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ABSTRACT 

 The objective of this dissertation is to improve our understanding of how infants benefit 

from allomaternal care (AMC: care provided to infants by individuals other than the mother). 

Humans are unique among primates in our expression of extensive AMC. Infancy is a 

particularly intense period of risk for nutritional stress and mortality in humans, but AMC can 

help reduce this risk by supplementing the infant’s energy needs through food sharing. However, 

before age two, infants are not yet highly capable communicators. Thus, infants face a challenge 

in successfully recruiting AMC. However, when infants can successfully communicate their 

needs (e.g., cries communicating ‘I need food’ are met with mashed bananas), they are likely to 

experience reduced physical and psychological stress, while also gaining important practice 

communicating. Heightened exposure to AMC provides infants with an opportunity to interact 

with a larger variety of potential communicative partners, creating a a signal-rich environment 

through which AMC may influence communicative and cognitive development. 

 This dissertation represents a novel, interdisciplinary approach to exploring the effects of 

AMC on early development before age two. Data were collected using questionnaires, in-lab 

assessments, daily diaries, and interviews from 102 typically-developing infants aged 13 to 18 

months, and their mothers in Tucson, Arizona. Outcomes were assessed independently within 

linear regression models, followed by backward model selection to determine the best fitting 

model for each outcome. The results of this dissertation indicate that informal AMC, particularly 

in the form of Highly Involved Familial AMC and Household AMC, shapes early sensory and 

cognitive developmental processes. Additionally, informal care seems to be more important than 

formalized childcare in predicting outcomes within this age range. This dissertation enhances 

traditional perceptions of AMC by providing evidence that infants do gain important cognitive 

and communicative benefits when receiving frequent AMC during early development. 
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CHAPTER 1: INTRODUCTION 

1.1. Research Question: This dissertation seeks to answer this central question: do infants 

experience communicative and cognitive benefits from increased exposure to multiple caregivers 

during early childhood? Historically, research has focused on the energetic benefits of 

allomaternal care (AMC, or care provided to infants by individuals other than the mother), which 

can increase maternal fitness by supplementing an infant’s energy needs through food sharing 

(Burkart et al. 2014; Isler and van Schaik 2012; Meehan 2014; van Schaik and Burkart 2010). 

Yet, AMC almost certainly plays a significant role in shaping communicative and cognitive 

development in children, improving their chances of soliciting enough help from caregivers to 

survive to adulthood. Since AMC is likely to impact more than just energy, it is therefore critical 

to determine the role it plays in early development.  

Ultimately, this dissertation investigates fundamental questions about the evolution and 

maintenance of AMC in humans, and seeks to determine how increased reliance on extensive 

AMC during human evolution may have altered patterns of infant development. This dissertation 

represents an innovative approach to exploring how AMC impacts human development outside 

of energetics by assessing important qualitative and quantitative aspects of AMC not previously 

considered by anthropologists. Additionally, the results of this dissertation provide the platform 

from which to jump into future investigations of how caregiving impacts development in other 

cultural contexts by: (a) providing preliminary evidence that there is a connection between AMC 

and communicative and cognitive development in some populations; and (b) providing a 

methodological base from which to assess these connections in other cultures.  

This dissertation provides empirical evidence that AMC impacts early developmental 

outcomes, such that infants exposed to high levels of AMC develop a more extensive set of 



 8 

communicative and cognitive skills than infants exposed to low levels of AMC. Furthermore, 

this dissertation forms a foundation for exploring how the evolution of AMC influenced the 

development of sociality in humans, and how cross-cultural differences in AMC influence child 

development around the world. Infants and children tune their sensory systems through 

experience, so that their output will match their cultural environments (Bahrick and Lickliter 

2012; Bremner et al. 2012; Lewkowicz 2012; Lewkowicz and Ghazanfar 2012). Evolutionarily, 

children who could successfully communicate may have been better equipped to survive high 

mortality risks during early childhood because they could obtain help to meet their physical, 

social, and emotional needs (Hawkes 2014). Such children would also be better equipped to find 

mates and reproduce later because they could competently socialize with potential mates 

(Hawkes 2014). Thus, any strategy that can increase opportunities for a child to develop 

enhanced communicative and cognitive skills early on will benefit his/her fitness. If the number, 

quality, and relatedness of caregivers to which a child is exposed is associated with enhanced 

development, this could help explain the maintenance of extensive AMC in humans (Hawkes 

2014; Hrdy 2007). 

1.2. Aims: This dissertation addresses two related aims. Aim 1: to assess whether caregiving 

differences affect how children communicate. The interplay between AMC and communicative 

development is critical. Since children who are better at communicating should also be better at 

recruiting help, and help from others can reduce the potential energetic stress an infant may face, 

communicative benefits acquired via AMC could have improved fitness outcomes over the 

course of human evolution. Humans are not born with all the skills needed to competently 

socialize, and the process of language acquisition takes years. The process of tuning the sensory 

system to the cultural environment requires input from a variety of senders for the receiver to 
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develop and produce appropriate output, and AMC provides opportunities for interacting with a 

wider variety of potential senders than just mom and dad.  

Aim 2: to assess whether caregiving differences affect cognitive development. Because 

humans primarily impart knowledge to their infants through language, an infant’s 

communicative experiences may inform their cognitive outcomes as well. If AMC can increase 

opportunities for children to receive signals from a wider variety of sources, then cognitive 

outcomes may be enhanced through improved perceptual abilities and brain development (Kolb 

et al. 2014). Previous research suggests that high levels of positive communication with 

caregivers during the first four to nine months predict intellectual attainment and language 

development at four years of age, leading to greater social and cognitive competence (Bornstein 

1985; Feldman et al. 2013; Hedenbro and Rydelius 2014). Interactions vary across caregivers, 

creating environments that are rich in opportunities for a child to receive signals. A rich signaling 

environment composed of many caregivers may enhance cognitive outcomes (Kolb et al. 2014).   

Predictions: Children will exhibit higher scores on communicative and cognitive 

measures, and utilize more communicative behaviors while interacting with an experimenter 

during testing if, outside of testing situation, they interact with (a) more involved, higher quality 

caregivers, (b) greater numbers of caregivers, and/or (c) both kin and non-kin caregivers. As 

related and unrelated caregivers are more likely to differ from each other in terms of interaction 

styles, when children can interact with both kin and non-kin caregivers, they will be exposed to a 

broader range of signaling strategies, such that the composition of AMC networks may be 

important. 

1.3. Methods Overview: To address the above aims, typically developing infants aged 13-18 

months and their mothers were recruited in Tucson, AZ between May 2017 and October 2018. 
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Data were collected using a novel, cross-disciplinary combination of questionnaires, daily 

diaries, interviews, and laboratory tasks. Most questionnaires and diaries were completed online 

through Qualtrics (a secure software program licensed through the University of Arizona). Two 

questionnaires were answered using paper-and-pencil forms in person. Interviews and laboratory 

tasks were conducted at the University of Arizona’s Frances McClelland Institute for Children, 

Youth, and Families’ Lang Lab for Family and Child Observational Research (Lang Lab). 

Anthropologists have long borrowed methods from Psychology and Linguistics to 

address questions fundamental to understanding human evolution and signaling, suggesting this 

approach can provide anthropologically relevant insights (Bernard et al. 1984; Bolger et al. 2003; 

Burkart et al. 2014; Gettler et al. 2011; B. A. Hare 2011; Jaeggi et al. 2010; MacLean et al. 2012; 

Meehan 2014). Furthermore, behavioral observations collected during laboratory tasks have been 

validated for detecting meaningful differences across subjects (Ainsworth and Bell 1970; 

Bakeman 2000; DeWolff and van Ijzendoorn 1997; Goldsmith and Rothbart 1993; Nock and 

Kurtz 2005; van Ijzendoorn and Kroonenberg 1988). 

1.4. Participants: Evolutionarily, prior to the age of two, infants face a heightened need for 

AMC because of increasing brain energy needs, decreasing fat deposits, and caloric needs that 

outweigh what can be provided by mother’s milk alone (Dettwyler 1995; Humphrey 2010; 

Kuzawa 1998; Kuzawa et al. 2014). Additionally, infants of this age, despite developing abilities 

to babble and share joint attention, have not yet become highly competent communicators, as 

they still have not mastered meaningful speech (Kuhl and Meltzoff 1996; Oller et al. 2013; 

Tomasello and Rakoczy 2003). Therefore, this period represents a time during which infants can 

highly benefit from receiving from AMC, but may be faced with a challenge in terms of 

successfully recruiting help.  
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A relatively equal number of male and female infants were recruited to participate, in 

order to assess differences due to sex (Leaper 1991). Potential participants were excluded from 

the study if: (1) either the infant or mother were atypically developing; or (2) either the mother 

was not fluent in English or the infant was not exposed to >50% daily language exposure in 

English. There was no baseline requirement for how much AMC an infant was exposed to, and 

attendance at formal childcare facilities was neither discouraged or prioritized. 

Of the 128 mother-infant dyads that were recruited, 111 dyads completed all study 

measures, representing a retention rate of 86.7%. Prior to analyses, data from the first participant 

(considered pilot data), three sets of twins (considered categorically different in terms of AMC 

need and exposure compared to singly-born infants), and infants born prior to 37 weeks of 

gestation (considered pre-term) were dropped from the final dataset. This yielded a dataset from 

102 mothers and infants for analysis for this dissertation. Sample characteristics can be found in 

Appendices A-C. 

1.5. Outcome Data: Cognitive and communicative outcome data will be collected using three 

measures: the mother-rated National Center for Health Statistics Motor and Social Development 

Scale questionnaire [MSD, (Baker and Mott 1989; National Center for Health Statistics 1994)]; 

the observer-rated Cognitive, Receptive Language, and Expressive Language subtests of the 

Pearson Clinical Bayley III Scales of Infant and Toddler Development Screening Test [Bayley 

III Screening Test, (Bayley 2006)]; and the observer-rated Early Social Communication Scales 

[ESCS, (Mundy et al. 2003)]. Here, I will provide a brief summary of each outcome measure, 

however, more detailed information can be found in Appendices A-C. 

 Motor and Social Development Scale: Mothers answered the MSD questionnaire online 

via Qualtrics. These data characterize which age-related motor and social milestones the child 
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has (score = 1) or has not (score = 0) achieved. Mothers were provided with the age-appropriate 

version of this scale (either 13-15 or 16-18 months), based on her child’s age at the time of study 

enrollment (Peterson and Moore 1987). The mother rates the motor, social, and cognitive 

development of the child through 15 yes/no questions. The score is generated by adding the total 

number of items to which the mother responded yes. These scores are then standardized using 

previously published population norms from the National Longitudinal Study of Youth (NLSY) 

Dataset (Baker and Mott 1989). 

Early Social Communication Scales: Experimental settings that encourage children to 

interact with either caregivers or researchers within a controlled lab room are common in studies 

of child behavior and are ideal to collect behavioral data on signaling (Ainsworth and Bell 1970; 

Bakeman 2000; DeWolff and van Ijzendoorn 1997; Goldsmith and Rothbart 1993; Nock and 

Kurtz 2005; van Ijzendoorn and Kroonenberg 1988). To assess child communicative abilities, I 

used the ESCS standardized laboratory tasks, in which the child interacts with me to complete a 

series of 25 validated, play-based tasks (Mundy et al. 2003). These tasks measure joint attention 

behaviors, behavioral requests, and social-interactive behaviors, resulting in a social-

communicative profile indicating the child’s highest levels across the communicative functions 

tested. The tasks include simple activities that are likely to occur in real life (e.g., the child seeks 

help to operate a toy that is too difficult to operate alone), and the entire series takes about 25-35 

minutes to complete. Children completed these tasks at the Lang Lab during their first lab visit, 

while mothers watched from a chair stationed directly behind the child, or while the child sat on 

the mother’s lap. Tasks were recorded using three audiovisual recording devices spaced from 

different perspective angles in the Lang Lab, and coded post hoc according to Mundy et al. 

(2003), with help from a trained research assistant. Age at test was calculated using the child’s 
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birthdate and test date to create a continuous variable for inclusion as a covariate in the final 

model. 

Bayley III Screening Test: The Bayley III Screening Test has been widely validated in 

U.S. populations (Bayley 2006), and provides measures of a child’s cognitive, receptive 

language, and expressive language abilities. Each assessment began with the Cognitive subtest, 

followed by the Receptive Language subtest, and finally the Expressive Language subtest, 

without any breaks in between subtests (Bayley, 2006). The Cognitive subtest assessed problem 

solving, object manipulation, and concept formation abilities, as well as whether the child was 

capable of representational an imaginary play. Next, the Receptive Language subtest assessed 

language perception and processing, while the Expressive Language subtest assessed language 

production. Children completed these tasks at the Lang Lab during their second lab visit, while 

mothers either watched from a chair stationed directly behind the child or the child sat on the 

mother’s lap. The tasks were live-scored during testing, and then total scores for each subtest 

were calculated by summing the number of achieved items plus the number of un-administered 

items prior to the child’s establishment of basal (Bayley, 2006). Like the ESCS, all three subtests 

were recorded so that they could be used to assess concerns from real-time coding, as well as to 

be coded post hoc for additional communicative behaviors, with help from two trained 

undergraduate research assistants. As before, age at test was calculated using the child’s 

birthdate and test date to create a continuous variable.  

1.6. Predictor Data: To capture an infant’s AMC exposure, each mother completed a 

questionnaire, daily diary, and interview, which I designed for the needs of this study. Across 

these three measures, I captured 21 interrelated variables assessing multiple dimensions of AMC 

exposure, including caregiver quantity, quality, and relatedness. These variables were condensed 
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into four principal components (cumulatively representing 62% of the overall variance in AMC 

exposure) using Principal Component Analysis with a varimax rotation to optimize the 

variability captured by each component. These four components included: Highly Involved 

Familial AMC, Household AMC, Formalized AMC, and Overall AMC Network Extent (see 

Appendices A-C for further detail). Here, I will briefly summarize each predictor measure, 

however, more detailed information can be found in Appendices A-C. 

 Caregiver Involvement and Support Questionnaire: Through Qualtrics, mothers were 

asked to report up to 20 individuals (including her partner) who she felt were important in 

providing AMC to her child. After listing these individuals, she was provided with a series of 

questions about each individual. These answers provided me with information about the sex and 

relatedness of each caregiver, the frequency and extent of exposure each caregiver had to the 

child, how much the mother felt each individual was involved in helping, and how much the 

mother depended upon each individual. This list provided a base from which to design the 

mother’s daily diary and interview prompts. 

 Daily Diary: Through Qualtrics, each mother was asked to report all the AMC received 

by her child over the course of 14 days between her first and second lab visit. Mothers would 

report any care received from individuals older than the age of five years old, lasting for 30 

minutes or more. Mothers did not have to report brief encounters under 30 minutes long. Each 

daily diary was personalized using the mother’s answers from the Caregiver Involvement and 

Support Questionnaire, but also allowed space for the mother to add caregivers as needed. 

Within the diary, mothers detailed: how much time the child was exposed to AMC each day; 

who provided the AMC, for how long, where, and with who else present; what types of 
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interactions the child had through AMC and with whom; and whether the child experienced any 

illness or frustrations communicating each day. 

 Past Allocare Interview: During the second lab visit, each mother participated in an 

interview with me, during which I assessed the AMC experienced by her child from birth until 

present. We discussed the sex and relatedness of each individual, how frequently and for how 

long each time the child was exposed to each individual, and the types of interactions each 

individual had with the child during AMC. Mothers were coached on how to take notes to 

prepare for this interview during their first lab visit so that they would be able to provide as 

detailed information as possible. This interview provided a longitudinal picture of the child’s 

AMC exposure, as well as information about co-sleeping and breastfeeding practices, and major 

events throughout the child’s life. 

1.7. Confounding Variables: In addition to conducting the above measures, I also collected data 

to assess potential confounding variables, including socio-economic status and other 

demographic information (such as number of siblings/residents in the home), quality of 

maternal-infant attachment, maternal mental health and stress load, and child temperament. 

These variables should be accounted for, as it is well known that demographic variables, 

attachment style, and maternal mental health and stress load can be predictive of many child 

development outcomes (e.g., Berglund et al. 2005; Bradley and Corwyn 2002; Brennan et al. 

2000; Fonagy and Target 2005; Hackman and Farah 2009; Leaper 1991; Miller 1998; NICHD 

Early Child Care Research Network 2002; Oshima-Takane et al. 1996; Smith 2004). For 

example, the presence of depressive symptoms may be predictive of individual differences in 

communicative and cognitive competence across children, as chronic and/or severe expression of 

depressive symptoms in mothers is known to negatively affect a child’s cognitive and behavioral 
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outcomes in measurable ways (Brennan et al. 2000; Smith 2004). Additionally, child 

temperament may affect how caregivers interact with children (Ellis and Boyce 2011), and thus 

it may influence a child’s ability to recruit AMC.  

Additional questionnaires answered online via Qualtrics were used to collect these data. 

A demographic questionnaire gathered information about the child, mother and spouse/partner (if 

relevant), and home environment. These demographic variables include income level and 

household size, race and ethnicity, level of education, type of employment, and number of 

siblings. To create a socio-economic status variable, the income-to-needs ratio was calculated by 

using the ratio of the reported total household income to the U.S. poverty threshold for a family 

of that size (United States Census Bureau 2017). Maternal attachment quality was assessed 

through two mother-rated measures: Maternal Postnatal Attachment Questionnaire (Condon and 

Corkindale 1998) and Attachment Q-Set (Waters 1987; Waters and Deane 1985). These 

measures have been shown to be as reliable as observer-rated measures of attachment (Feldstein 

et al. 2004; Tarabulsy et al. 1997). The Center for Epidemiologic Studies Depression Scale 

[CESD-R, (Eaton et al. 2004; van Dam and Earleywine 2011)] and Parenting Stress Index-4 

Short Form (Abidin 2012; Hayes and Watson 2013) measured maternal mental health and stress 

load. Finally, the Early Childhood Behavior Questionnaire (Goldsmith 1996; Putnam et al. 2006) 

provided a composite rating of affect and temperament, relatively stable variables at this age 

(e.g., Pedlow et al. 1993; Putnam et al. 2008). To minimize model complexity, only seven of 

these covariates were ultimately assessed within this dissertation (including: child’s sex, age at 

test, and birth order; mother’s age, ethnicity, education, and level of depressive symptoms from 

the CESD-R; and family’s income-to-needs ratio), while the remainder of these variables will be 

used in future assessments of the outcome variables using person-centered analyses. 
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1.8. Methodological Limitations: Importantly, regardless of the methodological approach 

utilized to assess the relationships between AMC and developmental outcomes, the holistic 

nature of development makes it difficult determine cause and effect relationships in a stepwise 

manner between any one variable and some developmental outcome measure. Because causality 

is difficult to determine, it is likewise difficult to conclude whether any resulting positive 

relationships between AMC and developmental outcomes are due to the selective pressures 

acting on AMC (i.e., AMC was in part selected for because of the adaptive benefits it provides 

developing infants), as opposed to an exaptation, in which developmental benefits occur as a 

side-effect of selection of AMC due to other reasons (e.g., its ability to allow for cooperative 

foraging). Future studies across cultural contexts will help solidify our understanding of these 

potential relationships by improving the generalizability of the results. However, it may be 

difficult to ever truly determine whether developmental benefits experienced by infants through 

AMC exposure are an adaptation or exaptation, challenging our ability to precisely link the 

maintenance of extensive AMC to developmental outcomes. 

1.9. Dissertation Organization: The remainder of this dissertation is organized into five 

components. First, in the literature review chapter, I provide a comprehensive review of what 

makes early human development unique, describing the processes involved in tuning the sensory 

system and the role played by AMC, and finally discussing the role of attachment and sensitivity 

in moderating interactions between allomaternal caregivers and infants (Chapter 2). Finally, I 

provide a summary of how, taken together, this literature supports the aims of this dissertation. 

Next, I review the major findings of this dissertation project as presented in three 

manuscripts. The first manuscript discusses how variation in AMC exposure, particularly to 

Highly Involved Familial AMC, impacts infant scores on a mother-rated scale measuring motor 
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and social development (Appendix A). In this manuscript, entitled “Informal allomaternal care 

exposure is predictive of cognitive milestone attainment,” I assess motor and social development 

using the National Center for Health Statistics Motor and Social Development Scale (MSD). I 

evaluate a null linear regression model containing four AMC predictor components and seven 

additional demographic covariates using backward model selection to determine the most 

significant predictors of variation in MSD scores. Analyses reveal that a combination of the 

child’s sex (β = 0.21, p < 0.03), age at test (β = 0.29, p < 0.003), and exposure to Highly Involved 

Familial AMC (β = 0.22, p < 0.03) best explain variation in MSD score, such that Highly 

Involved Familial AMC explains 5% of the variance in this outcome after controlling for the 

effects of child sex and age at test. Furthermore, results suggest that these benefits are a result of 

informal AMC networks (i.e., family and friends), as attending formalized childcare (i.e., in-

home or center-based facilities) had no impact on this outcome.  

The second paper discusses how the results of the first paper are strengthened by analyses 

of an in-lab, observer-rated assessment, which also suggest that variation in Highly Involved 

Familial AMC impacts cognitive outcomes (Appendix B). In this manuscript, entitled “Learning 

through shared care: Allomaternal care impacts cognitive development in early infancy,” I assess 

developmental outcomes using three subtests of the Pearson Clinical Bayley III Screening Test, 

including the Cognitive, Receptive Language, and Expressive Language subtests. For each 

outcome, I evaluate a null linear regression model containing four AMC predictor components 

and seven additional demographic covariates using backward model selection to determine the 

most significant predictors of each outcome score. Analyses reveal that Highly Involved Familial 

AMC has a positive effect on Cognitive subtest score (β = 0.23, p < 0.005, semi-partial R2 = 

0.0746), a negative effect on Receptive Language subtest score (β = -0.15, p < 0.06, semi-partial 
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R2 = 0.0367), and no effect on Expressive Language subtest score. Formal childcare has no effect 

on any outcome. This paper discusses potential limitations related to receptive and expressive 

language findings, suggesting alternative assessments of communicative behaviors may better 

assess differences in child communicative abilities at this age. 

The third paper discusses the relation between variations in AMC exposure and infant 

expression of communicative behaviors during in-lab assessments, as evaluated using micro-

coding techniques (Appendix C). In this manuscript, entitled “What are the benefits of having a 

village? Effects of allomaternal care on communicative skills in early infancy,” I assess 

communicative behaviors using micro-coded scores from the Early Social Communication 

Scales, as well as additional spontaneous behaviors coded post hoc from recordings of the 

Bayley III Screening Cognitive subtest. Outcomes consist of rates of each behavior, calculated as 

the total number of instances of that behavior per observed minute or per number of task 

administrations. For each of twelve communicative behavior outcomes, I evaluate a null linear 

regression model containing four AMC predictor components and seven additional demographic 

covariates using backward model selection to determine the most significant predictors of each 

communicative behavior rate. Analyses reveal that Household AMC has a positive effect on 

spontaneous giving (β = 0.28, p < 0.003, semi-partial R2 = 0.0774), and a negative effect on turn-

taking (β = -0.36, p < 0.008, semi-partial R2 = 0.0380). Notably, birth order (a proxy for the 

number of siblings present in the home) has significant relations with several outcomes. 

Ultimately, this paper indicates that AMC experienced in the home setting has an effect on the 

development of some communicative behaviors. This paper also provides avenues for potentially 

fruitful future research to further untangle these relations, including naturalistic observational 

follows of infant-caregiver and infant-sibling interactions. 
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Finally, in the conclusion chapter, I discuss the major implications of this dissertation 

project, and discuss potential future directions for further research in this area (Chapter 3). The 

results of this dissertation indicate that there are measurable differences in infant developmental 

outcomes as a result of differences in exposure to AMC. Thus, I make suggestions for necessary 

paths forward to further investigate how AMC impacts development such that we can generate 

enough evidence to hypothesize about how this relation may have played into the evolution and 

maintenance of extensive AMC at the species-level in humans. 
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CHAPTER 2: LITERATURE REVIEW 
 

2.1. Early Human Development: Humans are marked by universal participation in frequent 

structured social interactions, yet humans are not born with all of the necessary tools to 

competently socialize (Enfield and Levinson 2006). Human infants are born relatively 

underdeveloped and helpless compared to their nonhuman primate (NHP) relatives (Leigh 2004, 

2012; Sakai et al. 2012), but with relatively huge and metabolically expensive brains—at birth, a 

human’s brain is close to three times larger than a chimp’s brain (Rilling 2014; Sakai et al. 

2012). As a result, the postnatal period of human development is extensive, with some systems 

not reaching full maturity until around age 30 (e.g., the prefrontal cortex) (Kolb et al. 2014; 

Leigh 2012). Human early life biology is thus fundamentally influenced by the developmental 

context, largely through processes of biological embedding and epigenetic regulation 

(Greenough et al. 1987; Hertzman and Boyce 2010; Kolb et al. 2014; Li et al. 2009). The 

extended period of human infancy is likely a product of the enormous amounts of complex 

information that infants must integrate from their social and physical world (Greenough et al. 

1987; Kuzawa et al. 2014). If we consider child development through an evolutionary lens, we 

see that children’s developing bodies and brains are conditional adaptations; that is, the 

developing body detects and responds to features in the developmental environment such that 

pathways will match the signals received in that environment (Belsky et al. 2012; Boyce and 

Ellis 2005; DeVries 1999; Hertzman and Boyce 2010; West-Eberhard 2003). The early 

development of human sensory systems and communicatory abilities deserves special attention 

as it explains how humans become enculturated in their social environments.  

