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Abstract

Both vocalization and gesture are universal modes of communication and fundamental features of
language development. The gestural origins theory proposes that language evolved out of early
gestural use. However, evidence reported here suggests vocalization is much more prominent in
early human communication than gesture is. To our knowledge no prior research has investigated
the rates of emergence of both gesture and vocalization across the first year in human infants. We
evaluated the rates of gestures and speech-like vocalizations (protophones) in 10 infants at 4, 7,
and 11 months of age using parent-infant laboratory recordings. We found that infant protophones
outnumbered gestures substantially at all three ages, ranging from >35 times more protophones
than gestures at 3 months, to >2.5 times more protophones than gestures at 11 months. The results
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suggest vocalization, not gesture, is the predominant mode of communication in human infants in
the first year.

Keywords

Infant gesture; infant vocalization; prelinguistic communication; language development; origins of

language

1. Introduction

Considerable controversy about the origin of language has centered on whether vocalization
or gesture played a more fundamental role (Armstrong & Wilcox, 2007; Liszkowski et

al., 2011; Oller et al., 2019; Sterelny, 2012). A gestural origins theory seems to have the
upper hand currently (Caselli et al. 2012; Arbib et al. 2008), invoking a key argument that
since great apes communicate more flexibly in the visual-gestural than the vocal modality,
our hominin ancestors must have been gestural communicators (Call & Tomasello, 2007).
Another argument cites reports claiming gestural communication begins earlier than vocal
communication in human infants (Caselli et al,. 2012).

In support of vocal origins of language, some suggest that vocal capabilities of great apes
have been underestimated (Cheney & Seyfarth, 2005; Lameira, 2017) and that vocalization
has the advantage of communicating in darkness or when receivers are not looking (Kendon,
2017). The massive amount of early infant vocal behavior and communication is also
consistent with a primarily vocal foundation (Oller, Caskey, et al., 2019).

The present paper aims for the first time to quantify rates of speech-like vocalization
and gesture across the first year to gain insight into which modality may play the more
fundamental role. We also address the extent to which gestures and vocalizations are
directed to potential receivers by gaze direction.

1.1. Gesture as a Foundation for Language

Although infants vocalize from birth, many believe gesture provides the first communicative
opportunity (Bates, 1976; Iverson & Goldin-Meadow, 2005; Silva Lima & Cruz-Santos,
2012) and the primary driving force for the development of symbols (Bates et al., 1979;
Gillespie-Lynch et al., 2013; Orr, 2018). Furthermore, research on early communicative
behaviors has emphasized gestures as the first means to convey and structure communicative
intent (Bates et al., 1979). Evidence has been presented to suggest that children use
meaningful gestures several months before they use words (Caselli et al. 2012).

Pointing is viewed as constituting primitive deixis, a foundation for word learning (lverson
& Wozniak, 2016; Volterra et al., 2005; Tomasello et al., 2007). Caregivers have the
opportunity to label objects of shared interest as infants begin to understand and to use
pointing (Wu & Gros-Louis, 2015). However, pointing does not constitute naming, but
instead designates entities that can be named.
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Some theorists have supported the idea that language evolved from a primarily gestural
mode (Arbib et al., 2008; Corballis, 2010; Hewes, 1973; Tomasello, 2010); great apes

in captivity have shown both deliberate and voluntary gestures with distinctive functions
(Byrne et al., 2017). Gestural symbols in human infants have been found to become less
frequent than vocal symbols with age, but age-matched ape infants appear to use gestural
symbols increasingly frequently across development (Gillespie-Lynch et al., 2013).

Research suggests captive apes communicate primarily through gesture (Pika et al., 2005;
Pollick & De Waal, 2007; Tomasello & Zuberbihler, 2002). But unlike humans, our ape
relatives do not normally assemble vocalizations into complex utterances composed of
syllables, words, and sentences (Riede et al., 2005), with perhaps rare exceptions (see e.g.,
Clay & Zuberbihler, 2009). Gestural flexibility as opposed to vocal flexibility in great apes
is supported by relatively successful sign language learning in great apes raised by humans,
but almost total failure to learn spoken language in the same circumstances (Bonvillian &
Patterson, 1999; Gardner & Gardner, 1969; Rivas, 2005).

1.2 Vocalization as a Foundation for Language

A variety of non-cry, speech-like vocalizations, called “protophones”, are a primary means
by which infants engage in communicative interaction soon after birth (Gratier et al., 2015).
By ~7 months protophones come to include well-formed (or “canonical”) syllables (Oller,
1980). Longitudinal investigations indicate newborn infants produce protophones from the
first weeks (Koopsmans-van Beinum & Van der Stelt, 1986; Oller, 2000; Stark, 1980;
Nathani et al., 2006), at much higher rates than cries in both preterm and full-term infants,
with preterms producing protophones in neonatal intensive care from as soon as they can
breathe on their own (Oller, Caskey, et al., 2019). Human infants produce protophones at
least ten times more frequently than chimpanzees and bonobos produce sounds viewed as
analogous to protophones (Oller, Griebel, et al., 2019). Spoken words begin at the end

of the first year, but human infants use protophones to communicate needs and states of
being from the first month (Gratier et al., 2015; Jhang & Oller, 2017), long before gestural
communication has been reported. The importance of vocal communication is emphasized
by evidence that gaze-coordinated vocalizations are stronger predictors of later language
outcomes than either gestures alone or gesture-vocal combinations (Donnellan et al., 2020).

