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Abstract 26 

Research on infant vocal development is focused primarily on vocal interaction with caregivers, 27 

where it appears to be largely assumed that infants vocalize mostly for the purpose of interaction. 28 

A survey of both parents and non-parents indicated that public opinion conformed to the 29 

expectation that infant vocalization is mostly socially interactive. However, we report that in 30 

laboratory recordings of infants and their parents, the bulk of infant speech-like vocalizations 31 

(“protophones”) were directed toward no one, and instead appeared to be generated 32 

endogenously in exploration of vocal abilities. The tendency to produce protophones without 33 

directing them to others occurred both during periods when parents were instructed to interact 34 

with their infants and during periods when parents were occupied with an interviewer, with the 35 

infants in the room. The results emphasize the infant as an agent in vocal learning, not as a 36 

passive recipient of vocal input. 37 

Keywords: Speech development1, Social interaction2, Illocutionary force3, Prelinguistic 38 

communication4, Origin of language5, Language development6, Evolutionary-development7 39 

  40 
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1 Introduction 41 

The study of vocal development has been dominated by the expectation that infants primarily 42 

vocalize in a speech-like manner when they are in social engagement, an expectation suggesting 43 

social interaction drives prelinguistic vocal development (1–6). Granted, social learning is 44 

required in order for infants to acquire the language-specific syllables and phonemic elements 45 

and the largely arbitrary pairings of words with meanings in languages. Thus, there can be no 46 

doubt that social interaction plays a critical role in infant vocal learning and language 47 

acquisition. Surprisingly, however, we know little about the extent to which infants actually 48 

engage in directed vocal interaction using the speech-like sounds or “protophones” of infancy 49 

(which include both canonical babbling and precanonical speech precursors in accord with the 50 

terminology of Oller, 2000), as opposed to simply vocalizing playfully or exploratorily. The 51 

proportion of infant protophones that are socially-directed has, to our knowledge, never been 52 

previously quantified, so the extent to which infant protophone production may be primarily 53 

endogenous rather than social is unknown. 54 

Even so, infant vocalization, especially in the context of social interaction, has been researched 55 

for half a century (8–13). A social feedback loop has been posited to exist in infant and child 56 

vocalization, and that loop has been thought to promote contingent infant vocalizations with 57 

respect to caregiver vocalizations (14–17). Experimental studies in the still-face paradigm (18) 58 

have shown that by 5-6 months of age, infants increase the rate of protophone production when 59 

the parent disengages from an ongoing vocal interaction (19,20), suggesting infants by that age 60 

seek to repair broken interactions with increased vocalization. 61 
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The long tradition of research in infant attachment and bonding (21–24) has included a distinct 62 

emphasis on the parent-infant dyad as the fundamental unit of human social and emotional 63 

development. Winnicott (6) went so far as to say that “there is no such thing as an infant,” 64 

highlighting the idea that without a mother, an infant cannot exist. But the idea has been taken 65 

too far, we think, being interpreted to imply that research on human infancy should emphasize 66 

the dyad to the near exclusion of interest in the independent infant as an agent in its 67 

development.  68 

The low level of focus on the infant as an agent of vocal development in prior research might be 69 

in part an unintended consequence of the radical behaviorist tradition that for many decades 70 

treated behaviors as responses rather than actions (25,26). Panksepp and his colleagues have 71 

argued forcefully that we have not overcome the legacy of that radical behaviorism, and that 72 

even modern cognitive psychology continues to underplay the endogenous, emotion-driven 73 

actions of both humans and non-humans (27–30).  74 

Breaking with the dominant tradition of infant development research, a role for intrinsic 75 

motivation as a primary mechanism to support vocal development has recently received 76 

increased attention (31–33). In the Supplementary Material to a published article based on 77 

recordings made in our own laboratory, we reported that infants across the first year of life 78 

produced the majority of their protophones when gaze was not directed toward another person 79 

(34). Also in a small-scale study with just 16 minutes of recording per infant at 6-8 months, 80 

infants produced more vocalizations when playing alone with toys than when engaged socially 81 

(35). Another recent observational study found no significant difference in protophone volubility 82 

between a recording circumstance where parents talked to infants compared to circumstances 83 
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where parents were in the same room and silent or not present in the room at all, suggesting that 84 

infants had an “independent inclination to vocalize spontaneously” (p. 481) (36) in the absence 85 

of social interaction. Importantly, the rate of protophone production has been reported to be very 86 

high, >4 protophones per minute during all-day audio recordings, across the entire first year, and 87 

even when infants were judged to be alone in a room, the rate was >3 per minute (37). 88 