Through myriad sensory experiences across the major communicative modalities (i.e., 

acoustic, visual, and tactile), a child’s developmental context is primarily shaped by caregivers. 
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Caregivers provide young children with a baseline of the environment they will occupy, such 

that children will develop cognitive, emotional, physiological, and behavioral mechanisms to 

succeed in growing (and eventually mating and reproducing) in their given environment (Belsky 

et al. 2012; Greenough et al. 1987; Hertzman and Boyce 2010). Parenting and caregiving 

function to provide the child with a picture of the external world that represents the probable 

future, so that somatic and behavioral development can then be regulated to help the infant fit 

that world (Belsky et al. 2012; Hertzman and Boyce 2010). Ecological and social factors shape 

caregiving relationships, which in turn shape child development. For example, harsh and 

unpredictable environments experienced in early life can result in earlier onset of sexual maturity 

as children approach puberty (Belsky et al. 2012). Additionally, cultural concepts of what a child 

is and how a child should be cared for influence how caregivers interact with children (DeVries 

1999; Fouts and Lamb 2009). For example, some caregivers may participate in more active, 

stimulatory interactions like rough-and-tumble play, while others exhibit more passive forms like 

holding (Feldman et al. 2013; Jung and Fouts 2011). Finally, child characteristics also moderate 

the effects of early life experiences. For example, a child’s temperament and reactivity may play 

a role in determining their level of differential susceptibility (i.e., the variable tendency for a 

child to be susceptible to some experiences and not others) outside of variation in dopamine-

related genes, hippocampal volume, and autonomic and adrenocortical stress response systems 

(Ellis and Boyce 2011; Hertzman and Boyce 2010). If we consider the cumulative effects of all 

these levels of variation during early caregiving interactions, the result is a wide range of 

individual variation in developmental outcomes across cultural contexts, which affect the 

individual for the duration of its lifespan (DeVries 1999; Gauvain 1995; Harkness and Super 
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1994; Hertzman 1994, 1999; Hertzman and Boyce 2010; Li et al. 2009; Super and Harkness 

2002). 

Because culture systematically organizes the human developmental environment (Bogin 

et al. 2007; DeVries 1999; Gauvain 1995; Harkness and Super 1994; Super and Harkness 1986, 

2002), the developmental niche concept can help us understand how children develop into 

competent members of society. This concept suggests that the cultural setting an infant is born 

into plays a large role in regulating the direction of social, emotional, and biological 

development for that child (Gauvain 1995; Harkness and Super 1994; Super and Harkness 1986, 

2002). Frequently, social conditions that influence developmental outcomes are the mundane 

every-day experiences a child encounters over and over again (Hertzman and Boyce 2010). 

Because humans are social creatures, to understand how the mind and body functions and grows, 

we must understand how individuals connect with others in the sociocultural context (Gauvain 

1995). Humans predominantly use spoken (or written) language to connect to the world around 

them. Learning to use the right language for one’s cultural environment shapes cognitive 

development and may transform the way developing children think (e.g., the culturally specific 

tool of language mediates the way humans perceive and characterize olfactory signals (Majid 

and Burenhult 2014)). Children need to develop skills for organizing and communicating 

knowledge to others, and this occurs through participation in sociocultural processes. Organized 

patterns of social interaction enable children to develop the skills necessary for communicating 

according to social conventions, particularly as children work together with more experienced 

members of their culture to gain competency in appropriate social and cognitive skills (Gauvain 

1995).  
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2.2. Tuning the Senses: The process of tuning the sensory system to the cultural environment 

requires input from a variety of senders if the receiver is to develop and produce appropriate 

output. As alluded to previously, who children can interact with will depend on the cultural 

values of the developmental context (Fouts and Lamb 2009), and will shape the types and 

frequency of signaling interactions they experience during development. Depending on the 

developmental niche defined by a given culture, children will experience developmental 

influences from mothers, fathers, grandmothers, and/or various other kin and non-kin caregivers 

(Burkart et al. 2009; Geary and Flinn 2001; Gettler 2014; Hawkes 2014; Hrdy 2007; Kuzawa et 

al. 2009; Super and Harkness 1986, 2002). Importantly, these caregivers have different 

interaction styles. For example, in some cultures, dads may be more likely to exhibit stimulatory 

behaviors that help children develop conflict negotiation skills; moms may be more likely to 

exhibit caregiving behaviors and help children develop skills for conducting positive social 

exchanges; and other caregivers may be more likely to exhibit more passive forms of social 

affection (e.g., holding) (Feldman et al. 2013; Jung and Fouts 2011). Because caregivers vary in 

the ways they interact with a given child, environments that are rich in opportunities for a child 

to receive signals from different caregivers (i.e., those that are rich in stimuli) may enhance 

cognitive outcomes by improving perceptual abilities and brain development (Kolb et al. 2014; 

Nelson and Bloom 1997).  

Children improve their perceptual abilities through post-partum experiences via 

heightened plasticity during childhood (Lewkowicz 2012; Wallace et al. 2012). For example, 

active interaction with complex environments enables the brain to over-generate and then prune 

synaptic connections based on need (Greenough et al. 1987; Hockett et al. 1964; Kolb et al. 

2014; Kuzawa et al. 2014; Nelson and Bloom 1997; Sakai et al. 2011; Singer 1995; Somel et al. 
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2009; Sterner et al. 2012). Many developmental outcomes are a result of experiences that occur 

during critical or sensitive periods of development, which frequently overlap with ages of direct 

dependence on the mother and/or other caregivers (Greenough et al. 1987; Hertzman and Boyce 

2010; Kuzawa and Bragg 2012). During these periods, integral information is passed between 

caregivers and infants in the form of nutrition, hormones, and behavior (Greenough et al. 1987; 

Hertzman and Boyce 2010; Kuzawa and Bragg 2012). Early tactile, visual, auditory, and 

olfactory stimulation during sensitive periods activates genes in various parts of the brain and 

helps differentiate appropriate neural pathways associated with developmental outcomes linked 

to affect, movement, cognition, language, and immune and hormone system functioning 

(Hertzman and Boyce 2010; Kolb et al. 2014). There is a radical shift in neural functions in early 

infancy marked by increased alertness and controlled attention, which changes the way infants 

interact with others (Lavelli and Fogel 2002).  

Infants go through processes of broadening quickly, whereby experiences broaden the 

perceptual abilities of a given modality (e.g., the visual system), and processes of narrowing, 

during which a given modality is tuned to the specific stimuli of the immediate surroundings 

through selective elaboration (or possible pruning) of related synapses (Ghazanfar 2012; 

Lewkowicz 2012; Lewkowicz and Ghazanfar 2009, 2012; Pascalis et al. 2014). With experience, 

human and nonhuman infants improve their ability to detect and process multimodal signals by 

adjusting neural and behavioral mechanisms related to multisensory perception (Ghazanfar 2012; 

Lewkowicz 2012; Wallace et al. 2012). The process of narrowing is especially important for 

human infants because development is constrained by the culture into which we are born 

(Pascalis et al. 2014), and the process of narrowing calibrates the sensory system to the infant’s 

experiences within his/her cultural setting such that sensory output will match sensory input. 
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Human brains exhibit lesser degrees of myelination than NHP brains at birth (Ghazanfar 2012; 

Lewkowicz 2012; Zangenehpour et al. 2009), which enables post-natal experience to have a 

large effect in shaping human developmental pathways. Because human infants possess only 

25% of their adult brain size at birth and exhibit post-natal myelination rates 3-4 times slower 

than NHP infants (Ghazanfar 2012), post-natal brain growth is especially pronounced and 

important in our species (Leigh 2012; Rilling 2014). Human infants are highly susceptible to 

developmental plasticity shaped by post-natal experience (Ghazanfar 2012; Sakai et al. 2011; 

Zangenehpour et al. 2009), especially processes of narrowing via selective elaboration of 

synapses through myelination which shape the sensory system. 

From very early on in development, infants experience and perceive the world, and 

express themselves through multiple sensory modalities, especially using touch, sound, and 

vision (but also smell and taste) (Bremner et al. 2012; Lewkowicz 2012; Meltzoff 1999; Soto-

Faraco et al. 2012). Multimodal signaling (i.e., signaling in multiple sensory modalities (S. R. 

Partan and Marler 1999)) from mothers in utero and from various caregivers during infancy 

informs the development of the infant’s neural circuitry for perceiving and processing signals 

(Bahrick et al. 2004; DiCarlo et al. 2014; Kolb et al. 2014; Lewkowicz 2012; Wallace et al. 

2012). For example, experiences with sounds and voices in utero can result in selective sound 

discrimination after birth (e.g., preference for a mother’s voice), which also may facilitate visual 

processing and maternal face preference at birth (Joseph 2000; Sai 2005). In general, cortical 

processing in the neocortex is inherently multisensory and rarely (if ever) functions modality-by-

modality (Ghazanfar and Schroeder 2006; Klemen and Chambers 2012). Receivers detect and 

remember multi-component signals better than single component signals (Rowe 1999; Siddall 

and Marples 2008). Integrating various modalities can help infants calibrate and improve their 
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sensibility across modalities, improve their detection and response accuracy, and improve their 

speed of response (Bremner et al. 2012). Multimodal signals may serve to increase 

communication efficacy, improving the sender’s likelihood of soliciting the intended response 

from receivers (Hebets and Papaj 2005; S. R. Partan and Marler 1999, 2005). When children face 

multiple signals across modalities that reinforce the same information, these redundant signals 

increase the child’s ability to discriminate between signals and learn the corresponding 

information (Bahrick and Lickliter 2004, 2012; Bahrick et al. 2004; Flom and Bahrick 2007, 

2010). Redundancy across modalities and selective attention in single modalities promotes 

learning, joint attention, and social referencing, all of which are necessary components of 

language learning and competency (Bahrick et al. 2004; Flom and Bahrick 2007). For example, 

children use redundant auditory and visual signals to hone their ability to discriminate between 

native phonemes and become selectively tuned to the sounds of their environment (Pons et al. 

2009). 

Caregiver signaling strategies used after birth specifically impact the development of 

each modality, especially the acoustic, visual, and tactile modalities (i.e., those most used in 

human communication). For example, auditory experiences starting in utero and continuing 

through the first five to six months of post-natal life are particularly important in tuning the 

auditory cortex and hair cells of the cochlea to receive specific frequencies and intensities of 

auditory stimuli specific to the cultural environment (Graven and Browne 2008). The perceptual 

experiences that an infant has with the ambient language environment tune infants to the sounds 

associated with speech utterances (Kuhl and Meltzoff 1996). In addition to imitation of vocal 

sounds (starting around 12-20 weeks), infants also learn to produce the sounds of their caregivers 

through processes of social shaping like what young birds experience during development of 
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species-specific songs (Goldstein et al. 2003; Kuhl and Meltzoff 1996). Caregiver feedback in 

multiple modalities (e.g., tactile, visual, or auditory) can shape infant babbling (Goldstein et al. 

2003). Before infants learn to babble, they utilize crying. Crying is the most salient vocal signal 

that infants produce, playing an important role in promoting proximity and attachment with 

multiple caregivers (Fouts et al. 2004; Kruger and Konner 2010; Mascaro et al. 2013), and in 

critical activation of the infant’s brain during the first three postnatal months (Blass 2004). 

Overall frequencies of crying and caregiver responses to crying vary by culture. For example, 

frequency of crying is reduced when caregivers utilize strategies that involve high levels of 

physical proximity and touch (Fouts et al. 2004; Kruger and Konner 2010). From birth, the 

developmental context constrains a child’s use, perception, and response to sound. 

The presence of visual information may play an equally important role in socially 

shaping infants to later produce culturally specific signals (Kuhl and Meltzoff 1996). Human 

speech is distinctly multisensory, using vocal and auditory modalities in a tightly correlated 

fashion (Ghazanfar 2013). Human speech cannot be produced without movement of the face and 

mouth, which in turn creates a visual signal (Ghazanfar 2013). Being able to see the sender’s 

face actually speeds the receiver’s response to a vocalization (Ghazanfar 2013; Ghazanfar et al. 

2005). Infants can discriminate between direct and averted eye gaze as early as 2-5 days post-

partum (Farroni et al. 2002). From birth, human infants are more likely to look at engaging faces, 

and during early infancy, healthy babies are more likely to exhibit enhanced neural processing 

(as indicated by increased activation in areas associated with facial processing) of directly gazing 

faces (Farroni et al. 2002). Directed eye-contact (and infant-directed speech) increase the 

likelihood of gaze following by infants, which is an important referential signal for preverbal 

infants (Senju and Csibra 2008). In fact, children who are able to more efficiently process visual 
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information and who have mothers who encourage them to attend to visual signals in their 

environment during infancy actually develop higher verbal competence and bigger vocabularies 

during early childhood (Bornstein 1985). Lastly, there is a hand-mouth connection in the 

organization of the human motor cortex, suggesting integration between vocal and manual 

gestural communication; the superior temporal sulcus is involved in processing visual and 

auditory signals, suggesting that narrowing in visual and auditory modalities may involve 

common neural architecture (Levinson and Holler 2014; Pascalis et al. 2014). Infants become 

competent imitators and producers of facial and manual gestures by 8-12 months (Meltzoff and 

Moore 1977). Infants develop another important pre-linguistic skill around 11-12 months: 

pointing, which may require skills and motivations associated with cooperation and shared 

intentionality (e.g., joint attention) (Tomasello et al. 2007). Mothers actually respond more 

frequently and are more likely to provide linguistically rich verbal responses when children use 

communicative bids that include gestural components, which likely explains why infants who 

gesture earlier and more frequently in development actually end up achieving larger vocabularies 

(Olson and Masur 2013). Gestures may alert caregivers to a multimodal communicative bid, or 

reinforce or disambiguate the intention of the message, thereby enabling the caregiver to provide 

a more appropriate and synchronous response (Olson and Masur 2013). Thus, there are intricate 

links between the visual and auditory modalities in human speech production and perception. 

Finally, the somatosensory modality has received far less attention in the human 

signaling literature, but is very important to early sensory development. The somatosensory 

system is the first system to develop (Montagu 1986), and can respond to tactile stimulation as 

early as the seventh week of gestation (Bremner et al. 2012). Tactile contact combined with 

movement (i.e., carrying) elicits a calming response in infants that is similar in several 



 30 

nonhuman animals (e.g., rats, cats, and galagos) (Esposito et al. 2013; Gammie 2013). This 

calming response develops in utero within the final four weeks of gestation, as evidenced by 

decreased fetal movement when the mother is moving (Esposito et al. 2013). Infants express 

cooperative behaviors (e.g., cessation of crying and movement) when being carried, and their 

heart rates rapidly decrease; this calming response is adaptive in that it soothes the infant, as well 

as facilitates transportation by the carrier (Esposito et al. 2013; Gammie 2013). This response is 

particularly adaptive in emergency situations, as the carrier will be able to move the infant away 

from the threat more efficiently (Esposito et al. 2013; Gammie 2013). Additionally, tactile 

stimulation affects endocrine profiles in caregivers and infants, promoting affiliative behavioral 

and caregiving responses (Jung and Fouts 2011). 

Although infants interact in multiple modalities from early on, as children age, the 

auditory modality becomes the default mode for communicating in their social environment 

(Fitch 2012; Robinson and Sloutsky 2004). Given the overwhelming abundance of multimodal 

signaling in the animal world (Bro-Jørgensen 2010; Hebets and Papaj 2005; Higham and Hebets 

2013; S. Partan 2013; S. R. Partan and Marler 1999, 2005) and our primate-like neural and 

physiological adaptations to process multisensory signals (Ghazanfar et al. 2005; Ghazanfar and 

Schroeder 2006; Klemen and Chambers 2012), why should humans reduce their signaling 

repertoire and focus on the auditory modality despite the potential costs of developing such big 

brains to support the cognitive mechanisms necessary for language production and perception 

(Fitch 2012)? Infants and toddlers tend to prefer the auditory modality, giving perceptual 

preference to this modality when exposed to synchronous auditory and visual signals of non-

redundant information (Robinson and Sloutsky 2004). Even in adulthood, if task demands are 

increased, adult receivers exhibit auditory modality dominance (Robinson and Sloutsky 2004). 
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This auditory dominance may be a result of increasing pressure to rely on complex language to 

perform cooperative behaviors with others throughout human evolution (Falk 2004).  

2.3. The Role of Allomaternal Care: While allomaternal care (i.e., care provided by individuals 

other than the mother) is more common in primates than other mammals (Isler and van Schaik 

2012), occurring in over 70% of primate taxa with reported data (S. Tecot and A. L. Baden 

2015), it is largely absent in our closest relatives, the great apes, and the extent to which we see 

allomaternal care expressed in humans is unique (Burkart et al. 2014; Isler and van Schaik 2012, 

2014; Meehan 2014; Meehan and Crittenden 2016). Among primates, callitrichids (i.e., 

marmosets and tamarins) come close in the intensity of their level of expression of allomaternal 

care, but they live in smaller groups, and exhibit relatively smaller brains and shorter dependency 

periods than humans, such that the need for intensively allomaternal care is not as prolonged 

(Burkart and van Schaik 2010). Humans, on the other hand, develop very slowly with long 

dependency periods, have relatively big brains, transmit complex culture, and exhibit complex 

social groupings (Hawkes 2014; Hrdy 2007; Kuzawa et al. 2014). The extensive allomaternal 

care associated with cooperative breeding in humans may have reduced the energetic constraints 

on the evolution of our relatively large brains (Burkart et al. 2009; Isler and van Schaik 2012, 

2014; Kuzawa et al. 2014; Meehan 2014). Furthermore, extensive allomaternal care in humans is 

inextricably linked to our unique expression of hyper-cooperation and prosociality within our 

complexly structured social groups (Burkart et al. 2014; B. A. Hare 2011). 

At the proximate level, allomaternal care enables selection for a younger weaning age 

and shorter inter-birth intervals (Isler and van Schaik 2012; Kachel and Premo 2012; C. Ross 

2002). Weaning is a particularly intense period of nutritional stress with high-mortality burden, 

also marked by large and inflexible cerebral energy needs (Kuzawa and Bragg 2012). Between 
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one and two years of age, infant energetic requirements are such that breastmilk alone is no 

longer enough to meet them, and infants also experience a decrease in fat deposits (Dettwyler 

1995; Humphrey 2010; Kuzawa 1998; Kuzawa et al. 2014), suggesting that infants could 

particularly benefit from energetic supplementation from AMC during this time. Selection during 

early human evolution should have favored behaviors that enabled a decreased weaning age 

without increasing mortality, and we find that infant mortality in humans is lower than in chimps 

despite a younger weaning age and increased inter-birth interval (Kachel and Premo 2012). 

Allomaternal care, especially through provisioning, allows humans to keep relatively high 

fertility despite a high intensity of investment per offspring, by increasing the survival odds of 

each offspring while also enabling the female to reproduce again sooner (Isler and van Schaik 

2012; Kuzawa and Bragg 2012; Lukas and Clutton-Brock 2012).  

The presence of cooperative care in humans may be linked to difficulties hominin 

ancestors (especially children) experienced while foraging in savannah habitats during the 

Pleistocene (Burkart et al. 2014; Hawkes 2014; Hrdy 2007). However, research in modern day 

hunter-gatherer and foraging groups suggest that at least somewhat older juveniles can actually 

self-provision as much as (or even more than) half of their daily caloric needs (Crittenden 2009; 

Meehan and Crittenden 2016), suggesting, at least, that foraging difficulties experienced by older 

children (i.e., those capable of walking and retaining information about what types of food are 

edible) may not have been the primary selective pressure for AMC. The need for shared 

childcare to support the energetically expensive growth of big-brained babies may have selected 

for proactive motivation and shared intentionality in humans, which helps explain why we see 

these behaviors in humans but not apes (Aiello and Wells 2002; Burkart et al. 2014; Hawkes 

2014). 
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In humans, we see allomaternal care coming from both related and unrelated individuals, 

with unrelated caregivers experiencing benefits as well (e.g., learning to be good parents to their 

own future offspring) (Crittenden and Marlowe 2008; Hrdy 2007). In addition to costs and 

benefits experienced by caregivers, allomaternal care imposes new selection on infants to get 

their caregivers’ attention and commitment through active engagement (Aiello and Wells 2002; 

Hrdy 2007); allomaternal care may have escalated interactivity in humans (Hawkes 2014). 

Shared intentionality, a heightened ability to read the intentions of others, and extremely high 

levels and complex types of cooperation distinguish humans from other apes and allowed for the 

development of language in our lineage (Burkart et al. 2009; Tomasello and Rakoczy 2003). 

Shared childrearing needs are likely to select for these traits—survival rates would increase for 

infants that are more effective in interacting with multiple caregivers, and mothers of these 

infants would also experience load-lightening that would enable increased reproductive output 

(Aiello and Wells 2002; Hawkes 2014; Hrdy 2007; Isler and van Schaik 2012). Selection for 

allomaternal care thus likely promoted the evolution of proactive prosociality, which uniquely 

manifests as hyper-cooperation in humans (Burkart et al. 2014; Hrdy 2007). Traits such as 

prosociality and extensive allomaternal care likely led to adaptive signaling changes to improve 

developmental and fitness outcomes (DeVries 1999). These changes may include an increased 

reliance on cooperative auditory signals, which are (potentially) cheap and honest. 

Because of unique human life history traits and reliance on allomaternal care (Burkart et 

al. 2009; Hawkes 2014; Hrdy 2007), signaling strategies that correlated with the expression of 

cooperative and prosocial motivations, such as language, should have been selected for within 

our hominin ancestry (Burkart et al. 2014; Jablonka et al. 2012; Levinson and Holler 2014). 

Language has been touted as a uniquely complex and human trait (Falk 2004; Fitch 2012; Hauser 
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et al. 2002; Levinson and Holler 2014). Intention reading, shared intentionality, and joint 

attention are necessary for cooperative communication using the auditory modality and are also 

central to prosocial motivations linked to allomaternal care (Burkart et al. 2014; Burkart et al. 

2009; Hawkes 2014; Hrdy 2007). Cooperative communicators with prosocial motivations are 

also less likely to cheat through signaling, and thus the result is the evolution of low-cost, honest 

signals—human language (Burkart et al. 2009). The occurrence of allomaternal care not only 

selects for shared intentionality and joint attention, but also puts selective pressures on caregivers 

and infants to develop compatible communicative strategies to elicit and maintain caregiver-

infant relationships, thus increasing the survival of the infant (Hawkes 2014). Thus, despite the 

propensity for auditory dominance, multimodal signals may be especially important for 

communicating with pre-verbal infants and toddlers. 

2.4. Caregiver Sensitivity and Attachment: Regardless of who cares or what modality is used, 

the reciprocal exchange between the caregiver and infant leads to attachment and positive 

development outcomes; the child affects the caregiver and vice versa, so that caregiver 

awareness and responsiveness are key (DiCarlo et al. 2014). Responsiveness (or sensitivity) 

refers to a caregiver’s ability to be aware of infant signals, as well as his/her ability to accurately 

interpret and promptly respond to those signals appropriately (Beebe and Steele 2013; DiCarlo et 

al. 2014). For the infant, sensitivity is achieved when the infant feels successful in creating a 

mutual interchange of information (DeWolff and van Ijzendoorn 1997). The timing, rhythm, and 

appropriateness of the responses also affects the development of behavioral and communicative 

synchrony between participants (DiCarlo et al. 2014). The level of interpersonal engagement 

between the child and caregiver influences the quality of the caregiver’s responses, which 

suggests that even the preverbal infant is playing an important role in proto-conversations 
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(Murray and Trevarthen 1986). The sense of shared experience allows children to focus joint 

attention and shared intentionality, learn mind-reading and turn-taking skills, and eventually 

realize themselves as intentional agents within conversations (Feldman et al. 2013; Hedenbro 

and Rydelius 2014; Tomasello and Rakoczy 2003). 

Sensitivity can be an important predictor of attachment security, which in turn can affect 

various developmental outcomes (Ainsworth 1979; Beebe and Steele 2013; Blair et al. 2008; 

DeWolff and van Ijzendoorn 1997; Fonagy and Target 2005; Goldman-Mellor et al. 2012; 

Mason and Mendoza 1998; Nachmais et al. 1996). Attachments are affiliative bonds between 

two individuals that persist through time (Ainsworth and Bell 1970), which involve both 

accommodation and assimilation of signals between participants (Mason and Mendoza 1998), 

such that the caregiver and infant mutually influence each other through continuing transactions 

(Bornstein 1985). In terms of social and emotional development, more sensitive mothers achieve 

more secure attachments that lead to infants who are more likely to elicit interactions because 

they feel they are being perceived as operational agents (Beebe and Steele 2013; DeWolff and 

van Ijzendoorn 1997; Tomasello and Rakoczy 2003). Early high levels of caregiver synchrony 

and responsiveness to infants during the first four to nine months of life are predictive of 

intellectual attainment and language development at four years of age, leading to greater social 

and cognitive competence (Bornstein 1985; Feldman et al. 2013; Hedenbro and Rydelius 2014). 

Conversely, less responsive, less attentive caregivers who are less attuned to their children’s 

signals are at risk of raising children with poor developmental outcomes (e.g., studies suggest 

low-income, single, teen moms may be more likely to produce infants with poor communicative 

competence because of reduced responsiveness to infant signals) (DiCarlo et al. 2014). Because 

humans are cooperative breeders, the experience of high levels of synchrony and responsiveness 
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from allomaternal caregivers may be just as important as that experienced with mothers in terms 

of affecting early development (Hrdy 2007; Kuzawa and Bragg 2012; Meehan and Hawks 2014). 

Attachment relationships experienced with caregivers in development shape attachments 

the individual will form later in life, either with friends, adult pair-mates, or offspring of their 

own (Carter 1998; Crockford et al. 2014; Feldman 2012; Feldman et al. 2011; Fonagy and Target 

2005). Bio-behavioral synchrony in early infancy promotes development of the child’s self-

regulation, capacity for empathy, behavioral adaptations, and long-term health outcomes 

primarily via mediation of the child’s hypothalamic-pituitary-adrenal (HPA) development, which 

largely occurs because of changes in cortisol levels (Caldjii et al. 2000; Feldman 2012; Gordon 

et al. 2010a, 2010b; Hertzman and Boyce 2010; Kolb et al. 2014). Basal levels of cortisol (a 

steroid hormone) increase when an individual experiences HPA activation in the face of a 

stressor, preparing the individual’s body for a fight-or-flight response. Positive and negative 

experiences in early development related to care received and stress experienced (either 

psychological or physical) can alter gene expression thereby affecting a child’s endocrine 

profiles (Carter 1998, 2014; Donaldson and Young 2008; Fleming et al. 1999; H. E. Ross and 

Young 2009). For example, maternal sensitivity, responsiveness, and stimulation can affect the 

development of the child’s HPA axis, which then affects the child’s brain development and 

phenotypic response to stress (as evidenced by variation in basal cortisol level and/or cortisol 

reactivity following a stressor across individuals) (Belsky et al. 2012; Caldjii et al. 2000; DiCarlo 

et al. 2014; Ellis et al. 2011; Greenough et al. 1987; Hertzman and Boyce 2010; Kolb et al. 

