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ABSTRACT 

Social contingency, or prompt and meaningful back-and-forth exchanges between 

infant and caregiver, is a powerful feature of the early language environment. Research 

suggests that infants with better attentional skills engage in more social contingency during 

interactions with adults and that adult contingent responding influences infant attention 

during the interaction. This dissertation examines reciprocal relations between infant 

attention and social contingency as well as the associations each have with infant language. 

This study utilizes secondary data from 106 participants collected as part of a longitudinal 

study of attention development run at Florida International University. Sustained attention 

(duration of looking) and attention shifting (speed of gaze-shifting) were assessed at 6 

months and 12 months in social and nonsocial contexts with varying levels of distraction. 

Social contingency was assessed during toy play with a caregiver at 6 months and 12 

months using fluency and connectedness. Child language was measured via caregiver-

report and direct assessment at 18 months. Results indicated that attention shifting related 

more strongly to contingency at 6 months and sustained attention related more strongly at 

12 months. Sustained attention to nonsocial stimuli and attention shifting towards social 

stimuli related most strongly to contingency. Attention and contingency each related to 

language independently. These findings suggest that attentional skills relate to both 

contingency and language. These relations shift over the first year of life, and the 

attentional skills that relate to contingency may not be the same as those that relate to 

language development broadly. 
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CHAPTER 1 

INTRODUCTION 

Caregiver-child interactions are powerful features of an infant’s early learning 

environment. One particularly important aspect of these interactions is contingency, or 

prompt and meaningful responses to infants that promote back-and-forth exchanges 

(Reed et al., 2017; Tamis-LeMonda et al., 2014). Contingency has been extensively 

explored in relation to language development (e.g., Gilkerson et al., 2017; Hirsh-Pasek et 

al., 2015). Recent theoretical work posits that infant attention is a key mechanism 

underlying the relations between contingency and language (Masek, McMillan et al., 

2021). This study explores how infant attention relates to contingency during caregiver-

child interaction in the first year of life by examining attention and contingency 

concurrently and across development and further explores how the reciprocal relations 

between infant attention and contingency relate to later language.  

Defining Contingency 

Contingency refers to interactions in which conversational partners respond to 

each other in ways which are both meaningful (i.e., related to the previous turn; Goldstein 

& Schwade, 2010) and prompt (i.e., occurring within a set period of time, usually 1 to 5 

seconds; Bornstein et al., 2008; Tamis-LeMonda et al., 2001). For example, if during a 

play interaction an infant holds up a stuffed bear and the caregiver says, “that’s your 

Teddy”, the caregiver’s response is contingent because it is both meaningful and prompt. 

Reserachers have operationalized contingency during caregiver-child interactions in 

several different ways including: 1) the number of conversational turns (e.g., Gilkerson et 
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al., 2018), 2) parental responsiveness to the child (e.g., Tamis-LeMonda et al., 2001), 3) 

bouts of joint engagement between caregiver and child (e.g., Adamson et al., 2004), and 

4) fluency and connectedness of verbal and nonverbal communication (e.g., Hirsh-Pasek 

et al., 2015; Masek, Paterson et al., 2021). 

The past decade has seen a boon in research on contingency. Newer, automated 

technologies allow researchers to explore contingency on a much larger scale in more 

diverse settings, such as schools and NICUs. Contingency has even been explored in 

neuroscience labs, where the activation and connectivity of language regions of the brain 

are found to relate to contingent interactions (Romeo, Leonard et al., 2018; Romeo, 

Segaran et al., 2018). Further fueling this boon is the converging evidence that 

contingency is a vital context for language learning. 

Contingency and Language 

Evidence for the positive relation between contingency and language 

development is robust, coming both from individual differences research using 

longitudinal datasets and from experimental manipulations 

Studies looking at individual differences in contingency find a clear association 

with language. Contingency between 18 and 24 months of age, relate to children’s 

language skills up to ten years later (Gilkerson et al., 2018). Contingency has been found 

to predict language outcomes in diverse groups, including families experiencing socially 

and economically adverse circumstances (Smith et al., 2018), slow-to-talk toddlers 

(Conway et al., 2018), and children with autism or developmental delays (Adamson et al., 

2019). In classroom environments, the number of conversational turns children engage in 



3 

with their teachers predicts growth in their language skills, such that infants who engaged 

in more conversational turns had a greater increase in language skills over the course of 

the school year (Perry et al., 2018). In a suite of studies, the number of conversational 

turns, but not the amount of caregiver talk, was found to be associated with both brain 

activation and connectivity in Broca’s area, which is strongly associated with language 

(Romeo, Leonard et al., 2018; Romeo, Segaran et al., 2018).  