Long et al. (2020) emphasized the endogenous nature of infant vocalization; in the

first year infants produced three times as many protophones independently as during

social engagement. From 9 to 18 months, babbling practice alone, unaffected by social
environment, has been found to be a strong determining factor for word onset (McGillion et
al., 2017).

1.3 An Evolutionary-Developmental Perspective

Evolutionary-developmental (evo-devo) biology emphasizes the widespread tendency for
new structural features or capabilities to evolve by modification of developmental patterns
(Maller & Newman, 2003). In evo-devo theory, conservation of foundational structures

is expected, and natural selection is seen to build upon the foundational structures (West-
Eberhard, 2003). Thus, the order of appearance of structures or capabilities/activities in
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development is expected to emerge following evolutionary orders (Carroll, 2005; Newman,
2016). In accord with this line of thought, one should predict that if gesture forms the
primary foundation of language, then gestural communication should predominate in early
communication in humans, and conversely if vocalization forms the primary foundation,
then vocalization should predominate.

Although there exist well-established procedures for judging both the structure and
communicativeness of protophones from birth and across the whole first year, we know
of no descriptive framework identifying gestures and their potential communicative roles
that is applicable to the whole first year. In the present work, we propose a framework

to allow comparable counting of communicative and/or potentially communicative events
of both infant gesture and vocalization. Thus, we aim to provide new perspectives on the
relative roles of gesture and vocalization in modern human communicative development
and indirectly in the evolutionary origin of language. We expect that empirical data will
contradict the expectation, based on the gestural origins theory, that gesture should occur
more frequently than vocalization in the first year. We hypothesize the opposite:

1. speech-like vocal events (protophones) will occur at a higher rate than gestures in
early human development and

2. protophones, more often than gestures, will show signs of constituting intentional
communications, being accompanied more often by gaze directed toward another
person.

2. Methods

2.1 Selection of Participants

Data were acquired from archived longitudinal audio-video recordings from the from the
University of Memphis Origin of Language Lab-oratories. Approval for the research was
obtained the University of Memphis Institutional Review Board for the Protection of Human
Subjects (IRB). All participants resided in or around Memphis, Tennessee. Recruitment

was conducted in child-birth education classes and by word of mouth. All infants’ parents
completed a written consent approved by the IRB prior to recordings. An inclusion criterion
for participation was normal pregnancy. Typical development (i.e., lack of hearing, vision,
language, or other developmental disorders) was confirmed throughout participation in the
study via parent report using information such as passed hearing screenings and mastery of
developmental milestones at expected ages. None of the infants was born prematurely.

The archived recording sessions included 21 parent-infant dyads from two waves of
longitudinal study (see e.g., Oller et al., 2013; Oller, Caskey, et al., 2019). Based on
funding available for coding and analysis, we were able to select only a subset for the
present research, with recordings from 10 infants (5 male, 5 female) balanced for age,
gender, recording session type, and recording length. The recordings from which the data
were drawn usually included three sessions, each approximately 20-minutes in length, often
based on a single continuous ~60-minute recording. We analyzed only the sessions termed
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“interactive” at approximately 4, 7, and 11 months—thus we coded 30 sessions, one for each
infant at each age.

In the interactive sessions, parents were instructed to engage their infants as they normally
would, whereas the other two recording sessions during the ~60 minutes required the

infant to be present with the parent reading (the no-talk-to-baby circumstance) or playing
separately while the parent was interviewed by another adult. We selected the interactive
sessions for our study, assuming gestures would more likely occur in those sessions since
parents were more likely to look at infants during those sessions than during the no-talk-to-
baby or interview sessions. Thus, selection of the interactive sessions served our intention to
maximize the occurrence of gestures.

We selected infants with recordings fitting the age criteria to the extent possible while taking
advantage of existing vocalization and gaze coding from prior work. All but one of the
infants were White (Infant 4). All were learning English as their native language except for
Infant 2, who was exposed to German, Spanish, and English. All infants were of middle to
low-middle socio-economic status. Demographics and recording ages are provided in Table
1. Selections were made without regard to rate of occurrence of gestural or vocal activity.

2.2 Data Collection

One recording was selected for each infant (total: 10) at each age (total: 3), yielding 30
recordings. The actual length of the planned 20-minute sessions was ~19 minutes (range: 16
— 20 minutes). All parent-infant dyads were recorded in a quiet laboratory/playroom with
toys and books appropriate for the infant age. Both infants and parents wore high fidelity
wireless microphones. The playroom was equipped with cameras in the corners, either four
cameras or eight (one high camera and one low camera in each corner). The differing
number of cameras corresponded to three phases of recording in three different laboratories.
Laboratory staff operated the cameras for zoom and tilt from an adjacent control room.

Two of the four or eight channels were selected to record the interaction at each moment.
Selection and zooming afforded close-up views of the infant face, torso, and actions on one
of the selected channels and a broader view of the interaction (including the parent) on

the other channel. Details regarding laboratory equipment and procedures can be found in
previous work from this laboratory (Buder et al., 2008; Oller et al., 2013). Instructions to
parents for the interactive segments emphasized playing with and interacting with infants

in a natural way, allowing for vocal, gestural, and tactile interaction at any time (additional
information on recordings in SM, 2.1).

2.3 Coding Approach and Rationale

2.3.1 Coding Rationale—Gesture and vocalization are not easy to compare given that
the two modalities have different advantages and disadvantages. Still, it is both appropriate
and necessary to quantitatively compare gesture vs. vocalization across development in order
to address the relative roles of gesture and vocalization in language origins (see SM, 1.1).
We have striven to construct an approach allowing well-motivated quantitative comparison.
We sought to ensure that comparisons would not bias outcomes in favor of vocal acts; on

the contrary, we sought to ensure that any bias would favor gestures (see SM, 2.3). We
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selected an event-based analysis, not a duration based-analysis. This choice is motivated by
the fact that events of communication or potential communication are the optimal points of
comparison, since each gestural or vocal event is a potential communicative act (for duration
comparisons see SM, 3.2).