These findings suggest vocalizations are commonly produced with non-social functions. In other 89 

words, infants in these prior studies appear to have been intrinsically motivated to explore or 90 

practice sounds, in essence to play with sensorimotor aspects of sound production, although the 91 

evidence has been indirect. We propose that this vocal exploration may have a deeply significant 92 

role in vocal development, alongside the support of caregiver interaction and ambient language 93 

exposure.  94 

In spite of the possible importance of exploratory vocalizations in language development, to our 95 

knowledge there is no published evidence specifically targeting the social-directivity of infant 96 

protophones or the lack of it. As noted above, existing evidence about social-directivity of infant 97 

protophones is indirect. The necessary work requires considering gaze direction during infant 98 

vocalization and the extent to which infants may bid for attention vocally even when they are not 99 

in the same room with caregivers. It also requires taking into account the relative timing of infant 100 

and caregiver utterances as well as the content of utterances of adults who are present at the time 101 

of the recording, especially caregivers who presumably know a good deal about the capabilities 102 

of a particular infant. Only with such work will it be possible to reliably quantify proportions of 103 

non-socially-directed infant protophones compared with rates of socially-directed ones.  104 
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Furthermore, we deem it important that such quantification be established across contexts in the 105 

first year of life. Prior studies suggest the proportions of non-socially directed sounds may be 106 

high, but appropriate research requires direct comparison in different circumstances of potential 107 

interaction, especially when caregivers are attempting to interact with infants and when not. 108 

Providing such quantification may highlight the importance of endogenously generated self-109 

organization in prelinguistic vocal development (31,33) and may help establish perspective about 110 

relative roles of endogenous and interactive factors in vocal development.  111 

Our approach to placing these issues in perspective not only takes stock of the vast literature on 112 

infant development, where endogenous vocalization has overwhelmingly taken a distant back 113 

seat to social interaction, but also considers the impressions of parents and potential parents 114 

obtained through a survey about the relative roles of endogenous and social vocalization in infant 115 

development. We compare the survey data with careful counts of recorded infant protophones 116 

both when they appear to be directed socially and when they appear to serve endogenous 117 

purposes of the infant.            118 

1.1 Specific aims and hypothesis 119 

Our primary goal is to determine the extent to which infants produce vocalizations in two ways: 120 

With and without social directivity at three ages across the first year of life, and in two 121 

circumstances: An Interactive circumstance, where the parent is instructed to interact with the 122 

infant, and a Non-Interactive circumstance, where the parent is present but engaged in a separate 123 

conversation with an adult. This quantification is hoped to provide a standard against which the 124 

traditional view of infant protophones as being predominantly a social phenomenon can be 125 

judged. As a precursor to the primary goal, we sought survey data where both parents and non-126 
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parents were asked to provide estimates of how often they thought infants vocalized with social 127 

directivity and without social directivity based solely on a reflection of their own experiences 128 

around infants. In this study, we hypothesize that: 129 

1. Part 1: Opinion survey on the function of infant vocalizations. Survey participants will 130 

provide evidence supporting the general impression of the literature on vocal development, 131 

an impression suggesting that socially-directed vocalization is predominant, while non-132 

socially-directed vocalization is relatively uncommon. 133 

2. Part 2: Observational study on the function of infant vocalizations. In naturalistic 134 

laboratory recordings, infants will produce more non-socially-directed vocalizations and 135 

fewer socially-directed vocalizations, across two circumstances where parents are:  136 

a. instructed to interact with the infant (Interactive), and 137 

b. engaged in an interview with another adult (Non-Interactive). 138 

2 Methods 139 

2.1 Part 1: Opinion survey on the function of infant vocalizations 140 

We collected survey data using Amazon Mechanical Turk (“mTurk”) to provide a standard of 141 

comparison for the observational data, and a confirmation of the suspicion that not only 142 

researchers in child development, but also the general public have the impression that infants 143 

predominantly vocalize socially. mTurk is increasingly used as an online recruitment tool for 144 

participation in experimental studies and academic surveys as a quick method to obtain many 145 

responses from the general public. mTurk has been shown to be slightly more representative of 146 

the US population than of other countries and is considered to be as reliable as traditional survey 147 
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methods (38–40). mTurk qualifications used for this study included: 1) having a HIT Approval 148 

Rate greater than 95% and 2) at least 50 Approved HITs. Qualifications are regularly used by 149 

mTurk requesters to safeguard against inaccurate and inattentive workers.  150 

 Survey instructions 151 

After providing consent, participants were presented the following instructions for the survey: 152 

This is a study evaluating your perception of how often babies make different kinds of sounds 153 

and why they make them. You will be asked to consider sounds produced by babies at three 154 

different ages: Infants who are 3-months, 6-months, and 10-months old. Across any given day, 155 

consider all the sounds (or "vocalizations") babies make. Your task is to estimate the percentage 156 

of how many of these sounds serve a particular function (social or non-social). In answering the 157 

questions, consider your previous experiences (if any) around babies and give an intuitive guess 158 

for each question. When thinking about your responses, only consider babies who are typically 159 

developing, not those who may have special conditions causing atypical development. You are 160 

not expected to be an expert on this, and there are no wrong answers. You will be asked to give 161 

an intuitive response. Your responses will be required to sum to 100 (e.g., 100%).  162 

During the survey, participants indicated how often they thought infant vocalizations are 163 

