mances by the same person, as well as performances of other people. Demon-
stration by Erkin Alekseyev, used by his permission. http://chirb.it/bgDfbO

26Such practice, indeed, takes place in Western instrumental music. Composers, such as Praetorius,
Mattheson, Telemann, Czerny, Berlioz, Glinka, Rimsky-Korsakov, Widor, and Koechlin, wrote at
length about the expressive capacities of the most popular musical instruments and their appropri-
ateness or inappropriateness for a particular musical expression. In professional music education,
the study of instrumentation has become a standard course, often differentiated from orchestration –
since instrumentation applies to the choice of musical instruments in composing and arranging
chamber music as opposed to orchestral music. Although non-Western music lacks such formal
discipline of study, nevertheless similar concerns preoccupy creation and reproduction of music in
many musical traditions with rich instrumentarium: e.g., modern (Davis 2004) or historic (Krispijn
2010), as well as their combination (Pacholczyk 1993).
27In 2017, the International Museum of Jew’s Harp at Yakutsk organized a project of comprehen-
sive study of JH articulations on the instruments from its collection, conducted by Aleksey
Nikolsky, Varvara Dyakonova, Ivan, Eduard and Erkin Alekseyevs, the report of which is currently
being prepared for publication.
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Ex.16. The non-VH word “syma” articulated on khomus and in speech. Both
syllables possess different harmonic signatures in both versions, designed to
emphasize syllabic contrasts. Although the consonant “m” in “syma” is not
rendered any clearer than “l” in “ylyym,” the vowel “a” receives completely
different treatments: the performer stresses the descending leap from the fifth
degree to the second degree – whereas in the example above the performer
emphasized the sameness of the repeated degree. Speech version, evidently,
does not proceed by such “degrees,” so phonetic contrasts of adjacent consonants
cause vowels to contrast whether there is a repetition of the same vowel or not.
Demonstration by Erkin Alekseyev, used by his permission. http://chirb.it/
xF8wAI

Nivkh JH tradition likely supplied the sonic model for Nivkh height-based VH. It
is hardly possible to play JH in fast tempo without “VH” – having two or more
adjacent sounds produced on exactly the same palatal position. JH performance
technique28 makes a player well aware of whether one sound reproduces the position
of the previous sound, varies it or contrasts it. Each option, accordingly, generates
either “perfect” VH of the same vowel (e.g., Yakut ylyym), “imperfect” VH of two
harmonically related vowels (Yakut “syma”), or opposition of vowels that marks the
boundary between two syntactic units (Yakut “suruk-biçige“). Nivkh might have
initially featured a clear-cut VH, similar to Yakut, eventually losing it while its
peculiar consonant system was taking shape.

2. Phonotactics. The second trait of the Nivkh language, possibly influenced by JH,
is its phonotactics that affords four syllable types: vowel (V), consonant-vowel
(CV), vowel-consonant (VC) and consonant-vowel-consonant (CVC) in
prevailingly monosyllabic words (Gruzdeva 1998). Disyllabic roots are fewer in
Nivkh, and trisyllabic roots are found in loanwords only (Shiraishi 2006). Such
phonotactic structures also characterize Nivkh JH musicking (Mamcheva 2012).
Fast decay limits JH in regard to the number of syllables that can be articulated on
a single activation of lamella to just 2 (3 in fast tempo). And inciting lamella, in
effect, generates lexically meaningless VH polysyllabic strings – e.g., Nivkh
“khavr-khavr-khaf-khaf-khaf” – breaking them into “words,” whenever the
vowel quality is changed, as in “khai t’ok khai-nak-nak (Sheikin 2002, 132). In
the same vein, Mansi vocable-based phrases are made: e.g., “Gav ri ke, gav ri ke,
vas py-rish, vas py-rish!”, articulated on the JH (Tchernetsov 1987, 35). Such
segmentation is quite similar to syllables and words of natural languages.

28The hand of a player marks “syllables” by hitting, touching, or pinching the JH lamella, or pulling
the rope tied to it (basically, any form of exciting the lamella), whereas the tongue position in his/her
mouth controls whether the harmony is changed or retained. The change of the height along with the
action on lamella usually marks the structural syntactic boundary between two musical intonations,
motifs or phrases. The change of the height alone generates something akin a diphthong or even a
triphthong. Performers are aware of such segmentation and usually control how many changes in
articulation they make on a single act of excitement of lamella.
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Another JH-like phonotactic trait is that the Nivkh language limits word-initial
clusters to no more than 2 consonants, and word-final clusters to no more than
3 consonants. It also disallows plosives at the second position in an initial cluster
(Gruzdeva 1998). Kreinovich (1937, 26) considered the rules for succession of
consonant phonemes the most characteristic trait of Nivkh. Articulation of conso-
nants is very difficult on JH. The most common syllables feature V, CV, and more
rarely, VC and CVC (Zagretdinov 1997). Marginalization of consonants and dom-
inance of vowels is immediately obvious in audio examples of “talking JH”
(Nikolsky 2017) applicable to most traditions of Russian Far East.29 Moreover, JH
requires a performer to match consonant articulation to that of the adjacent vowels
(but not the other way around!) – especially for fast music, where the movement of a
performer’s tongue within a syllable has to be minimized in order for the JH’s
“talking” to remain intelligible. This technical limitation is most obvious in the inter-
syllabic transitions of the VC-CV(C) type performed on a single stroke, which
causes consonants to simultaneously contrast each other while matching the preced-
ing and the successive vowels. Peculiarity of this requirement could be responsible
for the emergence of the obstruent system of the initial consonant alternations,
determined primarily by the phonetic nature of the final segment of the preceding
word – some of which have clear historic progression of development (Comrie 1981,
267–8). The practice of JH musicking must have originally put in place such
phonological rules as the alternation of dental consonants after a vowel, which
later acquired the syntactic significance.

3. Pause insertions. In Nivkh morphonology, consonant mutation is sensitive to
pause insertions, which indicates the importance of temporal adjacency (Shiraishi
2006). Insertion of a pause prevents consonant mutation both for spirantization
and hardening, as noticed by Kreinovich (1937, 15). Such interdependence might
look strange for a language, but it is totally normative for music, where caesura
generates discontinuity between musical segments, working similarly to a period
between sentences in verbal syntax. For JH music, the cancellation effect of
caesura is even greater, since caesura usually involves taking a breath, thereby
interrupting whatever processes that were active prior to the caesura.

4. Vowel quantity. The fourth “JH-related” trait is the phonematic opposition of
vowels by their quantity due to lengthening of a vowel in the beginning or the
middle of a word before [s], [z] and [r], and more rarely, [v] and [f], especially
pronounced in the main, Amuric, dialect of the Nivkh (Panfilov 1962, 1:11–12).

29The example of the lexically meaningful text rendered in the “talking khomus” style on JH is
(in IPA): /o-huo-xaj-dɯːr o-huo-xaj e-hie-xej-diːr e-hie-xej ej-der e-re do-ɣot-tor oj-dor, oj-dor
o-juo-ɣuŋ køt-tør-køt-tør kø-tyø-ɣyŋ!/ (Nikolsky 2017). The opening 13 syllables are all meaning-
less vocables, traditional for singing during the Yakut round-dancing and for JH playing. The
following syllables (Nos.14–34) can be translated into English as: “Come on, friends! Let’s jump,
we’ll jump, jump for a while, fly up, fly up, keep flying!” The clip can be heard here: https://chirb.it/
0g6pFO. As it is evident from listening to it, most of the consonant phonemes come out as “blurred”
or even “swallowed,” despite the outstanding technical skills of the performer, an internationally
renowned Yakut khomusist, Ivan Alekseyev.
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Doubling the quantity of a vowel is rather standard in indigenous JH traditions of
Russian Far East and Siberia. There, striking the JH usually occurs with metric
regularity by periodic cycles where the last strike is doubled in its rhythmic value.
Habituation to the same timing increment is likely to affect articulation changes
within the same strike, too - as long as the decaying portion remains audible and
fits in the metric pulse. The custom of estimating articulatory changes in relation
to the pulse of striking can easily be transferred onto the speech medium,
following the model of poetic verses through epic folklore (e.g., Nivkh nastur
or Yakut olonkho). The evidence for such intuitive division of a beat pulse into
2 or 3 equal parts in Nivkh traditional music (Ex.17) is abundant in the practice of
employing a repertory of rhythmic formulas, encoded as brief verbal phrases,
most explicit in the tradition of playing the musical log (tiatia chkhash) at annual
bear festivals – the most important celebration in the Nivkh calendar (Mamcheva
2012, 112–128).

Example 17 Binary and ternary “divisions” in Nivkh traditional JH music.
This is an example of rhythmic patterning of JH articulations within the time span of
the same hand stroke (Mamcheva 2012, 296). It generates rhythmic figures
referenced to the regular progression of beats. The clip is selected from Mamcheva’s
fieldwork, used by her permission. http://chirb.it/ABn63s

All instrumental motifs of Nivkh music, no matter which musical instrument is
used, tend to strictly follow the principle of correspondence between a musical sound
and a verbal syllable in a dedicated formula employed for the convenience of
memorization of a suitable rhythm (113). Whenever a beat is subdivided into two
sounds, a corresponding syllable is broken into phonemes, and a consonant phoneme
receives an additional vocable vowel, usually [a], e.g., “khurk” becomes “khur-ka”
(114). The dominant metric organization in Nivkh rhythmic formulas is 8-beat
heptasyllabic, where the seventh syllable receives double quantity (115). Mamcheva
explains metric strictness by the long-standing tradition of reciting ritual texts in
culturally important rituals.

5. Independence of vowel lengthening from stress. Nivkh vowels are lengthened
due to the sentence prosody, as a compensation for the deletion of postvocalic
fricatives in fast speech, or in songs’ lyrics to assign words to the longer notes.
Stress, on the other hand, is generally restricted to the initial syllable of a word
(Shiraishi 2006). Although stress can potentially fall on any syllable, its most
common position is on the first syllable (Panfilov 1962, 22) – especially for the
Amur (Kreinovich 1979) and West-Sakhalin dialects (Shiraishi 2006). Auton-
omy of durational and dynamic types of stressing is typical for music in
general. And JH requires even greater autonomy, since dynamic stress is mostly
controlled by hand action, while durational stress to a large extent is controlled by
respiration. Hand action tends to be regular, generating periodic stresses that fall
on the opening of each musical phrase and motif. Patterns of breathing, on the
other hand, are more volatile, changed in response to emotional state and chosen
registration, causing shortening or elongation of certain sounds. This is consistent
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with the different functionality of the Nivkh vowel lengthening that serves
prosodic purposes – stressing that primarily supports the discreteness of words,
most obvious in morphonology of compound words (Kreinovich 1979). JH might
have been the prototype for such specialization that later became obscured - as
stress in Nivkh language has elaborated grammatic dependencies (Mattissen
2003, 85–91).

6. The distinctive use of two tones. High and low tones oppose each other in Nivkh
monosyllables and polysyllables (Gruzdeva 1998), which might also have orig-
inated in JH musicking. JH articulations manifest clear pitch distinctions based
primarily on the vowel height, with additional influence of labialization
(Nikolsky 2017) – to the extent of forming “articulation scales” (Ogotoyev
1988). Pitch-grouping, along with stress- and pause-grouping plays an important
role in phonological and morphonological organization of the Nivkh language –
each featuring hierarchic internal structure of its own (Mattissen 2003, 120).
Their formative power may have been revealed for Nivkh speakers by the JH
musicking, where pitch, dynamics and articulation style each constitute an
autonomous aspect of expression that might support or compensate for another
aspect. The general tendency of ascending pitch to be supported by a dynamic
increase in music finds an analog in the Nivkh language. Its vowels interact in
stress and tone, where the former usually supports the latter (Panfilov 1962,
1:21–2). The prototype for such interaction can be found in JH sound production,
where striking JH produces the short spike of high frequency spectral content that
quickly fades out, leaving the low frequency bands to ring (Adkins 1974).
Perceptually, the sound produced by striking appears as the initial syllable in
multi-syllabic articulations.