Experimental manipulations further suggest that contingency influences language 

learning. In a set of experiments, 9-month-old English-speaking infants were exposed to 

Mandarin phonemes. Infants who heard the phonemes spoken by a live, social partner, 

were able to discriminate the phonemes at near native levels. However, infants who heard 

the phonemes via video recording were unable to do so (Kuhl et al., 2003). In another 

study, caregivers were instructed to respond contingently or noncontingently to the 

babbling of their 9-month-old infants. Infants who heard contingent responses modified 

the phonological structure of their babbling to better match the caregiver’s, but infants 

who heard noncontingent responses did not (Goldstein & Schwade, 2008). In a study 

examining word learning, 24-month-old infants were taught novel verbs either via live 

interaction, video chat (which maintained contingency from the live interaction), or 

yoked video (a video from the experimenter’s interaction with another child). Children 

did not learn the verbs taught in the noncontingent, yoked video, but they did learn the 

words equally well from the video chat and live interaction, suggesting that the piece of 

the interaction that was important for word learning was the contingency (Roseberry et 

al., 2014). 
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Just as contingent interactions promote word learning, disruptions in contingency 

impair word learning. In one study, children were taught two novel words by their 

parents. For one of the words, the teaching was interrupted by a phone call, breaking the 

contingency. For the other word, the teaching was uninterrupted. Children only learned 

the words when the contingency had not been broken, even though the amount of time 

they had to learn and the number of times they heard the novel word were equivalent in 

both conditions (Reed et al., 2017). These findings suggest that contingency promotes 

language learning while disruptions to contingency reduce learning.  

Given these findings, contingency has been a target for several language 

interventions. A small-scale study of very low-income families found that an intervention 

targeting contingency along with knowledge of child development not only improved 

engagement between caregiver and child, but improved child standardized language 

scores (Alper et al., under re-review; Luo et al., 2019). The Video Interaction Project, an 

intervention in pediatrician offices aimed at increasing responsive parenting interactions, 

found positive effects on both caregivers (Cates et al., 2016; Mendelsohn et al., 2011) and 

children (Mendelsohn et al., 2007; Weisleder et al., 2016). An intervention targeting 

contingent talk found improvements in the amount of caregiver talk, the proportion of 

contingent caregiver talk, and infant language scores (McGillion et al., 2017). 

Contingency has even become an outcome of interest for interventions developed to 

improve other areas of parent-child interaction. An intervention targeting emotional 

bonding between preterm infants and their mothers has also improved contingency 

between mother and infant at 4 months (Beebe et al., 2018). These intervention findings 

provide further evidence contingency impacts language development, suggesting a causal 
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relation between the contingency and language. This possibility has led researchers to 

speculate as to the underlying pathways that might account for this robust relation. 

Past theoretical work has suggested that contingency facilitates language 

development through two predominant pathways: social and lexical (Tamis-LeMonda et 

al., 2014). Socially, contingency helps children to develop an understanding of 

communicative intent. Knowing words is not enough to be able to converse; one also has 

to understand the intentions of one’s conversational partner. When caregivers respond 

contingently to infants’ environmental explorations, they support infants’ understanding 

that communication is intentional (Tamis-LeMonda et al., 2013). Developing this 

understanding opens children up to more possibilities for word-learning as they are able 

to use tools such as eye-gaze and pointing to learn words that describe the world around 

them (Tamis-LeMonda et al., 2014). Lexically, contingency helps young children to map 

words to objects and events. For any given word, there are an endless number of possible 

meanings; contingency can clarify the intended referent. For example, if a child hears the 

word “car” as they pick up a toy car, it is easier for them to attribute the label “car” to the 

toy in their hand as opposed to a discarded teddy bear. Contingency allows for the timing 

of a meaningful label to be in line with the child’s attention, creating a powerful learning 

moment (Trueswell et al., 2016). 