2.3.2 Software Environment—Coding was conducted in AACT (Action Analysis
Coding and Training software, Delgado et al., 2010), a software environment facilitating
simultaneous coding of video/audio. AACT presents two channels of video synchronized
with audio at frame-level accuracy, with audio displayed spectrographically and in
waveform through a version of TF32 (Milenkovic, 2010) designed for AACT. The coding
fields of interest for the present research were protophone types, gestural act types, gestural
illocutionary functions, and gaze direction accompanying both protophones and gestures
(see SM, 1.3, 2.4 and 3.4). Regarding facial affect coding, see SM, 3.3.

Aside from gesture coding, data collection was completed in a way that was identical to
previous infant vocalization studies conducted in the in the Origin of Language Laboratories
(Jhang & Oller 2017; Long et al., 2020; Oller et al., 2013). During coding, the coder places
a start and an end cursor on the TF32 spectrographic display and can play the selected
sequence repeatedly in an AACT “loop”. The cursor can be dragged on the spectrographic
display or shifted with keyboard controls producing frame accurate shifting in the video
from both cameras to enable selection of onset and offset points for events in any field.

2.4 Vocalization Coding

Vocalizations had been coded in prior research (e.g., Oller et al. 2013, Oller, Caskey, et al.,
2019). The primary focus of this previous work was speech-like vocalizations, focusing on
phonatory properties. This approach resulted in three primary types: vowel-like (vocant),
growl-like, or squeal-like sounds. Oller (2000) refers to these types as “protophones”
(including both canonical and non-canonical sounds). Thus, syllables or syllable sequences
such as “dada” or real words were, like precanonical protophones, categorized in terms

of phonation as vocant, growl or squeal. Cries, laughs, and whimpers as well as a variety
of additional infrequently occurring types (whispers, voiceless friction sounds, ingressive
sounds) were also coded but not included for analysis.

Coding was conducted with repeat-observation, assigning boundaries in TF32 at the onset
and offset of each protophone. Cursor placements for each utterance were recorded in
AACT, specifying duration in ms. Boundaries were assigned using a “breath-group”
criterion (Lynch et al., 1995); thus an utterance was determined to begin with phonation
during exhalation (i.e., egress) and end with termination of phonation, often accompanied by
inhalation (i.e., ingress). Thus, a new utterance could begin only after an observed breathing
pause. A protophone type was then selected from the coding panel, and in a subsequent
coding pass, a gaze direction category was assigned to the time period of each vocalization.
If any gaze was directed to a person during the utterance, even if only briefly, the utterance
was coded as having been directed to a person. Details on vocalization and gaze direction
coding and associated coder agreement can be found in prior publications, especially in their
supplementary materials (e.g., Jhang et al., 2017; Oller et al. 2013).
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2.5 Gesture Coding

2.5.1 Global Categories for Gesture Coding and their Relation to Global
Vocalization Categories—The coding scheme was intended to maximize comparability
between events in the gestural and vocal domains. We sought to categorize gestural acts
during the first year that could be considered precursors to signs (i.e., precursors to gestural
symbols) just as we categorized vocal acts that could be considered precursors to words.
The coding consisted of four global movement categories: 1) Utilitarian Acts, 2) Non-social
Gestures, 3) Universal Social Gestures, and 4) Conventional Gestures. We defined Utilitarian
Acts as those actions that are simply world-exploratory or manipulative, without any
inherently social communicative function. For example, if a child reached for and obtained
any object, the event was coded as a Utilitarian Act. These acts were not counted as
gestures even though they were coded in the initial real-time coding pass. Vocalizations also
include Utilitarian Acts in the form of vegetative sounds (coughing, burping, clearing one’s
throat, blowing out a candle...) that perform functions related to respiration and digestion—
vegetative sounds were not counted as protophones.

The remaining three global gestural categories were intended to include all the acts that
could conceivably be interpreted as communicative or those that could be expected to be
brought into the service of communication at some later point in development. Non-social
Gestures are gestural actions that are not merely Utilitarian and are also not inherently
communicative, although they have the potential for being utilized communicatively. For
instance, rhythmic hand banging and foot tapping are examples of Non-social Gestures,
akin to babbling/protophones in the vocal domain, actions that can eventually be brought to
the service of communication, but that are not yet intentionally communicative. Non-social
Vocalizations included all the protophones—the very infrequently occurring words were
categorized as both words and protophones, but words were treated as Social, while non-
word protophones were treated as Non-social.

Universal Social Gestures include acts with an inherently social communicative intent but
with no reason to presume they are learned from specific cultural experience. For example,
an extended flat hand to indicate refusal is a Universal Social Gesture. Also, reaching
upward with both hands when an infant wishes to be picked up is a Universal Social
Gesture. Pointing and other clearly deictic gestural acts are also Universal Social Gestures.