Based on the totality of the presented information, it seems reasonable to suggest
that Nivkhs’ ancestors were using grass JHs during the early Holocene and
either passed this technology to the neighboring peoples of Primorye or
themselves advanced to twig or wood-chip JH technology. Very much like the
Altaians, the Amur and Sakhalin Nivkhs also observe the ancestor tree cult (Taksami
1977, 66).30 In the past, every Nivkh settlement worshipped an ancestor tree of its
founder. In fact, Nivkhs were even more protective of trees than Altaians, equating
the cutting of any tree with murder unless the woodcutter left the inau (a ritual stick
with splinters) on the stump. Another important celebration that symbolized the
connection of the taiga with the heavenly world was the autumnal feeding of the
Taiga’s Master immediately after the first freezing of the closest river, which also
required connecting a local ancestral tree with the transported larch tree (Ostrovsky
1997, 223). This rite could have dated back to the times of the Last Glacial
Maximum. And the special cosmological importance of the larch complements the

30Nivkhs believe that their entire ethnos descended from the larch tree, and each of the Nivkh kins
in addition venerates its own ancestral tree. During the most important annual bear festival, Nivkhs
transport a dried larch tree to their ancestral tree and conjoin them to provide access for a
patronizing “heaven man” to come down to Earth and protect his people (99).
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fact that the larch is still commonly used by Nivkhs to make JH khar-kongon
(Mamcheva 2005). The viability of the hypothesis of a talismanic origin of JH is
supported by the long-lived tradition of the Nivkhs treating their musical instruments
like live creatures: e.g., a musical log was carved to mark a symbolic “head” with
roughly sketched eyes, mouth and ears, and its mouth was “fed” with lingonberry
juice (Mamcheva 2008). Sounds emitted by objects were believed to have elemental
power: e.g., a buzzing sound could raise wind (Kreinovich 1927). Nivkhs routinely
use sound along with fire and smoke as a means to protect humans from misfortune
and trouble – the custom of hanging little wooden blocks (mil-kaunyr) above the
child’s cradle, knocking each other from lulling the cradle, still survived until the
twentieth century (Kreinovich 1973, 354). Talismanic JHs likely executed a similar
“evil-repelling” function. All of this data completely agrees with what is known from
the much better researched JH tradition of the Yakuts and Tuvans. This includes the
practice of using musical instruments to conceal a natural human voice, reported by
Nivkh informants and explicitly stated in epic mythology (Mamcheva 2008).

Yet another piece of evidence that ties Nivkhs and symbolic meaning of vocal
articulations, employed for animistic religious practices, is the tradition of depicting
so-called “singing masks”31 (Okladnikov 1968, 1971; Okladnikov and
Zaporozhskaya 1972; Devlet 1976, 1980; Okladnikov and Mazin 1976, 1979;
Leontyev 1978; Brodianskii 1978; Arkhipov 1989; Kochmar 1994; Devlet and
Devlet 2011) – petroglyphs on rocks adjacent to the river, which depict the isolated
human face, stylized yet individually expressive, so that none of the uncovered
images (about few hundreds) reproduce each other. Expressions are defined by
detailed configuration of mouth, nose and eyes, representing a vocal articulation,
charged with a certain affective state (Fig. 8.5) – in a stark contrast to the visual art of
neighboring Siberian cultures, dedicated to animals and usually presenting them in
groups (Okladnikov and Mazin 1979, 86). The oldest of these “singing” images
(3000 BC) come from the Amur basin area (Okladnikov 1971, 83–89). Sheikin
(2002, 259) was the first to compare all the available “mask” images and notice that
they represent distinct articulations. Sheikin concluded that “singing masks” must
have been created to perpetuate the “correct” way of articulating an ideologically
important word. This could be the name of a mythological ancestor of a particular
kin or ethnos – in line with the Nivkh, Chukchi, and Yukaghir traditions of always
naming a presumed author of a traditional song. Masks that depict a patronizing
ancestral spirit (khambaba) are still manufactured by Udege shamans for kamlanie –

31Russian archeologists refer to these singing masks as “lichina” – literally, “larva”, and figura-
tively, “mask” in a negative sense of feigning one’s look – but etymologically derived from the
positive word “lik” (iconographic image of a holy figure). Such pictorial “masks” constitute
something like a peculiar genre of Bronze Age fine art, compositionally analogous to “head
portrait,” but depicting a deity, spirit or ancestor rather than a concrete human being (Khlobystin
1987). Some of such images seem to represent a genuine mask by depicting, under the chin, a
handle for holding the mask or laces for tying it to one’s head (Devlet 1976, 6).
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Fig. 8.5 Nine “singing masks” from Sikachi-Alyan, Amur, �3000 BC, which represent vocal
articulations important to the ancestor cult of Paleo-Amuric peoples (Sheikin 2002, 259). The
images were discovered, dated and described by Okladnikov (Okladnikov 1971, 83–89). Their
anthropomorphism and focus on facial expression, distinct for each of the images, strongly contrast
the traditional animal-based visual art of the surrounding Siberian peoples, modern as well as
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shamans use different masks for calling different spirits (Zabolotskaya 2011).32

Alternatively, petroglyph masks could hint a “magic” password required to evoke
an important spirit-master of a local landmark (Okladnikov 1971; Gemuyev and
Sagalayev 1986; Alekseyev 1992; Kliashtornyi and Savinov 2005; Surazakov 2014)
for personal protection or healing, as it is still practiced today (Voldina 2017). Or, the
image could represent a kin’s military call. Such calls (uran) were still used in the
nineteenth century by Turkic Siberian tribes (e.g., Yakut “urui!”) and were believed
to have supernatural power (Sagalayev and Oktiabr’skaya 1990, 21). If such word
consisted of more than one syllable, vowel harmony, common for most of local
languages, would have made both syllables similar, representable by a single image.

The “singing mask” images are reproduced from Sheikin’s book “History of music culture of
Siberian ethnicities” and are used with the permission of Sheikin. The phonetic table was
kindly provided by I. Seliutina and her research group, and used with their permission.

Okladnikov stresses that Amuric masks represent an uninterrupted tradition that
ran for millennia and involved not only shamans, but virtually all local indigenous
populations. Thus, the modern Nanai ritual sculptures (seon) of a hunting patron
(Girki-Aiami) closely resemble the Neolithic “singing masks” of the Sakachi-Alian
and are used for sacrifice and praying (1971, 104).33 Even more common is the use
of such masks and dolls in funeral rites, where a mask is supposed to carry the soul of

⁄�

Fig. 8.5 (continued) archaeological (Andreyeva 1987). Such “singing masks” present an
uninterrupted tradition that still survives in sculpture, ceramics, burial and shamanic rites, as well
as folklore, of modern Nanai population of the middle Amur basin. Similar in style images were
uncovered only in few isolated sites in Tuva, Yakutia and Kamchatka, suggesting the substantial
expansion of a Manchurian Neolithic culture during the Bronze-Iron Ages. Each of the images was
identified as to which vowel it might represent by I. Seliutina, T. Ryzhykova, N. Urtegeshev and
A. Dobrinina from the Laboratory of Experimental Phonetic Research at the Institute of Philology
of the Russian Academy of Science, Siberian Department. Following the methodology of the
founder of this institute, Nadeliayev (1960), this lab has collected an extensive database of
articulations of basic phonemes of Siberian languages (Seliutina et al. 2012). Though the available
images permit only rough estimation of the gradations in labialization with a gist of palatability,
Nadeliayev’s classification of labialization (Nadeliayev 1980) enables identification of vowels
based on the ratio of mouth width to height. Each vowel is presented in the phonetic alphabet
developed after Nadeliayev (Seliutina et al. 2012)

32Wooden ritual facial masks (kambaba) have been used by Nanai and Udegei shamans to look for
the soul of a sick client or to make sure that the dead soul indeed reaches the underworld (buni). If a
mask happened to fall off a shaman’s face, his own soul was believed to perish. Nearly identical
masks, mugde, were made by Nanais from the birch bark to contain the soul of the deceased
(Okladnikov 1971, 106).
33Nanai hunters manufacture such seons before hunting and carry them along in a special container.
If a hunt was unsuccessful, they hung a seon on a tree, pray to the patron, and make a sacrifice. If the
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a newly deceased, securing reincarnation of future generations within a seok, thereby
ensuring its procreation (Lipskii 1956).34 Such funeral rituals have been widely
spread from Yenisei to Amur, at least for the last 200 years, indicating earlier ties
between Ugric and Manchu-Tungusic ideologies. The use of expressive shamanic
masks to communicate with the dead ancestral souls by Buryat, Shor, Kumandin,
Udege, Evenk, Mansi, Khanty, and Nenets shamans still existed in the early twen-
tieth century (Devlet and Devlet 2011, 310–12). Archaeological finds of such funeral
masks, dated 200 BC–400 AD, support the conclusion of Russian archaeologists that
the Northern Far East became culturally isolated as early as the Bronze Age,
preserving the earlier Neolithic traits until the Russian colonization in the seven-
teenth century (Andreyeva 1987).

The idea of “fixing” the articulation of a sacred word is not that different from the
existing Ugric practice of reserving a particular melody for evoking a patronizing
spirit (Tchernetsov 1987; Gippius 1988; Sheikin 1990). Similar “personalized”
melodies are linked to ritual masks in Southern Siberia – Tuva, Buryatia and further
south, at Tibet, Nepal and Bhutan – within the Lamaistic tradition of tsam, a theatric
ritual dance (Devlet and Devlet 2011, 335–37). A dancer wears a mask that displays
a specific emotional expression and along with a specific melody distinguishes one
tsam protagonist from another. Such theatric representation may have originated in
ancient pre-Lamaistic animistic customs that survived in hard-to-access mountain
areas.

The territory of the Neolithic “singing masks” tradition stretched all the way from
the continental coast of the Sea of Japan to Khakassia (Kyzlasov 1986, 185–7).
Okladnikov concludes that the orbit of this tradition’s influence likely spread even
further south and southeast. Okladnikov supported this in his demonstration of how
the ancient Amuric petroglyphs had set standards for the ornamental designs of
traditional visual art of the Nivkh, Nanai, Ulchi, and even, to some extent, of the

prayer was “heard,” a Nanai hunter draws on a patch of fish skin an icon of the seon Doonte, next to
the sun, surrounded by 9 snakes, 9 birds, 9 horses, and 9 human figures (Lopatin 1922, 17:228).
34Lipskii provides perhaps the most detailed explanation of the rituals related to funeral masks and
dolls. His rich personal ethnographic and archaeological experience allowed him to notice impor-
tant details in burials and relate them to contemporary indigenous practices and beliefs. Masks and
dolls were manufactured by the closest relative of the deceased immediately after their death,
replicating their unique physical traits (scars, tattoos, etc.) Such relative dressed the doll with the
clothes of the deceased person and put the mask on the doll. After 3–9 days of taking care of the doll
(feeding, cleaning, and putting it to sleep), that relative broke or burned the mask together with the
doll. This treatment was supposed to block the dead soul from the living and secure its transpor-
tation to the underworld (buni), where it had to stay in order to be available for reincarnation into
future newborn generations of the dead soul’s seok. That is why “seok” simultaneously means
“corpse,” “bones,” and “kin” – dead bones of a corpse give life to the future posterity of the same
seok. Here, the individual resemblance of the mask and the doll were intended to make sure that the
soul would attain its proprietary (and not some foreign) seok settlement in the underworld, being
successfully recognized and accepted by that soul’s dead ancestors. Concern for correctness of this
procedure reflected the incentive to keep the possessions of one’s kin and secure its procreation.
Within this framework, a picture of a particular vocal articulation could serve like a password
(“sesame”) to get access to a specific kin, its territory, and its ancestor/patron’s spirit.
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Ainu, supplying the latter with geometric elements, abstracted from their initial
anthropomorphic identity and wrapped into zoomorphic ornaments whose resem-
blance to Amuric petroglyphs can be recognized only when compared side by side
(Okladnikov 1971, 101–5). Okladnikov also disclosed cultural patterns common for
Amuric and Northeast Chinese as well as Japanese and Oceanic prehistoric art
(Okladnikov 1955). Taksami further explored the Ainu (Taksami and Kosarev
1990) and Austronesian (Taksami 2009) connections of ancient Russian Far Eastern
cultures. This line of research could explain why JH retains its importance in
indigenous cultures of Southeast Asia and Oceania. Millennia of cultivation of
“magic” articulations within the ideological framework of ancestor cult would
have cemented a stable tradition of timbre-based music.

8.9 Jew’s Harp and the Origin of Vowel Harmony

The local Paleo-Asiatic population of the Amur area may have selected specific
vowel articulations as an attribute of worship within a Neolithic cult that subse-
quently spread via migration and cultural contacts over a vast territory from Upper
Yenisei at the west, the Altai/Sayan mountains and the Manchurian Plain at the
south, and the Pacific coastline at the east (Fig. 8.2). The remnant of this culture must
be the Nivkh language and cultural tradition that found refuge in Sakhalin. The JH
tradition, formed within the ancestor and tree cults as part of pan-Siberian/Far
Eastern religion, must have influenced language development in the process of
ethnogenesis across this entire region. Proto-Nivkh probably captured the traits of
TO promoted by the earliest JH and proto-JH constructions. One of its most likely
influences, vowel harmony, must have emerged in some embryonal state in the
ancestor of the proto-Nivkh and subsequently became lost due to language isolation
and modernization. However, VH has evolved into the principal morphonological
tool for languages that formed after the Nivkh ancestors were pushed away from the
continent by the newer wave of migration at the onset of the Metal Age. The
strongest manifestation of this function is found in Turkic languages (Gadzhiyeva
1997).