2014). 

When caregivers are sensitive and caring, children will likely develop better skills (e.g., 

sensitivity and appropriate responsiveness to social cues and the environment) to navigate the 
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ever-changing (and potential stress-provoking) world around them. Thus, strong attachments 

evidenced by increased caregiver engagement and sensitivity to child signals are frequently 

characterized by buffered stress responses in children exposed to stressors (e.g., Blair et al. 2008; 

Gunnar et al. 1998; Nachmais et al. 1996; Spangler and Schiech 1998). Children who exhibit 

synchronous communication indicative of strong bonds with their caregivers should exhibit 

lower baseline cortisol, and should also return to baseline faster following exposure to stressors 

than children who exhibit nonsynchronous communication indicative of weak attachments with 

their caregivers (Blair et al. 2008; Gunnar et al. 1998; Nachmais et al. 1996; Spangler and 

Schiech 1998). Generally, allomaternal care may impact a child’s well-being by affecting 

development in a positive way, including acting as a potential buffer to stress (Meehan 2014). In 

the case of disrupted family environments, access to allomaternal help from non-nuclear relatives 

(e.g., grandmothers) can lower cortisol levels, decrease morbidity, and increase growth 

percentiles in children (Flinn and Leone 2009). Children exhibiting fearful and/or inhibited 

temperaments may be particularly protected by attachment buffering attributable to strong bonds 

with sensitive caregivers (Nachmais et al. 1996). Interestingly, across cultures certain categories 

of caregivers may develop more meaningful caregiving relationships with infants (and their 

mothers) than others, and this could be linked to the types of care and attachments maintained 

between these types of caregivers and developing infants. For example, in both historical 

Tokugawa Japan and Krummhörn Germany households, the presence of maternal grandmothers 

was linked to decreased infant mortality risks, but this was not true for paternal grandmothers 

(Jamison et al. 2002; Voland and Beise 2002, 2005). Although historical records do not provide 

enough of an indication for why this relationship may exist, it suggests that these categorical 
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differences should be kept in mind when researching impacts of AMC on current populations, as 

different categories of relatives may in fact impact development in different ways. 

2.5. Conclusion: In sum, caregivers influence the development of an infant’s communicative 

and cognitive competence, as well as the infant’s behavioral and physiological disposition in 

response to the surrounding environment, by providing the infant with a picture of the world into 

which s/he will grow (Ainsworth 1979; Campbell 2010; Feldman 2012; Feldman et al. 2011). 

Variations in caregiving strategies are thus likely to result in individual differences in a variety of 

developmental outcomes for infants. The central aim of this dissertation is to address how 

differences in caregiving affect the child’s development as a competent communicator in the 

environment, as well as the child’s cognitive development. Evolutionarily speaking, a child who 

can successfully solicit help in obtaining his/her wants and needs is better equipped to survive 

the high mortality risks facing him/her during early childhood. Children who interact more 

synchronously with their caregivers have a higher likelihood of surviving, and finding a mate 

and reproducing later, thus increasing their fitness (Hawkes 2014; Hrdy 2007, 2009). Thus, any 

strategy that can increase opportunities for a child to develop communicative competence early 

on will benefit his/her fitness. If the number of caregivers children are exposed to correlates to 

their ability to successfully solicit help in times of need while also keeping their stress levels 

low, this will help explain why humans exhibit such a high degree of allomaternal care (Burkart 

et al. 2014; Hawkes 2014; Hrdy 2007). 
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CHAPTER 3: CONCLUSION 

3.1. Implications: The results of this dissertation confirm that informal AMC does impact 

cognitive and communicative development during infancy within this sample. More exposure to 

Highly Involved Familial AMC is predictive of both: (1) higher infant scores on a mother-rated 

scale measuring motor and social development, explaining 5% of the variance in MSD score 

(Appendix A); and (2) higher infant scores on the observer-rated in-lab assessment measuring 

cognitive development, explaining about 7.5% of the variance in Bayley III Screening Cognitive 

Subtest score (Appendix B). Conversely, more exposure to Highly Involved Familial AMC is 

also predictive of lower infant scores on the observer-rated in-lab assessment measuring 

receptive language development, explaining about 3.7% of the variance in Bayley III Screening 

Receptive Subtest score (Appendix B). Additionally, more exposure to Household AMC is 

predictive of: (1) higher rates of spontaneous giving per total observed minutes, explaining about 

7.7% of the variance in giving across two microcoded lab assessments; and (2) lower rates of 

reciprocal turn-taking per total invitations to turn take, explaining about 3.8% of the variance in 

Early Social Communication High RSI-TT rates (Appendix C). Birth order (a proxy for the 

number of siblings present in the home) is significantly predictive of several outcomes, but not in 

a uniform direction. A separate measurement of sub-adult AMC might be useful in future 

studies, as these results suggest that siblings are influential in early expression of communicative 

behaviors such as following commands, pointing and reaching, and vocalizing. Taken together, 

these results suggest that kin-based AMC has a particularly important influence on infant 

development, especially when it occurs with consistency across the lifespan. 

Notably, AMC exposure of any type was not predictive of receptive language 

development, as measured by the Bayley III Screening Receptive Language Subtest score 
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(Appendix B), or a number of communicative outcomes measured using the coding schema of 

the Early Social Communication Scales (Appendix C). These results might indicate that AMC 

exposure is more important for exposing infants to more generalized cognitive, motor, and social 

skills rather than fine-grained communicative behaviors and vocabulary. Alternatively, these 

non-significant results might also be explained by a need to choose different methods to measure 

language and communicative behavior development during this stage of infancy. Future research 

utilizing these same methods within a larger sample, alongside alternative methods of measuring 

these outcomes (e.g., microcoding of naturalistic play interactions between known caregivers and 

infants) is necessary to further understand the relationship between AMC and communicative 

development during this period of infancy. 

Finally, analyses revealed there were no relationships between any of the measured 

developmental cognitive or communicative outcomes and formal AMC (i.e., attending in-home 

or center-based facilities). Much of the previous research investigating the effects of caregiving 

on childhood developmental outcomes has been conducted by researchers in fields outside of 

anthropology. This research has focused predominantly on understanding how developmental 

outcomes in children over the age of two are impacted by the quality and quantity of formalized 

AMC received in either center-based or in-home childcare facilities. The previous literature 

shows overwhelming support for the impact of formal AMC on developmental outcomes in both 

positive (e.g., increased pre-reading skills) and negative (e.g., reduced self-regulation skills) 

ways (Abner et al. 2013; Belsky 2002; Belsky et al. 2007; Broekhuizen et al. 2018; Dmitrieva et 

al. 2007; Loeb et al. 2007; Loeb et al. 2004; Luijk et al. 2015; Narvaez et al. 2013; NICHD Early 

Child Care Research Network 2002). Thus, finding that formal AMC has no impact on 

developmental outcomes, either positive or negative, within this age range is significant. One 
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possible explanation for this conflicting result is that this age range precedes an important 

sensitive window in development, such that formal care received prior to toddlerhood is less 

impactful on developmental outcomes than that received after the age of two. Ultimately, the fact 

that this study found no positive or negative relationship between formal AMC and child 

developmental outcomes during this age may provide relief to some mothers who struggle with 

the decision to either use or avoid using formal childcare during this period. Working mothers 

who have no choice but to use formal AMC might rest-assured knowing their child isn’t 

experiencing negative effects, and mothers who cannot afford or choose not to use formal AMC 

might rest-assured knowing their child isn’t suffering set-backs from avoiding childcare 

facilities. 

While this study has yielded significant evidence that informal AMC exposure can have a 

positive impact on cognitive, motor, and social developmental outcomes during infancy, it is 

worth noting that these results cannot be used to make species-wide generalizations about the 

effects of AMC on infant development. The study population for this dissertation was 

resoundingly white and WEIRD (Western, Educated, Industrialized, Rich, Democratic). While 

studies within a WEIRD population present the advantage of minimizing some external variables 

that may impact development (such as pathogen and parasite loads, or basic nutritional access), 

there is also a reduction in variation of demographic and cultural variables that may play an 

important role in mediating both AMC and early development. Therefore, these results should 

therefore be considered contextually. However, these results also suggest that: 1) differences in 

developmental outcomes are indeed measurable in this age range as a result of AMC exposure; 

and 2) these relationships warrant further investigations across cultural contexts. With more data, 

understanding how AMC impacts infant development may ultimately allow us to change the way 
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we explain the selective forces behind the evolution and maintenance of extensive AMC within 

our species. 

3.2. Future Directions: To improve our understanding of the myriad ways in which AMC 

impacts child development, future research must continue to utilize an interdisciplinary approach 

to account for the fact that development is inherently a biological and cultural process. For 

example, our understanding of how AMC impacts child development can be improved via 

investigations into the physiology of caregiving and attachment, revealing how care impacts the 

biology of both the caregiver and the receiver of care. Additionally, comparative studies can 

improve our ability to understand whether the relationship between AMC and infant 

development is a primate-specific, human-specific, or culturally-specific pattern.  

In humans, the neuroendocrine system is the proximate link between cultural and 

biological domains, because an individual’s neurobiology drives behavioral expression, while 

cultural context also has lifelong impacts on an individual’s neurobiology (e.g., Berens et al. 

2017; Duckworth 2015; Duckworth et al. 2018; Ellison and Gray 2009; Krzeczkowski and Van 

Lieshout 2019; Pfaff et al. 2018; Sapolsky 2017; Taff and Vitousek 2016). Importantly, we do 

not know how multiple attachments through AMC might interact to affect physiological 

development, creating offspring with specific endocrine profiles relative to the care they 

received. Furthermore, understanding the physiological mechanisms that promote caregiving 

within allomothers is central to understanding human infant development. The neurobiological 

and behavioral pathways underpinning maternal caregiving and attachment have been well 

studied, beginning with the famous early attachment studies of researchers like Bowlby and 

Ainsworth focusing on the behavioral and psychological aspects of the maternal bond 

(Ainsworth 1969, 1979; Ainsworth and Bell 1970; Bowlby 1958, 1969), and continuing into the 



 43 

present with inclusion of more technical investigations of the hormones and neural pathways of 

the maternal brain using both human and animal models (e.g., Bridges 2015; Carter 2017; 

Fleming et al. 1999; Kim et al. 2016; Paul et al. 2019). Previous research has also shown that 

synchrony between mothers and infants, achieved through both biological and behavioral 

mechanisms, influences infant developmental outcomes (e.g., Caldjii et al. 2000; Chambers 

2017; Deans 2018; DiCarlo et al. 2014; Feldman et al. 2013; Feldman et al. 2011; Fonagy and 

Target 2005; Strathearn 2007; Sullivan 2017). Much less is known about the physiology of 

AMC, although the neurobiology of non-maternal care is a burgeoning field. However, much of 

the current research relies on animal models, and focuses mostly on paternal care, or care from 

adoptive or foster parents in humans (Abraham and Feldman 2018; Feldman 2016; Gettler 2014; 

Gettler et al. 2011; e.g., Glasper et al. 2019; Gordon et al. 2010a, 2010b; Kuzawa et al. 2009; 

Rilling and Mascaro 2017; but see: Schradin et al. 2018; Tecot and Baden 2018).  

Recent research suggests that AMC co-opts similar neuroendocrine systems to those 

supporting maternal care, at least within fathers and non-biological parental figures, such that 

there appears to be a general human caregiving pattern to the neural and endocrinological 

mechanisms supporting care behaviors (e.g., Abraham and Feldman 2018; Glasper et al. 2019; 

Rilling and Mascaro 2017). Additionally, bio-behavioral synchrony has been shown to be 

important with not just mothers, but also in fathers in terms of impacting infant social 

development (e.g., Feldman 2015; Feldman et al. 2013; Feldman et al. 2011). Future research 

should attempt to answer the question: does human AMC produce a specific neuroendocrine 

profile in human infants and non-primary caregivers? Research must move beyond a focus on 

fathers and non-biological parents (or parent-figures) to include caregivers who play a secondary 

role in providing AMC to the child. Neuroendocrine measures can be used to assess the 
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concurrent physiological impacts of AMC on infants. This research should certainly consider 

bonding hormones (i.e., oxytocin and vasopressin) expressed within infant bodies during 

interactions with secondary allomaternal caregivers. Additionally, this research should consider 

differences in basal stress hormone levels and stress reactivity patterns, as AMC may provide a 

buffer to the stress experienced by children, particularly within high-risk contexts (e.g., when 

mothers are suffering from post-partum depression or the family is living below the poverty 

threshold).  

Another important avenue for future research should involve comparative studies, not 

only across human cultures and family models (e.g., single parent, adoptive, foster, and LGBTQ 

homes) in Western and non-Western contexts, but potentially across mammalian and primates 

models exhibiting varying degrees of AMC as well. Within humans, comparative studies across 

cultures and within non-traditional family structures will be necessary to further investigate why 

extensive AMC has been maintained at the species level. In part, this avenue of research is 

necessary because we know that attachment, childhood, caregiving, learning, and early 

development look different across cultures (for reviews, see: Bluebond-Langer and Korbin 2007; 

Hewlett 2005; Kruger and Konner 2010; Lancy 2012, 2015; Lancy et al. 2010; LeVine 2003, 

2008; Meehan and Crittenden 2016). Additionally, research suggests that these cultural 

differences influence all aspects of early development through processes of biological 

embedding (e.g., Belsky et al. 2012; Boyce and Ellis 2005; DeVries 1999; Ellis and Boyce 2011; 

Ellis et al. 2011; Fouts and Lamb 2009; Gauvain 1995; Greenough et al. 1987; Harkness and 

Super 1994; Hertzman 1994, 1999; Hertzman and Boyce 2010; Kolb et al. 2014; Li et al. 2009; 

Super and Harkness 2002; Toren 1993). Special care should be taken to collect data from 

demographically diverse populations (e.g., traditional populations vs. industrialized ones; very 
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low socioeconomic populations vs. very  well-off populations; populations experiencing 

relatively high disease risks vs. those experiencing very few), as there are myriad levels of 

cultural, social, and demographic differences that might influence the relation between AMC and 

developmental outcomes. 

The methods established in this dissertation project which measure quantitative and 

qualitative features of AMC can be used to explore how cross-cultural variation in caregiving 

strategies impacts early communicative and cognitive development in different ways. Learning is 

a critical component of how humans foster cultural specificity from birth, and AMC may play a 

large role in providing informal learning opportunities for developing children. For example, 

previous research suggests children may develop certain cognitive skills (like self-regulation) 

differently depending on the types of caregiver interaction styles they are exposed to in their 

culture (e.g., Lamm et al. 2017). To fully understand how AMC impacts communicative and 

cognitive outcomes in early infancy, interactions must be assessed across cultures and family 

models.  

In order to conduct meaningful cross-cultural comparisons, a certain degree of re-

evaluation of the types of methods used to evaluate communicative and cognitive development 

during infancy may be required. As discussed in the manuscripts included in this dissertation 

(Appendix B and C), both the Bayley III Screening Language Subtests and the Early Social 

Communication Scales may be prone to cultural-bias. Both assessments rely on infants having 

been previously exposed to certain styles of adult-child interaction and play, as well as certain 

categories of objects and vocabulary in order to achieve high scores or rates of measured 

behaviors. Future research in this area would potentially benefit from less structured tasks, 

instead focusing on naturalistic follows and microcoding of both infant and infant-directed 



 46 

behaviors in order to more appropriately capture culturally-appropriate communicative 

behaviors, as well as to better describe learning opportunities present and different interaction 

styles used during AMC exposure.  

Furthermore, comparative mammalian and nonhuman primate studies of juvenile learning 

outcomes in species exhibiting varying degrees of AMC may illustrate how AMC functionally 

differs in humans. Comparative studies between humans and non-humans have already been 

deeply illuminating by revealing ways that we differ and ways we are more similar than 

previously thought in terms of a wide variety of what were once thought of as “uniquely human 

traits” (for a well-rounded primer on cognition and language, see: Call and Tomasello 2008; B. 

Hare and Tomasello 2005; B. Hare and Yamamato 2017; Herrmann et al. 2007; Lucca et al. 

2018; MacLean 2016; MacLean et al. 2017; MacLean et al. 2012; Rosati and Hare 2009; Rosati 

et al. 2010; Tomasello 2019; Tomasello and Call 2018; Tomasello et al. 2003; Tomasello et al. 

2005; Tomasello et al. 2007; Tomasello and Rakoczy 2003; Warneken and Tomasello 2006; 

Wobber et al. 2014). If these types of studies have revealed one message, it is that we need even 

more comparative studies to fully understand what makes humans human. 

Although the extent to which AMC is practiced within humans is unique (in part due to 

how prolonged the human dependency period is), the Primate Order is peppered with examples 

of AMC across nearly 75% of species with reported data; instances of nonhuman primate AMC 

occur at varying degrees of intensity and with varying levels of developmental consequences, 

including life history tradeoffs, brain size differences, and differing social and cognitive 

developmental trajectories (e.g., Burkart and van Schaik 2010; Isler and van Schaik 2012, 2014; 

C. Ross 2002; S. R. Tecot and A. L. Baden 2015; van Schaik and Burkart 2010). Previous 

findings seem to indicate that human AMC is quite unique from both mammalian and primate 
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trends, both in terms of its frequency of expression, types of expression, and consequences for 

development. However, more work could be done to further explore the direct benefits that 

nonhuman primate offspring receive from AMC experienced from fathers and other group 

members during early development. Results of future research could help us better understand 

the ways in which human AMC differs from non-human AMC, in part through examination of 

how exactly infants benefit (or don’t) from exposure to varying degrees of AMC. 

In summation, future studies which address the neurobiological aspects of AMC, and 

generate comparative data across cultures and family models will enhance our understanding of 

AMC’s effects on child development by allowing us to generate species-wide generalizations. In 

particular, the AMC measures developed in this dissertation will be a valuable future tool 

enabling researchers to collect comparable datasets that will allow for such generalizations to 

take shape. There are many different questions begging to be addressed in researching how AMC 

impacts infant development. Future research will allow us to better shape our understanding of 

the evolution and maintenance of this uniquely human trait. As AMC is linked to the evolution 

of prosocial motivation (Hawkes 2014), which is in turn necessary for the development of 

language and cumulative culture, complex cognition, technology, hyper-cooperation, and 

morality (Burkart et al. 2014; Hawkes 2014; Tomasello and Rakoczy 2003), understanding how 

we came to exhibit this trait may hold the key to understanding what really makes us human. 
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Abstract: Humans are unique in their use of extensive helper networks to raise their young. This 

study evaluated whether care provided to infants from individuals other than the mother (or 

allomaternal care, AMC) is associated with improved cognitive outcomes, as exposure to more 

helpers may provide infants varied learning opportunities. Participants included 102 mothers and 

their typically developing infants aged 13-18 months. Cognitive outcomes were assessed using 

the previously validated Motor and Social Development Scale (MSD), while AMC measures 

combined questionnaire, daily diary, and interview data. MSD scores are best predicted by a 

combination of child sex (β = 0.21, p < 0.03), age at test (β = 0.29, p < 0.003), and exposure to 
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Highly Involved Familial AMC (β = 0.22, p < 0.03). Heightened exposure to informal AMC is 

associated with improved cognitive developmental outcomes, suggesting that AMC outside of 

formal care settings (such as facility-based childcare) enhances learning. 

Key words: allomaternal care; AMC; infancy; early cognitive development; Motor Social 

Development Scale 

 

 

Humans are unique in their expression of extensive allomaternal care (AMC), or care 

provided to infants by individuals other than the mother (Burkart et al., 2014; Isler & van Schaik, 

2012; Meehan, 2014; Tecot & Baden, 2015). Anthropologists have sought to understand how 

and why such extensive AMC evolved and was maintained in humans, focusing on explaining 

why humans are marked by such extensive networks of helpers, enhanced maternal fertility, and 

intense food sharing with infants (Burkart et al., 2014; Isler & van Schaik, 2012; Meehan, 2014). 

Because instances of food sharing and differences in infant physical growth are relatively easy to 

measure, investigations of the energetic impacts of AMC have dominated the literature, with 

little attention given to additional benefits infants might receive during AMC.  

The current study aims to investigate the cognitive ramifications of interacting with 

multiple caregivers during early development, testing whether infants exposed to heightened 

AMC also score higher on measures of cognitive development. In addition to learning to move 

about the world, a large part of early cognitive development involves successfully learning to 

communicate using verbal and non-verbal signals accurately according to cultural conventions 

(e.g., Tomasello & Rakoczy, 2003). An extended postnatal period allows infants to integrate 

complex information from their environment (Greenough, Black, & Wallace, 1987), and tune 
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into culturally appropriate ways of behaving. Communication with adults impacts the 

development of a child’s ability to perceive, process, and send culturally appropriate signals 

(Bahrick & Lickliter, 2012; Goldstein, King, & West, 2003; Greenough et al., 1987; Hedenbro & 

Rydelius, 2014; Lewkowicz, 2012; Tomasello & Rakoczy, 2003). AMC creates opportunities for 

a child to interact with different signalers who exhibit different interaction styles, increasing the 

child’s exposure to information about the world through varied sensory experiences (Beebe & 

Steele, 2013; DiCarlo, Onwujuba, & Baumgartner, 2014; Fouts & Lamb, 2009; Jung & Fouts, 

2011). If AMC creates a signaling-rich environment, then AMC may enhance perceptual 

abilities, brain development, and cognitive skills (Kolb, Mychasiuk, & Gibb, 2014; Nelson & 

Bloom, 1997; Singer, 1995; Sterner et al., 2012).  

AMC is very likely to play a significant role in shaping cognitive development in infants, 

improving their chances of becoming culturally-competent communicators. Extensive AMC 

almost certainly led to adaptive signaling changes to attract the attention of others, and improve 

developmental and fitness outcomes through increased opportunities for signal-rich interactions 

(Hawkes, 2014; Kolb et al., 2014; Nelson & Bloom, 1997). AMC imposes selective pressure on 

infants to get attention and commitment from caregivers through active engagement (Aiello & 

Wells, 2002; Hrdy, 2007). When infants can successfully communicate their needs to caregivers 

so that those needs are met (e.g., cries communicating ‘I need food’ are met with mashed 

bananas), they are likely to experience reduced physical and psychological stress. Heightened 

exposure to AMC during this period of potential stress may not only relieve energetic needs, but 

may also provide many rich opportunities for children to be exposed to appropriate ways of 

thinking and communicating in their cultural environment (Super & Harkness, 1986, 2002). 
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Method: The current analysis used data gathered as part of a larger study investigating 

the impacts of AMC and additional mother- and child-related variables on developmental 

outcomes in typically developing infants aged 13-18 months. This study was approved by the 

University’s Institutional Review Board for Research Involving Human Subjects. Participants 

were recruited in Tucson, Arizona between May 2017 and October 2018. Mothers were located 

via word-of-mouth, distribution of fliers to local childcare facilities, and posting fliers through 

various social media outlets. Informed consent was obtained electronically from the mother 

following screening for exclusion criteria. Each mother completed a series of questionnaires 

online through Qualtrics (a secure software program). Then dyads visited an on-campus 

observational laboratory for in-person assessments, including a longitudinal interview. Diaries 

were completed daily through Qualtrics between lab visits.  

Participants: The current analysis includes data collected from 102 mothers and infants aged 

13-18 months (see Table 1 for participant characteristics). Evolutionarily, this period represents a 

time of heightened need for AMC because mother’s milk alone is no longer sufficient in meeting 

infant energy requirements, brain energy needs are increasing, and fat deposits have begun to 

decline (Dettwyler, 1995; Humphrey, 2010; Kuzawa, 1998; Kuzawa et al., 2014). This age 

period also encompasses changes in language use, during which children are not highly capable 

communicators. At 13-18 months, typically developing children are babbling (Kuhl & Meltzoff, 

1996), using words (Oller et al., 2013), sharing joint attention, and recognizing others as 

intentional agents (Tomasello & Rakoczy, 2003), but have not yet started producing longer 

strings of words as meaningful speech (Kuhl & Meltzoff, 1996). Thus, infants are challenged at 

successfully communicating desires for help through AMC. 

  



INFORMAL AMC PREDICTS MSD SCORE 82 

Table 1. Participant Characteristics for n = 102 Mother-Infant Dyads. 
Infants 

Sex ♂ = 52, ♀ = 50 
Mean Age (years) 1.25 ± 0.15 
     Birth Order (% n)   
Firstborn (only child) 49.02% 
Secondborn 37.25% 
Thirdborn 7.84% 
Fourthborn (or later) 5.88% 
     Motor and Social Development Scale Score  
13-15 month   
     ♂ Mean Standardized Score (n = 31) 90.42 ± 11.30 
     ♀ Mean Standardized Score (n = 27) 94.74 ± 11.82 
16-18 month   
     ♂ Mean Standardized Score (n = 21) 94.33 ± 12.26 
     ♀ Mean Standardized Score (n = 23) 102.04 ± 14.30 

Mothers 
Mean Age (years) 31.2 ± 5.12 
     Ethnicity (% n)   
White 67.65% 
Hispanic 25.49% 
Native American 1.96% 
Asian 1.96% 
Other 2.94% 
     Education (% n)   
High School or GED 6.86% 
Associate's or Tech Degree 9.80% 
Some College 18.63% 
College Degree 29.41% 
Graduate School or Advanced Degree 35.29% 
     Presence of Depressive Symptoms (using CESD-R)  
Mean Score 9.59 ± 8.65 
% n Reporting No Signs of Major Depressive Episode  96.08% 

Dyads 
% n Reside in Two-Parent Household 91.18% 
Income to Needs Ratio 3.15 ± 1.99 
% n Below Poverty Threshold (Income to Needs Ratio < 1) 11.76% 

 

As sex can affect the structure of interactions, an equal number of male and female 

infants were targeted (Leaper, 1991). Mothers and infants with developmental disabilities were 

excluded from the study, as differences in developmental trajectories as a function of disability 
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may make interpreting the effects of AMC on variation in outcome data more complex (e.g., 

Chapman & Hesketh, 2000; Gilger & Kaplan, 2001; Mauk, 1993; Mervis, 2004). Infants born 

prior to 37 gestational weeks were also excluded, as premature infants generally are not 

considered caught up in expected developmental milestones until after age two (Belfort, Santo, 

& McCormick, 2013; Hediger, Overpeck, Ruan, & Troendle, 2002). Finally, mothers who were 

not fluent in English and infants who were exposed to English for less than half of their daily 

language exposure were excluded to control for effects of language and culture on measured 

outcomes (Gauvain, 1995; Pascalis et al., 2014).  