Universal Social Gestures have fixed functions in infancy; e.g., deictic gestures designate
entities but cannot name them or perform other affectively-valenced functions such as
expressing distress or delight (see SM, 1.2). Other Universal Social Gestures, including
reaching toward someone to request being picked up or a flat hand outstretched to indicate
refusal are also fixed in function, in that they cannot acquire a different function through
learning in infancy. Similarly, there are vocal/acts in infancy that have fixed functions (the
Universal Social Vocalizations), crying and laughter, which express negative or positive
affect respectively, but cannot designate objects, as deictic gestures can. While we counted
Universal Social Gestures in the quantitative comparison of gestures and protophones,
Universal Social Vocalizations were not included (see SM, 2.3).
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Conventional Gestures are those that are culturally transmitted, acts with a discernible
communicative function, such as waving to convey “hello” or “bye-bye”, clapping in
celebration, or thumbs up to indicate approval or agreement. These gestures are learned and
can be viewed as analogous to primitive words, i.e., Conventional Vocalizations. Non-word
protophones (including both non-canonical and canonical babbling) can, in accord with

our scheme, be subcategorized as Non-social, while words (treated here as a subclass of
protophones) are subcategorized as Conventional Vocalizations (speech). The four global
categories, then, facilitate comparison across vocalization and gesture since both the gestural
and vocalization coding schemes presume the same four.

It is important to recognize comparable aspects of the two modalities while also taking
account of inherent differences in how the two modalities can function (see SM, 2.2).
Universal Social acts, both of gesture and vocalization are communicative but require no
associative learning, and their intended functions are interpretable to potentially everyone
around the world. Universal Social Gestures are capable of transmitting certain critically
important communicative functions such as refusal, request, and designation (pointing),
while in the exclusively vocal domain, these functions seem impossible to transmit without
symbols (words), and even then, vocal transmission is more complicated. But vocalization
has the advantage of being able to transmit affective valence (Jhang et al., 2017), which

is difficult if not impossible to transmit by gesture alone. Thus, a fundamental difference
between the modalities is that vocalization is well-suited to transmission of emotional
valence, while gesture is well-suited to transmission of deixis.

Consider designation, which is possible with words (“look to your left and notice an orange
object”), but not with protophones. Even in young infants, a simple act of pointing can serve
as a designation (directing attention to the orange object without a single word). Similarly,
other functions that can be transmitted with gesture universally even in infancy (refusal

or request, for example) cannot be uniquely transmitted in vocalization without words (“I
don’t want it”, “stop”, “give me the book”). Still, prosodic features of vocalization and/or
facial affect can emphasize or modulate the flavoring of such functions in either modality
and regardless of whether the communication is prelinguistic or based on signed or vocal
symbols.

There is thus a gap in the potential for communication transmitted with protophones, a
missing deictic function, a gap that can be at least partially filled by Universal Social
Gestures, which consequently provide a scaffold for early communication and especially for
learning of labels. This special capability of Universal Social Gestures may account for the
widespread opinion that human language is founded in gesture. Yet, vocal communication
begins in the first week of life, while gestural deixis does not appear until late in the

second half year. The gestural-origin opinion also neglects the fact that gesture has a gap

in transmission of affective valence, a gap which is partly filled with Universal Vocal Acts
such as crying, whimpering, laughter, and whining, which may also supply support for the
emergence of language. Furthermore, deictic gestures, while supplying a support system for
learning symbols in either the gestural or vocal domain, are not themselves symbols (SM,
1.2).

Infant Behav Dev. Author manuscript; available in PMC 2021 December 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Burkhardt-Reed et al.

Page 9

2.5.2 Gesture Coding Procedures—The primary coding was conducted by the

first author. We drew a distinction between gestural actions and the potential /intent, or
communicative function, associated with each action. This distinction was also drawn
between vocalactions and their communicative functions. For example, “reaching” is a code
for an action, but that code does not characterize the communicative function of the action.
An infant could reach to show an object, to request an object, to try to get the attention of
another person, or to offer or accept something. Our coding scheme included two fields, in
one case for each individual gestural action and in the other for the communicative function
of each action.

The actions and functions were coded for each ~19-minute segment in three separate passes
using both audio and video. The first pass, using real-time observation, allowed the coder to
acquire an overview of the recorded segment and to mark the approximate location of infant
gestures, labeled by keystrokes in real-time, each corresponding to one of the global codes:
Utilitarian, Non-social, Universal Social, or Conventional. In the second pass, the coder
ignored Ultilitarian Acts but used repeat-observation to designate boundaries for individual
Non-social, Universal Social, or Conventional gestural actions at the onset and offset of
each action, specifically designating the point of the movement beginning the event through
the point where the event reached its full extension. For example, the onset of an index-
finger point begins when the arm, hand, or finger moves into motion from rest until the
moment where it reaches its full extension. In cases of rhythmic movements such as hand
banging, boundaries were determined using a criterion similar to the breath-group criterion
for vocalizations. Thus, duration of any cluster of actions (such as the individual strokes of
rhythmic hand banging), deemed to constitute a gesture occurring before a gestural pause
(treated similarly to pauses in speech), specified the duration of the gesture.

In the second pass of gesture coding, the cursors in TF32 were adjusted to make each
boundary decision, which sometimes required the cursors first to be set as much as 1000 ms
before the onset and after the offset of the gesture to allow extended viewing of the event
surroundings. Then the cursors could be moved (by dragging them in the acoustic display
with corresponding frame accurate changes in the video or by keystrokes that could move
the video display one frame at a time with a corresponding shift in the audio display) to
home in on the actual boundaries of the gesture specifying the onset and offset points. A
keystroke indicating a particular gestural act was then recorded in AACT, indicating both
onset and offset times.