Stressing a specific timbral quality by means of VH is fundamental for
agglutination – the derivation of words by stringing morphemes together without
phonetic changes, reserving a single function for each “glued” morpheme. In all
Turkic languages, the morphemic seams at the boundaries of neighboring morphs
are stressed primarily by VH. According to Tcherkassky (1965), the entire system of
phonological oppositions in Turkic languages must have emerged in no other way
but as a paradigmatic base supporting the VH. In languages that engage VH by two
different principles (e.g., palatability and labialization) the VH alone is responsible
for delimiting about 75% of words in the flow of speech – which is achieved with
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great efficacy, so that a morpheme’s boundaries are recognized by listeners practi-
cally without any mistakes (Melnikov 1966a).35

The Yakut language is considered to possess an exemplary VH system, repre-
sentative of the VH in proto-Turkic (Levitskaya 1984). The Yakut language harmo-
nizes vowels in 4 aspects: short/long, front/back, narrow/wide, labial/non-labial -
involving also the consonant harmony of soft palatalized or hard non-palatalized
consonants, depending on their proximity to the front or back vowel (Antonov
1997). Therefore, palatal and labial VH acquire systemic importance. In Yakut
phonology, speech progressions are characterized by regular alternation of conso-
nants and vowels, with very limited possibility of consonants to follow each other.
The main phonological function of consonants is terminating the vowel, so that the
syllable’s boundaries are always marked by the succession of consonants
(Dmitriyeva 2002). The delimiting function of VH makes accents
morphonologically unimportant (Reformatskii and Vinogradov 1969). Accents
always fall on the vowel in the last syllable of a word (adding an affix simply
moves the accent) and does not affect the quality of non-accented vowels (Antonov
1997). Such a strict rule makes the function of chaining morphemes the prerogative
of vowels.

Yakut VH closely resembles TO of music. Consistent short/long opposition of all
vowels usually retains binary proportion akin to binary division that character-
izes musical rhythm and meter (Fraisse 1982). The fixation of accents establishes a
metric framework for it. VH simultaneously defines words syntagmatically by the
“horizontal” interruption of the prolonged timbral quality and paradigmatically by
defining a word as the continuity of “vertical”36 morphonological predictability,
according to the selected harmonizing feature (Vinogradov 1972a). As a result, a
word as a morphological unit is organized by VH, and as a syntactic unit – by a fixed
accent (Vinogradov 1970). This bi-axial definition, common for not only Yakut, but
Turkic languages in general, where linear changes in continuity of the timbral quality
are constantly quantized into known “classes” of harmonic relations by adopting a
specific “harmonic quantor” (Vinogradov 1972b), is functionally equivalent to

35For the study organized by the International Museum of Jew’s Harp at Yakutsk in 2017,
mentioned above, it was very difficult even to find a set of native Yakut words that would be free
from VH for comparative acoustic analysis. Practically all common Yakut words contain VH, and
even those borrowed from non-VH languages (e.g., Russian) become “harmonized” in the pronun-
ciation by native Yakut speakers. Yet another phenomenon, noticed while carrying out this project,
is that native Yakut JH players intone the harmonized vowels differently than JH players for whom
Yakut is a second language (Nikolsky 2017). This might constitute the “melodic” counterpart of the
“harmonic” process triggered by habituation to VH.
36Vinogradov’s use of the terms “vertical” and “horizontal” has nothing to do with the linguistic
conventions of referring to “height harmony” and “cross-height,” or “horizontal harmony.”
Vinogradov refers not to the physical parameters of vocal articulation but to the pattern of variation
in speech production: synchronic for phonetic variation (hence, “horizontal” in a sense of “succes-
sive” adjustments, following the common convention of representing time by the horizontal axis)
and diachronic for phonological variation (“vertical” in a sense of categorical rather than sequential
adjustments).
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rhythmo-metric organization of melody. In music, ongoing changes in rhythmic
values are also quantized into metric classes within the framework of the composi-
tion’s “metric grid” with the help of selecting a regular temporal increment for a beat
(Boenn 2018). Moreover, the resultant metric pulse is more often than not marked by
the “harmonic pulse” (Swain 2002). Similarities go even further, if to take into
consideration the interaction of VH with the fixed accent: after all, musical metric
stress and linguistic dynamic accent share the same domain of amplitude that
interacts with the temporal domain of rhythm and meter.37

Besides temporal and dynamic regulation, VH also regulates pitch levels: back
vowels tend to sound higher in pitch than front vowels (Möbius 2003), and labial
vowels - lower than non-labial (Zsiga 2013). All in all, the production of Yakut
speech is not that different from melopoeia. Each vowel receives its distinct charac-
terization by rhythm, meter, pitch, dynamics, and timbre. All of these parameters are
consciously tweaked by a JH player – but not by a singer. As was already discussed,
singing tends to equalize vowels in their timbral qualities, adhering to a single ideal
of euphony. JH music is the only form of music that systemically cultivates multiple
articulatory oppositions:

1. High/low
2. Front/back
3. Labial/non-labial (all three are engaged simultaneously in a “classic” JH tech-

nique of restricting articulations to oral cavity alone)
4. Pharyngealized/non-pharyngealized (used when a chest cavity is added to sound

production – very common for Siberian traditions)
5. Nasal/non-nasal opposition (Mazepus 1989).

Remarkably, the first four oppositions find their counterpart in VH of Turkic
languages (Seliutina 2017), and this is hardly an accident. The vocalism of the initial
syllable (usually a word’s root) is defined in the same 3-dimensional system
(Vinogradov 1972a) as in “classic” JH playing (oppositions Nos.1–3 from the list
above).

There are two principal acoustic traits that distinguish the Turkic vocal system
from that of JH music: monotone FF and scarcity of consonants. However, they
hardly come into play in JH semiosis. JH monotony causes quick habituation – one’s
ear simply ignores it, focusing on the phonological changes in the upper part of JH
spectrum. And scarcity of consonants does not make JH music any less intelligible,
because hand action takes over the delimiting function. Each excitation of the
lamella marks a “JH syllable,” whereas executing two vowels on one excitation

37The definition of a word’s boundary by the regularity of changes in the opposing timbral qualities
in conjunction with the fixed stress can be thought of as an act of listening to a melody accompanied
by a metronome with a ringing tone set to kick in on a particular click with certain periodicity – in
addition to setting a particular click to be louder than the others and having an additional pulse set
by changes of harmonies within the entirety of music. The resultant periodicities, despite their
complexity and diversity, usually exhibit pronounced metric (i.e., regular periodic) organization.
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produces a “JH diphthong.” An additional source of generating “syllables” on the
same vowel (a-a-a) is provided by alternations of inspiration and expiration (Ex. 18).

Audio Example 18 Tyynyy araastara (breathing devices). This is the demonstra-
tion of the traditional Yakut playing technique of generating rhythmic patterns and
timbral recoloring of the very same articulation on the same hand stroke – using
changes in inspiration and expiration. Ivan Alekseyev, used by his permission. http://
chirb.it/8B011O

Hand action operates on two levels: “syllabic” in JH “words” and “lexic” in JH
“musical phrases.” The latter occurs as a result of periodic stress that falls regularly
on a certain “hand beat.” For both Nivkh (Mamcheva 2012) and Yakut (Alekseyev
1976) traditions this is usually the seventh beat (Ex.19).

Audio Example 19 Ohuokay. This is the demonstration of a “talking khomus”
style applied to the verse of a popular Yakut round-dance. It uses a clear
heptasyllabic metric pattern, fit into 8 beats, where the seventh syllable receives a
double value. http://chirb.it/0g6pFO

For “talking khomus,” VH delineates words even clearer than for speech because
JH clearly stresses whether the articulatory degree is repeated or changed, and in the
latter case, whether it changed by a leap or by a step (Ex. 11):

• In essence, striking of the JH is as “monotonous” as VH: both of them limit the
timbral variety of sounds in sake of highlighting the seams of syntactic units
(Ex. 13). At the end, both regulate the distribution of timbral tension and
resolution – which is one of the keynotes of musical TO.

The JH roots of the palatal/labial VH might explain its origins better than the
existing linguistic explanations. The first theory was presented by Trubetzkoy – he
saw VH as the consequence of the symmetric arrangement of the vowel repertory of
a language (Trubetzkoy 1939, 104), where a harmonic rule emerged to make the
word-initial syllable “strong” by assigning to it the delimitative (phonemic) function,
while subsequent “weak” syllables were neutralized and executed the distinctive
(phonetic) function (Trubetzkoy 2001, 28). An alternative explanation by
Tcherkassky emphasized not phonemic but lexic categorization in the emergence
of VH. In his opinion, VH emerged from the phonematic system with very few
vowels and few possible oppositions, forming strong and weak vowels, which grew
in variety as polysyllabic lexical genesis caused consolidation of morphemes,
generating the syncretic obligatory (non-functional) multi-factorial VH and aggluti-
nation that subsequently caused reduction of VH by making it functional
(Tcherkassky 1965). This theory was challenged by Melnikov. According to him,
VH was brought to life not by syncretic but by selective assimilation of vowels,
based on separation of morphological and semantic functions, where front/back
opposition generated affixation, whereas wide/narrow opposition generated differ-
entiation by meaning (Melnikov 1966b). This view interprets VH as an aid in
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parsing the flow of speech by the least acoustically reliable aspect, which for Turkic
languages is palatality. Shcherbak (1970) further emphasized the lexic roots of VH -
instrumental in redrawing prosodic seams, when amorphous morphological struc-
tures started changing into agglutinative ones, causing a large number of words to
become functional words. In this model, shared by the majority of Russian special-
ists, VH initially was designed to delineate syllables, achieved by palatal harmony,
but after proliferation of polysyllabic words, VH acquired the function of delineating
words, forming labial harmony. Here, the rise of the initial palatal VH appears as a
“random mutation” that spontaneously acquired functional use.

Lewis provided an alternative explanation, seeing VH as a method of minimizing
articulatory action of the vocal apparatus (Lewis 1967, 15–16). This seems to be an
oversimplification, since VH occurs in relatively few languages and often remains
limited, blocked by various factors. More convincing is tying VH not to motoric but
to perceptual ease in recognizing familiar words (Suomi 1983). Indeed, VH works
like an error-correction tool in detection of “weak” vowels in the non-initial syllables
under the condition of a fixed word stress. Maintaining the pitch level of F2 of the
most salient initial “strong” syllable throughout all subsequent “weak” vowels in a
word simplifies real-time identification of syllables and words by directing a lis-
tener’s attention to the pitch aspect alone. Such mechanism would promote harmo-
nization only for those vowels whose timbral quality is perceptually more salient
(Kaun 2004).

Viewing VH as a perceptually driven error-correction aid prompted Ohala’s
attempt to facet a universal theory of VH that earned acclaim amongst Western
specialists (Ohala 1994). Like Tcherkassky, Ohala considers VH the “fossilized”
result of purely phonetic and non-distinctive assimilations between neighboring
vowels. But unlike Tcherkassky, Ohala considers such assimilation to be present
in most languages, equating VH with coarticulation (Öhman 1966). And here Ohala
substantially differs from Russian researchers. He holds that it is the paradigmatic
features of vowels (height, frontness, rounding, voice quality) that lead to VH – and
not the syntagmatic features (length, diphthongization), which are “dynamic” rather
than fixed. In the Russian tradition, both paradigmatic and syntagmatic features are
considered crucial for VH, and the latter fundamentally differs from assimilation.
According to Vinogradov, vocalism of the initial syllable in a word (root) is defined
within a 3D system, while vocalism of non-initial syllables (affixes) is defined by a
single dimension – nevertheless, both subsystems interact, forming systemic rela-
tions, which distinguishes VH from other forms of assimilation (Vinogradov 1972a).
VH’s essence is the selection of a single specific “prosodic quantor,” capable of
distinguishing vowels along the known phonemic oppositions, and being present in
both root and affixes. Such a quantor then is applied to co-variation of syllables as
well as words, working on both levels, lexic (macro-) and morphemic (micro-).
Within a word, a prosodic quantor executes a constant cumulative function, whereas
within a sentence, the same prosodic quantor supports an incrementally varied
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“delimiting” function.38 Vinogradov stresses that it is this hierarchic co-regulation
of quantor’s influence on syllables of a word and on words in a sentence that
distinguishes VH languages from non-VH languages. Yet another important differ-
ence is that VH generates new types of sonance to integrate morphological units
while distinguishing one unit from another, which attracts the attention of a speaker
and listener, and involves semantics for drawing word boundaries – in opposition to
coarticulation that remains unnoticed, determined by purely motoric function of
speech organs, free of semantic distinctions and not generating new sonance types
(Zubkova 1973).