Recent theoretical work builds on this prior literature by positing that attention 

may underlie the social and lexical pathways linking contingency to language. Masek, 

McMillan et al. (2021) proposed that infant attention both facilitates contingent 

interaction, and that contingent interaction refines and capitalizes on infant attention. 

Through these reciprocal relations, attention both promotes the occurrence of language 
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learning interactions and learning from them. To understand attention as a mechanism for 

how contingent interaction promotes learning, one must first examine how contingency 

and attention relate to each other. 

Reciprocal Relations between Contingency and Attention 

Contingent interactions take two. Although researchers often emphasize the 

caregiver’s response to the infant, the infant’s behaviors and skills are equally important 

(e.g., Begus et al., 2014; Lucca & Wilbourn, 2019). Indeed, what constitutes a contingent 

interaction changes as the child’s skills develop, from synchrony in the postnatal period 

to adult responsiveness in early infancy to joint attention and conversational turns in 

toddlerhood. (Reed et al., 2016). One area of infant competency that has been under-

explored in relation to contingency is attention. Several attentional skills develop over the 

first few year of life including attention arousal, visual tracking, sustained attention, 

visual orienting, disengagement of attention, and selective attention (e.g., Colombo, 

2001). The research relating contingency to attentional skills in infancy focuses primarily 

on visual attention, or what the infant looks at, and has generally centered on patterns of 

sustained attention (i.e., the maintenance of focus) and attention shifting (i.e., the change 

of focus). Of these studies, some suggest that early attention predicts later contingency 

(McMillan, et al., under review; Salley et al., 2016); other studies suggest that early 

contingency predicts later attention (Bornstein & Tamis-LeMonda, 1997; Weisleder et al, 

2016). 
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Early attention to later contingency 

A few longitudinal studies suggest that infant attention may be a developmental 

precursor to contingent interactions. Salley et al., (2016) found that infants who were 

faster to orient their attention to social stimuli at 1-month of age, initiated joint attention 

more often at 12 months, suggesting that early attentional skills contribute to the joint 

attention skills children use during interaction with caregivers. These joint attention skills 

have been found to precede bouts of joint engagement (Loy et al., 2018), a rich context 

for contingency. Another study looking at infants’ attention skills at 4.5 months found 

that early sustained attention was related to contingency during a caregiver-infant 

interaction at 15 months, but not to the total amount of interaction (McMillan, et al., 

under review). These findings suggest that attention may uniquely contribute to the 

contingent back-and-forth between caregiver and infant that promotes language learning. 

However, by 4-months of age, and even by 1-month of age, infants have already been 

interacting with caregivers. As such, these studies cannot rule out the possibility that 

contingency during very early interactions contribute to infant attentional skills. Indeed, 

some research suggests that contingent interactions are a predictor of attentional skills.  

Early contingency to later attention 

Another longitudinal study found that contingency in early infancy predicts 

attention. In this study, contingent responses to non-distress at 5 months were related to 

infant attention, but not language, at 13 months (Bornstein & Tamis-LeMonda, 1997). 

Interestingly, contingent responses at older ages, such as 9 months and 13 months, have 

been found to be associated with later language skills (e.g., Tamis-LeMonda et al., 2001). 
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These findings suggest that early in development, contingency might be more important 

for attention than language development.  

It is possible that the fluent, back-and-forth interactions that characterize 

contingency maintain infant attention during the interaction, encouraging infants to stay 

focused on the shared object or event. As an example, imagine two interactions. In the 

first interaction an infant picks up a toy bear, and the caregiver responds by saying 

“Where do you put the brown bear?”, prompting the infant to continue to play with the 

bear while the caregiver continues to respond resulting in a contingent, back-and-forth 

exchange. In the second interaction, an infant picks up the same toy bear and the 

caregiver responds by saying “Where do you put the car?”. This response disrupts the 

contingency of the interaction and prompts the infant to shift attention to the car in order 

to maintain engagement with the caregiver. In the first interaction, the back-and-forth 

exchange keeps the infant’s attention focused on the bear. In the second interaction, the 

infant’s attention to the bear is disrupted by the caregiver’s shift to the car. This example 

illustrates the possible implications that contingent or noncontingent interaction have on 

attention in the moment.  