Once onset and offset boundaries had been determined, we used the bounded time frames of
the gestural actions to automatically create placeholders in a new coding panel (the gestural
function panel). The placeholders were recorded sequentially in the gestural function panel
(without showing the gestural action codes) and allowed the coder to categorize all the
bounded events in a third pass, where a gestural function was designated for the precise time
frame of each gestural action, the entire period of each action being taken into account in
coding the function. The second and third coding passes for actions and functions used the
detailed gestural category labels as listed in Table 2 and Table 3, respectively.
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2.6 Gaze Coding

2.6.1 Rationale for gaze coding—Previous studies have argued that gaze coordination
can be used as an indicator of intentionality in prelinguistic vocalizations and gestures
(Bates, 1976; Donnellan et al., 2020; Harding & Golinkoff, 1979; Iverson, 2010; Iverson
etal., 2000; Thal & Tobias, 1992; Wu & Gros-Louis, 2015). Gaze direction is an excellent
predictor of judgments of social directivity based on the conjunct of factors (timing, prior
social context, etc.) that suggest an infant as trying to communicate (Long et al. 2020).

2.6.2 Gaze coding procedure—In a fourth pass, gaze direction was coded during each
vocalization and during each gesture where at least one of the two video views allowed

such judgement. The coding determined whether infants produced a protophone or a gesture
while looking at another person (i.e., a socially-directed communication) or while not
looking at another person (i.e., a non-socially-directed communication).

As indicated above, the gaze direction for protophones had been previously coded during
other studies from our laboratory, and those judgments were used in the current study.
Following the same coding procedure as in the third pass of gesture coding, coders clicked
on each individual placeholder event indicating a previously coded gesture or vocalization
and then coded the direction of the infant’s gaze during the bounded action plus 50 ms on
either side. Playback thus started automatically 50 ms before the event onset and continued
through 50 ms after the offset. This procedure was designed to ensure that all video frames
of each event would be viewed before determining the directedness of the infants’ gaze. The
categories for coding were 1) directed toward another person, 2) not directed toward another
person, or 3) can’t see (sometimes the infant’s gaze direction could not be judged based on
either camera view). If there was any moment of gaze direction to a person observed during
the gesture or vocalization interval (the whole event plus the 50 ms additions), the event was
coded as person directed.

2.7 Coder Agreement Training and Agreement Outcomes

Two graduate students were trained as agreement coders for gestural actions, gestural
functions, and gaze direction. The training began with a lecture by the first author on

the gesture coding scheme, during which coders were presented with examples of video-
recorded infant gestural actions previously coded by the first author and confirmed by the
last author, all of which either met a consensus standard for one of the gesture categories or
displayed ambiguities of possible judgements deemed instructive for training. Gaze direction
training was similar.

Once training was completed, coders followed the same coding procedure as the first author,
using the criteria outlined in the gestural coding scheme and the gaze direction scheme. The
first author selected 12 recordings semi-randomly from the 30 recordings for the agreement
study, with one five-minute segment selected from within each of the 12 recordings. Four
samples came from each of the three ages and all ten infants were represented in the
agreement samples. Neither of the agreement coders knew the hypotheses for the study and
were blinded to coding of the first author.
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There was high agreement for the number of gestures identified in the five-minute segments
for both agreement coders with respect to the primary coder (r=0.92, r=0.81, N=12),
and for the two with respect to each other (r=0.80). On proportion of gestures with gaze
directed to a person, the agreement coders also showed good agreement with respect to the
primary coder (r=0.92, r=0.73) and each other (r=0.72).

Across the five-minute segments in the agreement samples, all three coders showed at least
a doubling of the rate of gesture from the first to the second age, with an increase ranging
from ~50% to 60%. The three coders also showed an increase ranging from 22% to 65%

in the amount of gesture from the first to the third age. Also, the three coders showed very
similar proportions (27%, 30% and 30%) of person-directed (by gaze) gestural actions. For
all three coders, 13% to 14% of gestures were deemed to be directed to a person, whereas
degree of directivity for protophones was > 27% for all three. The agreement data suggest
that if the entire data set had been coded by either of the agreement coders instead of the
primary coder, none of the conclusions associated with the results reported below would
have changed.

3. Results

3.1 The Hypotheses

3.1.1 Hypothesis 1, Distribution of Gestures and Protophones—The data on
protophone and gesture rates (Figure 1) across all 30 recordings revealed vastly more
protophones (3903) than gestures (752), with gestures occurring infrequently (only about
one every 4 minutes) at the earliest age, increasing to 1.7 — 2 per minute at the later ages.

In contrast, protophones occurred approximately 10 times per minute at the youngest age,
and nearly 6 per minute at the oldest. Thus, there were more protophones than gestures, and
this was especially true at the youngest age. These results support a more vocal than gestural
origin for communication.

Shapiro Wilks tests for normality on the gesture and protophone rates were run separately.
Based on the tests, protophone rates and protophone proportions of social directivity can be
assumed to be normally distributed, but gesture rates and proportions of social directivity
were far from normal, primarily because of zeros at the earliest age. Consequently, a
non-parametric approach to repeated-measures analysis was necessary.

Data were analyzed with Generalized Estimating Equations, a nonparametric alternative

to generalized linear mixed models, producing unbiased regression estimates for use in
longitudinal or repeated-measures research designs with non-normal response variables
(Liang & Zeger, 1986; Ballinger, 2004). Indeed, the data in question were nonnormal
especially because of the very low and unequal numbers of gestures at the early Age.