As it follows from this brief overview, linguistic theories explain the emergence
of VH by the need to simplify production and perception of syllables and words in
the flow of speech, secure effective recognition of vowel phonemes, support vowel
oppositions, and generate new polysyllabic words by means of agglutination. There
is a taste of circularity in these explanations: the past origin of VH is explained by
demonstrating its linguistic necessity as it is known today. This approach seems to be
fundamentally inadequate – obviously, those ancient people who came up with the
idea of harmonizing vowels had neither any idea of vowels, phonemes, nor harmony.
It is doubtful that they pursued the deliberate goal of constructing new polysyllabic
words. Certainly, the discovery of VH could have been accidental, but the deeply
systemic nature of VH makes this unlikely. The acoustic aspect of speech is far from
being arbitrary – certain types of sounds and methods of their integration are selected
based on the psycho-acoustic criteria of their pronunciation, recognition, memori-
zation, and categorization, which all are achieved by a limited number of options,
each cultivating its own method of associating sound with syntax (Zubkova 1986).
Thus, in languages that distinguish morphemes, function words tend to use fewer
syllables, phonemes and phonemic combinations compared to meaningful words,
which use more.

Of all the researchers, the closest to avoiding circular reasoning seems to be
Malmberg, who recognized VH’s tendency to uniform the phonetic arrangement of
speech in a manner similar to ordinary instinctive utterances such as sigh or groan
(Malmberg 1962). The reduction of differentiating linguistic capacities in VH, along
with its prelinguistic association with utterances, makes sense in the situation of

38By “incremental” function (Rus., stupenchataya funktsiya – literally, “degree-like function”)
Vinogradov means the function that stays constant for certain “intervals” (spans) of text but changes
abruptly for other “intervals.” He borrows the concept of the “degree” (gradation) of a harmonic
quality from Greenberg (Greenberg 1963), defining it as a set of vowels, each of which can interact
with another vowel from the same set, including itself, within some grammatically definable unit
(usually a word, but possibly a morpheme). The presence of the opposing degrees in a vocal system
of a language constitutes a necessary condition for VH. Vinogradov gives Evenk language as an
example of “incrementally” designed VH due to the presence of harmonic degrees. However, he
notes that traces of such design can be found in virtually any VH language.

290 A. Nikolsky



acquisition of new verbal skills, be it ontogenetic or phylogenetic. After all, simpli-
fication enhances learning. It is no accident that VH constitutes the first
morphonological strategy of a prelinguistic infant in conjoining syllables (papa,
pipi), carried out through extensive word-making games (Jakobson 1968, 84–6).
Jakobson specifically states that this peculiarity of early children speech is no
different than palatal VH of Uralo-Altaic languages. Indeed, VH comes in handy
not only in acquisition of primary language in early childhood, but also in secondary
language acquisition for adults (Pycha et al. 2003). In light of this, VH is likely to
have prelinguistic roots and follow the affective coding model of both music and
musilanguage. This is in line with the finding that tamarins can acquire dependencies
between adjacent and non-adjacent syllables in their statistical learning – in essence,
learning to recognize something exceedingly similar to VH (Newport et al. 2004).
Like humans, non-human primates emit sounds similar to human vowels to express
their emotional state, but cannot utter anything like human consonants (Owren et al.
1997). Hence, the idea of “harmonizing” vowels by their pitch level – one of the
most salient acoustic attributes of vocalizations, accessible to human infants and
many primates - might have occurred already in musilanguage, during prehistoric
times.

Palatal VH is estimated by Russian turkologists as a proto-linguistic feature that
must have emerged much earlier than the breakup of proto-Turkic (Shcherbak 1970,
121). The earliest documents of Old Turkic are the seventh to eighth centuries
Orkhon stone inscriptions in Mongolia, which most likely use even more ancient
alphabet, and contain palatal and labial VH of [a], [ï] and [u] (Kononov 1980,
66–76). The timeframe for proto-Altaic to break into proto-Turkic and Tunguso-
Mongolic ranges from the most recent estimate of 3000 BC (Robbeets 2015) to the
oldest at 10,000 BC (Sunik 1978). VH was reconstructed not only in proto-Turkic
(Gadzhiyeva 1997), but in proto-Altaic as well (Tenishev 1997). Then, the “singing
faces” on Amuric and Tuvan petroglyphs and Amuric ceramics coincide with the
formation of a hypothetical proto-Turkic language and its split from proto-Mongolic
(Robbeets 2017), while the earliest sites of JHs excavated in China, Mongolia, Tuva,
and Western Siberia (Table 8.3) precede the formation of Old Turkic (Starostin et al.
2003, 235–6), Mongolic39 (Rybatzki 2003) and Tungusic40 (Robbeets 2015, 16–18).
Janhunen emphasizes that in Northeast Asia, early traditions of writing have pro-
vided enough historical and textual information to support relatively accurate dating
even in absolute terms (except the Nivkh and Ainu languages) – and testify to a time

39The earliest date for the emergence of Mongolic, calculated with the help of the Automated
Similarity Judgment Program, gives 267 BC (Holman et al. 2011). However, estimates based on the
lexicon of documented and living languages of the Mongolic family suggest a time depth of no
more than 1000 years (Rybatzki 2003).
40Robbeets’ dating by the end of the Han period, based on the name changes in Ancient Chinese
historiographies, generally agrees with Janhunen’s dating by the local Iron Age (500 BC–500 AD)
(Janhunen 2012, 8).
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depth of 500–2500 years for modern “Altaic” languages (Janhunen 2010).41 There-
fore, the formation of languages within Turkic, Mongolic, and Tungusic families
must have occurred under the influence of fully-fledged local JH traditions, whereas
the formation of the vocal system of Transeurasian/Altaic probably went in parallel
with the formation of the pan-northeastern JH tradition (Fig. 8.2). This scenario fits
well into the totality of the available information about the organology, archaeology,
and ethnomusicology of JH music, overviewed above.

Geographic clustering of Turkic, Mongolic and Tungusic languages (Robbeets
and Bouckaert 2018, Fig. 8.1) quite closely matches the clustering of indigenous JH
traditions (Fig. 8.6). In fact, each of these families may have been influenced by its
own JH indigenous tradition:

1. Metallic JH is indisputably favored by Turkic peoples.
2. Mongolic peoples use JHs made of all materials, including bamboo.
3. Tungusic peoples resemble Mongolic peoples except that they rarely, if ever, use

bamboo JHs.
4. Japonic peoples favor bamboo JHs.

These regional differences in prefering certain materials for JH-making might
have contributed to the differences in VH of the geographically corresponding
language families. Like Nivkh, the Japanese language seems to have possessed
VH in the past (during the Nara period), however, unlike Nivkh, its VH was palatal
(Hattori 1982). Old Korean also had VH – but most probably, tongue root (Whitman
2015). Modern Mongolic dialects include palatal as well as tongue root VH. This is
interpreted in 2 ways: as a “Mongolic Vowel Shift” from a palatal contrast in Old
Mongolian to a tongue root contrast (Svantesson 1985), or on the contrary, as a shift
from the retracted tongue root VH to the palatal VH in Kalmyk/Oirat (S. Ko 2012).
The latter scenario was proposed as prototypical for the entire historic development
of VH in proto-Tungusic, proto-Mongolic, and proto-Korean languages, and possi-
bly even in Turkic and Japanese languages (including Ainu), respectively, at the
Western and Eastern borders of the Transeurasian family (S. Ko et al. 2014). Then,
the retracted tongue root and/or height VH can be considered an “eastern” trait, while
palatal VH – a “western” trait (Janhunen 2017). Such specialization finds an
accompanying trait in indigenous JH music: Turkic speakers (West) prefer playing
bow-shaped metallic constructions, whereas speakers of Japanese, Korean, and Ainu
(East) generally prefer frame-shaped bamboo constructions (Fig. 8.6) – as do
speakers of Chinese and Austronesian languages.

Each of the JH constructions promotes its own timbral model and performance
technique (Table 8.4). JH constructions made of different materials promote

41Janhunen describes a simple yet effective method for dating languages and language families
based on the calculation of the diagnostic differences (isoglosses) between geographically adjacent
languages in question. The greater the diversification, the more ancient the origin, pointing to the
linguistic homeland of the language family. A similar approach can be used to date and localize the
JH traditions by cross-examining JH vowels, syllables, and words specific for affective expression
within common genres (e.g., calming lullaby or affirmative hunting prayer) of indigenous JH music.
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different musical textures42: JH drone can sound like a “tone,” a divisible “double-
note” (discrete vertical dyad) or an indivisible “chord,” whereas the part of JH’s
spectrum above the drone can be filled by different sonic material - a discrete
melodic “tone,” a “double-note,” a “chord” or a special effect of indefinite pitch
(Nikolsky et al. 2020, Appendix). Metallic and bamboo JHs substantially differ in
TO:

• Metallic bow-shaped constructions specialize in producing homophonic textures
based on a single expressive melody,

• Bamboo and wooden frame constructions hardly ever use such textures and
instead cultivate polyphonic textures with multiple simultaneous melodies.

Homophonic textures tend to promote greater “horizontal” melodic diversity
(consecutive contrasts), while polyphonic – “vertical” (simultaneous contrasts).
The former is likely to generate finer categorization of gradients - homophonic JH
melodies usually engage considerably more modal degrees and wider ambitus than
polyphonic melodies. “Western” palatal/labial VH and JH “articulatory scales” of
the bow-shaped constructions that support purely frequency-based TO gener-
ally oppose “Eastern” height/tongue root VH and JH “articulatory scales” of the
frame-shaped constructions that support only rough contrasts between a few mar-
ginal “articulatory degrees.” These frame-shaped scales tend to combine poorly
differentiated multiple variation parameters. Metallic JHs seem to exceed bamboo
JHs in harmonic clarity, so that 8-degree articulation scales come out clearly only on
metallic instruments. There is experimental evidence that indigenous JH players can
only reliably recognize gradations of vowels in height by ear, struggling with the
recognition of variations in palatality and labiality (Nikolsky et al. 2020). On the
other hand, in cultural practice, reproduction of one player’s sounds by another
player is routinely used within the pan-Eurasian genre of romantic serenading duets
(Haid 1999), which must include variations in palatality and labiality. The matter of
what exactly JH players are capable of detecting in JH music by ear requires
thorough experimental research.

42Typological differences in musical texture are recognized inmulti-part music of Western classical
tradition (Ratner 1980, 108–180) and non-Western traditional music (Agamennone 1996). But
“single-part” (i.e., music conceptualized as a single melody) monodic and heterophonic forms of
music also can be texturally analyzed (Swan 1943) – since textural changes, as a rule, accompany
intra-sectional transitions in a musical form (Berry 1987, 184–300). In such cases, texture is
comprised not by multiple parts but by different patterning of a single stream of sounds into such
components as melody, passages, embellishments, repeated figurations of various melodic con-
tours, rhythms, and registers (Skrebkov 1973, 136). In essence, any music that has “form” (i.e.,
contains distinct structural changes) also has texture. In this most general sense, texture should be
defined as a specific arrangement of the totality of musical sounds engaged in production of a
musical work or its autonomous portion in frequency/time to comprise a particular type of
presentation of music (Frayonov 1981). The same applies to timbre-based music, including solo
JH that can be broken in parts based on their musical functionality: e.g., melody, drone, accompa-
niment (Dobzhanskaya 1991).
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Within this perspective, the Nivkh, Tuvan, and Yakut proto-JHs, characterized
by the most indistinct spectral textures, appear to represent the earliest stage of JH’s
influence on VH of local languages. The Nivkh language could constitute a vestige
of proto-Amuric that originated in central Manchuria (Janhunen 2010), possibly
related to “proto-Manchurian.” In this scenario, Tuvan and Telengit twigs might be
the Western “proto-JH” satellites of proto-Altaic, while Nivkh grass VH – the
Eastern satellite of proto-Manchurian in the first split of proto-Transeurasian. Inven-
tion of mukkuri-like bamboo instruments must have accompanied the formation of
Tunguso-Mongolic at the northeastern outskirt of the “bamboo zone,” while in the
West, proto-Turkic branched off into Turkic languages as their westward spread met
the eastward spread of metallurgy along the northern border of the Eurasian Steppe
Belt (Great Steppe). Janhunen argues that the homeland of proto-Turkic lied some-
where near Mongolia, whereas proto-Tungusic originated in Manchuria (Janhunen
2010). This distinction corresponds to the availability of bamboo and trees in well-
forested Manchuria in contrast to the overall scarcity of vegetation in Mongolia,
which was likely to promote the development of bone and metal JH technologies.
The breakup of proto-Tungusic, proto-Japonic/Koreanic and proto-Mongolic into
language families probably was influenced by the extent of availability of bamboo.
While spreading further north, Tungusic languages must have developed under the
influence of wooden and bone JHs. Koreanic/Japonic languages most likely origi-
nated in the Korean peninsula (Janhunen 2010), where bamboo’s abundance turned
the mukkuri type into the reference model for JH construction. And Mongolic
languages occupied an interim position – both regarding the complexity of their
VH and the diversity of Mongolian JH materials and constructions.