Measures: Infant cognitive outcomes were quantified using the total score from the mother-rated 

Motor and Social Development Scale questionnaire [MSD, National Center for Health Statistics 

(Baker & Mott, 1989; National Center for Health Statistics, 1994)]. The MSD scale measures 

motor and social development as a package, so that these outcomes are not considered singly (or 

as sub-scales), but rather viewed as a general measure of early cognitive milestone attainment. 

Mothers responded yes or no to 15 questions about the motor, social, and cognitive development 

of her child to determine which age-related motor and social milestones the child had achieved at 

that time. Mothers were assigned the MSD version that coordinated with her child’s age at the 

time of participation, such that she either received the 13-15 or 16-18 months version (Peterson 

& Moore, 1987). The total raw score was calculated as the number of affirmatively answered 

questions, which was then converted to a standardized score using previously published data 

from the National Longitudinal Study of Youth (NLSY) Dataset (Baker & Mott, 1989).  

AMC predictor variables were collected using three measures designed by the researcher 

to capture AMC exposure from birth through present: (1) a Caregiver Involvement and Support 

Questionnaire; (2) a 14-day Daily Diary; and (3) a longitudinal Past Allocare Interview. The 



INFORMAL AMC PREDICTS MSD SCORE 84 

Caregiver Involvement and Support Questionnaire was conducted online to obtain measures of 

the potential for engagement and support from allomaternal caregivers by evaluating the number, 

quality, and relatedness of caregivers identified by the mother as substantially involved in her 

child’s life over the last 60 days. Mothers listed up to 20 individuals that were important to her in 

terms of childcare, including her partner. Then, mothers rated the quality of these relationships 

via a series of questions about each caregiver listed, including: the individual’s relatedness, 

length of time of AMC relationship, frequency of providing AMC, average length of time of 

AMC, rating of how depended upon the individual was for help, and rating of how involved the 

individual was in providing AMC. The names of the caregivers listed in this questionnaire were 

transferred to a personalized daily diary for a more detailed assessment of daily AMC exposure. 

 The Daily Diary provided measures of caregiver quality and quantity as indicated by the 

mother for 14 consecutive days, including the number of hours individuals spent helping and the 

types of care provided by each caregiver. Diaries have long been used to gather participant data 

in Anthropology and Psychology (Almeida, Wethington, & Chandler, 1999; Brown, James, & 

Nordloh, 1998; Paolisso & Hames, 2010; Quittner & Opipari, 1994). Unlike a single 

questionnaire, a daily diary reduces reliance on the mother’s memory and increases the quality of 

the data regarding caregiver involvement as it occurs in the dyad’s day-to-day life (Bernard, 

Killworth, Kronenfeld, & Sailer, 1984; Bolger, Davis, & Rafaeli, 2003). All mothers were given 

verbal and printed instructions on how to complete online daily diaries assessing caregiver 

involvement. Each diary contained a personalized list of caregivers, as well as an option to add 

additional caregivers not contained in the original list. For each caregiver, a mother indicated: (1) 

the amount of time spent with her child that day; and (2) the types of behaviors and activities 
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which took place during that time (e.g., teaching, reading, or telling stories; freely talking or 

singing; playing; feeding; changing diapers; holding or carrying; cuddling). 

 The Past Allocare Interview was used to assess the child’s overall exposure to AMC prior 

to participating in the study (i.e., during the first year of life). Mothers were asked to talk about 

anyone who was involved in helping care for the child on more than one occasion lasting 30 

minutes or more, from birth to the start of the study period. The mother was asked to provide the 

individual’s relatedness, and then to describe the types of care provided, and how frequently and 

for how many hours on average each time AMC was provided. Interviews provided a 

longitudinal assessment of AMC exposure experienced by the participating child. 

 Additional data were assessed as potential covariates. The birthdate and test date were 

recorded at the time the MSD scale was completed to establish the child’s age at test using the 

lubridate function, which generates age as a continuous variable. A demographic questionnaire 

was used to gather information about the child’s sex and birth order, mother’s age, ethnicity, and 

education level, and family’s income-to-needs ratio. The income-to-needs ratio was used to 

measure socioeconomic status. This ratio was calculated by dividing the total mother-reported 

household income by the published U.S. poverty threshold established for a family of that size 

(in this case, United States Census Bureau, 2017), providing a measure of whether that family 

has the financial means to meet their basic needs (such that a ratio < 1 suggests the family’s 

income is not enough to support their needs).  

Finally, the Center for Epidemiological Studies Depression Scale Revised [CESD-R, 

(Eaton, Muntaner, Smith, Tien, & Ybarra, 2004; van Dam & Earleywine, 2011)] provided a 

measure of maternal mental health, as severe expression of maternal depressive symptoms is 

known to negatively affect cognitive outcomes in measurable ways (Brennan et al., 2000; Smith, 
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2004). The CESD-R asks the mother to consider how she felt over the last two weeks while 

responding to 20 statements measuring symptoms of depression, by selecting a rating on a four-

point scale from “not at all or less than one day” (score = 0) to “nearly every day for two weeks” 

(score = 3) (Eaton et al., 2004). A total score of less than 16 suggests that the individual does not 

show any clinically significant levels of depressive symptoms (Eaton et al., 2004). For this 

analysis, the mother’s total CESD-R score was used as a continuous variable, with higher scores 

representing a higher presence of depressive symptoms.  

Data Analysis: All analyses were completed in R Studio (R version 3.5.1). Principal component 

analysis (PCA, prcomp function) was used to reduce the number of predictor variables evaluated 

in subsequent models, condensing 21 interrelated AMC predictor variables into smaller sets of 

correlated components (see Supplemental Table 1). Parallel analysis was used to determine how 

many components were needed to optimally capture the most overall variance in the data (Field, 

Miles, & Field, 2012). PCA aims to maximize the explained variance of a continuous data set 

using the smallest number of components by creating orthogonally rotated linear combinations of 

correlated variables (Field et al., 2012). Using an additional varimax rotation ensured that 

components did not contain cross-correlations between the individual loading variables by 

loading fewer variables highly on each component to create more easily interpretable clusters of 

variables, representing the simplest approach for interpretation of a complex data set (Field et al., 

2012). Prior to performing the PCA, variables were pre-processed to reduce the likelihood of 

outlying data inappropriately driving the component reduction. Of the 21 variables included, 20 

exhibited a high degree of positive skew, and were log transformed after adding a constant to 

correct for presence of zeros (log(X+1) function). Next, all variables were standardized using z-

scores to ensure that variables with larger units of measure were not arbitrarily prioritized over 
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variables with smaller units during PCA. The 21 AMC predictor variables were optimally 

reduced into four components (Table 2), as determined using parallel analysis with a varimax 

orthogonal rotation (χ2 = 237.26, p < 0.0001; fit based upon off diagonal values = 0.95).  

Table 2. Composition of Allomaternal Care Predictor Components. 
AMC Predictor 

Component 

(AMC PC) 

Proportion 
of Variance 

Component Summary  
(Interpretation for High Component Score) 

AMC PC1: 

Highly 
Involved 

Familial AMC 

21% 

More current familial caregivers, as well as 
familial caregivers throughout child’s life. In last 
60 days, more caregivers that have been involved 
in helping the child since birth. More caregivers 
that mother views as highly involved and highly 
depended on. 

AMC PC2: 

Household 
AMC 

11% 

More potential caregivers residing in the home, 
as indicated by a larger number of permanent 
residents. More instances of short (0.5-2hr 
intervals) and moderate (2-5hr intervals) 
caregiving by residential caregivers. 

AMC PC3: 

Formalized 
AMC 

15% 

More hours of daily care on average. More care 
from nonresidential caregivers at intervals of 5-
10hrs per day. Higher daily instances of 
caregivers participating in teaching, reading, 
telling stories, as well as playing. 

AMC PC4: 

Overall  
AMC Network 

Extent 

15% 

More current non-familial caregivers, as well as 
non-familial caregivers throughout child’s life. 
In last 60 days, more caregivers who have been 
introduced to the child in the last 6-9 months. 
Exposure to more different caregivers throughout 
child’s life.  

 

Next, linear regression models (lm function) were used to assess differences in individual 

MSD scores as explained by the PCA-generated AMC predictor components (AMC PC), as well 
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as the following covariates: child sex, age at test, and birth order; mother’s age, ethnicity, 

education level, and level of depressive symptoms (CESDR score); and family income to needs 

ratio. Finally, the best fitting model was selected using manual F-test based backward model 

selection (repeated drop1 function) to determine which predictors and covariates to retain to 

maximize goodness of fit based on comparisons of Akaike information criteria (AIC) across 

models (Field et al., 2012). The null model tested included all covariates, as well as the four 

AMC predictor components, such that: MSD Score ~ Child's Sex + Child's Age at Test + Mom's 

Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family Income to Needs 

Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4. At each step of model selection, the 

least significant variable was removed from the model, and the resulting model was evaluated 

again, until all remaining variables were significant to the model (Table 3). After the best fitting 

model was determined, semi-partial R2 values were calculated using the square of the semi-

partial correlation between each predictor and the outcome after controlling for all other 

variables in the model (spcor function), thus representing the proportion of variance in the 

outcome explained by each predictor. 

 Finally, a Welch’s two-sample t-test was used to compare MSD scores between children 

attending formal childcare facilities with those who were not. Additionally, an ANOVA test was 

used to evaluate whether facility type (in-home, center-based, or no facility-based care) predicted 

differences in MSD score. 
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Table 3. Results of Backward Model Selection Analyses on Linear Regression Models. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-
value 

Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 

Lowest 

AIC 
Weight 

None 1.54 0.0901 0.0967 81 12150 821 19.6 0 

Mom's Age 1.64 0.0652 0.108 82 12150 819 17.6 0 

Above (-1), 
AMC PC3 1.75 0.0459 0.118 83 12152 817 15.6 0 

Above (-2), 
Moms' 

Ethnicity 
2.12 0.0178 0.135 87 12503 812 10.5 0 

Above (-3), 
Family 

Income to 
Needs Ratio 

2.3 0.0115 0.143 88 12525 810 8.7 0.01 

Above (-4), 
Mom's 

CESD-R 
Score 

2.47 0.0079 0.148 89 12588 809 7.2 0.01 

Above (-5), 
Mom's 

Education 
3.29 0.0024 0.153 93 13074 805 3 0.12 

Above (-6), 
AMC PC4 3.49 0.0023 0.147 94 13313 804 2.9 0.12 

Above (-7), 
Child's Birth 

Order 
4.85 0.0013 0.132 97 13978 803 1.9 0.21 

Above (-8), 
AMC PC2 6.48 0.0005 0.14 98 13996 801 0 0.53 

Note: Null Model = MSD Score ~ Child's Sex + Child's Age at Test + Child's Birth Order + 
Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Results: Backward model selection analyses suggested that all but three of the tested 

explanatory variables could be dropped from the linear regression model. In the best fitting 

model (Table 4), about 14% of the variation in MSD score was explained by a combination of 

the child’s sex (β = 0.21, p < 0.03), age at test (β = 0.29, p < 0.003), and score for Highly 

Involved Familial AMC (AMC PC1; β = 0.22, p < 0.03). After controlling for child sex and age 

at test, about 5% of the variance in the MSD score was explained by Highly Involved Familial 

AMC alone. There were no differences in MSD score attributable to attending a formal childcare 

facility (t = 0.38, p > 0.7), or to facility type (F = 0.25, p > 0.7). These results suggest that young 

children experience some measurable improvement in motor and social development when 

exposed to care from a higher number of current and lifetime familial caregivers, as well as 

caregivers that mothers rated as highly involved and depended upon.  

Table 4. Highly Involved Familial AMC (AMC PC1) as a Predictor of MSD Score. 

Predictor β t p-value Semi-Partial R2 

Child’s Sex 0.21 2.280 0.0248* 0.0499 

Child’s Age at Test 0.29 3.076 0.0027** 0.0849 

AMC PC1 0.22 2.304 0.0233* 0.0500 

 

Discussion: The current study provides evidence that early cognitive and communicative 

differences in developmental outcomes are measurable early on, and can be partially attributed to 

AMC exposure experienced during infancy. Previous research has typically focused on 

investigating the developmental impacts of care in children ages two and up, with a focus on 

non-parental care received in pre-schools or formal center- or home-based child care facilities. 

The results of previous studies have been somewhat mixed, suggesting that understanding how 
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non-parental care may impact development is complicated by a host of other considerations 

(such as socioeconomic status, quality of care, or style of caregiver-child attachments), such that 

in some cases more AMC improves certain developmental outcomes like cognitive and language 

abilities (e.g., pre-reading skills), but maybe not socioemotional abilities (e.g., self-regulation) 

(e.g., Abner, Gordon, Kaestner, & Korenman, 2013; Belsky, 2002; Broekhuizen, van Aken, 

Dubas, & Leseman, 2018; Loeb, Bridges, Bassok, Fuller, & Rumberger, 2007; Loeb, Fuller, 

Kagan, & Carrol, 2004; Luijk et al., 2015; Narvaez et al., 2013). Notably, only 25.5% of the 

current study participants have ever attended some type of formal facility-based care (n = 12 

attended center-based care facilities; n = 14 attended home-based care facilities), and there were 

no statistically significant differences in children’s MSD scores based on these categorical 

differences. Thus, outcome differences can be attributed to AMC that occurred through more 

informal networks of families and friends rather than through formal caregiving facilities. 

Limitations: Using a mother-rated measure of cognitive development may not provide the most 

accurate assessment of a child’s developmental outcomes, and may fail to capture more fine-

grained differences in developmental outcomes. Additionally, because previous research has 

shown that the quality of care matters, various metrics were collected from mothers to address 

the quality of interactions infants had with allomaternal caregivers, but direct observation of 

caregiver-infant interactions and direct data collection from allomaternal caregivers were outside 

the scope of this study. The current data set may not fully account for differences in care quality 

across the sample, obfuscating potential differences in developmental outcomes that may exist as 

a result. Finally, this study does not include a cross-cultural component, and so the results cannot 

be generalized to say something definitive about how relationships between AMC and 

developmental outcomes impacted the evolution and maintenance of AMC in humans. However, 
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this study does suggest that caregiving shapes early developmental processes in a measurable 

way at an early age, inviting further investigation in non-Western contexts. 

Conclusion: This study contributes to our understanding of early childhood development by 

showing that AMC is associated with measurable effects on cognitive outcomes as early as 13-18 

months. The results of this study suggest that AMC, particularly through less formal networks of 

families and friends, is associated with developmental benefits for infants above and beyond the 

energetic sort. Heightened AMC exposure potentially speeds the rate of learning by providing a 

signal and stimuli rich environment for the infant. This study adds to our understanding of how 

care may alter developmental trajectories, providing a framework for assessing these 

relationships such that comparable datasets can be collected across cultural contexts in the future. 

Additional studies will help us better understand why humans are marked by such extensive 

AMC at the species level. 
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Appendix A.2. Supplemental Table for Manuscript One 

 
Supplemental Table 1 for “Informal Allomaternal Care Exposure is Predictive of Cognitive 
Milestone Attainment.” 
 
Supplemental Table 1. Descriptions of Allomaternal Care Variables included in Principal 
Component Analysis. 

Principal 
Component 

Name of 
Originating 

Measure 

Name of 
Variable Description of Variable 

AMC PC1: 
Highly 

Involved 
Familial 

AMC 

Caregiver 
Involvement 
and Support 

Questionnaire 

Current 
Familial 

Caregivers 

This variable is scored as a count (0-20) of 
caregivers listed who mom labels as related to 
the child, either through blood or by marriage. 

Current 
Known  

>12 Months 

This variable is a count (0-20) of caregivers 
listed who mom labels as having known the 
child for 12 or more months of the child’s life. 

Current Highly 
Involved 

This variable is a count (0-20) of caregivers 
listed who mom answers somewhat agree, 
agree, or strongly agree to the statement “This 
caregiver is very involved in helping raise the 
child.” 

Current Highly 
Depended On 

This variable is a count (0-20) of caregivers 
listed who mom answers somewhat agree, 
agree, or strongly agree to the statement “I 
depend on this caregiver to help me care for 
my child.” 

Past Allocare 
Interview 

Lifetime 
Familial 
Highly 

Involved 

This variable is a count of all caregivers 
related by blood or through marriage that have 
seen the child regularly, at least once every 
three month period since birth, as recounted by 
the mother. 

AMC PC2: 
Household 

AMC 

Demographic 
Questionnaire 

Permanent 
Resident 
Number 

This variable is a count of all of the permanent 
residents currently residing in the home as 
listed by the mother (can include siblings, 
father, step-family, and extended family). 

Daily Diary 

Rate Per Day 
of Short 

Resident Care 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care lasting for 30 
minutes to 2 hours from individuals residing in 
the home other than the mother. 

Rate Per Day 
of Moderate 

Resident Care 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care lasting for 2 to 5 
hours from individuals residing in the home 
other than the mother. 
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AMC PC3: 
Formalized 

AMC 
Daily Diary 

Average Daily 
Hours Spent in 

AMC  

This variable is calculated as an average 
number of daily hours spent in allomaternal 
care (across 14 recorded days) as averaged 
across the total cumulative number of hours 
across caregivers listed by the mother each 
day. 

Rate Per Day 
of Long Non-
Resident Care 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care lasting for 5 or 
more hours from individuals residing outside 
of the home other than the mother. 

Rate Per Day 
of Instances of 

Teaching, 
Reading, or 

Telling Stories 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care in the form of 
teaching, reading, or telling stories from any 
individuals other than the mother. 

Rate Per Day 
of Playing 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care in the form of 
playing inside or playing outside from any 
individuals other than the mother. 

AMC PC4: 
Overall 
AMC 

Network 
Extent 

Caregiver 
Involvement 
and Support 

Questionnaire 

Current Non-
Familial 

Caregivers 

This variable is scored as a count (0-20) of 
caregivers listed who mom labels as not 
related to the child, either through blood or by 
marriage. 

Current 
Known 6-12 

Months 

This variable is a count (0-20) of caregivers 
listed who mom labels as having known the 
child for either 6-9 or 9-12 months of the 
child’s life. 

Past Allocare 
Interview 

Total Lifetime 
Caregivers 

This variable is an adjusted count of the total 
number of caregivers the mother recounts as 
having cared for her child on more than one 
occasion and divided by the child’s age at the 
time of the interview.  

Lifetime Non-
Familial 
Highly 

Involved 

This variable is a count of all caregivers not 
related by blood or through marriage that have 
seen the child regularly, at least once every 
three month period since birth, as recounted by 
the mother. 
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No 
Significant 
Loading to 
a Principal 
Component 

Caregiver 
Involvement 
and Support 

Questionnaire 

Current 
Number of 
Caregivers 

Seen Weekly 

This variable is a count (0-20) of caregivers 
listed who mom labels as typically seeing the 
child on a weekly basis (as opposed to 
everyday, several days a week, monthly, or 
yearly) when caring for the child. 

Current 
Number of 
Caregivers 
Who Care 
More than 

5hrs/instance 

This variable is a count (0-20) of caregivers 
listed who mom labels as typically seeing the 
child on for 5 or more hours at a time (as 
opposed to any amount of time under 5 hours) 
when caring for the child. 

Daily Diary 

Rate Per Day 
of Long 

Resident Care 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care lasting for 5 or 
more hours from individuals residing in the 
home other than the mother. 

Rate Per Day 
of Short Non-
Resident Care 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care lasting for 30 
minutes to 2 hours from individuals residing 
outside the home other than the mother. 

Rate Per Day 
of Moderate 

Non-Resident 
Care 

This variable is calculated as a rate of 
instances per day (across 14 recorded days) 
when the child receives care lasting for 2 to 5 
hours from individuals residing outside the 
home other than the mother. 

 
 
 

 



LEARNING THROUGH SHARED CARE  105 

 
APPENDIX B: MANUSCRIPT TWO- Learning through shared care: Allomaternal care 

impacts cognitive development in early infancy 
 
 
Running title: LEARNING THROUGH SHARED CARE 
 

Learning through shared care:  

Allomaternal care impacts cognitive development in early infancy 

(Under Review, Human Nature) 

 
Britt Singletary1*  

1School of Anthropology, University of Arizona, Tucson, AZ.  

*Correspondence to: Britt Singletary, School of Anthropology, University of Arizona, 1009 East 

South Campus Dr., PO Box 210030, Tucson, AZ 85721-0030. Mobile Phone: 520-419-1324. 

E-mail: bsingletary@email.arizona.edu 

 
 
Abstract: Purpose: This study investigates how allomaternal care (AMC) impacts human 

development outside of energetics, assessing important qualitative and quantitative aspects of 

AMC not previously considered by anthropologists. This study seeks to determine whether there 

are measurable differences in cognitive and language outcomes as predicted by differences in 

exposure to AMC via formal (e.g., childcare facilities) and informal (e.g., family and friends) 

networks. Methods: Data were collected from 102 mothers and their typically developing infants 

aged 13-18 months. AMC predictor data were collected using questionnaires, structured daily 

diaries, and longitudinal interviews. Developmental outcomes were assessed using the Cognitive, 

Receptive Language, and Expressive Language subtests of the Bayley III Screening test. 

Additional demographic covariates were also included. Backward model selection of linear 
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regression models was used to generate models of best fit for each outcome. Results: Highly 

involved familial AMC has a positive effect on Cognitive subtest score (β = 0.23, p < 0.005, 

semi-partial R2 = 0.0746), a negative effect on Receptive Language subtest score (β = -0.15, p < 

0.0542, semi-partial R2 = 0.0367), and no effect on Expressive Language subtest score. Formal 

childcare has no effect on any outcome. Conclusions: This study provides preliminary evidence 

that there is a measurable connection between AMC and communicative and cognitive 

development in some populations, and provides a methodological base from which to assess 

these connections in other cultures through future studies. These effects are attributable to 

interactions with a mother’s informal caregiving network, rather than attendance at formal 

childcare facilities. 

Keywords: allomaternal care; AMC; late infancy; cognitive development; language 

development; Bayley III Screening Test 

 

Some mammalian and non-mammalian animal species exhibit allomaternal care (AMC, 

or care for an infant from someone other than the mother), yet primates are unique among 

mammals, and humans are unique among primates in the frequency and extent of expression of 

AMC (Burkart et al. 2014; Isler and van Schaik 2012; Tecot and Baden 2015). Although the 

callitrichids (i.e., marmosets and tamarins) come close to humans in exhibiting similarly 

extensive AMC, they exhibit shorter infant dependency periods and smaller relative brain size 

than humans (Burkart and van Schaik 2010). Human AMC differs from that in nonhuman 

primates as it typically involves a larger, more varied network of potential helpers, who tend to 

provide a high degree of nutritional support to the infant through food sharing (Burkart et al. 

2014; Isler and van Schaik 2012; Meehan 2014). Thus, AMC enables humans to maintain a 
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relatively high reproductive output compared to other apes despite our protracted growth and 

development, as mothers can reinvest energy into the next offspring sooner due to this energetic 

offset provided from other caregivers (Isler and van Schaik 2012).  

Historically, research has focused on these energetic benefits of AMC, perhaps because 

food sharing, physical growth, and inter-birth intervals are relatively easy to measure. Extensive 

AMC has also been linked to the evolution of hyper-cooperation in our species (Hawkes 2014; 

Kuzawa and Bragg 2012), as shared care requires a high degree of cooperation to be maintained, 

regardless of culture, through time and space. Yet, AMC is also very likely to play a significant 

role in shaping communicative and cognitive development in children, improving their chances 

of soliciting enough help from caregivers to survive to adulthood. As AMC is likely to impact 

more than just energy, it is therefore critical to determine the role of AMC on early development. 

Increased reliance on extensive AMC during human evolution may have altered patterns of 

infant development, such that measurable differences in the rate of attainment of various 

cognitive and language skills may still be predicted by the level of exposure to AMC 

experienced by an infant. 

Through interactions with adult communication partners, infants improve their 

competence at participating in culturally specific communicative events, eventually learning 

important conversational skills like sharing attention on a single subject and taking turns 

(Bahrick and Lickliter 2012; Feldman et al. 2013; Greenough et al. 1987; Hedenbro and Rydelius 

2014; Lewkowicz 2012; Tomasello and Rakoczy 2003). AMC could produce adaptive signaling 

changes in infants, enhancing their ability to attract attention from others, thereby increased 

opportunities for infants to hone their communication skills by practicing with a larger variety of 

potential conversational partners (Aiello and Wells 2002; Hawkes 2014; Hrdy 2007; Kolb et al. 
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2014; Nelson and Bloom 1997). During early development, the more sensory experiences and 

varied stimuli that infants interact with, the better they become at perceiving, categorizing, and 

responding to stimuli as the sensory system becomes tuned to the specific cultural environment 

around them (Kolb et al. 2014; Nelson and Bloom 1997; Singer 1995; Sterner et al. 2012). AMC 

can provide opportunities for enhancing signal exposure through diverse interactions with more 

varied signals associated with different types of caregivers, as we know that different caregivers 

tend to interact with infants in different ways (Beebe and Steele 2013; DiCarlo et al. 2014; Fouts 

and Lamb 2009; Jung and Fouts 2011). Additionally, infants that become more effective in 

interacting with multiple caregivers may have higher survival rates, and their mothers may 

experience load-lightening that can increase reproductive output (Hawkes 2014). Finally, 

caregivers (both mothers and others) who are better at interpreting a child’s signals may also 

provide better care and further improve infant survival outcomes by improving the response rate 

to infant needs (DeWolff and van Ijzendoorn 1997; DiCarlo et al. 2014), suggesting that 

caregiver communicative abilities may also influence how AMC impacts development.  