1) directed towards another person (socially directed) and 2) NOT directed towards another 164 

person (non-socially directed). Participants answered this question three times with respect to the 165 

three ages (3-month-olds, 6-month-olds, and 10-month-olds). Means and standard deviations of 166 

these responses were calculated to provide an estimate of general opinions about how often 167 

infants use non-socially directed and socially-directed protophones across the three ages. 168 
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 Survey participants 169 

300 participants completed the online survey, and 239 participants’ data were used in final 170 

analysis for this study based on correct responses to three attention checks distributed throughout 171 

the survey. The attention checks ensured that the responders were not robots and that the 172 

responders were sufficiently knowledgeable in English to have understood the questions clearly. 173 

Detailed demographics of the mTurk survey participants are presented in Table 1.  174 

Table 1. mTurk survey participant demographics. 175 

Age Gender Education 
Number of 

children 

Frequency around 

children 

18-21 3 Male 139 Less than HS 2 None 124 Never 29 

21-34 126 Female 97 HS/GED 29 1 41 Rarely 83 

35-44 50 Other 3 Some college 48 2 41 Sometimes 62 

45-54 34 
  

Associate’s  33 3 21 All the time 19 

55-64 24 
  

Bachelor’s 111 4+ 12 Frequently 46 

65+ 2 
  

Master’s 9 
    

    
Doctorate (PhD) 2 

    

    
Professional 

Degree (JD, MD) 

5 
    

2.2 Part 2: Observational study on the function of infant vocalizations 176 

 Data source 177 

Approval for the longitudinal research that produced data for this study was obtained from the 178 

IRB of the University of Memphis. Families were recruited from child-birth education classes 179 

and by word of mouth to parents or prospective parents of newborn infants. Interested families 180 

completed a detailed informed consent indicating their interest and willingness to participate in a 181 

longitudinal study on infant sounds and parent-child interaction.  182 
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To obtain samples of infant vocalizations, we drew from the University of Memphis Infant 183 

Vocalization (IVOC) Laboratory’s archives of audiovisual recordings. We selected six parent-184 

infant dyads (3 male, 3 female infants) who were previously recorded while engaged in 185 

naturalistic interactions and play. All families lived in and around Memphis, Tennessee, and all 186 

but one infant were exposed to an English-only speaking environment (Infant 6 was exposed to 187 

English and Ukrainian at home). Parents were asked to speak English and no other language 188 

during the laboratory recordings. Criteria for inclusion of infant participants included a lack of 189 

impairments of hearing, vision, language, or other developmental disorders. Demographics and 190 

recording ages for each infant at each recording session are provided in Table 2. 191 

Table 2. Infant demographics. 192 

Infant Gender 
Birth 

order 

Maternal 

education 
Ethnicity 

Home 

language 

Age of recordings 

(months; weeks) 

1 2 3 4 5 6 

1 F 1 PhD White English 3;1 3;1 6;0 6;3 9;4 9;4 

2 M 3 
Some 

college 
White English 3;2 3;2 6;0 6;3 9;3 9;3 

3 M 2 BA White English 4;2 4;2 6;0 7;3 11;2 11;2 

4 F 1 

Some 

graduate 

school 

White English 4;0 4;1 6;0 7;1 11;3 11;3 

5 M 3 
Some 

college 
White English 3;2 3;2 5;0 6;0 10;0 10;0 

6 F 1 PhD White 
English, 

Ukrainian 
3;0 3;0 5;0 6;0 10;1 10;1 

Nominal age of recording 
3 

months 

6 

months 

10 

months 

All infants completed two recording sessions around ages 3, 6, and 10 months of age.  193 
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 Laboratory recordings 194 

Two laboratory recordings were selected from each of the 6 infants at approximately 3, 6, and 10 195 

months, for a total of 36 sessions. The average session length was 19 minutes (range: 12-22 196 

minutes). During recordings, the parent-infant pairs occupied a studio designed as a child play 197 

room with toys and books. In roughly counterbalanced orders across ages, parents were either 198 

instructed to interact with the infant (Interactive circumstance) or with another adult while the 199 

baby was in the room (Non-Interactive circumstance). Later at the same age (usually on the same 200 

day), the parent was engaged in the other circumstance. Laboratory staff operated four or eight 201 

pan-tilt video cameras located in the corners of the recording studio from an adjacent control 202 

room—there were three such recording laboratories at varying stages of the research. In all the 203 

laboratories, two channels of video were selected at each moment in time with the goal of 204 

recording: 1) a full view of the interaction or potential interaction, including the infant and any 205 

potential interactors (i.e., parent or laboratory staff) with one camera and 2) a close view of the 206 

infant’s face with the other camera. Both the parent and the infant wore high fidelity wireless 207 

microphones, with the infant microphone <10 cm from the infant’s mouth. Detailed descriptive 208 

information regarding the recording equipment can be found in previous studies from this 209 

laboratory (41,42).  210 

 Coding for Interactive and Non-Interactive circumstances 211 

The recordings had been intended to be differentiated neatly as primarily corresponding to 212 