We determined GEE was appropriate also because of the unequal amounts of data in the
two Modalities across Age and lack of precise Age matching across infants. The model
included two Modalities (gestures vs. protophones) and a factor with three Ages (allowing
comparison of early to middle and early to late), with 10 infants at each Age. The dependent
variable was number of events produced, either gestures or protophones. The covariance
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matrix was exchangeable. With an unstructured matrix, the GEE failed to converge. The
robust sandwich estimator was used to obtain standard errors of estimates.

GEE revealed a significant early to middle Age by Modality interaction (o < .02) as well

as a stronger early to late Age by Modality interaction (p < .0005), reflecting the dramatic
increase in the number of gestures across Age, in contrast to protophones, which showed

no such increase, but in fact fell in frequency across Age, though not so dramatically as
gestures rose. A significant main effect of Modality (p < .00001) reflected the much larger
number of protophones than gestures. Main effects of early vs. middle Age (p < .00001), and
early vs. late Age (p < .00001) reflected a mean increase in the combination of gesture and
protophone rates across age.

Because of lack of uniformity of ages within the groups (see Table 1), we also ran GEE
with Age as a continuous variable. The results indicated a significant Age by Modality
interaction (p < .005), reflecting the fact that gestures increased dramatically with Age,
while protophones fell. There was also a significant main effect for Modality (p < .00001),
as in the analysis with Age as a three-level factor, and a significant effect for Age (p<
.00001), again reflecting growth in the combination of gesture and vocalization across Age.
GEE details are in SM, 3.1, Table SM1 and SM2.

Follow-up Mann Whitney U tests (non-parametric) also showed a significant difference
reflecting more protophones than gestures (zscore = 3.74, p < .0002). In addition, Mann
Whitney U tests confirmed that gesture rate was lower at the early than at the middle (z
score = 3.10, p<.002) or late Ages (zscore = 3.36, p<.001). The difference between the
middle and late Ages was not significant. For protophones, rates fell across Age, but only
the comparison between early and late Ages was significant (zscore = 1.97, p< .05).

3.1.2 Hypothesis 2, Directivity of Gestures and Protophones—The data on
directivity of gestures and protophones indicated, consistent with Hypothesis 2’s prediction,
that protophones were more likely than gestures to be socially directed as indicated by

gaze direction toward a person. Averaged across ages, the grand total of protophones was
nearly twice as likely to include person-directed gaze as gestures (34.6% to 17.7%). The
tendency was greatest at the youngest age (37.6% to 21.7%) and least at the latest age
(30.2% to 17.7%). Figure 2 presents averages at the infant level, illustrating a tendency for
the directivity proportion to be highest at the latest age for gestures, but lowest at the latest
age for protophones.

To compare proportion of directed protophones vs. gestures statistically, we selected a
similar GEE model to the one used for Hypothesis 1, with Age as a three-level factor. The
dependent variable was proportion of events in each Modality directed by gaze to a person
(Figure 2). GEE revealed a significant interaction of early to late Age with Modality (p <
.05), reflecting conflicting tendencies; gestures showed greater directivity at the late than
the early Age while protophones showed the opposite. There was no significant difference
for the interaction of early to middle Age with Modality. As with the test for gesture and
protophone counts, GEE revealed a very strong main effect for Modality (p < .00001),
indicating that protophones were more often socially directed than gestures. The result
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again supports the prediction that protophones are more socially-directed than gestures,
diametrically contradicting the gestural origins theory prediction that early gestures should
be more socially directed than vocalizations. The analysis also revealed a main effect for
early vs late Age (p < .05), reflecting an overall tendency for directivity to be higher at the
late Age for gestures and protophones combined.

As with the analysis of gesture and protophone counts, we conducted a separate GEE
analysis of directivity proportions with Age as a continuous variable rather than as a three-
level factor. The results indicated a significant interaction of Age by Modality (p < .00001),
a significant main effect of Modality (o < .00001), and a weaker significant effect of Age (o
<.02). Details of these GEE analyses are in the SM, 3.1, Tables SM3 and SM4.

Follow-up Mann Whitney U tests also showed the proportion of socially-directed
protophones was greater than that of gestures (zscore = 2.91, p < .001). The same pattern
occurred for early (zscore = 2.78, p< .006) and middle Ages (zscore = 2.38, p<.02)

but was not significant at the late Age. Follow-up tests also showed gesture had higher
directivity at the late than the early Age (zscore = 2.15, p< .05), but other Age comparisons
were not significant. No Age comparison by Mann Whitney U test was significant for
proportion of protophone directivity. The great majority of all events were not directed
toward another person in either Modality.

3.2 Distribution of Gesture and Protophone Types

Table 4 shows the distribution of three global gesture categories. Numbers of Non-Social
and Universal Social Gestures at the early and middle ages were similar and were by far the
most frequent gesture types at the early and middle ages. At the late age, ~60% of gestures
were Universal Social Gestures. Pointing only occurred 12 times in the ~600 minutes of
coded recording, 9 times from one infant at 11 months, and three times from another infant.
Both at the middle and late ages, the great bulk of Universal Social Gestures involved
reaching as if to request an object, offering an object to another person by reaching, or
accepting an object by reaching.

Conventional Gestures were not frequent at any age (42 total gestural events, 26 of which
occurred at 11 months). Those occurring at 11 months included 4 types: no-no (head or
finger shaking), hand clapping, bye-bye (waving), and face covering. All Conventional
Gestures at the middle age were associated with a peekaboo game with one infant only.