Ultimately, high infant mortality risks around the time of weaning threaten the individual 

fitness of all members of the species, and are likely to have selected for certain traits such as the 

ability to engage with others in collaborative activities with joint goals (Tomasello and Rakoczy 

2003); a heightened ability to read the intentions of others; high levels of complex cooperation 

(Burkart et al. 2009) and proactive motivation (Hawkes 2014). Proactive motivation is necessary 

for the development of language and cumulative culture, complex cognition, technology, hyper-

cooperation, and morality (Burkart et al. 2014; Hawkes 2014; Tomasello and Rakoczy 2003). 

Thus, AMC could be inextricably linked to the evolution of a whole host of traits that distinguish 
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humans from other apes (van Schaik and Burkart 2010). As such, a closer examination of the 

ways in which AMC impacts early infant developmental outcomes is warranted. 

Methods: Data were collected between May 2017 and October 2018 from mothers and their 

typically developing infants residing in Tucson, Arizona. Mothers completed online 

questionnaires through Qualtrics (a secure software program) prior to visiting the University of 

Arizona’s Frances McClelland Institute for Children, Youth, and Families Lang Lab twice with 

their infants for in-person lab assessments. Lab assessments were conducted in the Child 

Observation room at the Lang Lab, which is specifically designed as a quiet, safe space for child 

studies. Three audiovisual recording devices were utilized to record lab visits for later analysis. 

Mothers completed diaries online through Qualtrics between lab visits, and then participated in 

longitudinal interviews during their second lab visit. This study was approved by the 

University’s Institutional Review Board for Research Involving Human Subjects.  

After passing the screening for exclusionary criteria and prior to receiving questionnaires, 

informed consent was obtained online from all individuals included in the study (with mothers 

consenting for their infant’s participation as well as their own). The study excluded premature 

infants born prior to 37 gestational weeks (Belfort et al. 2013; Hediger et al. 2002), as well as 

atypically developing infants (e.g., Chapman and Hesketh 2000; Gilger and Kaplan 2001; Mauk 

1993; Mervis 2004) due to the potential presence of differences in developmental trajectories 

which may make interpreting the effects of AMC on variation in outcome data more complex. 

Additionally, the study excluded mothers and infants who primarily communicated in languages 

other than English to reduce variation in outcome data due to language and culture (Gauvain 

1995; Pascalis et al. 2014). Recruitment of infants who attended formal childcare facilities was 

neither prioritized or discouraged, resulting in about 25.5% of the participating infants having 
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attended either in-home (n = 14) or center-based (n = 12) childcare facilities prior to the start of 

the study. Finally, a relatively equal number of male (n = 52) and female (n = 50) infants were 

recruited to account for differences attributable to sex (Leaper 1991). 

Participants: 102 mothers and typically developing infants participated in this study (see 

participant characteristics in Table 1). Recruitment was limited to mothers with infants between 

13-18 months (mean age = 1.25 ± 0.15 years). Evolutionarily, AMC would be necessary during 

this time because infant energy needs are changing and breastmilk alone is no longer enough to 

meet the increasing energetic needs of the infant’s brain, particularly as the infant’s fat deposits 

decrease (Dettwyler 1995; Humphrey 2010; Kuzawa 1998; Kuzawa et al. 2014). Typically 

developing infants also experience changes in their language capabilities during this age range, 

developing skills such as babbling and use of words (Kuhl and Meltzoff 1996; Oller et al. 2013), 

and the ability to share joint attention and recognize others as individual agents with intentions 

(Tomasello and Rakoczy 2003). But ultimately, infants are not highly capable at communicating 

during this time, and cannot yet string together many words as meaningful speech (Kuhl and 

Meltzoff 1996). Thus, although infants may need or desire help through AMC, they may face 

challenges in successfully obtaining it. 
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Table 1. Characteristics for n = 102 Participants. 
Infants 

Mean Age (years) 1.25 ± 0.15 
% n Male 50.98% 
% n Do Not Reside with Father 8.82% 
     Birth Order (% n)   
Only child (1st born) 49.02% 
2nd born 37.25% 
3rd born 7.84% 
4th born (or later) 5.88% 
    Bayley III Screening Subtest Scores   
Cognitive Subtest    

   Mean Score ♀ = 17.62 ± 3.09 
♂ = 16.88 ± 2.66 

Receptive Language Subtest  

   Mean Score                                                ♀ = 12.76 ± 3.18 
♂ = 10.73 ± 2.51 

Expressive Language Subtest  

   Mean Score                                               ♀ = 13.76 ± 1.91 
♂ = 13.02 ± 1.23 

Mothers 
Mean Age (years) 31.2 ± 5.12 
     Presence of Depressive Symptoms (using CESD-R)   
% n Reporting Signs of Major Depressive Episode  3.92% 
Mean Score 9.59 ± 8.65 
     Ethnicity (% n)   
White 67.65% 
Hispanic 25.49% 
Native American 1.96% 
Asian 1.96% 
Other 2.94% 
     Socioeconomic Status   
Mean Income to Needs Ratio 3.15 ± 1.99 
% n Below Poverty Threshold (Income to Needs Ratio < 1) 11.76% 
     Education (% n)   
High School or GED 6.86% 
Associate's or Tech Degree 9.80% 
Some College 18.63% 
College Degree 29.41% 
Graduate School or Advanced Degree 35.29% 
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Predictor Measures: I designed questionnaire, diary, and interview measures to collect a range 

of AMC predictor variables from participating mothers. I used a Caregiver Involvement and 

Support Questionnaire to obtain information about a maximum of 20 individuals identified by 

the mother as being currently important (in the last 60 days) in helping her and her child, 

including her partner or spouse. The mother supplied information about whether each listed 

individual was related to the child, where each individual lived, and how frequently and for how 

long each time each individual provided care. The mother also provided a Likert scale rating of 

how much she depended upon help provided by that individual, as well as how involved that 

individual was in helping raise her child. This list of individuals was then added to a 

personalized diary for further assessment of AMC participation over a two-week period. 

 For 14 consecutive days following the first lab visit, mothers would log-in to Qualtrics to 

respond to diary prompts. The Daily Diary assessed the quality and quantity of AMC 

experienced by the child from any individual older than five years of age. Each day, mothers had 

the space to add any caregivers outside of the original list if needed. Diaries measured how much 

time the child spent in AMC each day and with whom, as well as what types of interactions the 

child had with these allomaternal caregivers. 

 During the second lab visit, I would engage mothers in a Past Allocare Interview to 

create a longitudinal picture of the child’s AMC exposure from birth to the present. Mothers 

were given instructions on how to take notes to prepare for this interview during the first lab 

visit. During the interview, we would discuss individuals that helped the child on more than a 

one-off basis for 30 minutes or more at a time. For each individual, mothers would supply 

information about whether the individual was related to the child, how much time and how 



LEARNING THROUGH SHARED CARE 113 

frequently the individual provided AMC, and the types of interactions the individual generally 

had with the child. 

Outcome Measures: Developmental outcomes were quantified using the total scores from three 

subtests of the in-lab administered Bayley III Scales of Infant and Toddler Development 

Screening Test, including the Cognitive, Receptive Language, and Expressive Language subtests 

(Bayley 2006). The Bayley III Scales have been widely validated (Bayley 2006), and used 

extensively to compare developmental outcomes across individuals both in the U.S. and across 

the globe, although norms generally require adjustment by population to enable cross-cultural 

comparisons (e.g., Anderson and Burnett 2017; Gasparini et al. 2017; Krogh et al. 2012; 

Pendergast et al. 2018; Steenis et al. 2015; Walker et al. 2010). Once at the Lang Lab, each 

mother was given the option to either sit directly behind her child while the child sat in a high 

chair across the table from the researcher, or to allow the child to sit in her lap if the child was 

hesitant or anxious about sitting in the high chair. Subtests were administered in the 

recommended order (Cognitive, Receptive, then Expressive), without breaks between subtests 

unless unavoidable, for example to change a soiled diaper or console a child’s outburst from 

frustration (Bayley 2006). For each subtest, the child continued until either completing all test 

items for that subtest or reaching the discontinuation criterion of scoring zero on four 

consecutive items (Bayley 2006). All tasks were administered using the requisite testing 

materials provided in the Bayley III Screening Test Kit, following the testing and scoring 

guidelines provided in the screening test manual (Bayley 2006). 

The assessments began at Start Point B (indicated for children ages 7-12 months) of the 

Cognitive subtest. This task invites the child to persistently reach toward items of interest placed 

on the table (Item 8). Starting with this untimed, low risk task provided each child with a 
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habituation period to the testing environment, while also allowing the child time to warm up to 

interacting with the tester. No participating child failed to score credit for this start point item, so 

each child progressed from this point and had the opportunity to participate in up to 26 test items 

during the Cognitive subtest. This subtest assessed each child’s ability to problem solve, 

manipulate objects, formulate concepts, and exhibit representational and imaginary play.  

Next, the Receptive Language subtest was administered from Start Point C (indicated for 

children ages 12-24 months), including up to 17 test items. If the child scored a zero on the start 

point item, then the researcher would administer an additional four test items to establish the 

basal before preceding forward (n = 12 occurrences out of 102 tests). The Bayley Receptive 

Language subtest assessed each child’s ability to appropriately interpret and behaviorally 

respond to verbal requests or interactions with the researcher. In part, this subtest relies on at 

least some familiarity with the names and appearances of common objects (see Bayley 2006). 

Finally, the Expressive Language subtest was administered, again beginning at Start 

Point C (indicated for children ages 12-24 months). No participating child failed to score credit 

for this start point item, so each child progressed from this point and had the opportunity to 

participate in up to 19 test items in this subtest. The Expressive Language subtest assessed each 

child’s ability to appropriately express ideas and intentions using either preverbal or verbal 

communication following interactions with and requests from the researcher. Like the Receptive 

Language subtest, this subtest also relies on familiarity with common objects and vocabulary 

(see Bayley 2006). 

Scores for each subtest were calculated by summing the total number of items from the 

start point for which the child scored credit (establishment of basal) until the child either 

completed the subtest or scored a zero on four consecutive items (establishment of ceiling), and 
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then adding the total number of items preceding the basal that were not administered (Bayley 

2006). The tasks were live-scored during testing, and audiovisual recordings were re-assessed in 

the event of coding uncertainty. Then, these three scores were used as outcome variables. 

Additional Covariates: As certain demographic characteristics can have a profound impact on 

developmental outcomes, statistical models also assessed the effects of: the family’s income-to-

needs ratio (e.g., Bradley and Corwyn 2002; Hackman and Farah 2009; Miller 1998); child’s sex, 

age at test, and birth order (e.g, Berglund et al. 2005; Leaper 1991; Oshima-Takane et al. 1996); 

and mother’s ethnicity, education level, age, and level of depressive symptoms (e.g., Brennan et 

al. 2000; NICHD Early Child Care Research Network 2002; Smith 2004). Summary statistics for 

each of these covariates are listed in Table 1. Family income-to-needs ratio was used as a 

measure of socioeconomic status, and was calculated as a ratio of reported total household 

income to U.S. poverty threshold per reported family size (United States Census Bureau 2017). 

When this ratio is greater than one, the family’s income is considered enough to meet the basic 

needs of the household. Child’s age at test was included as a continuous variable, after 

generating an age at test by dividing the difference between the child’s testing date and date of 

birth by 365 (using lubridate function). The mother’s level of depressive symptoms was 

measured using the Center for Epidemiologic Studies Depression Scale Revised [CESD-R, 

(Eaton et al. 2004; van Dam and Earleywine 2011)], which asks the mother to rate how she felt 

over the last two weeks in response to 20 statements aimed to measure different categories of 

depressive symptoms (Eaton et al. 2004). The CESD-R score was included as a continuous 

variable. Total scores less than 16 suggest an individual is not currently exhibiting clinically 

significant levels of depressive symptoms, while higher scores indicate higher symptom loads.  
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Statistical Analyses: A combination of Principal Component Analysis (PCA) of AMC predictor 

variables, followed by linear regression models for each Bayley sub-test, and finally manual F-

test based backward model selection to determine best fitting models for each outcome was 

completed in R version 3.5.1. As AMC exposure was characterized by 21 interrelated variables 

collected across three measures, PCA (using prcomp function) was used to reduce these variables 

into a reduced set of significant, correlated components. Prior to PCA, each AMC predictor 

variable was assessed for normality and skew, as the distribution of individual variables could 

impact the outcome of PCA. All but one of these 21 variables exhibited a high degree of positive 

skew, and so each variable was corrected for the presence of zeros by adding a constant, and then 

log transformed (using log(X+1) function). Next, all 21 variables underwent z-score 

standardization (using scale function) to account for differences in units of measurement. 

After pre-processing the predictor variables and a preliminary PCA analysis, parallel 

analysis (using fa.parallel function) was used to determine that four components would capture 

the most variance in the AMC dataset with the fewest number of components (Field et al. 2012). 

Following parallel analysis, the PCA was run again with an additional varimax rotation and a 

specified number of four components (Figure 1), to ensure that components contained little to no 

cross-correlations between loading variables, thereby improving the interpretability of variable 

clusters for each component (Field et al. 2012). The resulting four components were utilized as 

AMC Predictor Components (AMC PC) in linear regression models of each outcome variable 

(test of hypothesis that four components are sufficient: χ2 = 237.26, p < 0.0001; fit based upon 

off diagonal values = 0.95).  
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Figure 1.  

 
 
 
 Fig 1 Concept map explaining the composition and overall proportion of variance explained by 

four Allomaternal Care Predictor Components (AMC PC1-4, as represented by four internal 

circles), which were calculated using Principal Component Analysis on 21 interrelated variables 

collected across three distinct measures of AMC exposure (taken together, equaling 100% of the 

total variance in AMC exposure in this study, as represented by the largest external circle). 
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Next, each Bayley subtest score was evaluated separately using a null linear regression 

model (using lm function), that included the four AMC PCs and eight additional covariates as 

explanatory variables, such that Bayley Subtest Score ~ Child's Sex + Child's Age at Test + 

Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family Income to 

Needs Ratio + Highly Involved Familial AMC + Household AMC + Formalized AMC + Overall 

AMC Network Extent. Manual F-test based backward model selection (using repeated drop1 

function) was then used to select the best fitting model based on minimizing the model’s Akaike 

information criteria (AIC) following removal of insignificant variables from the model (Field et 

al. 2012). To begin model selection, the least significant explanatory variable was dropped from 

the null model, and the resulting model was evaluated again, the least significant variable 

dropped, and so on, until the model only contained variables that significantly impacted the fit of 

the model. If removing a variable negatively impacted the model’s AIC (i.e., the AIC increased), 

then that variable was instead maintained in the model even if it’s individual predictive 

significance was greater than 0.05. Separate models were evaluated for the Bayley Cognitive 

subtest (Table 2), Receptive subtest (Table 3), and Expressive subtest (Table 4), as these subtests 

measure distinctly different developmental outcomes. To determine the proportion of variance of 

each outcome explained by respective predictors within the best fitting models, semi-partial 

correlation values (using spcor function) were calculated and squared to determine the semi-

partial R2 values after controlling for all other variables in the best fitting model. 

 Finally, because the data were not normally distributed, Wilcoxon rank sum tests were 

used to compare differences in Bayley subtest scores attributable to attending formal childcare 

facilities (n = 26 attending, n = 76 not attending). Then, Kruskal-Wallis rank sum tests were used 
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to assess whether facility type was predictive of differences in any of the Bayley subtest scores 

(i.e., in-home [n = 14], center-based [n = 12], versus no facility-based care [n = 76]). 

Results: For the Bayley Cognitive subtest (Table 2), backward model selection analyses 

suggested that all but four of the tested explanatory variables could be dropped from the linear 

regression model. In the best fitting model, about 43% of the variation in Bayley Cognitive 

subtest score was explained by a combination of the child’s age at test (β = 0.62, p < 0.003), 

child’s birth order (only significant if 4th born or later: β = -0.2, p < 0.02), mother’s age (β = -

0.15, p < 0.06), and score for Highly Involved Familial AMC (AMC PC1; β = 0.23, p < 0.005). 

After controlling for all other variables in the model, approximately 7.5% of the variance in the 

adjusted Bayley Cognitive residual score was explained by Highly Involved Familial AMC alone 

(Table 5).  

For the Bayley Receptive Language subtest (Table 3), the best fitting model included the 

child’s sex (β = 0.28, p < 0.001), child’s age at test (β = 0.50, p < 0.0001), mother’s level of 

depressive symptoms (β = -0.20, p < 0.008) and score for Highly Involved Familial AMC (AMC 

PC1; β = -0.15, p < 0.06) and explained about 43% of the variance in score. After controlling for 

all other variables in the model, about 3.5% of the variance in the adjusted Bayley Receptive 

Language residual score was explained by Highly Involved Familial AMC alone (Table 5).  

For the Bayley Expressive subtest (Table 4), backward model selection analyses 

suggested that all but two of the tested explanatory variables could be dropped from the linear 

regression model. The best fitting model explained about 26% of the variance, and included only 

the child’s sex (β = 0.18, p < 0.05) and age at test (β = 0.48, p < 0.0001). Only the child’s sex 

and age significantly predicted differences in this subtest score (Table 5), and even if the model 



LEARNING THROUGH SHARED CARE 120 

was evaluated using a sex and age adjusted Bayley Expressive residual score to control for 

differences in child’s sex and age at test, no other covariate significantly predicted this score.  

There were no differences in any of the three Bayley subtest scores attributable to 

attending a formal childcare facility (Cognitive: W = 1098.5, p > 0.3; Receptive: W = 949, p > 

0.7; Expressive: W = 867.5, p > 0.3), or to facility type (Cognitive: H = 0.7945, p > 0.7; 

Receptive: H = 0.4589, p > 0.7; Expressive: H = 1.9245, p > 0.3).  
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Table 2. Results of Backward Model Selection Analyses on Linear Regression Models for 
Bayley Cognitive Subtest. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 4.16 2.32E-06 0.385 81 416 477 19.6 0 

AMC PC2 4.43 1.11E-06 0.392 82 416 475 17.8 0 

Above (-1), 
AMC PC4 4.71 5.24E-07 0.398 83 417 473 15.9 0 

Above (-2), 
Mom's 

Ethnicity 
6.01 4.01E-08 0.41 87 428 468 10.7 0 

Above (-3), 
AMC PC3 6.54 1.54E-08 0.416 88 429 466 8.8 0.01 

Above (-4), 
Family 

Income to 
Needs Ratio 

7.14 5.91E-09 0.422 89 429 464 6.9 0.02 

Above (-5), 
Mom's 

CESD-R 
Score 

7.85 2.2E-09 0.427 90 430 462 5.1 0.04 

Above (-6), 
Child's Sex 8.63 9.01E-10 0.43 91 433 461 3.7 0.08 

Above (-7), 
Mom's 

Education 
13.7 3.49E-11 0.431 95 451 457 0 0.51 

Above (-8), 
Mom's Age 15.3 4.95E-11 0.414 96 469 459 2 0.19 

Note: Null Model = Bayley Cognitive Score ~ Child's Sex + Child's Age at Test + Child's 
Birth Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + 
Family Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Table 3. Results of Backward Model Selection Analyses on Linear Regression Models for 
Bayley Receptive Language Subtest. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 4.41 8.97E-07 0.403 81 441 483 19 0 

Mom's 
Education 5.62 4.89E-08 0.423 85 447 476 12.5 0 

Above (-1), 
Mom's Age 6.03 2.15E-08 0.428 86 448 475 10.8 0 

Above (-2), 
AMC PC4 6.51 8.87E-09 0.433 87 449 473 9 0 

Above (-3), 
Child's Birth 

Order 
8.13 1.08E-09 0.437 90 462 469 5.7 0.02 

Above (-4), 
AMC PC2 9.02 3.63E-10 0.443 91 462 468 3.9 0.06 

Above (-5), 
AMC PC3 10 1.34E-10 0.446 92 464 466 2.4 0.13 

Above (-6), 
Family 

Income to 
Needs Ratio 

11.2 6.2E-11 0.446 93 470 465 1.5 0.2 

Above (-7), 
Mom's 

Ethnicity 
20.3 3.42E-12 0.434 97 501 464 0 0.42 

Above (-8), 
AMC PC1 25.1 3.81E-12 0.418 98 520 466 1.9 0.16 

Note: Null Model = Bayley Receptive Language Score ~ Child's Sex + Child's Age at Test + 
Child's Birth Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R 
Score + Family Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Table 4. Results of Backward Model Selection Analyses on Linear Regression Models for 
Bayley Expressive Language Subtest. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 2.03 1.41E-02 0.169 81 180 391 27.4 0 

Child's Birth 
Order 2.44 3.80E-03 0.195 84 181 386 21.9 0 

Above (-1), 
Mom's 

Education 
3.26 4.73E-04 0.225 88 182 379 14.7 0 

Above (-2), 
AMC PC4 3.57 2.37E-04 0.234 89 182 377 12.8 0 

Above (-3), 
AMC PC1 3.93 1.17E-04 0.242 90 182 375 10.8 0 

Above (-4), 
AMC PC2 4.36 5.47E-05 0.249 91 183 373 8.9 0.01 

Above (-5), 
Mom's 

CESD-R 
Score 

4.82 2.78E-05 0.254 92 183 371 7.4 0.01 

Above (-6), 
AMC PC3 5.41 1.35E-05 0.259 93 184 370 5.9 0.03 

Above (-7), 
Mom's 

Ethnicity 
9.82 1.03E-06 0.259 97 192 366 2.1 0.17 

Above (-8), 
Mom's Age 12.9 3.73E-07 0.261 98 194 365 1 0.3 

Above (-9), 
Family 

Income to 
Needs Ratio 

18.8 1.21E-07 0.261 99 196 364 0 0.49 

Note: Null Model = Bayley Expressive Language Score ~ Child's Sex + Child's Age at Test + 
Child's Birth Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R 
Score + Family Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Table 5. Effects of Most Significant Predictors on Bayley Subtest Scores Selected Using 
Backward Model Selection Analyses to Optimize Model Fit. 

Model β t p-value Semi-
Partial R2 

Bayley Cognitive Subtest Score 

   Child’s Age at Test 0.62 3.076 0.0027** 0.3922 
   Child’s Birth Order  
   .... 2nd born 
   .... 3rd born 
   .... 4th born or later 

 
-0.06 
0.07 
-0.20 

 
-0.695 
 0.921 
-2.491 

 
0.4890 
-0.3592 
0.0145* 

0.0202 
 
 

   Mom’s Age -0.15 -1.953 0.0537 0.0350 

   AMC PC1 0.23 2.934 0.0042** 0.0746 

Bayley Receptive Language Subtest Score 

   Child’s Sex 0.28 3.731 0.0003*** 0.1240 

   Child’s Age at Test 0.50 6.580 2.4 e-09*** 0.2976 

   Mom’s CESDR Score -0.20 -2.714 0.0079** 0.0695 

   AMC PC1 -0.15 -1.949 0.0542 0.0367 

Bayley Expressive Language Subtest Score 

   Child’s Sex 0.18 2.039 0.0441* 0.0398 

   Child’s Age at Test 0.48 5.523 2.69 e-07*** 0.2327 
Note: *indicates significance level of <0.05. **indicates significance level of <0.01. ***indicates 
significance level of <0.001. 
 

Discussion: The results of this study show that we can discern measurable differences in at least 

some developmental outcomes as an effect of differences in informal AMC. Importantly these 

differences are not attributable to attending formalized childcare facilities, as there were no 

positive or negative effects of attending formal childcare within this study sample. Thus, these 

results suggest that differences in Bayley Cognitive and Receptive Language subtest scores are 

due to exposure to caregivers from a family’s informal care network rather than a family’s 

potential formal care network. Previous research outside of anthropology has focused mostly on 
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the effects of formalized AMC received in either center-based or in-home childcare facilities on 

developmental outcomes in children older than the age of two, with results suggesting that high-

quality formal AMC may improve developmental outcomes like pre-reading skills, while it may 

have a negative relationship with other skills, like self-regulation, particularly when the AMC is 

low quality (e.g., Abner et al. 2013; Belsky 2002; Belsky et al. 2007; Broekhuizen et al. 2018; 

Dmitrieva et al. 2007; Loeb et al. 2007; Loeb et al. 2004; Luijk et al. 2015; Narvaez et al. 2013; 

NICHD Early Child Care Research Network 2002). The current study did measure indicators of 

care quality for each current allomaternal caregiver, in both the Caregiver Involvement and 

Support Questionnaire and Daily Diary measures. However, future analyses within this age range 

should attempt to include more opportunities for caregiver-specific data collection to evaluate the 

overall quality of each caregiver-infant relationship with more nuance. 

The results of the current study suggest that exposure to more highly involved familial 

caregivers through the mother’s informal care network is predictive of higher scores on the 

Bayley Cognitive subtest. This result strengthens previous findings from this same sample 

population, which found that approximately 5% of the variance in an infant’s mother-rated 

NCHS Motor and Social Development scale score was explained by Highly Involved Familial 

Care (Singletary in review). Importantly, the National Center for Health Statistics’ Motor and 

Social Development scale measures general cognitive development through questions that assess 

gross and fine motor skills, as well as receptive and expressive language skills (Baker and Mott 

1989; National Center for Health Statistics 1994). While parts of this scale approximate similar 

skills assessed within the Bayley Cognitive subtest, these two assessments ultimately test slightly 

different developmental outcomes. 
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Analyses suggested there was a negative relationship between Highly Involved Familial 

Care and scores on the Bayley Receptive Language subtest, however this relationship only 

approached significance (p = 0.0542) and variation in this predictor only explains about 3.5% of 

the overall variance in this score after controlling for the other significant variables in the model. 

Close inspection of the data set revealed there was not any one outlying individual or small 

group of individuals driving this relationship, suggesting that this finding is not just an artifact of 

high leverage individuals driving this negative linear relationship. Additionally, model 

comparisons using AIC suggest that this variable should be retained in order to best explain this 

relationship. Finally, there were no significant relationships between any AMC PCs and scores 

on the Bayley Expressive Language subtest. 

Exposure to more Highly Involved Familial AMC may limit the infant’s exposure to new 

communicative partners, reducing the overall variety of novel stimuli experienced by the infant. 