Interactive or Non-Interactive circumstances, but the infants often sought attention from the 213 

parents during sessions designated as being Non-Interactive, or adults would engage in 214 

conversation during sessions intended to be Interactive. For this reason, we categorized segments 215 
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of time within each session as Interactive or Non-Interactive (often sessions included several 216 

Interactive or Non-Interactive segments of time). These segments were then collated into a single 217 

circumstance at each age for each infant to ensure all segments of the recordings were accurately 218 

portrayed for analysis of the vocalization data. The amount of time pertaining to each varied 219 

substantially, including two segments that included so few utterances (< 5) we did not include 220 

them in the analyses (see Table 3). 221 

Table 3. Circumstance duration and protophone counts. 222 

Infant Circumstance 
Number of Protophones Duration (Mins) 

3 mo 6 mo 10 mo 3 mo 6 mo 10 mo 

1 
Interactive 446 310 182 53 56 34 

Non-Interactive 4* 47 118 3 7 31 

2 
Interactive 230 181 108 33 33 33 

Non-Interactive 202 122 70 34 35 20 

3 
Interactive 311 158 133 35 34 33 

Non-Interactive 163 102 81 36 34 17 

4 
Interactive 273 103 233 38 17 40 

Non-Interactive 227 384 138 26 42 25 

5 
Interactive 328 330 89 27 34 34 

Non-Interactive 257 147 117 33 31 32 

6 
Interactive 442 381 116 60 43 42 

Non-Interactive 13 4* 107 2 1 22 

Average 241.3 189.1 124.3 32 31 30 

Total duration and counts of the number of protophones for Interactive and Non-Interactive 223 

circumstance segments at each age for all infants. Segments marked with an asterisk (*) were 224 

excluded from analysis because they included fewer than 5 protophones. 225 

 226 

 Coding of the sociality of the infant protophones 227 

Coding for circumstance, illocutionary functions, and gaze direction was completed within the 228 

Action Analysis Coding and Training software (AACT) (43). This coding software has been 229 

used and discussed extensively in previous research from this laboratory (42,44,45). The 230 

.CC-BY 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted February 27, 2020. ; https://doi.org/10.1101/821371doi: bioRxiv preprint 

https://doi.org/10.1101/821371
http://creativecommons.org/licenses/by/4.0/


SOCIAL AND NON-SOCIAL FUNCTIONS OF INFANT VOCALIZATIONS 

Page 13 of 34 

software affords frame-accurate coordination of video and audio, which is displayed in a special 231 

version of the TF32 software (46). TF32 includes both flexible waveform and spectrographic 232 

displays. Coders can view and listen with a scrolling audio display where a cursor indicates the 233 

location of the audio at each moment of playback. 234 

The utterances to be coded in the present work had been labeled for vocal type and bounded in 235 

time for onsets and offsets in AACT in prior studies (34). The AACT software allowed the coder 236 

to advance to each bounded utterance in turn for playback and coding in illocutionary force and 237 

gaze direction for the present study. The AACT software also allows users to export data that 238 

indicate whether an utterance was coded within an Interactive or Non-Interactive circumstance. 239 

All infant protophones that had been previously bounded were also labeled for the present work 240 

in terms of illocutionary force (47–49) to indicate potentially communicative functions, which 241 

could be easily collapsed into the two socially directed and non-socially-directed categories. 242 

Illocutionary force was originally defined by Austin as the social intention of a speech act, but 243 

has been extended in work in child development and animal communication to also describe 244 

vocal acts produced with little or no social intention (34). In this extended usage, vocal play, for 245 

example, is treated as an illocutionary force. A fussy protophone, not directed toward anyone, 246 

can be treated as having the illocutionary force of complaint.  247 

Pre-linguistic infants express varying illocutionary forces and varying emotional content (i.e., 248 

positive, neutral, and negative) in early protophones beginning at birth (34,50). This fact 249 

indicates that infants have the capacity to produce a single protophone type with different 250 

illocutionary forces on different occasions, indicating they possess a vocal capability that is, of 251 

course, required of all words and sentences in mature language. Put another way, infant 252 
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protophones can be used with varying communicative intentions, for example, to gain attention, 253 

to continue vocal interaction when engaged with a caregiver, or to make a request. The same 254 

vocalization types can also be produced for the infant’s own purposes when not engaged in 255 

social interaction at all, e.g., when vocalizing toward an object or when simply exploring sound 256 

for its own sake.  257 

In our coding of the social or non-social illocutionary functions of infant sounds, we attended to 258 

all the contextual information that appeared to be relevant to the judgment of sociality (e.g., gaze 259 

direction, gesture, timing with respect to utterances of other speakers, etc.). Our coding is 260 

founded on the assumption that human observers are naturally able to judge the extent to which 261 

vocalizations at any age are intended as social acts—otherwise how would humans know when 262 

to respond or participate in vocal engagement? If some parents cannot make such judgments, 263 

they are surely at a severe disadvantage in child rearing, because they don’t know when their 264 