Although the available coding of protophones did not specify them for the three global
categories (social and non-social usage of vocalizations had not been coded in the earlier
studies), we evaluated tokens of Conventional Vocalizations across the three ages. We found
50 conventional words (including mama, dada, bye-bye, no-no, yum-yum, mmm (tastes
good), and yeah), compared with the 42 Conventional Gestures.
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4. Discussion

4.1 Outcome Summary

The present study provides the first direct comparison of gesture and protophone rates across
the first year. The infants produced more than five times as many protophones (3903) as
gestures (752), with a substantial imbalance favoring protophones at all three ages. The
vocal predominance applied whether the communication was directed or not directed by
gaze toward another person. There were 1,349 cases where a protophone was directed to

a person by gaze, compared with 133 cases of directed gaze for gesture. Furthermore,
protophones were nearly twice as likely to be person-directed as gestures (34.6% to 17.7%).
If then, we take gaze direction as an indicator of communicative intent, we can conclude that
not only did protophones occur much more frequently than gestures, but protophones were
far more likely to be intentionally communicative than gestures. The results diametrically
contradict the gestural origins theory: early communicative development was not dominated
by gestures, but by protophones.

The interactions between Age and Modality indicate that gesture not only became more
frequent across the first year, but also became more socially directed, while the opposite
occurred for protophones. We are doubtful about the replicability of the apparent fall in
protophone rate across Age, partly because the effect was only statistically significant from
the early to the late Age, and also because other research has not clearly found such a
pattern (Gilkerson et al., 2017; Oller, Caskey, et al., 2019; lyer & Oller, 2008; lyer et al.,
2016). But the significant interaction suggesting a rise in directivity of the gestures and a
seeming fall in directivity of the protophones (patterns that have to our knowledge never
before been addressed) inspires us to consider an interpretation based on the possibility that
infants learn about the communicativeness of their gestures and protophones across time and
that they adjust their gaze direction accordingly. Namely, the results suggest the possibility
that infants learn across the first year that someone needs to be looking at them for their
gestures to be communicatively effective, while also learning across the same period that
their vocalizations can often be communicatively effective even without anyone looking at
them.

4.2 Inherent Differences Between the Gestural and Vocal Modalities

At the late age, most gestures were Universal Social Gestures, highlighting a particular
communicative feature of the gestural modality that is difficult to implement vocally (see
SM, 1.2). Universal Social Gestures communicate intents, e.g., indicating something the
infant wants or may want another person to look at. In contrast, vocalizations must first
become symbolic in order to serve such functions. An infant can gesture by extending his or
her arm(s) to signal the desire to be picked up, but there is no equivalent in the vocal domain
without words (e.g., “pick me up”).

On the other hand, vocalization can transmit emotional valence, and thus can be used
universally to modulate the affective tone of communication. It is universal for caregivers to
recognize cry and fussy protophones; each protophone type can be flavored by intonation
or other acoustic modulations to convey affect. Approximately 15% of protophones in

Infant Behav Dev. Author manuscript; available in PMC 2021 December 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Burkhardt-Reed et al.

Page 15

laboratory recordings labeled as fussy can be judged as negative from sound alone (Jhang
& Oller, 2017). Thus, protophone prosody can assist in flavoring affect of communication
in a way gestures cannot, but prosody cannot supplant a gesture’s deictic function. Facial
affect can be utilized to modulate the emotional tone of communication in either gesture or
vocalization.

Vocalization can be used to assist in gestural communication by supporting attention seeking
(Franco et al., 2008; Gros-Louis & Wu, 2012). Pointing or reaching are often accompanied
by vocalizations to attract listener attention. But even in these cases, the vocalizations
(unless they are words) cannot serve the deictic functions that are natural to the gestural
domain.

An important feature of protophones is functional flexibility (Oller et al. 2013). This
feature contrasts sharply with the functions associated with Universal Social Vocalizations
or Universal Social Gestures. Crying, for example, is naturally associated with a function
of distress expression. Pointing is naturally associated with a designative function. All
universal communicative acts have a specifiable function or class of functions. In contrast,
no protophone type has a universal function—all protophones can be produced to serve
multiple functions. It is a critical feature of protophones that they must be free to serve
functions with all possible valences, because if they were not free in that way, they could
not form a foundation for symbolic words, which are by definition free of any particular
illocutionary function.

Of course, both gesture and vocalization are capable of developing into full-fledged
language with full functional flexibility. Both modalities include actions that are not
inherently tied to particular universal functions. With both Non-Social Gestures and
protophones, infants explore actions free of particular function; only with this freedom can
they be adapted at a later point by learning to form Conventional acts.

The flexibility of protophones is emphasized by recent results from coding of laboratory
recordings, where it was found that ~75% of infant protophones are produced without
social directivity (Long et al., 2020). This fact suggests protophone production is largely
endogenous. It has been reasoned that protophone production offers caregivers information
about an infant’s well-being (Locke, 2006 and see SM, 1.3). The same kind of reasoning
may be thought to apply to gestural babbling, i.e., to Non-Social Gestures, but if gesture
formed the primary foundation for language, we would not expect infants to look towards
caregivers only about half as often during gestures as during protophones.

4.3 Interpretations of Unanticipated Findings

The great majority of gestures observed were not the ones expected based on the common
suggestion that language is founded in gesture. Pointing, known to form a foundation for
word learning, occurred far less frequently than expected. Only 12 pointing events were
observed (<2% of observed gestures). An even lower frequency of pointing was found in
recent work on communicative vocalizations and gestures at the end of the first year in a
study of 134 prelinguistic infants (Donnellan et al. 2020), where only 28 cases of indexical
pointing were observed, and many of those were not gaze-coordinated.
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In our own data, reaching accounted for 48% of all gestures, suggesting that the
“declarative” function of pointing, thought to be so important as a foundation for language
(Bates et al. 1979), occurs far less frequently than the instrumental functions associated
with reaching through 11 months of age. Only one other category of gesture occurred
frequently. Rhythmic hand shaking, which we interpret as a Non-social Gestural act similar
to reduplicated babbling, accounted for 35% of gestures overall and 26% at 11 months.
Together, hand shaking and reaching accounted for 83% of gestures.