If interacting with a more varied group of different caregivers improves the infant’s skills at 

generalizing and contextualizing information well enough to produce appropriate behavioral 

responses, than this could potentially explain the small negative effect of Highly Involved 

Familial AMC on Receptive Language subtest scores, as well as the lack of effect on Expressive 

Language subtest scores. In terms of language, there may be a cap to the developmental benefits 

an infant receives from interacting with the same group of highly involved caregivers who likely 

share communicatory behavioral preferences as they are all family members. Another possible 

explanation is that having more highly involved caregivers around makes it less likely that an 

infant might have the opportunity to practice more formalized receptive and expressive language 

skills, because caregivers are each more highly attuned to the infant’s general communication 

style and nonverbal communicatory behaviors, and therefore tend to anticipate an infant’s wants, 
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needs, and desires, leaving little need or opportunity to practice more formal receptive and 

expressive language skills.  

Limitations: Notably, as the Bayley Language subtests both involve an infant’s ability to 

perceive and respond appropriately to a fixed set of common objects and vocabulary, this set of 

tests may be susceptible to testing bias toward children who are exposed to the right types of 

objects and interactions to be able to do well. Importantly, nonverbal communicative behaviors 

(such as use of eye contact, pointing, and reaching) that are typically not assessed using these 

types of standardized tests may vary according to AMC exposure, and may represent a more age-

appropriate assessment of infant communicative skills. To determine whether any relationships 

can be discerned between these types of communicative behaviors and the previously evaluated 

AMC PCs, future analyses of this data will evaluate outcomes collected from in-lab 

administration of the Early Social Communication Scales (Mundy et al. 2003), as well as 

outcomes generated from post hoc microcoding of naturalistic communicative behaviors 

occurring during the Bayley subtests. Future research could benefit from (1) consideration of 

other types of assessment of receptive language skills that are less formal, and require less 

institutionalized vocabulary knowledge, and (2) use of caregiver-infant observational 

assessments of naturalistic language use during real-time unstructured interactions with known 

AMC providers. 

Ultimately, the results of this study cannot be generalized to make species-level 

conclusions about how AMC impacts early development as the current study population is 

resoundingly WEIRD (Western, Educated, Industrialized, Rich, and Democratic). The 

anthropological literature is oriented toward investigations into hunter-gatherer and foraging 

groups such as the Agta, Efe, Hadza, Aka, Ache, and San, as these groups have traditionally been 
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viewed as more representative of our earlier human history as a species. Yet, few studies within 

these groups have attempted to evaluate the impacts of AMC during early infancy using 

quantitative developmental measures, instead focusing more on growth, nutritional and physical 

health, and motor development.  The current study represented a logical start for assessing 

appropriate methods for assessing these types of data in a population that is relatively accessible, 

even if it is WEIRD. Due to the challenges of recruitment and retention of mothers and young 

infants in highly involved studies, anthropologists have not previously focused on collecting 

quantitative developmental measures from young infants. Additionally, by conducting this 

research in a WEIRD population, important confounding influences such as low nutrition and 

high infectious disease loads, which can influence the pace and timing of development, were 

avoided. To eventually generate species-level conclusions, the next step should include 

conducting comparative cross-cultural studies in non-Western populations, as well as in non-

traditional family models (e.g., single parent, adoptive, foster, and LGBTQ homes) in Western 

and non-Western contexts. 

Conclusion: While the results of this study do not allow for a unified interpretation of how 

informal AMC impacts both cognitive and language development, they do suggest that 

differences in developmental outcomes as predicted by informal AMC are discernable prior to 

the age of two years. Furthermore, this study suggests that attending a formal childcare facility at 

this age does not have an immediate impact, either positive or negative, on the measured 

developmental outcomes. Thus, this study provides information about an age group that is not 

often studied. Regardless of how outcome data are quantified in the future, additional studies 

utilizing a similar framework for measuring differences in AMC exposure across cultures and 

family models will help us better understand how infants benefit from AMC outside of 
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energetics. As we come to further understand how infants experience learning benefits through 

shared care, this may ultimately cause us to reconsider how and why AMC evolved to become 

such a unique and integral part of being human. 
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Highlights: 

• Attending formal childcare does not impact communicative behaviors during infancy 

• More exposure to Household AMC is predictive of higher rates of spontaneous giving 

• More exposure to Household AMC is predictive of lower rates of turn taking 

• Number of siblings present significantly impacts several communicative behaviors 

• Naturalistic follows of infant interactions with caregivers and siblings are needed 

 

Abstract: This study investigates whether exposure to allomaternal care (AMC—care for infants 

from individuals other than the mother) improves rates of communicative behaviors during late 

infancy by providing more opportunities to practice communicating with varied caregivers. Data 
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were collected from 102 typically-developing infants aged 13-18 months and their mothers. 

AMC variables were collected using a current care questionnaire, structured 14-day diary, and 

longitudinal interview. Communicative behaviors were assessed through post hoc microcoding 

of in-lab administrations of the Early Social Communication Scales (ESCS), as well as additional 

microcoding of the Bayley III Screening Cognitive Subtest. Demographic covariates were also 

included. For each communicative behavior, backward model selection was used to determine 

the best fitting linear regression model. Results suggested that rates of turn-taking decreased with 

Household AMC (p < 0.008), but increased with two or more siblings present at home (p < 0.01). 

Conversely, rates of spontaneous giving increased with Household AMC (p < 0.003) regardless 

of the presence of siblings. Notably, exposure to more AMC was neither helpful nor harmful for 

many of the tested communicative behaviors, although the number of siblings present was 

significantly related to rates of following commands, as well as pointing and reaching. 

Ultimately, this study suggests that household level experiences with AMC, rather than 

formalized care, impact the development of some communicative behaviors during late infancy.  

Key Words: allomaternal care; AMC; communicative behaviors; microcoded behaviors; Early 

Social Communication Scales; ESCS 
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1. Introduction 

During the late stages of infancy prior to toddlerhood, typically developing infants 

undergo developmental changes in both their language abilities and their energetic requirements. 

Before the age of two, typically developing infants are not yet considered highly competent 

communicators because they cannot yet string together words in such a way as to produce 

meaningful speech (Kuhl & Meltzoff, 1996). However, during this time, infants practice 

babbling, increase their vocabulary to a small range of words (Kuhl & Meltzoff, 1996; Oller et 

al., 2013), and develop the ability to share joint attention on subjects of interest (Tomasello & 

Rakoczy, 2003). Infants also experience energetic changes during this time, such that brain 

energy needs increase, fat deposits to support those needs begin to decrease, and mother’s milk 

alone no longer provides enough caloric support to meet these increasing energetic needs 

(Dettwyler, 1995; Humphrey, 2010; Kuzawa, 1998; Kuzawa et al., 2014). In humans, the 

dependency period is particularly prolonged to compensate for these issues (Aiello & Wells, 

2002; Kuzawa et al., 2014; Leigh, 2012), and provide more time for the infant to be exposed to 

signal-rich experiences that appropriately shape brain development to support optimal 

conditioning to the cultural environment (DeVries, 1999; Greenough, Black, & Wallace, 1987; 

Hertzman & Boyce, 2010; Kolb, Mychasiuk, & Gibb, 2014).  Allomaternal care (AMC, or 

supplemental care from individuals other than the mother) may be a key mechanism that 

supports optimal brain development during late infancy. 

Notably, humans are unique in their universal expression of extensive cooperative care 

for infants via AMC, a trait that likely evolved relatively early on within the Homo lineage (e.g., 

Burkart, Hrdy, & van Schaik, 2009; Hawkes, 2014; Hrdy, 2007, 2009; Isler & van Schaik, 2012; 

Meehan, 2014; Meehan & Crittenden, 2016). AMC can come in the form of food sharing 
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between allomaternal caregivers and infants, which can improve physical growth outcomes for 

infants by supplementing their energetic needs (Burkart et al., 2014; Isler & van Schaik, 2012, 

2014), and historically researchers have focused efforts on exploring this benefit as physical 

growth and instances of food sharing are relatively easily measured. In fact, cooperative care 

through AMC and collaborative foraging (which enables food sharing) may have coevolved such 

that they produced similar selective pressures on the ontogeny of communicative behaviors 

associated with cooperation in both adults and infants (Tomasello & Gonzalez-Cabrera, 2017). 

Thus, AMC may also provide important developmental benefits for infant communicative 

abilities in addition to offsetting energetic needs, an outcome that has not yet been assessed. The 

current study seeks to understand how differences in exposure to AMC impact developmental 

outcomes within late infancy, providing a new avenue for understanding why humans continue 

to exhibit such extensive AMC across cultures.  

Importantly, AMC can come in a variety of forms, including care from related and 

unrelated individuals, within both formal and informal settings. While care received in formal 

settings, such as childcare facilities and preschools, has been studied fairly intensively, care 

received in informal settings has received much less attention despite its high degree of 

prevalence across cultures (but see NICHD Early Child Care Research Network, 2001; Geoffrey 

et al., 2010; Hansen & Hawkes, 2009; Leach et al., 2008). Particularly in non-Western cultures, 

but also in the West, AMC is frequently conducted by grandmothers and older siblings (e.g., 

Kramer & Veile, 2018; Sear, 2016). Grandparents have received attention for their ability to 

enable parents (mothers in particular) to get back to engaging in the workforce by providing free 

childcare in the home (e.g., Brady, 2016; Wheelock & Jones, 2002), with less focus on the 

potential developmental benefits the infant might receive from interacting with grandparents. 
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Additionally, while older siblings are generally less recognized as caregivers in the United 

States, evolutionarily and in non-Western contexts, older siblings have played a very important 

role in providing significant levels of AMC (e.g., Kramer & Otárola-Castillo, 2015; Kramer & 

Veile, 2018), although the types of care and language input they use to communicate with infants 

may vary significantly from those provided by older individuals (e.g., Hoff, 2006). More 

research is needed to determine what ways informal care of all types might impact 

developmental outcomes by providing additional opportunities for language exposure. 

If AMC does indeed help improve an infant’s communicative skills early on, this would 

not only translate to improvement in abilities to solicit care during early childhood (potentially 

improving survival outcomes), but also increased time to practice and perfect collaborative 

communicative skills for use in cooperative behaviors in later adulthood (potentially improving 

mate attraction and thus reproductive outcomes) (Tomasello & Gonzalez-Cabrera, 2017). Skills 

like shared attention and turn-taking are highly involved in cooperative activities, impacting a 

child’s ability to recruit attention and help from adults (i.e., solicit caregiving), as well as an 

adult’s abilities to coordinate social activities like recruiting help from other adults to share in the 

burden of care or participate in collaborative foraging (see Tomasello & Gonzalez-Cabrera, 

2017). From the infant’s perspective, exposure to more AMC equates to exposure to more 

prospective communicative partners, potentially enhancing opportunities for infants to practice 

their skills of attracting attention and communicating needs to others (Aiello & Wells, 2002; 

Hawkes, 2014; Hrdy, 2007; Kolb et al., 2014; Nelson & Bloom, 1997).  

In general, when infants interact with older children and adults, they have opportunities 

to learn and practice culturally-appropriate ways of communicating, and develop basic 

conversational skills like turn-taking and sharing attention (Bahrick & Lickliter, 2012; Feldman, 
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Bamberger, & Kanat-Maymon, 2013; Greenough et al., 1987; Hedenbro & Rydelius, 2014; Hoff, 

2006; Lewkowicz, 2012; Tomasello & Rakoczy, 2003). Since different types of caregivers are 

generally culturally-primed to interact with infants in distinct ways (Beebe & Steele, 2013; 

DiCarlo, Onwujuba, & Baumgartner, 2014; Fouts & Lamb, 2009; Jung & Fouts, 2011), different 

caregivers may also expose infants to slightly different communicative strategies. Previous 

research suggests that while joint actions and gestures such as pointing, showing, placing, and 

offering are universally expressed (regardless of culture) by children when interacting with 

adults at a young age (appearing between 8-15 months of age), the social environment helps 

determine the frequency and timing with which infants use these signals with caregivers (Salomo 

& Liszkowski, 2013). Generally speaking, between 12-18 months, children engage in a lot of 

joint attention behaviors, working to perfect behaviors like making eye-contact, alternating gaze, 

and pointing (Bakeman & Adamson, 1984; Carpenter et al., 1998; Tomasello, 1995). While most 

children have started to develop a small vocabulary of words by 15 months, generally only after 

18 months do children become increasingly reliant on verbal communication (Bakeman & 

Adamson, 1984; Carpenter et al., 1998; Tomasello, 1995). Heightened AMC could be viewed as 

creating a specific type of social environment which provides opportunities for infants to gain 

increased exposure to culturally appropriate use of gestural (and verbal) communicative skills by 

increasing the number of potential signalers with which the infant can practice these skills.  

Therefore, AMC potentially increases exposure to more varied stimuli and sensory 

experiences, which enables the brain to develop neural pathways that allow the infant to better 

perceive, categorize, and respond to signals in a culturally-appropriate way (Kolb et al., 2014; 

Nelson & Bloom, 1997; Singer, 1995; Sterner et al., 2012). The current study seeks to illuminate 

whether there are measurable differences in infant use of communicative behaviors as predicted 
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by exposure to AMC, such that infants exposed to more AMC utilize communicative behaviors 

at a higher frequency to generate shared attention during dyadic interactions. In addition to AMC 

measures, this study emphasizes the possible impact siblings might have on infant development, 

utilizing birth order as a measure of the number of sub-adult communicators present in the home 

that could play an important role in helping infants develop certain behaviors. 

2. Material and Methods 

2.1. Overview 

This study was approved by the University’s Institutional Review Board for Research 

Involving Human Subjects, and was conducted in accordance with APA ethical standards in the 

treatment of the study sample. Mothers and their typically developing infants were recruited to 

participate in this study between May 2017 and October 2018 in Tucson, Arizona. Following 

screening and informed consent, mothers responded to online questionnaires through Qualtrics (a 

secure software program) to provide information about many mother- and child-related variables. 

Next, mother-infant dyads visited the University twice for in-person lab assessments, which were 

recorded using audiovisual recording devices for later analysis. Lab assessments were conducted 

in a private lab space specifically designed as a quiet, safe space for child studies. Between lab 

visits, mothers used Qualtrics to complete online diaries. Finally, during the second lab visit, 

mothers also participated in researcher-led interviews. 

2.2. Participants 

Data from 102 mothers and their typically developing infants aged 13-18 months were 

included in this study (see Table 1 for a summary of sample characteristics). While this age 

range may encompass a lot of variability in language ability (children aged 15-18 months are 

generally more skilled than those 13-15 months at certain joint attention behaviors), this age 
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range does represent a shared developmental window prior to the onset of meaningful speech 

(Bakeman & Adamson, 1984; Carpenter et al., 1998; Tomasello, 1995), and age at test is 

accounted for in all analyses. Participants were recruited using social media, fliers, and word of 

mouth. After contacting the researcher by phone or email, mothers were screened based on the 

current age of her child (must be between 13 and 18 months of age at the start of the study), and 

several other screening criteria. Once the mother verified her and her child’s eligibility, informed 

consent was obtained from the mother online through Qualtrics. 

Table 1. Sample characteristics of participating mother-infant dyads (n = 102). 
Infants 
Mean age at test (years) Birth Order Formal Childcare Attendance 
1.27 ± 0.15 Only child: n = 50 In-home: n = 14  

2nd born: n = 38 Center-based: n = 12 
Sex 3rd born: n = 8 None: n = 76 
Females: n = 50  4th born or later: n = 6   
Males: n = 52 

 
  

Mothers 
Mean age (years) Ethnicity Education  
31.2 ± 5.12 White: n = 69 High School or GED: n = 7 
  Hispanic: n = 26 Associate's or Tech Degree: n = 10 
Mean CESD-R Score Native American: n = 2 Some College: n = 19 
9.59 ± 8.65 Asian: n = 2 College Degree: n = 30 
  Other: n = 3 Graduate School or Advanced 

Degree: n = 36 
Dyad 
Child's Father Resides 
in Home 

% n Income to Needs  
Ratio < 1 

Mean Income to Needs Ratio 
3.15 ± 1.99 

91.18% 11.76% 
 

 
Notably, attendance at formal childcare facilities was not a screening criteria for either 

inclusion or exclusion. About 25.5% of the participating infants had attended either center-based 

(n = 12) or in-home (n = 14) childcare facilities prior to the start of the study. Additionally, while 

child sex was not a screening criteria, a relatively equal number of female and male infants 

(resulting in a ratio of 50:52) were targeted to participate in the study, allowing for assessments 
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of differences attributable to sex (Leaper, 1991). Participants were excluded if the infant was 

born prior to 37 gestational weeks (Belfort, Santo, & McCormick, 2013; Hediger, Overpeck, 

Ruan, & Troendle, 2002), as well as if the infant was previously diagnosed as atypically 

developing (e.g., Chapman & Hesketh, 2000; Gilger & Kaplan, 2001; Mauk, 1993; Mervis, 

2004). These groups were excluded to control for known differences in developmental 

trajectories attributable to premature birth or developmental delay. Additionally, participants 

were excluded if English was not their primary language to reduce variation attributable to 

differences in language (e.g., Gauvain, 1995; Pascalis et al., 2014).  

2.3 Measures 

2.3.1. Predictor Measures. 

To capture a holistic measure of total AMC exposure for each child across the lifespan, 

participating mothers were asked to complete three separate measures, including a questionnaire, 

diary, and interview. First, mothers provided information about a maximum of 20 individuals 

identified as being important in helping her and her child over the last 60 days within the 

Caregiver Involvement and Support Questionnaire online via Qualtrics. Within this 

questionnaire, mothers provided the following information for each individual she chose to 

include: the relation of the caregiver to the child, how long the caregiver has known the child, 

and average frequency and duration of care provided to child. Mothers also answered Likert 

scale questions allowing her to rank how much each individual was involved in raising her child, 

as well as how much the mother depended upon each individual for providing help. As these 

individuals were selected by the mother as being currently involved in her child’s life, they were 

used to personalize daily diary prompts for each mother. 
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 The Daily Diary allowed mothers to provide a fine-grained assessment of the quality and 

quantity of AMC experienced by her child from individuals older than five years of age over a 

two-week period. During the first lab visit, mothers were provided with verbal and written 

instructions on how to enter data daily within personalized diaries through Qualtrics. Then, for 

14 consecutive days, mothers would log-in to Qualtrics to provide information about all 

instances of care lasting 30 minutes or more that her child experienced that day. If the child 

interacted with an individual not listed within the mother’s original list, space was provided for 

the mother to add caregivers. Prompts asked each mother to report the total amount of time her 

child spent in AMC each day, as well as to provide information about the amount of time spent 

and types of interactions experienced with each caregiver that provided AMC that day. 

 Each mother participated in a longitudinal assessment of her child’s exposure to AMC 

from birth to the start of the study period through an in-person Past Allocare Interview during the 

second lab visit. Verbal and written instructions were provided to mothers during the first lab 

visit to guide them in how to best take notes to prepare for this interview before arriving for the 

next visit. The interview did not assess one-off experiences (e.g., the next-door neighbor who 

babysat once for an hour and never again), as mothers were not expected to remember all brief 

encounters. Instead, the interview assessed AMC that was more regular, even if spontaneously 

received (e.g., grandparents that visit for two days every several months). As in the previously 

described measures, the interview also assessed the relatedness of caregivers, duration and 

frequency of care provided, and types of interactions generally engaged in by caregivers. 

 Twenty-one interrelated AMC variables were derived from these three AMC measures 

for inclusion in the current analyses (see Supplemental Table 1 for detailed descriptions of these 

variables). Principal Component Analysis (PCA) was used to reduce the overall number of 
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unidimensional AMC predictor variables into a smaller set of multidimensional components 

(Figure 1). Of the 21 variables, 20 required pre-processing by adding a constant and performing 

a log transformation to adjust for a high degree of positive skew and presence of zeros in the 

dataset (using log(X+1) function). Because each variable was measured in different units, all 21 

variables were also standardized into z-scores (using scale function) prior to performing PCA. 

Next, a preliminary PCA (using prcomp function) was performed alongside a parallel analysis 

(using fa.parallel function) to determine the least number of components that were needed to 

maximize the variance explained in total AMC exposure captured by this dataset (Field, Miles, & 

Field, 2012). The parallel analysis determined that four components would be sufficient (χ2 = 

237.26, p < 0.0001; fit based upon off diagonal values = 0.95). A secondary PCA was run to 

calculate loading scores for a pre-determined number of four components using a varimax 

rotation to improve interpretability of component clusters by reducing cross-correlations between 

component loading variables (Field et al., 2012). Individual loading scores for each of the four 

AMC Predictor Components (AMC PCs) were utilized as the predictor values during linear 

regression analyses of the outcome measures. 
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Figure 1. 

 
Figure 1. Graphic describing the four significant components generated using Principal 
Component Analysis, which collective represent 62% of the overall variance in allomaternal care 
exposure experienced by the study sample. 
 

2.3.2. Outcome Measures. 

Because children aged 13-18 months are just beginning to build their expressive and 

receptive vocabulary, assessments that measure communicative behaviors (rather than language) 

may more meaningfully depict differences in communicative abilities within this age range. 

Communicative behaviors were primarily assessed using the Early Social Communication Scales 

[ESCS, (Mundy et al., 2003)], which is a standardized set of tasks requiring the child to interact 

with the tester in a lab setting to complete a series of play-based interactions over the span of 25-

35 minutes. Although administration of the ESCS has been validated for use in children between 

ages 8 to 30 months, certain ESCS domain scores have been reported to change with age (Mundy 

& Gomes, 1998; Mundy et al., 2007), and therefore child’s age at test was assessed for each 

outcome. During these assessments, the tester was stationed across a table from the child, who 
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either sat on the mother’s lap or in a high chair with the mother stationed in a chair directly 

behind the high chair (Figure 2a). These assessments were carried out during the dyad’s first visit 

to the lab, and represent the first time these participants interacted with the tester face-to-face.  

Each child was recorded using three audiovisual recording devices within the lab space, 

providing an overhead view of the interactions, as well as a head-on view of the child from over 

the shoulder of the tester and a head-on view of the tester from over the shoulder of the child. 

These recordings were later coded by a trained research assistant (hereafter: ESCS coder) using 

slight modifications of the conventions outlined by Mundy et al. (2003). Training by repeated 

scoring of three exemplary videos of these tasks continued until the ESCS coder scored the 

videos identically at least 95% of the time ensuring high intra-observer reliability across 

recordings. Because some administrations of the tasks had to be adjusted to the needs of the child 

(e.g., additional administrations of certain tasks, or premature cessation of other tasks), 

behavioral categories were either calculated as rates per observed minute or rates per total 

number of administrations, rather than using the raw occurrences as per Mundy et al. (2003).  
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Figure 2. 

 
Figure 2a. Photo depicting the lab set-up used for collecting child variables during Early Social 
Communication Scales administration; Figure 2b. Close-up of toys used during the Early Social 
Communication Scales lab tasks. 
 

The ESCS was used to measure three domains of communicative behavior: joint attention 

behaviors, behavioral requests, and social interactive behaviors. Within these domains, 

distinctions were made between lower and higher levels of behaviors, as well as between 

behaviors involving child initiation versus those involving child responses to interactions 

(Mundy et al., 2003). The coding manual makes very clear distinctions between behavioral types 

based on the child’s potential intentions within each task series, such that each behavioral type 

likely accurately represents their associated domain (i.e., see Mundy et al., 2003). All tasks 

described in Mundy et al. (2003) were administered following the protocol described in the 

manual, and eight outcome variables were assessed using statistical modeling in the current study 

A B 
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(Table 2). Outcome variables were standardized into z-scores to account for differences in the 

scale of measurement across variables to ease the comparison of results.  

Variables considered less related to recruitment and maintenance of AMC-style 

interactions, as well as those with too little variability were excluded from analyses. Although 

ESCS coding was used to record bids from the child to the mother during testing throughout each 

behavioral domain, these counts were excluded from the current analysis as they do not directly 

speak to the child’s ability to communicate with the tester. Additionally, there were so few clear 

instances of participants initiating either turn taking (n = 0), teasing (n = 27), or singing and 

tickling (n = 0), that the Initiating Social Interactions category was excluded due to lack of 

variability. The Response to Invitation task nested under Responding to Social Interaction, which 

requires the child to physically interact with the tester following the question “can I play” by 

placing a hat or glasses on the tester’s head, or running a comb through the tester’s hair, was 

excluded as it pertains more to the child’s willingness to comply with suggestions by the tester 

than to solicit attention or help from the tester. Finally, while ESCS coding can also be used 

obtain either ratios (high / total) or total measures (summing low and high level behaviors) for 

each behavioral domain, previous research suggests that this can actually obfuscate important 

differences that may exist between low and high categories (e.g., Pickard & Ingersoll, 2015), so 

these global level variables were excluded from the current study. 
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Table 2. Descriptions of Early Social Communication Scales coded outcome variables 
analyzed in the current study (modified from Mundy et al., 2003). 

Outcome Variable Summary of coded behaviors and associated task(s) Toysa 
Domain: Joint Attention (JA) 

Low IJA  
Initiating JA, 
Lower Level 

Eye contact and alternating between active item 
and tester during object spectacle tasks 

3 wind up 
animals; Jack-in-

box; Pop-up 
puppet; Balloons 

High IJA  
Initiating JA,  
Higher Level 

Pointing, pointing with eye contact, showing item 
to tester during object spectacle tasks 

3 wind up 
animals; Jack-in-

box; Pop-up 
puppet; Balloons 

Low RJA 
Responding to JA, 

Lower Level 
Following proximal points to images in a book 

Corduroy Board 
Book (by Don 

Freeman) 

High RJA 
Responding to JA, 

Higher Level 

Following line of regard to posters on the walls 
located to the left and right, and behind the child 

Four brightly 
colored cartoon 

wall posters 

Domain: Behavioral Requests (BR) 

Low IBR  
Initiating BR, 
 Lower Level 

Eye contact, reaching, and reaching with eye 
contact [appeal] during object spectacle tasks 

3 wind up 
animals; Jack-in-

box; Pop-up 
puppet; Balloons 

High IBR  
Initiating BR,  
Higher Level 

Pointing with/without eye contact during object 
spectacle tasks; giving with/without eye contact 
during object spectacle or jar tasks 

3 wind up 
animals; Jack-in-

box; Pop-up 
puppet; Balloons 

RBR-Pass 
Responding to BR, 

No Levels 

Successfully gives the tester requested object 
during any ESCS task after administration of the 
follows command task; combines successes with 
and without addition of gesture 

Any object from 
any task 

Domain: Social Interaction (SI) 

High RSI-TT 
Responding to SI, 

Higher Level 

Maintains turn taking with tester during turn taking 
tasks; includes all affirmative responses to turn-
taking initiated by the tester with both ball and car 

Rubber 
playground ball; 
Rattle-and-roll 

push car  
Note. a Figure 2b depicts the toys used during ESCS administration. 