It seems that the determining factor in the similarity of TO between the JH
traditions of principal Transeurasian families is primarily the material of manufac-
ture, followed by the geometric shape, e.g., all bamboo mukkuri-like instruments
produce more or less similar textures that differ from all metallic bow-shaped
instruments, no matter which part of Eurasia these instruments were manufactured
in.43

Yet another language family closely related to the “Western” palatal VH and
the metallic bow-shaped JH tradition is Uralic. If Janhunen is right in his estimation
of the Northeast Asiatic descent of proto-Uralic (Janhunen 2009), the VH similarity
of Uralic and Turkic languages should be attributed to their shared ecological base of

43The indigenous traditional music performed on mukkuri in Japan shares remarkable similarity of
TO and spectral textures with bamboo-made Mongolian khulsan khuur and neighboring Tuvan
kuluzun and cheler komus. These textures are analyzed in the Appendix (“Spectral texture and the
influence different materials have on it on the example of Jaw Harp”) to the article “The overlooked
tradition of ‘personal music’ and its place in the evolution of music” (Nikolsky et al. 2020).
Culturally, Tuva has been under strong Mongolian influence (until 1912 Tuva was administered
as part of Outer Mongolia). So, it is possible that the Mongolian khulsan khuur influenced the
Tuvan cheler komus. To establish whether their similarity owes to the material of making or
cultural contacts and whether Mongolian and Tuvan traditions are related to Ainu, it would be
necessary to cross-analyze other remote indigenous JH bamboo traditions.
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the JH tradition – both families expanded in parallel westward toward Europe, from
southeast to northwest, crossing their paths in northern latitudes and absorbing
metallurgical know-how along their way. So, all in all, almost the entire Northern
Asia constitutes the domain of likely formative influence of strong indigenous JH
traditions on local languages. To ultimately confirm or deny this, it would be
necessary to thoroughly define the vocal systems of local JH traditions and compare
them to vocal systems of corresponding languages.

8.10 Conclusion

This paper examines the formation of languages and music systems stemming from a
hypothetical common ancestor musilanguage in northeastern Eurasia, seeking to
disclose common traits between tonal organization (TO) of music and the vocal
system of languages currently used by indigenous people in this region. Vowel
harmony (VH), characteristic for most indigenous languages of this part of the
world, seems to constitute one of the features of TO that originated in the
pan-Siberian tradition of Jew’s harp (JH) music. The peculiarity of palatal, labial,
and height forms of VH found in northeastern Eurasian languages parallels the vocal
systems of indigenous JH traditions of people speaking these languages. The entire
Transeurasian (formerly “Altaic”) language family nearly perfectly matches the
geographic distribution of indigenous JH music. The timeframe of the emergence
of the JH tradition seems to coincide with the estimated time of the breakup of the
proto-Transeurasian language, and the formation of modern languages of
Transeurasian constituent families must have occurred after the JH tradition became
established over the Urals, Siberia, Mongolia, and the Far East. Some other VH
languages (e.g., Chamorro and Xinaliq) might also belong to the sphere of influence
of the pan-Siberian JH tradition.

The solid archaeological date of the oldest found JH (Lower Xiajiadian culture,
XXII-XI centuries BC) concurred with the breakup of the proto-Tungusic and proto-
Mongolic languages, according to the latest lexicostatistic studies. Earlier develop-
ment of the JH tradition can be inferred from 4 main sources: 1) ethnographic
research of the surviving traditions of manufacturing JH by indigenous people
who maintain a traditional lifestyle, 2) paleo-ecological data on the availability of
the traditional materials for JH-making in different parts of northeastern Asia,
3) relative complexity of the manufacturing process, and 4) comparative analysis
of the etymological relations between the indigenous names for JHs. This inter-
disciplinary approach allows us to define the most likely order of the succession of
the most typical JH constructions and their corresponding technologies. An addi-
tional source of information, related to JH, is the petroglyph tradition of depicting
“singing faces” that render a specific vocal articulation. This tradition existed in the
3rd millennium BC in the Amuric basin and reached Tuva by the 2nd millennium
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BC. The possible use of such images can be inferred from the surviving rituals and
fine art of the Amuric peoples. Similar insight into the probable prehistoric use of
so-called “proto-JHs,” prepared from readily available organic materials (such as
grass, wood-chips, and twigs) is provided by the surviving traditions of playing such
musical instruments and the ramifications of the belief systems that underlie the
surviving cult of “ancestral trees” in the Altai and Amur/Sakhalin areas.

The specific traits of VH prevailing in the main Transeurasian families as well as
in the Uralic languages and in the reconstructed Transeurasian protolanguages might
be explained by the geographic distribution of JH constructions made of different
materials and therefore favoring different geometric forms. In particular, metallic
bow-shaped and bamboo frame JH models oppose each other by their sonic prop-
erties, TO, and playing techniques, supporting a number of local indigenous tradi-
tions that are practiced, respectively, at the western (bow-shape prevalent) and the
eastern (frame-shape prevalent) borders of the vast JH-dominant area. Their geo-
graphic disposition matches that of Turkic (plus Uralic) versus Japonic/Korean
language families (plus Ainu and Nivkh languages). The acoustic differences
between JH constructions made of different materials contribute to the differences
in the TO of JH music, which in turn may have contributed to the phonemic
repertories of indigenous languages that emerged after the local JH traditions had
established their ideological importance and social status. VH here appears as the
adaptation of the JH techniques of sound production for verbal communication. VH
is not the only linguistic feature trackable to JH performance. This paper enumerates
a number of other phonological, prosodic, and phonotactic traits common for both
local languages and local JH traditions. In general, the “timbre-class” makeup of JH
music closely resembles the phonemic makeup of natural languages – to the extent
that the phenomenon of agglutination, commonly accompanying VH, can be
regarded as the application of the rules of stacking “timbre-classes” together in a
stream of JH music. JH music appears to have elaborated and conserved the
repertory of devices of “intonational prosody” ancestral to both musical and linguis-
tic intonations, within the prehistoric musilanguage that preceded the proto-
Transeurasian language.
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Chapter 9
Were Musicians AsWell as Artists in the Ice
Age Caves Likely with Autism Spectrum
Disorder? A Neurodiversity Hypothesis

Nobuo Masataka

Abstract This is an attempt to explore the nature of the activity in association with
the most ancient evidence of music, bone flutes, as well as the nature of the Ice Age
cave drawings and paintings with which the bone flutes were discovered and its
relationship with the evolution of languages. First, the author reviews evidence for
the similarities between characteristics of such drawings and paintings and those
produced by individuals with autism spectrum disorder (ASD) who have failed to
acquire languages unlike neurotypical individuals. Both are extremely realistic when
animals are depicted whereas human figures can be only crudely created. Those
characteristics are due to the possibility that the creators of the cave art produced
animal images by visual realism but human figures by their own knowledge of
humans (intelligence realism) as do contemporary individuals with ASD who are
impaired with the cognition of interpersonal communication. The discovery of bone
flutes in the caves indicates the close association of such space as that suitable to
resonate produced sounds with folk culture with rudimentary form of instrumental
music. On the basis of recent findings that children with ASD are highly precocious
with respect to musical talent, one can reason the production of some sort of
landscape music including mimicking of animal vocalizations by using bone flutes
in the Ice Age. The author hypothesizes that at that time, caves were used as the
audio-visual environments where ancient people, before going to hunting, mitigate
their cognitive dissonance by viewing the depicted drawings and paintings, simul-
taneously exposed to the rudimentary form of music that is known to be effective for
the mitigation, created by individuals likely to be with ASD. They can be referred to
as neurodivergent from the perspective of the conceptualization of this
neurodevelopmental disorder as a manifestation of neurodiversity of humans.
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9.1 Outline of the Neurodiversity Hypothesis

This chapter is devoted to the consideration about the advantages and disadvantages
the people in the Ice Age enjoyed that were caused by the emergence of languages.
The consideration is based upon the notion of “neurodiversity” that, seemingly, must
have appeared historically first in this period with humans exclusively, according to
which, there may be a trade-off relationship between the development of linguistic
performance and that of artistic performance in individuals in this age. The author
argues about the possibility that the developed social communication on the basis of
languages had realized only at the expense of the development of other human
capabilities such as music and art.

Since its first discovery in the nineteenth century, people have been surprised by
the realism demonstrated by the European Ice Age art that has been found in more
than 200 caves in southwestern Europe, especially in France and Spain (Marshack
1995), being created by numerous individuals, by the flickering light of oil lamps or
torches using natural pigments including charcoal, kaolin, violet and black manga-
nese oxide, red and yellow ferrous oxide, and water as a medium (Bahn 1988). The
cave art images, composed in such demanding circumstances, still have the power to
move the viewer with their sheer virtuosity. In particular, the paintings of Chauvet,
dating to approximately 32,500 years ago, have prompted many individuals to
marvel at this early flowering of the modern human mind (Humphrey 1998)
(Fig. 9.1). They appear to be robust evidence of a new type of mind at work (Chauvet
et al. 1996).

It has been claimed that these and other examples of Ice Age art (e.g., paintings in
Lascoux) demonstrate the presence of high-level conceptual thought (Mithen 2007).
The Chauvet cave is testimony that modern humans were capable of the type of
symbolic thought and sophisticated visual representation that was beyond Neander-
thals or each of these painted animals (Mithen 2007). Their creators might have
specifically intended to represent and communicate information, and they might
have had a long tradition of artistry behind them; for example, it has been noted that
“We now know that more than 30,000 years ago artists had acquired a complete
mastery of their technical means.”

Fig. 9.1 Representative images in the Chauvet cave
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This review addresses the hypothesis that some of the people of the ice ages
(32,500 years or so ago) who were involved in cave drawings and bone flute playing
were likely to have been on the autism spectrum and failed to acquire languages
unlike others. This represents a significant revision of a similar proposal from
20 years ago that now takes into account the advent of new knowledge and
understanding of autism spectrum disorder (ASD). The author places ASD more
in the light of a “strength-oriented view” of ASD in terms of the utility of ASD in
neurodiversity, which had survival advantages, especially for hunter-gatherer
groups. While autism has been categorized as a disorder, some selective advantages
have been claimed for it recently that may represent a balance toward “folk physics”
at the expense of “folk psychology”. These enhanced abilities extend beyond
technical skills and include heightened sensory sensitivities. However, such poten-
tial trade-off skills remain to be investigated with regard to advantageous or disad-
vantageous behaviors in the distant past.

Given the fact that autism is for the most part highly heritable and subject to some
elements of positive selection, autism is considered to be more likely to affect human
culture in a community as the size of the community decreases, as in the Ice Age
period, by exerting so-called “bottle-neck effects” upon the population in the
community. Here the author attempts to argue for how autism spectrum conditions
become human diversity (neurodiversity) on the basis of generalization of the
condition, such as that individuals with ASD (neurodivergent individuals) will be
particularly focused on activities of drawing and painting of particular objects with
extraordinary realism as well as musical activities. The author proposes the hypoth-
esis that owing to this, art and music co-emerged in the Ice Age period.

9.2 How Has the Mind of the Most Ancient Artists Been
Understood, So Far?

While such paintings and drawings may strike most people as wondrous, two articles
that were published after that of Chauvet et al. (1996) drew attention to evidence
indicating that the miracle they represent may not be at all of the kind most people
think (Humphrey 1998). These two articles were written independently of one
another, but interestingly, both of them reported similarities between the Ice Age
art and drawings created by children who were determined to be savants (profoundly
impaired intellectually but showing striking ability in a particular context) among
children who were diagnosed as having autism according to the definition of Kanner
(1943) and who were observed by the respective authors.