Both Conventional Gestures and Conventional Vocalizations were infrequent in the first
year, with slightly more Conventional Vocalizations (words) than Conventional Gestures,
and both the Conventional Gestures and the words were overwhelmingly performatives, that
is, they constituted illocutionary acts such as greeting (waving, saying hello), celebrating
(clapping, saying hooray), or refusing (head shaking, or saying no), rather than semantic acts
of reference, such as naming an object or describing an event. Thus, the Conventional acts

in both modalities were overwhelmingly dyadic, constituting communications between two
parties with respect to each other, rather than being triadic communications where the two
parties jointly referred to a third entity through a conventional symbolic act.

4.4 Evaluating Events of Communication, Individual Differences, and Evolutionary
Implications

Although the average duration of a protophone was only about half as great as that of a
gesture, protophones in the recordings accounted for considerably more time than gestures
(SM 3.2). Comparison at the event-level is more useful than duration comparison, because
each event in either modality constitutes a possible communicative act, and it is the number
of such possible communications that matters most in assessing the relative importance of
gesture and vocalization.

There was notable variation among the 10 infants in protophone rate, perhaps due largely to
natural day-to-day variability, but the variation is intriguing nonetheless. Even in the vocal
domain, individual variation was salient, with a low of 35 protophones at the middle age
from one infant to a high of 281 from a different infant at the early age. Of special interest
was the fact that only two infants accounted for >70% of all gestures at the early age, and
those two were the only infants who were >3 months at the time. The largest number of
gestures among the other 8 infants at the early age was 4, and five infants produced either 0
or 1 gesture at that age. Consequently, it is tempting to speculate that human infants do not
significantly engage in gesture until after 3 months.

In spite of substantial individual variation, the key differences were robust. All 10 infants
produced more protophones than gestures; the infant producing the fewest protophones
produced 1.9 times more protophones than the gestures produced by the infant producing
the most gestures. 9 of the 10 infants produced a higher proportion of person-directed
protophones than person-directed gestures; even the infant who produced a higher
proportion of person-directed gestures than protophones overall, did so only at the late age,
while all the other infants showed a higher proportion of person-directed protophones than
gestures at all three ages.
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Gestures and vocalizations did not tend to co-occur. Only 17% of gestures overlapped with
a protophone (see SM, 3.5). Thus, the data did not suggest extensive coordination of gesture
with protophones across the first year.

One might suggest that motoric development is simply faster in the vocal domain than in the
domain of hand and arm movement. But this suggestion does not undercut the conclusions
of the present work, because the earlier development of vocal capacities, which are known
to be among humankind’s most complex motoric capacities (see SM, 2.2), would require
explanation of its own. In fact, motoric development of vocal capacities may have been
naturally selected to occur early, precisely because of the importance of hominin infant
vocalization as a signal of wellness across human evolution, a signal that could have been
noticed even when caregivers were not looking, while gesture would have had no such
advantage.

The relative tendency to communicate in the vocal domain compared to the gestural domain
in early life is not only important in informing our understanding of the emergence of

the speech capacity in modern human development, but it also offers insights into the
likelihood that vocal communication predominated in the evolution of language. We reason,
consistent with the evo-devo perspective of modern theoretical biology, that if language
indeed originated from gestural use, gestural activity should have occurred to a far greater
extent than we saw.
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Highlights
. Compared rates of gesture and vocalization across the first year.
. Gesture and vocalization were observed at 4, 7, and 11 months in a recording

playroom where parents were asked to interact naturally with their infants.

. The research suggests vocalization is overwhelming predominant over gesture
in communication of the first year, especially early in the first year.
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B Gestures
B Protophones

Early Middle Late

Figure 1.
Gestures and Protophones per Minute across the First Year

Note. This figure shows protophones and gestures per minute across the three ages in our
sample (error bars show standard errors).
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Gesture Early Gesture Middle Gesture Late
Protophone Early Protophone Middle Protophone Late

.0

H Directed B Not Directed

Figure 2.
Proportion of Directed Protophones and Gestures

Note. This figure shows proportions of protophones and gestures that were socially directed
as determined by gaze direction at three ages.
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Table 1
Infant Demographics and Ages at Recordings
Infant Gender Race Age at Recordings (months; weeks)
Early Middle Late
1 F White 3;0 5.0 10;1
2 F White 4;2 6;0 11;2
3 M White 51 7.2 11;1
4 F Black 31 7:1 12;0
5 M White 3;3 6;3 10;1
6 F White 3;2 7:1 10;2
7 M White 3;3 7:1 11;3
8 F White 3.3 7,0 12;2
9 M White 3;3 7:1 11;3
10 M White 3;3 7,0 11,3

Average age in months;weeks M (SD) 4,0 (0;3) 7:1(0;3) 11;2 (0;3)

Note. This table displays demographics and recording ages in months and weeks for each infant at each session.
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Distribution of Gesture Types

Table 4

Gesture Type Infant Age Group

Early Middle Late

Total

Non-Social 25 164 142
Universal Social 21 149 206
Conventional 0 16 26

Total 46 329 374

331
376
42

752

Note. This table shows the distribution of three global gesture categories.

*
Total gestures across the ~600 minutes of recording.
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