In addition to the above variables, four additional variables were micro-coded from 

recordings of the ESCS, as well as from recordings of a separate in-lab assessment administered 
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during the participant’s second lab visit approximately two weeks later [the Bayley III Screening 

Cognitive Subtest (Bayley, 2006), hereafter: Bayley]. For the coding of these additional variables 

in both assessments, all instances of eye contact, spontaneous giving, pointing and reaching, and 

vocalizing were coded across all tasks (Table 3), to calculate a total rate of instances of each 

behavior per observed minutes.  

These behaviors were chosen because they mark skills that children in this age range use 

frequently to elicit interaction (e.g., Tomasello, 1995). These behaviors may have faced selective 

pressure to increase instances of these behaviors early on in order to improve infants’ abilities to 

solicit cooperative care as these behaviors are relatively salient indicators of desire and/or need 

across social contexts (e.g., Salamo & Liszkowski, 2013; Tomasello & Gonzalez-Cabrera, 2017). 

While the Bayley III Screening Assessment was collected as part of the larger study for use in 

separate analyses, this video-taped assessment provided another opportunity to code child 

interactions once the child had already visited and met the tester once, therefore potentially 

representing a more relaxed setting for the child. Also, as the Bayley uses its own set of toys and 

prompts, it represents a slightly different communicative environment for the child, potentially 

allowing more natural variation in communicative style and capability to be captured. Finally, 

because the ESCS behaviors are based on specific task administrations for each behavioral 

domain, this means that some instances of eye contact, spontaneous giving, and pointing and 

reaching throughout the ESCS are not captured within the ESCS domain scores. Furthermore, 

vocalizing is not captured within any of the major ESCS domains, and thus this variable 

represents a primary assessment of verbal communication during both lab visits. 

To extract communicative behavior variables from this second lab assessment, two 

additional research assistants [hereafter: Bayley coders] were trained to micro-code this subtest 
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for all instances of the target behaviors. Following coding of the entire assessment, the variables 

were converted into rates to control for differences in length of interaction time between the 

child and the tester across individuals (duration of assessment: approximately 20-40 minutes). 

Bayley coders were trained through repeated scoring of three exemplary videos of these tasks 

until the coders scored the videos identically at least 90% of the time. Additionally, because 

microcoding within this assessment is a novel approach, each Bayley coder repeat scored each 

test, resulting in a total of four scores per individual for each outcome. For each variable, the 

total number of instances and the total amount of observed time were averaged to account for 

any small deviations in coding across the four coding sessions. Then, a total rate for each 

behavior was calculated by adding the average number of Bayley instances and the total number 

of ESCS instances of that behavior, and dividing by the sum of the average number of Bayley 

minutes observed and the total number of ESCS minutes observed. Finally, rates for each 

variable were standardized through z-scoring. 

Table 3. Descriptions of additionally coded spontaneous outcome variables analyzed in the 
current study across two lab assessments. 

Variable Description 

Eye Contact Total rate per total observed minutes of all instances of the child making 
direct eye contact with the tester across two lab assessments 

Giving 

Total rate per total observed minutes of all instances of the child offering an 
object to the tester without prior verbal or gestural request by the tester (such 
that the infant transfers possession of the object to the tester) across two lab 
assessments 

Pointing and 
Reaching 

Total rate per observed minutes of all instances of child pointing at or 
reaching toward an object, as an indication of desire, across two lab 
assessments 

Vocalizing Total rate per observed minutes of all instances of vocalizing, in the form of 
babbling or words, across two lab assessments 
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2.3.3. Additional Covariates. 

As developmental outcomes are known to be effected by certain demographic 

characteristics, the following additional covariates were also assessed within each statistical 

model: child’s age at test, sex, and birth order (e.g., Berglund, Erikkson, & Westerlund, 2005; 

Leaper, 1991; Oshima-Takane, Goodz, & Derevensky, 1996); mother’s age, education level, 

ethnicity, and level of depressive symptoms (e.g., Brennan et al., 2000; NICHD Early Child Care 

Research Network, 2002; Smith, 2004); and family’s income-to-needs ratio (e.g., Bradley & 

Corwyn, 2002; Hackman & Farah, 2009; Miller, 1998). Table 1 provides summary statistics for 

each of these covariates. Most of these variables were collected using a demographic 

questionnaire (including: child’s sex and birth order, as well as mother’s age, education level, 

and ethnicity, and total annual household income). Importantly, birth order can be used as a 

proxy measure for the number of sub-adult communicators in the home, and thus represents an 

additional measure of difference in exposure to signaling through AMC. Each child’s age at test 

was calculated as a continuous variable using lubridate function to convert the difference 

between the child’s testing date and date of birth into days, which was then divided by 365 to 

generate an age in years. The Center for Epidemiologic Studies Depression Scale Revised 

[CESD-R, (Eaton, Muntaner, Smith, Tien, & Ybarra, 2004; van Dam & Earleywine, 2011)] was 

used to measure each mother’s level of depressive symptoms. The CESD-R consists of 20 

statements describing how an individual felt over the last two weeks to assess different 

depressive categories (Eaton et al., 2004). Participants rated how frequently they experienced 

each feeling, and these weighted answer choices were converted to a total score, which was then 

included as a continuous variable. Mothers with higher CESD-R scores exhibit more depressive 

symptoms (particularly scores over 16—the threshold indicating potential presence of clinically 
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significant levels of depressive symptoms). Socioeconomic status was assessed using the family 

income-to-needs ratio, by dividing the reported total annual household income by the published 

U.S. poverty threshold for the reported family size of that household (United States Census 

Bureau, 2017). When this ratio is less than one, the family’s income is not adequate in meeting 

basic household needs (i.e., the family is living below the established poverty line).  

2.4. Statistical Analyses 

All analyses were completed in R version 3.5.1. Each communicative behavior was 

assessed independently using linear regression models, followed my manual F-test based 

backward model selection to remove insignificant variables in the model, resulting in a best 

fitting model for each outcome (i.e., 12 models). Each of the communicative behaviors were 

evaluated separately using a null linear regression model (using lm function), that included the 

four AMC PCs and eight additional covariates as explanatory variables, such that Outcome Z-

Score ~ Highly Involved Familial AMC + Household AMC + Formalized AMC + Overall AMC 

Network Extent + Child's Sex + Child's Age at Test + Mom's Age + Mom's Ethnicity + Mom's 

Education + Mom's CESD-R Score + Family Income to Needs Ratio. Models were selected 

based on comparisons of Akaike information criteria (AIC) through manual F-test based 

backward model selection (using repeated drop1 function), such that at each step the least 

significant explanatory variable was removed from the model, and the function repeated again, 

until the model with the most significant explanatory variables and the lowest AIC was obtained 

(Field et al., 2012). If removing an insignificant variable increased the AIC (thereby negatively 

impacting the model’s AIC), then the variable was retained within the model. After the best 

fitting model for each outcome variable was selected, semi-partial correlation values were 

calculated to determine how much of the variance in the outcome was explained by each 
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respective explanatory variable in the model (using spcor function). Finally, non-parametric tests 

were used to determine the effects of formal childcare on each communicative behavior. 

Wilcoxon rank sum tests were used to assess the effects of attending formal childcare facilities 

(comparing yes versus no categories), while Kruskal-Wallis rank sum tests were used to assess 

the effects of facility type (comparing in-home, center-based, and none categories).  

3. Results 

Across the twelve communicative behaviors assessed using linear regression of null 

models followed by backward model selection, two outcomes were significantly predicted by 

Household AMC, two were significantly predicted by the child’s birth order (a proxy for sub-

adult communicators present in the household), and the rest did not retain any significant AMC 

predictors within the best fitting models (Table 4). As this paper focuses on the effect of AMC 

on communicative outcomes, this section will emphasize those models which retained indicators 

of caregiving difference. Backward model selection analyses for each communicative behavior 

can be found in Supplemental Tables 2-13, which detail the order in which non-significant 

variables were removed from each model. 
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Table 4. Best fitting models for each of the 12 measured communicative behavior outcomes. 
Outcome Best Fitting Model Model Fit 

Significant AMC predictors retained in the best fitting model: 

High RSI-TT Rate High RSI-TT ~ Household AMC + Mom's Ethnicity + 
Child's Birth Order 

F8,93 = 2.14,  
p = 0.0394* 

Giving 
Rate of Giving ~ Household AMC + Child's Sex +  

Child's Age at Test + Mom's Age + Mom's Ethnicity +  
Mom's CESDR Score 

F9,92 = 4.78, 
 p = 3.09E-05*** 

AMC predictors retained in the best fitting model, but they only approach significance in 
explaining outcomes: 

Low IJA Rate Low IJA ~ Highly Involved Familial AMC + Child's 
Age at Test + Mom's Age 

F3,98 = 3.26,  
p = 0.0249* 

Low IBR Rate Low IBR ~ Household AMC + Formalized AMC F2,99 = 2.83, 
p = 0.0640 

Child’s Birth Order retained in the best fitting model: 

RBR-Pass Rate RBR-Pass ~ Child's Age at Test + Child's Birth Order F4,97 = 4.02,  
p = 0.0046** 

Pointing and 
Reaching Rate of Pointing and Reaching ~ Child's Birth Order F3,98 = 3.69,  

p = 0.0146* 

Child’s Birth Order retained in the best fitting model, but the model only approaches 
significance in explaining outcomes: 

Vocalizing Rate of Vocalizing ~ Mom's Education + Mom's Ethnicity 
+ Child's Birth Order 

F11,90 = 1.82,  
p = 0.0616 

No caregiving variables retained in the best fitting model: 

High IJA Rate High IJA ~ Child's Age at Test F1,100 = 4.8,  
p = 0.0309* 

Low RJA Rate Low RJA ~ Child's Sex + Child's Age at Test + 
Mom's CESDR Score 

F3,98 = 7.9,  
p = 8.97E-05*** 

High RJA Rate High RJA ~ Child's Sex F1,100 = 3.9,  
p = 0.0511 

High IBR Rate High IBR ~ Child's Sex + Mom's Age + Mom's 
Ethnicity + Mom's CESDR Score 

F7,94 = 2.55,  
p = 0.0191* 

Eye Contact Rate of Eye Contact ~ Child's Sex + Mom's Age F2,99 = 4.24,  
p = 0.0602 

Note. *p < 0.05; **p < 0.01; ***p < 0.001. 
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3.1. AMC Exposure  

Only two outcomes, High RSI-TT (i.e., turn taking) and giving, were significantly 

predicted by any AMC predictor variable, namely Household AMC (Table 5). After controlling 

for the other variables in the respective models, Household AMC alone explained about 3.8% of 

the variance in High RSI-TT (AMC PC2; β = -0.36, p < 0.008). Birth order accounted for a 

larger proportion of the variance in this outcome, explaining about 5.3% of the variance in this 

behavior. Mom’s ethnicity explained the largest proportion of variance in this model (about 6%), 

however, only the category of “other” (n = 3) was associated with lower rates of turn taking.  

Approximately 7.7% of the variance in total spontaneous Giving (AMC PC2; β = 0.28, p 

< 0.003), representing the largest amount of variance explained by any variable in the model. 

While child’s sex, mom’s age, and mom’s CESDR score were also retained in the best fitting 

model, none of these variables were significantly predictive of rates of giving. Mom’s ethnicity 

significantly explained about 4% of the variance in this outcome, however, only the categories of 

Native American (n = 2) and Asian (n = 2) were significantly predictive of lower rates of giving.  

Several relationships between AMC and communicative outcomes were retained in the 

best fitting models for their respective outcomes, but these relationships did not meet the 

significance threshold (p < 0.05). Highly Involved Familial AMC (AMC PC1; β = 0.18, p < 0.08) 

was retained in the best fitting model for Low IJA, which is a model with significant predictive 

capability (Table 4: F3,98 = 3.26, p = 0.0249). Household AMC  (AMC PC2: β = -0.18, p < 0.07) 

and Formalized AMC (AMC PC3: β = 0.14, p < 0.15) were retained in the best fitting model for 

Low IBR, yet this model only approached significance (Table 4: F2,99 = 2.83, p = 0.0640). 
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3.2. Presence of Siblings   

Child’s birth order represents another important variable denoting differences in exposure 

to signal use by allomaternal caregivers. Some models retained birth order despite not retaining 

any significant AMC PCs (Table 6), such that having more siblings is associated with higher 

rates of following commands, but lower rates of pointing, reaching, and vocalizing.  

Within the best fitting model of RBR-Pass (i.e., following commands), having one or two 

siblings in the house (i.e., being second or third-born, combined n = 46) is predictive of higher 

rates of following commands (2nd born: β = 0.23, p < 0.03; 3rd born: β = 0.21, p < 0.04). Birth 

order explained almost 7% of the variance in the rate of this behavior, explaining more of the 

variance than the only other significant variable in the model, child’s age at test, which only 

explained about 5.6% of the variance in the rate of this behavior (Table 6). 

Conversely, within the best fitting model of Pointing and Reaching, having more siblings 

(i.e., being anything other than an only child, combined n = 52) is predictive of decreased rates 

of pointing or reaching to indicate desires (2nd born: β = -0.24, p < 0.02; 3rd born: β = -0.21, p < 

0.05; 4th born or higher: β = -0.23, p < 0.03). Birth order was the only significant variable in this 

model, explaining about 9.5% of the variance in the rate of this behavior 

Finally, although the overall fit of the model is not significant (p = 0.0616, Table 4), 

within the best fitting model of Vocalizing, having three or more siblings (i.e., being 4th born or 

higher, n = 6) is predictive of decreased rates of vocalizing (4th born or higher: β = -0.24, p < 

0.03). Birth order explains the largest percentage of the variance in the rate of this behavior, 

about 3.6%. Additionally, children with Hispanic-identified mothers and/or mothers with some 

college or higher exhibited higher vocalization rates than their counterparts.  
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Table 5. Effects of most significant predictors within best fitting models that retained AMC 
predictor variables. 

Best Fitting Model β t p-value Semi-
Partial R2 

High RSI-TT (Turn taking) 
   Household AMC -0.36 -2.722 0.0078** 0.0380 
   Child’s Birth Order    0.0531 
   .... 2nd born 0.14 1.351 0.1799 
   .... 3rd born 0.28 2.593 0.0111* 
   .... 4th born or later 0.37 2.731 0.0076** 
   Mom’s Ethnicity      
   .... Hispanic -0.03 -0.305 0.7611 0.0609 
   .... Native American -0.11 -1.164 0.2476 
   .... Asian -0.10 -1.031 0.3054 
   .... Other -0.26 -2.552 0.0123* 
Giving 
   Household AMC 0.28 3.056 0.0029** 0.0774 
   Child's Sex 0.15 1.636 0.1053 0.0232 
   Child's Age at Test 0.19 2.064 0.0418* 0.0406 
   Mom's Age -0.13 -1.342 0.1828 0.0081 
   Mom's Ethnicity      
   .... Hispanic 0.00 -0.035 0.9725 0.0411 
   .... Native American -0.29 -3.208 0.0018** 
   .... Asian -0.18 -2.019 0.0464* 
   .... Other -0.07 -0.788 0.4325 
   Mom's CESDR Score -0.17 -1.87 0.0647 0.0174 
Low IJA 
   Highly Involved Familial AMC 0.18 1.791 0.0763 0.0104 
   Child’s Age at Test 0.19 1.955 0.0534 0.0394 
   Mom's Age 0.19 1.959 0.0529 0.0019 
Low IBR 
   Household AMC -0.18 -1.883 0.0626 0.0346 
   Formalized AMC 0.14 1.452 0.1497 0.0208 
Note. *p < 0.05; **p < 0.01; ***p < 0.001. 
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Table 6. Effects of birth order within best fitting models in the absence of significant AMC 
predictor variables. 

Best Fitting Model β t p-value Semi-
Partial R2 

RBR-Pass (Following commands) 
   Child's Age at Test 0.24 2.54 0.0127* 0.0562 
   Child’s Birth Order  

  0.0693 
   .... 2nd born 0.23 2.36 0.0203* 

     .... 3rd born 0.21 2.193 0.0307* 
   .... 4th born or later 0.14 1.488 0.1400 
Pointing & Reaching 
   Child’s Birth Order    0.0953 
   .... 2nd born -0.24 -2.409 0.0179* 

     .... 3rd born -0.21 -2.071 0.0409* 

   .... 4th born or later -0.23 -2.29 0.0242* 
Vocalizing 
   Mom's Education    0.0207 
   .... Associate's or Tech Degree 0.25 1.718 0.0892 

  
   .... Some College 0.40 2.338 0.0216* 
   .... College Degree 0.56 2.806 0.0061** 
   .... Graduate School or Advanced Degree 0.51 2.474 0.0152* 
   Mom’s Ethnicity    0.0300 
   .... Hispanic 0.34 3.287 0.0014** 

     .... Native American 0.08 0.809 0.4208 
   .... Asian 0.03 0.348 0.7288 
   .... Other 0.06 0.594 0.5537 
   Child’s Birth Order    0.0359 
   .... 2nd born -0.11 -1.046 0.2985 

     .... 3rd born -0.17 -1.654 0.1016 
   .... 4th born or later -0.24 -2.308 0.0233* 

Note. *p < 0.05; **p < 0.01; ***p < 0.001.  

3.3. Formal AMC via Childcare Facilities 

Finally, non-parametric tests revealed that there were no significant differences for any of 

the 12 communicative behaviors as a function of attending a formal childcare facility, or as a 

function of facility type (Table 7).  
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Table 7. Effects of formal childcare on communicative behavior outcome variables. 

Outcome Variable 
Wilcoxon Rank Sum Tests to 

Assess Attending Formal 
Childcare Facilities (Yes/No) 

Kruskal-Wallis Rank Sum Tests 
to Assess Facility Type  

(In-home, Center-based, None) 

Low IJA W = 931, p = 0.6644 H = 0.2324, p = 0.8903 

High IJA W = 1014.5, p = 0.8356 H = 0.0577, p = 0.9716 

Low RJA W = 902.5, p = 0.4745 H = 0.5176, p = 0.7720 

High RJA W = 828, p = 0.2147 H = 1.828, p = 0.401 

Low IBR W = 973.5, p = 0.9144 H = 3.543, p = 0.1701 

High IBR W = 1207, p = 0.0934 H = 3.624, p = 0.1633 

RBR-Pass W = 1090, p = 0.4262 H = 0.7163, p = 0.6990 

High RSI-TT W = 969.5, p = 0.8894 H = 0.028, p = 0.9862 

Eye Contact W = 1033, p = 0.7326 H = 0.955, p = 0.6202 

Giving W = 1170, p = 0.1634 H = 2.031, p = 0.3622 

Pointing & Reaching W = 1054, p = 0.6150 H = 2.298, p = 0.3169 

Vocalizing W = 1040, p = 0.6925 H = 4.084, p = 0.1298 
Note. There were no significant values, indicating no significant differences between conditions. 

4. Discussion 

4.1. AMC Exposure Influences Communicative Behavior 

These results show that AMC exposure likely influences some communicative behaviors, 

and that these differences are due to AMC received in informal settings rather than formal 

childcare settings. There were no effects of attending formal childcare, regardless of facility type, 

suggesting that at least at this age, formal AMC may have little impact on the development of 

communicative behaviors. Instead, what differences were attributable to AMC are a result of 

exposure to caregivers within the child’s network of family and friends. Much of the previous 

research investigating AMC has focused on the effects of formal childcare, particularly on its 

relationship to developmental outcomes in toddlers over the age of two. Previous findings have 

suggested that high-quality AMC received in formal settings can improve certain skills, like pre-
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reading skills, while low-quality AMC received in formal settings can result in worse self-

regulation skills (e.g., Abner, Gordon, Kaestner, & Korenman, 2013; Belsky, 2002; Belsky et al., 

2007; Broekhuizen, van Aken, Dubas, & Leseman, 2018; Dmitrieva, Steinberg, & Belsky, 2007; 

Loeb, Bridges, Bassok, Fuller, & Rumberger, 2007; Loeb, Fuller, Kagan, & Carrol, 2004; Luijk 

et al., 2015; Narvaez et al., 2013; NICHD Early Child Care Research Network, 2002). The 

quality of AMC is frequently assessed using evaluations of individual caregiver’s interactions 

with children within the context of these formal childcare settings (i.e., in the “classroom”), for 

example looking at infant-directed speech and play, as well as the ratio of positive to harsh 

communication. As quality matters for toddlers and older children, future analyses which 

evaluate informal AMC during infancy should attempt to include evaluations of caregiver-infant 

interactions to evaluate the quality of interactions directly instead of only relying on mother-

rated measures. Additionally, these types of interactions could provide additional information 

about the extent to which different types of caregivers differ from one another in terms of the 

types of communicatory strategies they engage in with infants.  

 The current results suggest that exposure to more Household AMC was predictive of 

lower rates of reciprocal turn-taking behaviors (High RSI-TT), but that infants with 2 or more 

siblings had higher rates of reciprocal turn-taking behaviors during administration of the ESCS 

(Table 5). One possible interpretation for this conflicting relationship between Household AMC, 

birth order, and reciprocal turn-taking behaviors is that while having more sub-adult 

communicative partners in the house improves turn-taking, having more adult communicative 

partners in the house reduces turn-taking. This finding could be in part attributable to the more 

give-and-take play styles involved between sub-adults and young children than between adults 

and infants. However, Household AMC was predictive of higher rates of spontaneous giving 



AMC AND COMMUNICATIVE DEVELOPMENT 168 

across two lab assessments, particularly in older infants, and birth order was not retained within 

this model (Table 5). These results suggests that the ontogeny of giving and turn-taking may vary 

in ways requiring further research to understand. 

Mom’s ethnicity was retained in both of these models (turn taking and giving), although 

the significant categories differed. In both cases, the significant categories were represented by 

no more than three participants each. While the interplay between mom’s ethnicity and turn 

taking or giving may wash out with a larger, more representative sample, it is also possible that 

these differences may be reflective of the culturally-specific nature of the assessment itself. If the 

ESCS is biased toward measuring more western or WEIRD interaction styles, than children from 

“other” households may express low rates of these behaviors, while other important interactive 

behaviors specific to those cultures is not being captured by this specific coding schema.   

Notably, analyses also revealed a positive effect of Highly Involved Familial AMC on 

Low IJA and a negative effect of Household AMC on Low IBR, but these effects may not hold 

up in larger, more representative samples. Future studies utilizing a higher degree of variation in 

both AMC predictor values as well as within behavioral outcome rates may reveal that the lack 

of significance at the 0.05 level within the current study may be attributable to sample size or 

sampling bias. Alternatively, the opposite could also be the case, in which a larger sample size 

might wash this effect out completely. 

For the majority of the measured outcomes, AMC did not have a measurable impact on 

the rates at which infants expressed these communicative behaviors within in-lab assessments 

with an unknown tester (see Table 4). The lack of significant relationships for these variables 

could signify that there may be a cap to the benefits an infant receives from more AMC 

exposure. In other words, after a certain degree, exposure to more AMC may be neither helpful 
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nor harmful for the development of certain communicatory behaviors such as sharing joint 

attention following proximal or distal cues, eye contact, pointing and reaching, or vocalizing.  

4.2. Presence of Siblings Influences Communicative Behavior 

Birth order was a significant predictor in several best fitting models in which AMC 

predictors were not retained. Infants were more likely to follow commands (RBR-Pass) during 

the ESCS administration if they had one or two siblings in the home than if they were an only 

child or if they had 3 or more siblings in the home (Table 6). One explanation for this 

relationship might be that households with 2 to 3 children present get more practice with being 

formally asked to follow commands, whereas very small or very large households use other 

means to attain objects back from infants. Alternatively, as executive function (which may play a 

role in the infant’s decision to follow the command to give up an item) has been shown to 

increase when at least one sibling is present, but may decrease in the presence of many siblings, 

this relationship may be explained by developmental differences in executive function as a result 

of sibling presence. 

Conversely, infants were less likely to use pointing and reaching to indicate their desires 

or initiate joint attention if they had any siblings at home. First-born infants had the highest rates 

of pointing and reaching across both lab assessments. One explanation for this might be that 

adults tend to be more receptive and responsive to pointing and reaching from infants, while 

siblings are not, such that interacting with adults more than siblings encourages more of these 

behaviors. Birth order was also retained in the best fitting model for rates of vocalizing across 

both assessments, however, only being fourth-born or later was a significant negative predictor 

of vocalizing rate, and this model did not meet significance at the 0.05 threshold. Taken together, 

these results suggest that perhaps future studies should include more extensive measures of the 
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quantity, quality, and style of interactions infants have with their older siblings to determine the 

role that sub-adult communicative partners play in infant communicative development. 

4.3. Limitations 

The current study used a predominantly white and WEIRD (Western, Educated, 

Industrialized, Rich, and Democratic) sample of participants, and therefore these results cannot 

be generalized outside of this context. However, this study represents a first step in providing a 

method to quantify and qualify AMC experienced during infancy in such a way as to be used to 

evaluate its effects on developmental outcomes. Future studies should utilize similar methods to 

evaluate the impacts of AMC on communicative behaviors within non-WEIRD contexts, 

including non-Western populations, traditional societies, and non-traditional family models (such 

as LGBTQ, single parent, and adoptive homes). Additionally, future studies using observations 

of play-bouts between infants and their caregivers outside of the lab may reveal that while AMC 

doesn’t influence the overall rate of many of the above tested variables within in-lab assessments 

with a tester, infants may show communicative differences under more naturalistic settings. 