One of them was a 7-year-old boy named Jamie, born in the United States.
He exhibited typical characteristics of the developmental disorder, e.g., severe
social impairment defined as the inability to engage in two-way interaction, severe
linguistic impairment, and the absence of imaginative pursuits, with instead the
substitution of repetitive behavior. Parental reports described that his drawing
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ability came to be recognized suddenly when he became 5 years old without
previous experience. He has continued to draw since then, sometimes for 5 h at a
time, churning out endless, detailed images, often of buildings. Infrequently and as
an afterthought, he may add color to his drawings, using crayon to his unusual
images of houses, interiors, auto wrecks, fights, and police vehicles. The Towering
Inferno, a skyscraper from the movie by the same name, is one of his favorite
subjects, particularly the fight scene in the Promenade Room and a sequence from
the film showing flames licking windows, paper flattering like confetti, and an
external glass elevator breaking free. During the first 8 years, humans rarely
appeared in his drawings.

Jamie’s imagery as a young child was based upon the concrete world, in adven-
ture movies such as Towering Inferno and Home Alone, as well as upon the models
he had constructed using his huge collection of Legos. Nevertheless, Kellman
claimed striking commonalities between his keen eye for observed reality, solid
ability to utilize foreshortening, perspective, three-dimensionality, and his use of
structure as the primary compositional focus and those features seen in Ice Age art.

The author of the other report (Humphrey 1998) made a similar claim, referring to
the drawings made a young girl, Nadia, who was profoundly mentally impaired and
had virtually no language, despite her graphic skills. She was born in the United
Kingdom in 1967 and failed to develop any language until the age of 6 and had been
physically clumsy. At the age of six, her vocabulary consisted of only 10 one-word
utterances, which she used rarely (Selfe 1977). When she was only 3 years old, she
started to show extraordinary drawing ability and suddenly produced line drawing of
animals from memory, with quite uncanny photographic accuracy and graphic
fluency. At present one can view published versions of them (Selfe 1977).

Humphrey (1998) mentioned some similarities between Nadia’s drawing and the
Ice Age art: (1) striking naturalism and realism of the individual animals and (2) the
fact that such realism generally applies exclusively to animals. In the Ice Age art,
animals of all sorts engage in their vigorous lives. They include horses, reindeer, roe
deer, giant sloths, wooly mammoths, aurochs or wild cattle, rhinoceros, ibex, cave
bears, bison, lions, birds, insects, and fish (including sturgeon and salmon) that are
carved, incised, or painted on cave walls with natural pigments or molded with mud
on cave floors (Humphrey 1998). These images still cause one to catch one’s breath
at the freshness and vitality of their beautifully rendered forms. Although some of
these animals, such as the wooly mammoth, the giant sloth, and the cave bear, are
extinct, many of the other animals have not changed a great deal in form since the
time when sheets of ice ground across Europe thousands of years ago. Nevertheless,
virtually nothing except these animals was depicted in any Ice Age cave.

Having referred to the fact that no human figure was discovered from the Chauvet
or the Lascoux cave (Leroi-Gourham et al. 1979) except for a few crudely drawn
figures (Fig. 9.2), he found that Nadia also drew human figures extremely rarely and,
when she did draw them, she could only could do it poorly as compared to her
drawing of animals (Fig. 9.3). This led Humphrey to reason that the creators of the
Ice Age art actually had distinctively pre-modern minds, were little given to sym-
bolic thought, and were essentially self-taught and untrained. Both of these essays
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regarded the similarities between the Ice Age art and drawings of the “savants” as
indications that modern human intelligence was lacking in the ancient “artists.”

9.3 Similarities of the Ice Age Art and that Produced by
Contemporary Individuals with ASD

It has taken two decades since the above-mentioned argument occurred. During the
period, our knowledge about developmental disorders has been expanded dramati-
cally. That was enough to revise the notion about this developmental disorder, on
which Kellman and Humphrey (1998) documented their claims. Indeed, even
the term “ASD” did not exist in the last century. At present, it is regarded as
developmental disorders that are characterized by social communicative difficulties
and restricted behaviors and interests (American Psychiatric Association 2013).

Fig. 9.2 Representative images of animals and human figure drawn in the Lascoux cave

Fig. 9.3 Representative images of a horse and a girl drawn by a 5-year-old girl with ASD, Nadia
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According to a report published in 2012, ASD affects approximately 1 in every
88 individuals in the United States and is believed to be lifelong, congenital, and
highly heritable (Constantino et al. 2013). Accumulated evidence suggests that as
many as 300 to 500 distinct genes are involved in the etiology, with no single locus
accounting for more than 1% of cases (State and Sestan 2012). Consequently, ASD
must be a diagnosis made purely on the basis of behavior (Lord et al. 2011). The
genetic heterogeneity of ASD poses a stark challenge for understanding the condi-
tion biologically: with so many different “causes,” a key question is how this genetic
heterogeneity can be instantiated into common forms of this disorder (Jones and
Klim 2013).

Currently, Nadia can no longer be regarded as an exceptionally talented for
drawing as a child with ASD so that she was referred to as savant. Certainly, she
was extremely talented. However there are number of children as well as of adults
with ASD who are artistically talented no less than Nadia was, and most of them,
despite IQs equivalent to typically developing (TD) children and to neurotypical
adults, have been found to share similar characteristics for drawing with Nadia. If
one attempts to search artistic pieces produced by individuals with ASD with by
internet (e.g., Google), using “drawing” and “autism” as key words, one will find
hundreds of thousands of images immediately, each of which is created by so
variable individuals from children to those aged. On the other hand, one will realize
the fact that most of the images drawn are those concerning landscape that frequently
include animals, buildings robots, military planes, and railway trains, with striking
realism whereas there are few drawings of human figures. Otherwise, some geomet-
ric patterns are favorable as shown in Fig. 9.4 (left). That was drawn by a 9-year-old
boy who had been born in Japan, N.H., under my study (2017a). Based on direct had
been diagnosed as ASD by an independent child psychiatrist according to ICD-10
(World Health Organization 1994) as well as DSM-IV (American Psychiatric
Association 1994). When drawing spontaneously with no experience of any form

Fig. 9.4 Representative pieces of drawings produced by a 9-year-old boy with ASD, N.H

328 N. Masataka



of training or exposure to ay art, N.H. used to never do other drawing than geometric
patterns. Notice that similar pieces were also often found in the Lascoux cave, each
“square” being colored by different colors occasionally. When N.H. was asked to
draw a face of anybody, he could do it only poorly as shown Fig. 9.4 (right).

In this regard, the fact should be noticeable that while a lot of the attention
concerning ASD focuses on negative behaviors such as those described above in
the social context, a number of positive attributes associated with ASD have also
been revealed in the non-social context. Individuals with the disorder are likely to be
particularly skilled at perceiving details as opposed to whole gestalts. Children with
ASD perform better than TD children on the block design test of the Wechsler
Intelligence Scale for Children (WISC-IV), which requires taking blocks that are all
white, all red, or a mixture of red and white, and putting them together to match a
preexisting pattern (Baron-Cohen 2003). They also perform better than TD children
on the tests of detection of patterns embedded in more complex patterns and often
exhibit superior drawing techniques to TD children (Kanoiyi et al., 2003), though
such findings have, so far, led some researchers to suggest that individuals with ASD
experience what has been termed “weak central coherence,” namely, they fail to
grasp the whole of a situation and perceive mainly the constituent parts (Armstrong
2012), a deficit-oriented view of the disorder,.

A collection of drawings and paintings produced by professional adult artists with
ASD has been published (Mullin 2009), including artistic pieces by up to 21 such
artists who can be referred to as so-called outsider artists. Most of them are
characterized by their realism in drawing, but it is exclusively concerned with
landscape as the object of drawing but not with human figures, as produced by the
first artist documented in the book, Glenn Russ.

9.4 Uniqueness of Realism Exhibited by the Ice Age Art
as Prehistoric One

Meanwhile, our knowledge about prehistoric arts after the European Ice Age has also
accumulated. It reveals the fact that animal images drawn in the Ice Age were
exceptionally realistic, as compared to other artistic pieces created in the subsequent
period, and no animals depicted in the prehistoric art later than the Ice Age have
become less realistic and more crudely drawn than before. Interestingly, moreover,
human figures came to be discovered much more abundantly as much more realistic
images, conversely. This could be obvious when one compare human figures and
animal images depicted in Figs. 9.2 and 9.5. The human figure illustrated in Fig. 9.5
is that of rock art produced by San people in Nambia, the hunter-gatherers, that is
well known as “The White Lady in Namibia.”Historically, the pioneering researcher
of prehistoric art, Henri Breuil, was known to discover it as the first ancient rock art
(Bahn 1998). The image is actually that of an adult male (as revealed by the presence
of a penis) with much more masterful description that that with which the human
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figure was drawn in Lascoux. With respect to animal images, however, the opposite
is the case.

In fact, there is a discrepancy in the development of the artistic techniques
between “artists of the Ice Age caves” who were precocious when depicting animas
and others in the subsequent period. Figure 9.6 presents images of reindeer dated to
300 to 400 B.C. that were discovered in the vicinity of the Chauvet cave. While the
images are produced under the developed art of design, foreshortening, three-quarter
views, perspective, and shading that were characteristic to the Ice Age art are still
missing. This is the case extensively found in ethnic art pieces (Egyptian, South Sea
island, Kwakiutl Indian art, etc.) as well as in the Western art before the end of the
Middle Age. One has to wait for Renaissance until one can see the realism equivalent
to that observed in the Ice Age caves.

In fact, Humphrey (1998) has correctly referred to the fact that no human figures
were recorded in the Chauvet cave and merely a few were included in Nadia’s
collection (Selfe 1977), which were only crudely drawn. Nevertheless, one cannot
dismiss that “incomplete human figures” have been discovered occasionally in the
Chauvet cave and others, that in all of them, the top of their body was that of an
animal (such as a bison for the case of the Chauvet cave, see Plate 83 in Chauvet
et al. 1996) and the bottom of the body was that of a human with two legs, and that in
such cases, the human part of the body was drawn with as realistic as when animals
were drawn. As for human hand shapes, moreover, its precise depiction has been
found abundantly.

Concerning Nadia’s recordings, too, she was likely to draw legs with shoes as
fragmentary human body part besides its head, and when she did that, their images
were as realistic as those of animals (Fig. 9.7). Taken together, landscape, including
animals, can be depicted with exceptional realism, but the entire human figure,
including the head, as a social being could be only crudely drawn by any in the

Fig. 9.5 Representative images of animals and a human in Rock Art
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Fig. 9.6 Images of reindeer drawn in the vicinity of the Chauvet cave that dated to 300–400 B.C

Fig. 9.7 Drawing her own legs with shoes produced by a 5-year-old girl with ASD, Nadia

9 Were Musicians As Well as Artists in the Ice Age Caves Likely with Autism. . . 331



Ice Age art and by any one with ASD including Nadia and contemporary outsider
professional artists. Temple Grandin (Grandin 1996; Grandin and Cook 2004) has
called such unique manner of perception of the landscape, or, if using her expression,
“brain’s representation of the world” “thinking in pictures.” Being with ASD, she
describes her own acute visual processes and her particular ability to employ
visualization as a means of concretizing events and concepts as outstanding charac-
teristics of many individuals with ASD and states that “one of the most profound
mysteries of autism has been the remarkable ability of most autistic people to excel at
visual spatial skills.” When she was a child, she thought “everyone thought in
pictures.” Her description of her thought processes is instructive in the light of
enormous realism when landscape is depicted by individuals with ASD as “when I
do an equipment simulation in my imagination or work on an engineering problem,
it is like seeing a videotape in my mind.” In order to create new images, she takes
“many little parts of images” she has “in the video library” of her imagination and
piece them together. She describes that she has video memories of every item she has
ever worked with. Most significantly, Grandin (1996) reports that personal relation-
ships themselves “made absolutely no sense to me until I developed visual symbols
of doors and windows” with which to visualize the give and take of social interac-
tion. Her acute visual memory and ability to “think in pictures” should what links
Grandin to the contemporary and ancient creators of realistic drawings and paintings
of landscape including animals who should understand the object in images, forms
and visual relationship exclusively.

9.5 Visual Realism When Depicting Animals
and Intellectual Realism When Depicting Humans

The findings of their “poor” ability to depict humans are, on the other hand, in line
with our accumulating knowledge about the development of drawing of human
figures in developmental psychology. This reveals the fact that children’s early
attempts to represent them have been described as “tadpoles” because these repre-
sentations consist of a circle with arms and legs emanating from it, as shown in
Fig. 9.4. These figures appear to have heads but no trunks, which are typically drawn
around 3 years of age. Thereafter, between the ages of 3 and 5, as children move
from the tadpole to a conventional figure with a body differentiated from the head,
they draw transitional figures in which the arms are attached with the legs with body
features, such as buttons or stomach, placed with the legs (Winner 2006). Such
developmental patterns, as demonstrated in Fig. 9.8, are assumed to be a universal
trajectory, according which human figures drawn in the Ice Age cave and by the
children with ASD correspond to the level of 5-year-olds.