infants are communicating or not. It makes sense that natural selection has produced parents (and 265 

potential parents) that are capable of recognizing when their infants are communicating 266 

intentionally and when not. Consequently, the coding process takes advantage of natural 267 

capabilities of human observers and gauges the extent of their reliability by comparing 268 

agreement among observers. 269 

Non-socially directed protophones were identified as utterances infants produced for their own 270 

purposes; such events included vocal play, object-directed sounds, vocal complaints and 271 

exultations not directed toward another person, or other protophones produced with no obvious 272 

intention or social directivity. Protophones were labeled as socially directed when for example 273 

the infant used them to initiate conversation, continue an ongoing interaction, imitate another 274 
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person, or to complain or exult in a way that was directed to an adult as indicated by gaze, 275 

gestures, or other contextual factors.  276 

During the coding of sociality, both the primary coder and an independent reliability coder took a 277 

broad view of each utterance and its context of production. That is, each time a protophone was 278 

located in AACT, the cursors were always stretched so that, during playback before coding for 279 

illocutionary force, the coder saw and heard the utterance plus a several-second context both 280 

before and after it. If there was ambiguity about how to judge the possible social directivity of 281 

the utterance, the boundaries were stretched further until the coder felt confident that no further 282 

stretching would improve the coding decision.  283 

 Coding for gaze direction of infant protophones 284 

Gaze direction coding was also conducted for all protophones. For this coding, sound was turned 285 

off, and the coder determined whether at any time during the vocalization, the infant looked 286 

toward another person. The time frame of playback for the protophones was expanded through a 287 

special setting in AACT by 50ms before and 50ms after the actual utterance boundaries as 288 

indicated based on the original protophone coding. This expansion of time frame for viewing 289 

was deemed important because of the low frame rate of video recording (~30ms per frame) and 290 

ensured that the entire period of the vocalization was available for visual judgment. For 291 

utterances that included no good camera view of the infant (the infant sometimes turned away 292 

from the cameras) or for utterances where the infant’s eyes were closed, the coder indicated 293 

“can’t see” or “eyes closed,” respectively. The gaze direction analysis excluded all such 294 

utterances.  295 
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 Coder training and coder agreement  296 

For the coding in the present study, both the primary coder and the agreement coder were trained 297 

in infant vocalizations and illocutionary coding by the last two authors in a sequence that has 298 

been described in several prior publications (32,34,45). In brief, the training included 1) a series 299 

of 5 lectures on vocal development and coding of early vocalization and interaction, 2) an 300 

interleaved set of corresponding coding exercises using recorded data like that to be encountered 301 

in the current research; 3) comparisons of the outcomes of those coding exercises with regard to 302 

outcomes for other coders, with special reference to coder agreement and agreement with gold 303 

standard coding by the last author, who has been engaged in vocal development research for 304 

more than 40 years (51); and 4) a certification process that resulted from reviews ensuring that 305 

coding results correlated highly with group coding and the gold standard coding and did not 306 

diverge from gold standard coding by more than 10% of mean values.  307 

All the data of the present study were coded for illocutionary force (from which socially- and 308 

non-socially-directed categories could be derived) by the first author, and approximately 30% of 309 

the total data set was coded independently for illocutionary force by the agreement coder. An 310 

original coding of gaze direction had been done on three of the six infants by a previous team of 311 

coders for the paper previously cited (34). This completely independent prior coding on half of 312 

the data for the present study was available to offer an agreement check on the coding done for 313 

the present paper. 314 

3 Results 315 

3.1 Part 1: Opinion survey on the function of infant speech-like vocalizations  316 
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Fig. 1 shows the survey participants’ distribution of responses on relative percentages of 317 

protophones across the three ages. On average across the three ages, the respondents thought 318 

approximately 43% of infant protophones were non-socially directed. In addition, they thought 319 

infants produce fewer non-social vocalizations at the end of the first year (36%) than at the 320 

beginning (50%). Thus, the respondents believed more than half of infant protophones are 321 

socially directed and many more than half by 10 months.  322 

Furthermore, both parents and non-parents reported similar percentages of social and non-social 323 

functions. Overall, parents reported infants used social protophones 58% of the time, whereas 324 

non-parents reported 57%. Males and females also estimated very similar percentages of social 325 

protophones (58 and 57% respectively). Persons who self-identified as being around kids “all the 326 

time” estimated that infants produce 58% social protophones, while those who self-identified as 327 

never being around kids estimated 55%. For all these comparisons (parents v. non-parents, males 328 

v. females, always around kids v. never around kids), the estimated percentage of social 329 

protophones was higher at 6 than 3 months and higher at 10 than 6 months. 330 

Fig. 1. mTurk opinion study on social directivity of infant protophones across 3 ages.  331 

[Fig. 1] 332 

Opinions of the survey participants on how often infants use protophones socially and non-333 

socially. Participants believed infants decrease the percentage of non-socially directed 334 

protophones between 3-10 months, from 50% at the youngest age to 36% by the oldest age. 335 