Furthermore, more attention should be paid to sibling-infant interactions, as sub-adult 

communicators are likely also playing a large role in early communicative development (e.g., 

Brody, 2004; Hay & Cook, 2007; Howe, Della Porta, Recchia, & Ross, 2016; Hughes & Dunn, 

2007; Segal, Howe, Persram, Martin-Chang, & Ross, 2018). 

5. Conclusions 

These results are indicative of interesting next steps required to better understand how 

AMC at the household level, particularly in terms of sibling dynamics, impacts the development 

of communicative behaviors during infancy. Some behaviors are impacted by Household AMC, 

however, these relations are not in a uniform direction. Additionally, the effect of birth order (or 
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the number of sub-adult communicators present in the house) on communicative behaviors is not 

uniform. Ultimately, this study suggests that the caregiving experiences and sibling relationships 

within the household environment effect the development of communicative behaviors such as 

sharing (i.e., turn taking and giving), following commands, and pointing and reaching. 

Furthermore, this study suggests that formal AMC neither positively or negatively impacts 

communicative behaviors during this period of infancy. Future studies utilizing the methods set 

forth here to capture qualitative and quantitative aspects of AMC exposure during infancy will 

help develop a better understanding of how AMC impacts communicative develop across 

different cultures and family models. In particular, future studies should build on this 

investigation into informal AMC in addition to the existing focus on formal AMC, as these types 

of care are undoubtedly impacting the early learning environment for infants. Ultimately, as 

more research investigates the relationship between exposure to AMC and the development of 

heightened communicative abilities, our understanding of how AMC benefits infant development 

may impact the way we understand the evolution and maintenance of extensive AMC as a 

uniquely human trait. 
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Appendix C.2. Supplemental Tables for Manuscript Three 
 
Supplemental Tables 1-13 for “What are the benefits of having a village? Effects of allomaternal 
care on communicative skills in early infancy.”  
 
Supplemental Table 1. Description of how variables were captured for use in Principal 
Component Analysis. 

Originating 
Measure 

Category of 
Information Description of Question Resulting 

Variable 
Description of 

Variable 

Caregiver 
Involvement 
and Support 

Questionnaire 

Relatedness 

The mother was asked 
whether each caregiver 
was either related to the 

child (either through blood 
or by marriage) or 

unrelated to the child. 

Current 
Familial 

Caregivers 

A count (0-20) of 
total related 
caregivers 

Current  
Non-

Familial 
Caregivers 

A count (0-20) of 
total non-related 

caregivers 

Length of 
Relationship 
with Child 

The mother was asked how 
long her child has known 
each caregiver, fitting into 
categories of ≤ 6 mo, 6-12 

mo, or ≥ 12 mo. 

Current 
Known  
≥ 12 Mo 

A count (0-20) of 
caregivers who 
have known the  

child for ≥ 12 mo 

Current 
Known 6-12 

Mo 

A count from (0-
20) of caregivers 
who have known 
the child for 6-12 

mo 

Frequency 
of Care 

The mother was asked how 
frequently each caregiver 
helped care, fitting into 

categories of once or more 
a week, a few times a 
month, several times a 

year, or less than once a 
year. 

Current 
Caregivers 

Seen At 
Least 

Weekly 

A count (0-20) of 
caregivers who 
helped care for 

the child at least > 
1x a week 

Duration of 
Care 

The mother was asked how 
long on average each 

caregiver helped care for 
her child each instance, 
fitting into categories of  

≤ 2 hrs, 2-5 hrs, or ≥ 5 hrs. 

Current 
Caregivers 
Who Care 
More than 

5hrs/instance 

A count (0-20) of 
total caregivers 
who helped care 
for the child on 
average for ≥ 5 

hrs each instance 

Level of 
Involvement 

The mother is asked how 
much she agrees with the 
statement “This caregiver 
is very involved in helping 

raise the child”  
on a 7-point Likert-based 

scale 

Current 
Highly 

Involved 

A count (0-20) of 
caregivers who 

are listed as very 
involved based on 

the mother 
selecting any level 

of agreement 
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Level of 
Dependence 

The mother is asked how 
much she agrees with the 

statement “I depend on this 
caregiver to help me care 

for my child,”  
on a 7-point Likert-based 

scale 

Current 
Highly 

Depended 
On 

A count (0-20) of 
caregivers who 

are listed as 
depended upon 

based on the 
mother selecting 

any level of 
agreement 

Daily Diary 
Average 

Length of 
Care Bouts 

The mother is asked how 
much time each caregiver 

spent with her child on 
each day over 14 days, 

fitting into categories of ≤ 
2 hrs, 2-5 hrs, or ≥ 5 hrs 

per day. 

Rate Per 
Day of Short 

Resident 
Care 

An average rate of 
instances per day 
the child receives 

care for  
30 min-2 hrs from 

residents 

Rate Per 
Day of Short 

Non-
Resident 

Care 

An average rate of 
instances per day 
the child receives 

care for  
30 min-2 hrs from 

non-residents 

Rate Per 
Day of 

Moderate 
Resident 

Care 

An average rate of 
instances per day 
the child receives 

care  
for 2-5 hrs from 

residents 
Rate Per 
Day of 

Moderate 
Non-

Resident 
Care 

An average rate of 
instances per day 
the child receives 

care  
for 2-5 hrs from 

non-residents 

Rate Per 
Day of Long 

Resident 
Care 

An average rate of 
instances per day 
the child receives 

care  
for ≥ 5 hrs from 

residents 

Rate Per 
Day of Long 

Non-
Resident 

Care 

An average rate of 
instances per day 
the child receives 

care  
for ≥ 5 hrs from 
non-residents 
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Average 
Daily Hours 

Spent in 
AMC 

The mother is asked how 
much time her child spent 

being taken care of by 
other individuals each day 

over 14 days, selecting 
increments ranging from 0 

to 10.5 hrs. 

Average 
Daily Hours 

Spent in 
AMC 

An average 
number of hours 
spent in AMC 

across 14 days as 
indicated by the 

mother 

Types of 
Care 

Provided 

The mother is asked to 
indicate which caregivers 
provided care in the form 
of “teaching, reading, or 

telling stories” or “playing 
(inside or outside)” each 
day over 14 days, only 

selecting yes for caregivers 
which engaged in the given 

activity that day. 

Rate Per 
Day of 

Teaching, 
Reading, or 

Telling 
Stories 

An average rate of 
instances per day 
across 14 days the 
child receives care 

in the form of 
teaching, reading, 

or telling 

Rate Per 
Day of 
Playing 

An average rate of 
instances per day 
across 14 days the 
child receives care 

in the form of 
playing (either 

inside or outside) 

Past Allocare 
Interview 

Total Extent 
of AMC 
Exposure 
Across the 
Lifespan 

The mother is asked to 
recount all individuals over 

the child’s lifespan that 
have helped care for the 

child for ≥ 30 min on more 
than one occasion. The 

interview is conducted in 3 
month periods to improve 

the mother’s ability to 
recount all relevant 

occasions of care (e.g., tell 
me about care your child 

received from 0-3 months; 
now let’s move on to 3-6 

months; and so on). 

Total 
Lifetime 

Caregivers 

An adjusted count 
of the total 
number of 

caregivers having 
cared for the child 
on more than one 

occasion 
throughout the 
child’s life as 

adjusted by the 
child’s age at time 

of interview 

Lifetime 
Non-

Familial 
Highly 

Involved 

A count of all 
caregivers not 

related by blood 
or through 

marriage that have 
seen the child 

regularly, at least 
once every three 

month period 
since birth  

Lifetime 
Familial 

A count of all 
caregivers related 

by blood or 
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Highly 
Involved 

through marriage 
that have seen the 
child regularly, at 
least once every 

three month 
period since birth  

Demographic 
Questionnaire 

Availability 
of 

Household 
Care 

The mother is asked to list 
all individuals currently 

living in the home as full-
time residents of the 

household.  

Permanent 
Resident 
Number 

A count of all of 
the permanent 

residents currently 
residing in the 

home (e.g., 
siblings, father, 

step-family, 
extended family) 
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Supplemental Table 2. Backward Model Selection on Linear Regression Models for Rate of 
Low IJA (Initiating Joint Attention). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-
value 

Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 0.84 0.6590 -0.0327 81 83.6 313 24.5 0 

AMC PC3 0.895 0.5900 -0.0201 82 83.6 311 22.5 0 

Above (-1), 
Mom's 

Education 
1.12 0.3530 0.0173 86 84.5 304 15.5 0 

Above (-2), 
Income to 

Needs Ratio 
1.2 0.2870 0.0276 87 84.6 302 13.6 0 

Above (-3), 
Child's Birth 

Order 
1.44 0.1680 0.046 90 85.9 298 9.1 0 

Above (-4), 
AMC PC2 1.58 0.1240 0.0546 91 86 296 7.3 0.01 

Above (-5), 
Mom's 

CESD-R 
Score 

1.74 0.0899 0.0622 92 86.3 294 5.6 0.02 

Above (-6), 
Mom's 

Ethnicity 
2.48 0.0373 0.0681 96 89.5 290 1.3 0.16 

Above (-7), 
AMC PC4 2.75 0.0324 0.0648 97 90.7 290 0.7 0.22 

Above (-8), 
Child's Sex 3.26 0.0249 0.0628 98 91.8 289 0 0.32 

Above (-9), 
AMC PC1 3.21 0.0446 0.0419 99 94.9 290 1.3 0.17 

Above (-10), 
Child's Age 

at Test 
3.46 0.0659 0.0238 100 97.6 291 2.2 0.1 

Note: Null Model = Rate of Low IJA ~ Child's Sex + Child's Age at Test + Child's Birth Order 
+ Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 3. Backward Model Selection on Linear Regression Models for Rate of 
High IJA (Initiating Joint Attention). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 0.613 0.8920 -0.0829 81 87.7 318 28.4 0 

Child's Birth 
Order 0.733 0.7610 -0.047 84 87.9 312 22.7 0 

Above (-1), 
Income to 

Needs Ratio 
0.786 0.6970 -0.035 85 88 310 20.7 0 

Above (-2), 
Mom's 

Ethnicity 
0.96 0.4930 -0.0048 89 89.4 304 14.4 0 

Above (-3), 
AMC PC3 1.05 0.4080 0.00578 90 89.5 302 12.4 0 

Above (-4), 
Mom's 

Education 
1.44 0.2000 0.0294 94 91.2 296 6.4 0.01 

Above (-5), 
Mom's Age 1.69 0.1310 0.0395 95 91.2 294 4.4 0.03 

Above (-6), 
Child's Sex 1.94 0.0940 0.0447 96 91.7 293 2.9 0.07 

Above (-7), 
Mom's 

CESD-R 
Score 

2.23 0.0713 0.0465 97 92.5 291 1.8 0.12 

Above (-8), 
AMC PC1 2.66 0.0525 0.047 98 93.4 290 0.8 0.2 

Above (-9), 
AMCPC4 3.33 0.0398 0.0441 99 94.6 290 0.1 0.28 

Above (-10), 
AMC PC2 4.8 0.0309 0.0362 100 96.4 290 0 0.29 

Note: Null Model = Rate of High IJA ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 4. Backward Model Selection on Linear Regression Models for Rate of 
Low RJA (Responding to Joint Attention). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 1.76 3.98E-02 0.131 81 70.4 296 19.3 0 

AMC PC2 1.88 2.72E-02 0.142 82 70.4 294 17.3 0 

Above (-1), 
Child's Birth 

Order 
2.22 9.87E-03 0.162 85 71.2 289 12.4 0 

Above (-2), 
Mom's Age 2.38 6.30E-03 0.171 86 71.3 287 10.6 0 

Above (-3), 
Mom's 

Ethnicity 
3.06 1.61E-03 0.183 90 73.5 282 5.7 0.02 

Above (-4), 
Income to 

Needs 
3.36 9.30E-04 0.189 91 73.8 280 4.1 0.05 

Above (-5), 
AMC PC3 3.71 5.30E-04 0.194 92 74.1 279 2.5 0.1 

Above (-6), 
AMC PC4 3.98 4.26E-04 0.191 93 75.2 278 2 0.13 

Above (-7), 
AMC PC1 4.25 4.05E-04 0.184 94 76.7 278 2 0.13 

Above (-8), 
Mom's 

Education 
7.9 8.97E-05 0.17 98 81.3 276 0 0.35 

Above (-9), 
Child's Sex 10.2 9.05E-05 0.155 99 83.7 277 0.9 0.22 

Note: Null Model = Rate of Low RJA ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 5. Backward Model Selection on Linear Regression Models for Rate of 
High RJA (Responding to Joint Attention). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 0.926 0.5570 -0.0149 81 82.2 311 20.9 0 

Income to 
Needs Ratio 0.986 0.4860 -0.00272 82 82.2 309 18.9 0 

Above (-1), 
AMC PC2 1.05 0.4180 0.00848 83 82.3 308 17 0 

Above (-2), 
AMC PC3 1.12 0.3510 0.0195 84 82.4 306 15.1 0 

Above (-3), 
Mom's 

Education 
1.33 0.2120 0.0405 88 84.4 300 9.6 0 

Above (-4), 
Child's Birth 

Order 
1.46 0.1660 0.044 91 87 297 6.7 0.01 

Above (-5), 
Mom's Age 1.56 0.1390 0.0476 92 87.6 296 5.4 0.02 

Above (-6), 
AMC PC1 1.66 0.1200 0.0494 93 88.4 295 4.3 0.04 

Above (-7), 
Mom's 

Ethnicity 
2.01 0.0997 0.0383 97 93.3 292 1.8 0.13 

Above (-8), 
Child's Age 

at Test 
2.31 0.0815 0.0373 98 94.3 292 0.9 0.2 

Above (-9), 
AMC PC4 2.72 0.0710 0.0329 99 95.7 291 0.5 0.26 

Above (-10), 
Mom's 

CESD-R 
Score 

3.9 0.0511 0.0279 100 97.2 291 0 0.33 

Note: Null Model = Rate of High RJA ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 6. Backward Model Selection on Linear Regression Models for Rate of 
Low IBR (Initiating Behavioral Requests). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 0.749 0.7640 -0.0523 81 85.2 315 24.4 0 

Child's Sex 0.798 0.7030 -0.0395 82 85.2 313 22.4 0 

Above (-1), 
Child's Birth 

Order 
0.919 0.5510 -0.013 85 86.1 308 17.4 0 

Above (-2), 
AMC PC4 0.992 0.4710 -0.00122 86 86.1 306 15.4 0 

Above (-3), 
Mom's 

Education 
1.16 0.3270 0.0171 90 88.5 301 10.1 0 

Above (-4), 
Income to 

Needs Ratio 
1.28 0.2550 0.0267 91 88.6 299 8.3 0 

Above (-5), 
Mom's 

CESD-R 
Score 

1.38 0.2080 0.0329 92 89 298 6.7 0.01 

Above (-6), 
Mom's 

Ethnicity 
1.82 0.1160 0.0391 96 92.2 293 2.4 0.08 

Above (-7), 
Child's Age 

at Test 
2.04 0.0942 0.0397 97 93.1 292 1.4 0.13 

Above (-8), 
AMC PC1 2.48 0.0653 0.0422 98 93.9 291 0.2 0.25 

Above (-9), 
Mom's Age 2.83 0.0640 0.0349 99 95.5 291 0 0.27 

Above (-10),  
AMC PC3 3.51 0.0640 0.0242 100 97.6 291 0.1 0.25 

Note: Null Model = Rate of Low IBR ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 7. Backward Model Selection on Linear Regression Models for Rate of 
High IBR (Initiating Behavioral Requests). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 1.06 0.4080 0.0115 81 80.1 309 20.1 0 

Child's Birth 
Order 1.25 0.2480 0.04 84 80.6 303 14.8 0 

Above (-1), 
Child's Age 

at Test 
1.34 0.1920 0.0513 85 80.6 301 12.8 0 

Above (-2), 
AMC PC4 1.44 0.1460 0.0617 86 80.7 300 10.9 0 

Above (-3), 
AMC PC2 1.54 0.1120 0.0702 87 80.9 298 9.1 0 

Above (-4), 
AMC PC3 1.66 0.0838 0.0785 88 81.1 296 7.4 0.01 

Above (-5), 
Mom's 

Education 
2.12 0.0351 0.091 92 83.6 291 2.5 0.07 

Above (-6), 
Income to 

Needs Ratio 
2.34 0.0243 0.0962 93 84.1 290 1 0.14 

Above (-7), 
AMC PC1 2.55 0.0191 0.0969 94 84.9 289 0 0.23 

Above (-8), 
Child's Sex 2.64 0.0205 0.089 95 86.5 289 0 0.23 

Above (-9), 
Mom's Age 2.62 0.0289 0.0742 96 88.9 289 0.7 0.16 

Above (-10), 
Mom's 

CESD-R 
Score 

2.71 0.0344 0.0635 97 90.8 290 0.9 0.14 

Note: Null Model = Rate of High IBR ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 8. Backward Model Selection on Linear Regression Models for Rate of 
RBR-Pass (Responding to Behavioral Requests—Gives Back Object). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 1.26 0.2300 0.0492 81 77 305 20 0 

Mom's 
Education 1.52 0.1100 0.0767 85 78.5 299 13.9 0 

Above (-1), 
AMC PC3 1.64 0.0798 0.0868 86 78.5 297 12 0 

Above (-2), 
Income to 

Needs Ratio 
1.77 0.0569 0.0961 87 78.6 295 10.1 0 

Above (-3), 
Mom's 

Ethnicity 
2.25 0.0214 0.11 91 81 290 5.1 0.02 

Above (-4), 
Child's Sex 2.51 0.0130 0.118 92 81.1 288 3.3 0.06 

Above (-5), 
AMC PC4 2.67 0.0111 0.117 93 82.2 287 2.6 0.08 

Above (-6), 
AMC PC2 2.93 0.0081 0.118 94 82.9 286 1.5 0.14 

Above (-7), 
Mom's 

CESD-R 
Score 

3.12 0.0078 0.112 95 84.4 286 1.3 0.16 

Above (-8), 
AMC PC1 3.47 0.0063 0.109 96 85.5 286 0.7 0.22 

Above (-9), 
Mom's Age 4.02 0.0046 0.107 97 86.6 285 0 0.31 

Note: Null Model = Rate of RBR-Pass ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 9. Backward Model Selection on Linear Regression Models for Rate of 
High RSI-TT (Responding to Social Interaction—Turn-Taking). 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 1.13 0.3360 0.0253 81 78.9 307 16.1 0 

AMC PC4 1.21 0.2740 0.0372 82 79 305 14.1 0 

Above (-1), 
AMC PC1 1.28 0.2190 0.0483 83 79 303 12.2 0 

Above (-2), 
Mom's Age 1.37 0.1710 0.0592 84 79 301 10.2 0 

Above (-3), 
Mom's 

Education 
1.68 0.0788 0.0807 88 80.9 296 4.6 0.02 

Above (-4), 
Income to 

Needs Ratio 
1.81 0.0582 0.0879 89 81.2 294 3 0.06 

Above (-5), 
Child's Age 

at Test 
1.91 0.0487 0.0898 90 81.9 293 1.9 0.1 

Above (-6), 
Child's Sex 2.01 0.0410 0.091 91 82.7 292 0.9 0.16 

Above (-7), 
AMC PC3 2.08 0.0397 0.0874 92 84 292 0.4 0.2 

Above (-8), 
Mom's 

CESD-R 
Score 

2.14 0.0394 0.0829 93 85.3 291 0 0.25 

Above (-9), 
Mom's 

Ethnicity 
2.04 0.0949 0.0395 97 93.2 292 1 0.15 

Above (-10), 
Child's Birth 

Order 
0.341 0.5610 -0.00657 100 101 294 2.9 0.06 

Note: Null Model = Rate of High RSI-TT ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 10. Backward Model Selection on Linear Regression Models for Total 
Rate of Eye Contact. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 0.838 0.6620 -0.0332 81 60.9 281 25.2 0 

Mom's 
CESD-R 

Score 
0.892 0.5930 -0.0206 82 60.9 279 23.2 0 

Above (-1), 
Income to 

Needs Ratio 
0.954 0.5190 -0.00836 83 60.9 277 21.2 0 

Above (-2), 
AMC PC1 1.02 0.4470 0.00318 84 61 275 19.3 0 

Above (-3), 
Child's Birth 

Order 
1.2 0.2910 0.0269 87 61.6 270 14.4 0 

Above (-4), 
Mom's 

Ethnicity 
1.57 0.1270 0.0537 91 62.7 264 8.1 0.01 

Above (-5), 
AMC PC3 1.73 0.0941 0.0607 92 62.9 262 6.5 0.01 

Above (-6), 
AMC PC2 1.91 0.0673 0.0673 93 63.2 261 4.8 0.03 

Above (-7), 
AMC PC4 2.07 0.0546 0.0689 94 63.7 259 3.8 0.06 

Above (-8), 
Mom's 

Education 
3.39 0.0212 0.0662 98 66.6 256 0.3 0.31 

Above (-9), 
Child's Age 

at Test 
4.24 0.0172 0.0602 99 67.7 256 0 0.37 

Above (-10), 
Mom's Age 5.33 0.0230 0.0412 100 69.8 257 1.1 0.21 

Note: Null Model = Total Rate of Eye Contact ~ Child's Sex + Child's Age at Test + Child's 
Birth Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + 
Family Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 11. Backward Model Selection on Linear Regression Models for Total 
Rate of Giving. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 2.1 1.07E-02 0.178 81 6.3 49.5 18.6 0 

AMC PC4 2.23 6.76E-03 0.188 82 6.3 47.5 16.6 0 

Above (-1), 
Mom's 

Education 
2.92 9.07E-04 0.222 86 6.34 40 9.1 0 

Above (-2), 
AMC PC3 3.17 4.86E-04 0.231 87 6.34 38 7.2 0.01 

Above (-3), 
AMC PC1 3.45 2.51E-04 0.24 88 6.34 36.1 5.2 0.02 

Above (-4), 
Child's Birth 

Order 
4.31 6.22E-05 0.247 91 6.49 32.5 1.6 0.12 

Above (-5), 
Income to 

Needs Ratio 
4.78 3.09E-05 0.252 92 6.52 30.9 0 0.28 

Above (-6), 
Mom's Age 5.11 2.73E-05 0.246 93 6.64 30.9 0 0.28 

Above (-7), 
Mom's 

CESD-R 
Score 

5.35 3.51E-05 0.232 94 6.84 31.8 1 0.17 

Above (-8), 
Child's Sex 5.69 4.34E-05 0.218 95 7.04 32.7 1.8 0.11 

Note: Null Model = Total Rate of Giving ~ Child's Sex + Child's Age at Test + Child's Birth 
Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + Family 
Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 12. Backward Model Selection on Linear Regression Models for Total 
Rate of Pointing and Reaching. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 1.11 0.3580 0.021 81 26.1 195 20.2 0 

Child's Sex 1.18 0.2940 0.0329 82 26.1 193 18.2 0 

Above (-1), 
AMC PC3 1.26 0.2370 0.0441 83 26.2 191 16.3 0 

Above (-2), 
AMC PC2 1.34 0.1870 0.0546 84 26.2 189 14.4 0 

Above (-3), 
AMC PC4 1.43 0.1490 0.0634 85 26.2 187 12.6 0 

Above (-4), 
Mom's 

CESD-R 
Score 

1.5 0.1220 0.0694 86 26.4 186 11.2 0 

Above (-5), 
Mom's 

Ethnicity 
1.66 0.0966 0.0667 90 27.7 182 8.1 0.01 

Above (-6), 
Child's Age 

at Test 
1.78 0.0760 0.0714 91 27.9 181 6.7 0.01 

Above (-7), 
Mom's 

Education 
2.32 0.0388 0.0729 95 29 177 2.9 0.09 

Above (-8), 
Mom's Age 2.81 0.0206 0.0823 96 29 175 1 0.23 

Above (-9), 
AMC PC1 3.12 0.0184 0.0775 97 29.5 175 0.6 0.28 

Above (-10), 
Income to 

Needs Ratio 
3.69 0.0146 0.0739 98 29.9 174 0 0.38 

Note: Null Model = Total Rate of Pointing and Reaching ~ Child's Sex + Child's Age at Test + 
Child's Birth Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R 
Score + Family Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 
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Supplemental Table 13. Backward Model Selection on Linear Regression Models for Total 
Rate of Vocalizing. 

Variables 
Removed 
from Null 

(Cumulative) 

F  p-value Adjusted     
R2 

Residual 
Df 

Residual 
Deviance AIC 

∆AIC 
from 
Best 

Model 

AIC 
Weight 

None 1.13 0.3410 0.0243 81 157 377 13.5 0 

AMC PC4 1.2 0.2810 0.0356 82 157 375 11.5 0 

Above (-1), 
Mom's Age  1.27 0.2260 0.0467 83 157 373 9.6 0 

Above (-2), 
AMC PC2 1.36 0.1780 0.057 84 157 372 7.7 0.01 

Above (-3), 
AMC PC3 1.45 0.1390 0.0664 85 157 370 5.9 0.01 

Above (-4), 
AMC PC1 1.52 0.1150 0.072 86 158 368 4.5 0.03 

Above (-5), 
Child's Sex 1.6 0.0965 0.0762 87 159 367 3.2 0.05 

Above (-6), 
Income to 

Needs Ratio 
1.66 0.0830 0.0788 88 161 366 2.1 0.09 

Above (-7), 
Child's Age 

at Test 
1.74 0.0709 0.0811 89 162 365 1 0.16 

Above (-8), 
Mom's 

CESD-R 
Score 

1.82 0.0616 0.0822 90 164 364 0 0.26 

Above (-9), 
Mom's 

Education 
1.61 0.1420 0.0405 94 179 365 1 0.16 

Above (-10), 
Child's Birth 

Order 
1.49 0.2120 0.0189 97 189 364 0.4 0.21 

Note: Null Model = Total Rate of Vocalizing ~ Child's Sex + Child's Age at Test + Child's 
Birth Order + Mom's Age + Mom's Ethnicity + Mom's Education + Mom's CESD-R Score + 
Family Income to Needs Ratio + AMC PC1 + AMC PC2 + AMC PC3 + AMC PC4 

 