As explanations for the trajectory, Piaget and Inhelder (1956) are well known to
claim that children as young as 5–6 years old do not draw what they see (visual
realism) but instead what they know (intellectual realism). They show that children
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younger than 7 years old drew an apple with a pin stuck in it so that the pin (which
the children knew was inside the apple) was visible inside the apple, which thus
appeared transparent. The same phenomenon was demonstrated when asking the
children to draw a stick shown either from a side view or a foreshortened end view.
In fact, there is other ample evidence for intellectual realism in young children. For
example, 5-years-olds who did not typically show occlusion were able to do so when
they were asked to draw a toy policeman “hiding” behind a wall (Cox 1981). When
asked to draw a toy behind the glass, children drew the toy and the glass side-by-
side; while asked to draw a toy inside the glass, they drew realistically (Freeman and
Jenikoun 1972).

The shift to visual realism has been reasoned to occur because children recognize
their drawings as failed in terms of realism and are therefore motivated to invent a
better method. Such reasoning will lead us to conclude that the creators in the Ice
Age caves like the children with ASD were good observers of landscape including
animals, indeed exceptionally good observers as compared with artists in the sub-
sequent period until Renaissance, and depicted it on the basis of visual realism.
However, they experienced difficulty of drawing of human figures, and when
obliged to do it, they had to rely upon their own knowledge about the figures
(intellectual realism).

Such reasoning should be supported by the current knowledge about individuals
with ASD who are believed to have remarkable difficulties in social interactions, for
instance, making eye contact, engaging in reciprocal interactions, and responding to
the emotional cues of others (Dawson et al. 2005). Basic impairments, such as lack
of attention to others, often appear within the first year of life (Werner et al. 2000).
Infants later diagnosed with ASD exhibit a mean decline in the duration of visual
fixation from 2 to 6 months of age (Dawson et al. 1998). By age 2–3 years, broader
impairments become evident in social orientation, joint attention, imitation, response
to others’ emotional expressions, and face recognition (Sigman et al. 1992;
Dawson et al. 2002, 2004). Many of the early social impairments in ASD involve
the ability to attend to and process information from faces. This evidence has led to

Fig. 9.8 Comparison of drawings of a human figure by a TD children included in the study of
Masataka (2017a) when he was three (3), four (4), and five years old (5)
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the reasoning that, in ASD, impairments in face and emotion processing might play a
fundamental role in the dysfunction of the neurological mechanism underlying
impairments in social cognition (Dawson et al. 2005).

9.6 Co-occurrence of Emergence of Bone Flutes and that
of Cave Art

Living a precarious and difficult existence at hunter-gatherers in an environment of
bitter glacial winds, dangerous terrain, and unforgiving circumstances, these early
modern inhabitants of Europe brought with them new technologies as well as new
manners of living unlike those employed by the earlier Neanderthals who first
populated the rugged landscape. New objects, unlike the small unchanging number
of tools employed by the Neanderthals for thousands of years, indicate the new
inhabitants’ more elaborated way of living. Early portable objects utilizing a variety
of materials, including antler, bone, clay, stone, and likely wood and other materials,
were used for spear thrower handles, needles for sewing tailored clothing, beads and
items of personal adornment, plaques and batons of unknown function, scrapers,
spear points, burins, and a large number of other tools. One of the earliest objects to
be found was a bone flute, which indicates that music must have been important for
their living.

Given the fact that for early evidence of music in the archaeological record,
considerable debate surrounds and that it continues up to the present, the implication
of the findings is of great importance. Researchers universally accept the existence of
complex musical instruments as an indication of fully modern behavior and
advanced symbolic communication. Owing to the scarcity of finds, however, the
archeological record of the evolution and spread of music remains incomplete.
Although arguments have been made for Neanderthal musical traditions and the
presence of musical instruments in Middle Palaeolithic assemblages, concrete evi-
dence for these claims has been wanting.

Once, report has been made that the discovery of bone and ivory flutes were made
from the early Aurignancian period of southwestern Germany (Conard et al. 2009),
which claimed to have demonstrated the presence of a well-established musical
tradition at the time when modern humans colonized Europe, more than 35,000
calendar years ago. However, a more recent study presents negative evidence against
the notion (Diendrich 2015), which claims that these are not instruments, nor human
made, but products of the most important cave bear scavenger of Europe, hyenas.
They occupied mainly cave entrances as dens but went deeper for scavenging into
cave bear dens or used, in a few cases, branches/diagonal shafts.

Hyenas left bones in repeating similar tooth mark and crush damage stages,
demonstrating a butchering/bone cracking strategy. The femora of subadult cave
bears are intermediate in damaging patterns, compared to the adult ones, which were
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fully crushed to pieces. Hyenas produced round-oval puncture marks in cub femora
by the bone-crushing premolar teeth of both upper and lower jaws.

The first Neanderthal cave bone flute from the Middle Palaeolithic was believed
to have been discovered in 1920s in Slovenia (Brodar and Brodar 1983). This was a
larger cave bear den, and Late Palaeolithic Aurignacian (not Neanderthal) used rock
shelter camp site at the entrance. Other cave bear cub femora with holes were then
reported from Hungary (Dobosi 1985). This was a smaller cave bear and Ice Age
spotted hyena (Crocuta crocuta) carnivore den which overlap another Aurignancian
camp site. Further proof of the oldest music instruments has also been reported from
another cave in Slovenia.

In all, almost all prehistoric bone flutes, known to be the oldest known deliber-
ately made musical instruments, come from a time in prehistory associated with
post-Neanderthal activity. The cave in Germany known as Hohle Fels also revealed
some of the most interesting examples of the Ice Age cave art in the world. The shape
of the cave when seen without the present coverage of trees is reminiscent of the
mouth in the “face” of the mountain, perhaps explaining why it was inhabited for
over 10,000 years.

The discovery of a bone flute and two fragments of ivory flutes, made there in a
level dates ca. 31–33,000 years ago, are said to represent the earliest known
flowering of music-making in Stone Age culture. The bone flute with five finger
holes, found at Hohe Fels Cave in the hills west of Ulm, was by far the most
complete musical instruments recovered from the caves in a region where pieces
of other flutes have been turned up in recent years. A three-hole flute carved from
mammoth ivory was uncovered a few years ago at another cave, as well as two flutes
made from the wing bones of a mute swan. In the same cave, beautiful carvings of
animals were also found.

The most significant of the new artifacts was a flute made from a hollow bone
from a griffon vulture. The preserved portion is about 8.5 inches long and includes
the end of the instrument into which the musician blew. The maker carved two deep
V-shaped notches there and four fine lines near the finger holes. The other end
appears to have been broken off. Judging by the typical length of these bird bones,
2 or 3 inches are missing. Other flute fragments found in the site nearby have been
dated to around 35,000 years ago. Another flute excavated in Austria is believed to
be 19,000 years old, and a group of 22 flutes found in the French Pyrenees mountains
have been dated up to 30,000 years ago. In addition, several prehistoric bone flutes
have also been found in China.

Friedrich Seeberger, a German specialist in ancient music, reproduced the ivory
flute in wood. Experimenting with the replica, he found that the ancient flute
produced a range of notes comparable in many ways to modern flutes and that the
tones were quite harmonic. In addition to these bone flutes, the discovery of several
Palaeolithic figurines have been reported in Hohle Fels, which included a horse’s
head (or possible a bear), water bird of some sort possible in flight, and a
“Lowenmensch,” a half-lion/half-human figurine (Seeberger 2003).
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9.7 The Ice Age Caves Where Musical Activity, Using Bone
Flutes, Occurred

The study of Palaeo-acoustics has revealed that several ancient structures were built
so as to incorporate acoustic phenomena in their design, and remarkably, such
effects are considered to have been utilized at several cave systems in Palaeolithic
Europe.

The question whether the painted caves of western Europe were once resound to
the music of Palaeolithic chants was put forward (Reznikoff and Dauvois 1988).
They have studied three caves in the Ariege department at the foot of the French
Pyrenees. Their results suggest that the acoustics of the caves played a significant
part in determining where the paintings were located, and this observation leads
directly to the supposition that music or chants were important elements in cave
ceremonies around 20,000 years ago.

The authors of the study rely on the fact that in certain places referred to as “points
of resonance,” the caves resonate in response to particular notes. They proceeded
slowly through the cave using their voices to produce a series of notes spanning
almost three octaves, from C to G. They extended the range of notes for a further two
octaves by harmonics and whistling. Where there was a resonance response, they
recorded the location and the particular note eliciting the response. They used these
observation to draw up a resonance map of the cave.

The resonance of the caves is not in itself surprising, but the significance of the
study becomes apparent when the authors compare their points of resonance with the
location of cave paintings. They draw three main conclusions. First, most of the cave
paintings are at or within 1 m of points of resonance. The Grand Salle at Portal, for
example, which gave no resonance response, also has a relatively few paintings.
Next, most of the points of resonance correspond to locations with cave paintings.
Indeed, the best points of resonance are always marked in this way. Finally, the
authors claim that the location of some of the paintings can be explained only by the
resonance of that particular location. A good example is number 23 at Portal, where a
particular effective point of resonance is marked by red painted dots, as there is not
enough room for a full painted figure.

The authors remark from their own experience on the impressive effect of cave
resonance, which would have been all the more striking in the flickering half-light of
the simple lamps or tapers used by the original artists. Drums, flutes, and whistles
may have been used in cave rituals. Given the above-mentioned results that bone
flutes have been discovered at several Palaeothic sites in Europe of roughly the same
age as the paintings, the study is of particular value in drawing attention to the likely
importance of music in the rituals of our ancestors.

When standing well back from the painted walls, one claps or creates percussion
sounds and records the echo’s bouncing back, it turns out that rock art seems to be
placed intentionally where echoes are not only unusually loud but are also related to
the pictured subject matter. Where hoofed animals are depicted, one easily evokes
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the echoes of a running herd. If a person is dawn, the echoes of voices seem to
emanate from the picture itself.

Walter (1993) has visited rock art sites in Europe, North America, and Australia.
At open air sites with paintings, it was found that echoes reverberate on average at a
level 8 decibels above the level of the background. At sites without art the average
was 3 decibels. In deep caves such as Lascaux and Font-de-Gaume in France, echoes
in painted chambers produce thee sound level between 23 and 31 decibels. Deep
cave walls painted with cats produce sounds from approximately 1 to 7 decibels. In
contrast, surfaces without paint are totally flat.

9.8 How Was the Mind of the Ice Age Musicians
Understood?

Taken together, it appears sensible to understand that instrumental music emerged in
the history as cave art emerged, both being closely entangled with one another. In
this regard, an extremely intriguing fact has been presented by the study of children
with ASD (Masataka 2017b) that reported the results of the investigation of the
capability of aesthetic perceptual judgment of music in male children diagnosed with
ASD when compared to age-matched TD male children. Nineteen boys between
4 and 7 years of age with ASD were compared to 28 TD boys while listening to
musical stimuli of different aesthetic levels. The results from two musical experi-
ments using the above participants are described here. In the first study, responses to
a Mozart minuet and a dissonant altered version of the same Mozart minuet (Trainor
and Heinmiller 1998; Masataka 2006) were compared. In this first study, the results
indicated that both ASD and TD males preferred listening to the original consonant
version of the minuet over the altered dissonant version. With the same participants,
the second experiment included musical stimuli from four renowned composers:
Mozart and Bach’s musical works, both considered consonant in their harmonic
structure (Cooper 2001), were compared with music from Schoenberg and Albinoni,
two composers who wrote musical works considered exceedingly harmonically
dissonant (Boulez 1971; Thompson et al. 2001). In the second study, when the
stimuli included consonant or dissonant musical stimuli from different composers,
the children with ASD showed greater preference for the aesthetic quality of the
highly dissonant music compared to the TD children. While children in both the
groups listened to the consonant stimuli of Mozart and Bach music for the same
amount of time, the children with ASD listened to the dissonant music of Schoen-
berg and Albinoni longer than the TD children. As preferring dissonant music is
more aesthetically demanding perceptually, these results suggest that ASD male
children demonstrate an enhanced capability of aesthetic judgment of music. Sub-
sidiary data collected after the completion of the experiment revealed that absolute
pitch ability (Masataka 2011) was prevalent only in the children with ASD, some of
whom also possessed extraordinary musical memory.
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Apparently, similar characteristics underlie the mind between the “musicians”
and the “artists” in the Ice Age caves, being likely those of ASD. Along with the
conceptualization of the theory of multiple intelligences (Gardner 2011), the cogni-
tive characteristics documented above in children with ASD with respect to drawing
and painting and music can be explained as greater than typical strength of artistic
intelligence in themselves although the children experience difficulty with interper-
sonal communication (Lord et al. 1994; World Health Organization 1994). While the
pattern of operation of an individual’s mind can be categorized according to the
domain toward which that individual is more oriented, individuals with ASD,
overall, do not rely upon their social relationships but rather are predisposed to
process perceived non-social objects in more depth (Masataka 2017b). For instance,
these individuals exhibit enhanced discrimination between auditory stimuli, more
accurate local target detection of auditory stimuli, and diminished global interference
with auditory processing (Applebaum et al. 1979; Gebauer et al. 2014). These
abilities, referred to as “naturalist intelligence” by Gardner (2011), are highly
adaptive for living in nature and, in particular, would seem to have conferred an
evolutionary advantage upon individuals during prehistoric times, as well as upon
individuals in later times who would prefer to live outside any community (Arm-
strong 2017).