3.2 Part 2: Observational study on the function of infant vocalizations 336 
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 Protophone usage judged in terms of illocutionary functions 337 

A total of 6,657 infant protophones were labeled across all 36 recordings (6 infants x 3 ages x 2 338 

circumstances). The data account for all infant utterances that were judged to be non-vegetative 339 

(burp, hiccough) and not fixed signals (cry, laugh) across the 36 laboratory recording sessions. 340 

Two segments were eliminated from analysis because of a very low number of protophones for 341 

that infant at that age in that condition (specifically, Infant 1, Non-Interactive at 3 months and 342 

Infant 6, Interactive at 6 months, see Table 3).  Only 8 protophones occurred in these 2 343 

segments, so the resulting 34 segments provided 6,649 protophones.  344 

To determine if the usage of non-socially directed protophones exceeded that of socially-directed 345 

protophones, we used t-tests comparing percentages of non-socially-directed protophones against 346 

50% and against the percentages of socially-directed protophones as estimated based on the 347 

survey. To test for effects of Age (3 levels) and recording Circumstance (Interactive vs. Non-348 

Interactive), a different approach was required. We selected a logistic regression model based on 349 

Generalized Estimating Equations (GEE). GEE analyses are a non-parametric alternative to 350 

generalized linear mixed models that accounts for within-subject covariance when estimating  351 

population-averaged model parameters (52).   352 

Fig. 2 displays the overall percentages of protophones produced by the six infants across the two 353 

broad illocutionary groupings of non-socially directed and socially directed. Infants used 354 

significantly more non-socially-directed protophones across the three ages than socially-directed 355 

protophones, with about 75% of all protophones being non-socially directed. By t-tests of the 356 

percentage of non-socially directed protophones, it was found they significantly (p < .001) 357 

exceeded 50% at all three ages and also significantly (p < .001) exceeded the percentage of 358 
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socially-directed protophones estimated by the survey participants at all three ages. Fig. 2 359 

suggests no notable change in the predominance of the non-socially directed protophones across 360 

Age, and indeed the GEE revealed no significant difference in the percentage of protophones that 361 

were socially-directed across Age (p = 0.48). 362 

Fig. 2. Social directivity of infant protophones across 3 ages. 363 

[Fig. 2] 364 

Percentage of non-socially directed and socially-directed infant protophones across all 365 

observations. Overall, infants primarily produced non-social protophones (75%), suggesting that 366 

the great majority of infant sounds are produced endogenously in the first year. Furthermore, a 367 

non-significant main effect of Age is consistent with an interpretation of relatively stable use of 368 

both social and non-social functions across the three ages compared to the mTurk opinion study 369 

results. 370 

Similarly, t-tests of the proportion of non-socially-directed protophones in the two circumstances 371 

(Interactive vs. Non-Interactive, see Fig. 3) showed that non-social protophones significantly 372 

exceeded 50% in both circumstances (p < .001). Based on the GEE, infants used significantly 373 

more non-socially-directed protophones in the Non-Interactive circumstance than the Interactive 374 

circumstance (p < .03), as illustrated in Fig. 3. A separate GEE analysis in which only main 375 

effects were considered revealed a stronger Circumstance effect (p < .0001).  376 

Fig. 3. Social directivity of infant protophones across two circumstances. 377 

[Fig. 3] 378 

.CC-BY 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted February 27, 2020. ; https://doi.org/10.1101/821371doi: bioRxiv preprint 

https://doi.org/10.1101/821371
http://creativecommons.org/licenses/by/4.0/


SOCIAL AND NON-SOCIAL FUNCTIONS OF INFANT VOCALIZATIONS 

Page 20 of 34 

Percentages of social and non-social infant protophones across Interactive and Non-Interactive 379 

circumstances. Non-socially-directed protophones predominated in both conditions. 380 

The pattern of results revealed by the illocutionary coding was similar for both the primary coder 381 

and the reliability coder, with 79% point to point inter-rater agreement on 30% of the recordings. 382 

For both coders, non-socially-directed protophones predominated, and in fact the reliability 383 

coder—who had no knowledge of the hypotheses for this study— showed a slightly higher 384 

proportion of non-socially-directed protophones (79.2%) than the primary coder (78.5%). 385 

 Protophone usage based on gaze-direction judgments 386 

As a check on the illocutionary coding, we considered an alternate, simpler way of determining 387 

social directivity of infant protophones. The first author coded gaze direction during the 388 

protophone production as being directed or not directed toward a person. Gaze judgments were 389 

made with sound off (video only) for all six infants.  390 

In the earlier study mentioned above (34), 50% of the current sample had been coded for gaze 391 

direction, allowing for a robust analysis of independent inter-rater agreement. Inter-rater 392 

agreement on a point-to-point basis was 87% (of 3347 utterances). The results showed a strong 393 

predominance of protophones not being associated with gaze directed toward another person for 394 

both the earlier coders and the present one. Based on the same sample of utterances, the primary 395 

coder in this study found 64% of the utterances not to include person-directed gaze, while the 396 

previous (reliability) coder found 61% not to include person-directed gaze. These percentages 397 

represent only half the total sample (three of the six infants) and consisted heavily of the 398 

Interactive circumstance; consequently, the percentages (64 and 61%) are lower than the 72% of 399 

utterances deemed not to include person-directed gaze for the whole sample as reported above. 400 
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Let us expand on why the gaze-direction and illocutionary coding methods do not yield exactly 401 

the same outcomes on social directivity. In the coding of illocutionary force, momentary gaze 402 

direction by the infant toward a person was sometimes not deemed to indicate social 403 

directedness. For example, a momentary glance directed to the parent occasionally occurred even 404 

though the infant appeared to be engaged in vocal play. There were also a number of cases where 405 

the coder deemed a protophone to be socially-directed in illocutionary coding, even though gaze 406 

direction toward a person was deemed absent. Such cases often corresponded to interactional 407 

sequences where the relative timing of utterances suggested the infant was engaged and directing 408 

the protophone to the parent, even though the infant was looking away.  409 

Even though social directedness as determined by gaze-direction did not correspond for as many 410 

individual protophones as the illocutionary judgments of social directedness, the overall 411 

percentages of non-socially-directed protophones was notably similar for both methods. That is, 412 

the great majority of infant protophones were judged to be produced with gaze directed 413 

somewhere other than towards any person in the room, just as the illocutionary judgments found 414 

the great majority of infant protophones to be non-socially directed. 72% of the infant 415 

protophones were deemed not to include person-directed gaze, and 75% were deemed non-416 

socially directed by illocutionary coding.  417 

4 Discussion 418 

Overall, infants used about three times as many non-socially-directed protophones as socially-419 

directed ones. This predominance remained stable across the three ages. Furthermore, even in the 420 

Interactive circumstance, where parents had been instructed to engage with their infants, non-421 

socially-directed protophones predominated, with twice as many non-socially directed as 422 

.CC-BY 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted February 27, 2020. ; https://doi.org/10.1101/821371doi: bioRxiv preprint 

https://doi.org/10.1101/821371
http://creativecommons.org/licenses/by/4.0/


SOCIAL AND NON-SOCIAL FUNCTIONS OF INFANT VOCALIZATIONS 

Page 22 of 34 

socially-directed ones. In the Non-Interactive circumstance, where parents were engaged in 423 

conversation with laboratory staff, the non-socially-directed protophones predominated to a 424 

substantially greater extent, with four times as many non-socially directed as socially directed.  425 

The low rate of vocal directivity of the infants in the first 10 months as reported here requires a 426 

re-orientation of thinking about the functions of infant protophones. It seems important to draw 427 

attention to the fact that all the sessions of recording reported on here were ones where caregiver 428 

and infant were in the same room, and where caregivers were aware that they were being 429 

recorded. The caregivers also knew that the study was about vocal development, and it was 430 

assumed they would endeavor to elicit infant vocalization and thus interaction as much as 431 

possible. They also often attended to infant vocalizations even in the designated Non-Interactive 432 

circumstances, sometimes responding to infant protophones with infant-directed speech (IDS), a 433 

pattern of caregiver responsivity that required some restructuring of our analysis to assign 434 

segments of the sessions appropriately to the Interactive and Non-Interactive circumstances. 435 

Consequently, we presume parents tried to maximize their infants’ socially-directed 436 

vocalization— and yet the rate was low. 437 

Partly because the Non-Interactive circumstance resulted in a considerably larger predominance 438 

of the non-socially-directed protophones, we are suspicious that even more naturalistic 439 

recordings might produce an even greater predominance of non-socially-directed protophones. 440 

That is, we suspect that the percentage of infant protophones that are socially directed in the 441 

natural environment of the home could be considerably lower than the values estimated here. 442 

The suspicion is supported by recent results where we had the opportunity to compare the 443 

amount of IDS occurring in laboratory recordings for 12 infants (three of whom are among those 444 
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represented in the present work) to the amount of IDS occurring in all-day LENA recordings 445 

(53) conducted in the home with the very same infants at approximately the same ages across the 446 

first year of life (32). IDS was six times more frequent in the laboratory recordings than in 447 

randomly-selected five-minute samples from the all-day recordings when infants were awake. 448 