As far as the dawn of the history concerned, the documentation of such individ-
uals appeared as early as the tenth century, in southern Europe, the region between
the Alps and the Pyrenees, with them being referred to as “Spielmann (plural:
Spielleute)” in German and as “wandering minstrels” in English. Spielleute had
not settled abode and instead used to roam about from place to place over a broad
range of regions across a number of communities (Hartung 2003). In the thirteenth
century, such individuals came to be distributed over all the regions of Europe.
While all other individuals who were integrated into feudal society were occupied
with predetermined, inherited work, Spielleute were the first who chose this occu-
pation of their own will (Stuart 1999). Born in urban regions in the society, most of
them felt difficulty in staying there and decided to live as outcasts. As a result, they
were treated as being dishonorable by society members. They were talented in a
variety of rudimentary forms of contemporary art performance, performing arts
including music and dancing without experiencing any form of professional training.
In particular, they were well known to perform mimicking of a variety of sounds
heard in the landscape (such as bird songs) while playing stringed and/or woodwind
instruments simultaneously (Hartung 1982, 2003). When one of their performances
was successful, the melody was memorized no matter how long it was without
recording it using musical notation (actually, they were unable to read music) and it
became part of their repertoire of routine performance. While such a seemingly
mysterious endowment seems also to have been possessed by some famous modern
artists who contributed to the subsequent development of classical music, such as
Mozart, Bach, and Beethoven (Deutsch 2006), and also by the children with ASD
(Heaton et al., 2009; Heaton 2009) in the current study, the findings of abundant
bone flutes in the Ice Age caves would indicate the possibility that their existence
could also be traced back to such ancient prehistoric period.
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9.9 Possible Role of Ancient Musicians and Artists
in Prehistoric Living

Concerning bone flutes found in the Ice Age caves, their function is highly debat-
able, but the large numbers discovered reveal that it had a genetic importance.
Suggestions include ritual, ceremonial, shamanic, and simple pleasure. Even with
respect to evolutionary reason of music, most existing theories contradict each other
and cannot provide any plausible explanation. Reviews about the presented evidence
for the evolutionary origins of music emphasize innateness, domain specificity for
music, and uniqueness to humans in an unambiguous identification of genetic
evolution as a source of music origins and invariably conclude our predispositional
drive to make and enjoy music (Justus and Hustler 2005; McDemott and Hauser
2003). Indeed, there is accumulated suggestive evidence that for a biological pre-
disposition for music.

A strong argument for the evolutionary origins of music also lies in its univer-
sality; music exists in all scientifically documented societies all over the world
(Darwin 1871; Masataka 2003). The fact would lead us to reason that music
possesses common attributes across cultures, that music exploits the human capacity
to entrain to social stimuli, and that music is necessary for the very development of
culture. Cultural evolution is based on the ability to create and perceive the
sociointentional aspect of meaning. This should be unique to humans and has been
crated in music, combining biologically generic, humanly specific, and culturally
enactive dimensions. Apparently the evolution of music was based on biological and
genetic mechanisms that had already been provided in other animals.

The capacity for culture requires not only the transmission of information but also
the context of communication (Masataka 2008). The notion could lean one to reason
that music and language constitute complementary components of the human com-
munication toolkit while the power of language lies in its ability to present seman-
tically decomposable propositions. As claimed by Perlovsky (2017), music is
directed at increasing a sense of shared intentionality. Its major role is social. It
serves as an honest signal and reveals qualities of a signaler to a receiver with
nonspecific goals. This property, as the indeterminacy of meaning or floating
intentionality, allows for individual interactions while maintaining different goals
and meaning that may conflict. Therefore music promotes the alignment of partic-
ipants’ sense of goals.

Such argument could lead one to reason that as humans came to be able to live a
successful living in societies (Spikins et al. 2016), the evolution of such communi-
cation system would be promoted. This appears particularly of importance for living
as a hunter-gatherer. Archaeologically they had come to use such caves where
present cave art is found as a shelter, first, to avoid danger of animals and bad
weather, and then as living space. However, even staying there was sufficient to
secure against possible attacks by some animals such as cave lions and cave bears
that were provided with developed teeth and claws. No doubt when individuals were
obliged to stay outside together as a group during hunting and foraging, the
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magnitude of danger should increase dramatically. They must have experienced a
sort of psychological dilemma; without exposing to dangers to be scared by animals,
one cannot subsist.

9.10 Cognitive Function of Music

From the cognitive perspective, living as a hunter-gatherer can be expressed as that
used to be accompanied with serious cognitive dissonance (CD), an uncomfortable
feeling caused by holding conflicting ideas simultaneously and that people are
provided with a motivational drive to reduce dissonance (Festinger 1957). If a person
is induced to cease performing a desired action through threat of punishment,
dissonance will be experienced. The cognition that the person is not performing
the action is dissonant with the cognition that the action is desirable. An effective
way of reducing dissonance is by devaluing the action. The greater the threat of
punishment, the less the dissonance, because a severe threat is consonant with
ceasing to perform the action. Therefore, the milder the threat, the greater will be a
person’s tendency to devalue the action.

Recently, the findings that such CD can be temporally mitigated if being exposed
to music have been reported (Masataka and Perlovasky 2012). In the study, CD was
experimentally created in 4-year-old children, using a well-established method (i.e.,
the induced compliance paradigm), to evaluate several toys (Aronson and Carlsmith
1963), issuing either a mild or a severe threat of punishment for playing alone with
one specific toy, and asking the children to re-evaluate the toys at the end of the
experimental session. Through this technique, it was expected to be able to compare
the effect of a mild threat with that of a severe threat on the attractiveness of playing
with the forbidden toy. In addition, in another group who experienced a mild threat,
the participants were exposed to music (i.e., one of Mozart’s sonatas) while playing
alone, whereas no music was played for any other participants under the same
circumstances, so that one was enabled to evaluate the impact of the music on the
effect of the mild threat. It was hypothesized that even if relatively greater CD was
experienced by the children who experienced a mild threat, the degree of the
devaluation of the forbidden action would be smaller when the participants were
to be exposed to music than when they were not exposed to music if the music served
to mitigate CD.

In the experiment, all the children who participated were to be left in a room with
a variety of toys. One group of the participants were told that there would be a severe
punishment if they played with specific toys and were thereafter asked to rate those
toys. The remaining children were told that there would be a mild punishment if they
played with such toys. In addition, those participants were sub-classified into two
groups: one in which each child was exposed to music (i.e., one of Mozart’s sonatas)
while playing with the toys, and another in which no music was played so that the
efficacy of the music for reducing CD could be evaluated.
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The results of the experiment were as expected: the attractiveness of a toy for the
children tended to be enhanced if it was merely withdrawn temporarily from them.
This tendency was observed in all three of the groups to which the present partic-
ipants were randomly assigned and is consistent with previously reported findings.
When forbidden to play with the toy with no exposure to music, moreover, the
children in the group that had experienced a mild threat were more likely to devalue
that toy than the children of the group that had experienced a severe threat. These
findings are also in accordance with the following notion proposed by the classical
theory of CD: when a child experienced a severe threat, his/her cognition that he/she
did not play with an attractive toy was consonant with his/her cognition that he/she
would have been severely punished if he had played with the toy. On the other hand,
when a child refrained from playing with a toy in the absence of a severe threat,
he/she experienced dissonance. His/her cognition that he/she did not play with the
toy was dissonant with his/her cognition that it was attractive. To reduce this
dissonance, he/she devalued the toy. Under the same circumstances, however, the
children in the group who were exposed to Mozart’s sonata were less likely to
devalue the toy. The experience of being exposed to that music appears to have
exerted an influence that acted to reconcile such CD.

9.11 Neurodiversity Hypothesis

As noted elsewhere (Masataka and Perlovasky 2013), CD is a discomfort caused by
holding conflicting cognitions simultaneously (Cooper 2007). It usually leads to
devaluation and discarding of conflicting knowledge (Festinger 1957). This theory is
among the most influential and extensively studied theories in psychology. It is
intimately connected to the entirety of human evolution. At the dawn of human
evolution, the emergence of language led to the proliferation of CD (Perlovsky 2010,
2012). If they had not been overcome, language and knowledge would have been
discarded and further human evolution would have been stopped in its tracks. This is
why the ability of music to mitigate CD could be fundamental for musical cognitive
function and music evolution (Perlovsky 2017). In this sense, maintenance of
subsistence as a hunter-gather was only possible by executing musical activity:
before going hunting or gathering, experiencing to be visually exposed to realisti-
cally drawn animals that might be encountered soon, simultaneously listening to
music that might mimic landscape sounds of the animals, including their vocaliza-
tions, would serve to enhance motivation of the hunters or gatherers while
suppressing their fear evoked by the possible danger of the activity itself. This effect
would also serve to strengthen the psychological bond among individuals who are
going to participate in the coming activity. Such reasoning could be referred to as a
neurodiversity hypothesis of the Ice Age cave art.

Neurodiversity refers to the notion that seemingly “impaired” cognitive as well as
emotional properties characteristic of developmental disorders such as ASD a
neurodevelopmental disorder with impaired linguistic capability and unusual
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sensory processing, are not necessarily deficits, but fall into normal behavioral
variations exhibited by humans. Stated more formally, this notion was recently
described as “a concept where neurological differences are to be recognized and
respected as any other human variation” (Armstrong 2012). The term was first
coined in the late 1990s by New York journalist Harvey Blume and Australian
autism activist Judy Singer and has become an important component of the civil
rights movement for those with neurologically based disabilities.

Developmentally, the earliest non-cry sounds produced by human infants do not
transmit meanings, unlike words uttered by older individuals, but rather reveal
fitness or express states. We make no assumption that very young infants intend to
communicate with such sounds. On the other hand, adults who receive the sounds
are provided with broad reception/interpretation capabilities that allow them to
provide differentiated feedback to signals if the adults are neurotypical (Masataka
2003). Such reasoning could lead us to notice the importance of considering how
selection pressures might engender an increase in the tendency of an infant to
produce spontaneous non-cry vocalization for arguing language evolution, and that
in fact, evolution of increased infant spontaneous vocalizations began with devel-
opmental steps in individual infants, if they are neurotypical, under the selective
pressure of their own neurotypical caregivers. Indeed, during modern human devel-
opment, infant vocal capabilities emerge at least partly in response to social inter-
action, where caregivers react to vocal capabilities of infants in accordance with a
scaffolding principle requiring parental discernment and intuitive parenting to rein-
force vocal exploration and learning. Both endogenous inclination of infants to
explore the vocal space and interactive feedback from caregivers thus foster growth
in vocal capability. If this assumption about selection pressures for spontaneous
vocalizations are valid, it follows that hominin neurotpical parents would also have
been selected to become aware of the fitness reflected in neurotypical infant vocal-
izations and capable of responding to those indicators with selective care and
reinforcement of vocalizations.

Taken together, the fact that proliferation of CD caused by the emergence of the
language that was prevalent among the members of hunter-gatherer groups can be
mitigated by artistic performance of neurodivergent (ASD) individuals, who them-
selves had failed to acquire languages unlike the majority of neurotypical group
members, can be explained by the notion of neurodiversity. Their failure of language
learning due to their impairment in the social communication overall can be regarded
as a pattern of human variation. The Ice Age art and music could have been
developed at the expense of the development of languages in individuals such as
those with ASD as selective advantage of enhanced capabilities characteristic of this
disorder, i.e., neurodiversity, that may represent a balance toward “folk physics” at
the expense of “folk psychology.”
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