Thus, we reason that the percentage of non-socially-directed protophones at home could be 449 

considerably higher than we have seen in the present work, since IDS is considerably lower, a 450 

possibility that will be explored in subsequent efforts from our group. In future research, we also 451 

aim to study a larger sample of infants and to consider more differentiated circumstances of 452 

recording. 453 

Our results clearly contradict the apparent standard viewpoint in the field of child development, 454 

where infant vocalizations are generally treated as responses to adult utterances or as attempts to 455 

engage adults in social interaction. The survey data suggest the general public shares this 456 

expectation with the field of child development, assuming babies use protophones for more 457 

social purposes than non-social ones.  458 

What is the source of the mistaken impression that non-socially-directed protophones occur far 459 

less often than they actually do? It seems likely that the answer lies in the amount of attention 460 

given by caregivers to infant vocalizations that are directed toward them as opposed to those that 461 

are not. We assume parents and other caregivers notice and remember interactive vocalizations 462 

to a greater extent than non-interactive ones. Furthermore, parents may attend to any unique type 463 

of spontaneously produced protophone—irrespective of the communicative intent—and adapt 464 

their behavior to promote continued production of this particular sound, creating the appearance 465 

of, or perhaps initiating social engagements with the infant. Indeed, we have reported evidence 466 
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suggesting caregivers pay the greatest attention to salient vocal signals such as those occurring in 467 

imitation, which is surprisingly rare in the first year (54). Caregivers, and thus people in general, 468 

may be inclined to overestimate the proportion of salient vocal signals such as imitation or 469 

immediate responses since it seems likely these are the sounds to which parents attend most. So 470 

when they render estimates, they tend to overstate the frequency of occurrence of the socially-471 

directed ones. It is only with systematic counting of every vocalization occurring in recorded 472 

samples, as has been done in the present work, that it becomes possible to determine that the 473 

great majority of infant protophones are in fact directed to nobody. 474 

The results strongly suggest, then, that babies vocalize predominantly for their own endogenous 475 

purposes, hundreds or even thousands of times daily — 4-5 times per minute based on randomly 476 

sampled segments from all-day recordings at home (32). There is considerable evidence that not 477 

just in vocalization, but in other realms as well, babies are not passive learners and in fact 478 

regularly influence their own experiences (55). The question that requires answering based on 479 

the present work is: If protophones are not directed to caregivers, what is their purpose from a 480 

developmental or an evolutionary standpoint? What advantage could be associated with 481 

producing vocal sounds that are largely affectively neutral, produced most commonly in apparent 482 

comfort, but without social directivity (34,50)?  483 

Members of our research group and John L. Locke have argued elsewhere (48,56–58) from an 484 

evolutionary-developmental (evo-devo) perspective (59–62) that high rates of exploratory 485 

vocalization and vocal play may constitute fitness signals by the human infant. The idea is based 486 

on the fact that the human infant is altricial (born relatively helpless) and has a long road ahead 487 

of requiring caregiver assistance for survival—human infant need for such caregiving lasts 488 
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literally twice as long as in our closest ape relatives (63). Consequently, we have argued that the 489 

human infant experiences selection pressure on the provision of fitness signals that could have 490 

the effect of eliciting long-term investment from caregivers, whose evolutionary goal can be 491 

portrayed as perpetuation of their own genes through grandchildren. Presumably from this point 492 

of view, caregivers may then invest more in infants who seem healthy and tend to neglect infants 493 

who seem less healthy. Thus, we operate under the assumption that the production of 494 

comfortable vocalization can signal well-being and good health. This pattern of fitness signaling 495 

may well have applied to the ancient hominin infant, who has been presumed in accord with the 496 

hominin “obstetrical dilemma” (64), to have been more altricial than other apes as soon as 497 

humans were bipedal. In accord with this reasoning— which proves surprisingly difficult to 498 

confirm in the fossil record (65,66)— bipedality had narrowed the human pelvis and required the 499 

hominin infant to be born with a smaller head and thus to be more altricial than other apes.  500 

One might ask, if fitness signaling is the primary advantage of protophones, why do infants not 501 

endeavor to direct their protophones primarily toward potential caregivers? Of course, some of 502 

the time they do, as indicated by our data. When they do not, the protophones may still be heard 503 

and noticed, if only semi-consciously by potential caregivers. A parent may hear comfortable 504 

infant protophones and draw the unspoken conclusion that the infant is well and needs no 505 

immediate attention. Regular events of noticing the infant’s well-being may reinforce a 506 

caregiver’s commitment to long-term investment precisely because it suggests the infant is 507 

healthy and thus likely to be a good investment for survival and reproduction. So it may pay for 508 

the human infant to produce protophones at prodigious rates, in the case someone might be 509 

listening. 510 
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The production of protophones in infancy at the beginning of the communicative split between 511 

ancient hominins and their ape relatives, perhaps millions of years ago, seems likely to have laid 512 

a foundation for a more extensive use of vocalization as a fitness signal later in life, for example, 513 

in mating or in alliance formation (57). And as the amount of protophone-like vocalization 514 

became more well-established in the hominin line, it surely provided a foundation for more 515 

elaborate uses of vocalization, ratcheting from simple fitness signaling toward more and more 516 

language-like uses (48). 517 

Play is widely recognized as a theater for practice of the behaviors young mammals will need as 518 

they proceed through life (67,68). But it is important to note that playful behavior can serve not 519 

only as practice, but also as a fitness signal for the altricial young of many species. Our 520 

suggestion is that protophones can be seen (in the substantial majority of cases) as playful 521 

indicators of well-being, but they would seem to contribute at the same time to a sort of 522 

preparation for the future in mating, in alliance formation, and ultimately in the development of 523 

language.  524 
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