The effect of contingency on attention is seen in studies of caregiver-infant 

interactions. In one study, researchers categorized caregivers as either sensitive 

(contingently responsive) or redirective (not contingently responsive) when interacting 

with their 5-month-old infants. Infants with sensitive caregivers attended more to objects 

with which the caregiver was engaged, were less likely to shift gaze in response to non 

sequiturs (e.g., a gasp) and were faster to shift their attention when their caregiver did 

redirect them (Mason et al., 2018). These findings suggest that even at a very young age, 
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differences in caregiver contingent responses are associated with differences in attention 

organization, particularly to social stimuli, during the interaction. A study looking at 

older infants found that during caregiver-child interaction, one-year-old infants looked at 

objects longer when in state of joint attention than when not in a state of joint attention 

(Yu & Smith, 2016). For young infants, it seems that contingency during an interaction is 

associated with different patterns of attention, and as infants get older, contingency is 

associated with longer bouts of attention. This pattern suggests that the relation between 

contingency and attention changes as children’s attentional skills develop.  

Experimental studies, in which researchers manipulate contingency and observe 

the effects on infant attention, strengthen these correlational findings. In a set of 

experiments, adult behavior during interactions with children was manipulated to see how 

changes in contingency affected infants’ attention. Researchers examined how interacting 

with a contingent (following-in on the child’s focus) or redirective (changing the child’s 

focus) adult influenced infants’ attention during a play session. In one experiment, 9-

month-old infants shifted their attentional focus less often when interacting with the 

contingent adult than with the redirective adult, resulting in longer bouts of engaged 

states (Miller et al., 2009). In a separate experiment with older infants, 13- to 16-months 

of age, infants again shifted their attentional focus less often when interacting with a 

contingent caregiver, but they also vocalized more, used more gestures, and were more 

engaged overall (Miller & Gros-Louis, 2013).  

In these studies, researchers manipulated contingency by changing the adult’s 

response patterns. Following in on an infant’s focus allows for the back-and-forth of 

contingency to develop, whereas redirecting an infant’s focus stops that potential. Similar 
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to the aforementioned correlational research, these studies suggest that the relations 

between contingency and attention change as children get older. In contrast to the 

correlational findings, in the experiments the adult’s behavior changed and in one (Miller 

et al., 2009) the adult was not the child’s caregiver, so the findings cannot be a result of 

more attentive caregivers both being more contingent and having more attentive children. 

By changing the contingency, researchers were able observe the effect on the infant’s 

attentional patterns during interactions, however the extent to which these changes in 

attention would generalize to other contexts was not measured. 

Intervention studies to improve contingency further support a causal relation 

between attention and contingency. The aforementioned Video Interaction Project, an 

intervention designed to increase contingency during caregiver-child interactions, found 

that children enrolled in the intervention had better attentional skills at 24 months than 

children in the control group (Weisleder et al, 2016). This suggests that instructing 

caregivers on how to respond to their children in such a way to facilitate back-and-forth 

exchanges actually improves children’s attentional skills. If this is the case, other 

interventions targeting contingency should also see an increase in attentional skills, 

however this has not been universally explored. 

From these findings, there is evidence both for contingency building attention and 

for attention facilitating contingency, supporting the recently proposed bidirectional 

relations between attention and contingency (Masek, McMillan et al., 2021). The 

potentially reciprocal relations between attention and contingency have important 

implications for language development. Both contingency and attention relate to 

language development, independently. The framework proposed by Masek, McMillan et 
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al., (2021), purports that these relations may not be just direct, but also indirect such that 

contingency relates to language in part through attention and that attention relates to 

language in part through contingency.  

Infant attentional skills facilitate contingent interactions, such that infants with 

more sophisticated attentional skills engage in more contingent interactions with their 

caregivers (e.g., McMillan et al., under review). Participation in contingent interaction 

also helps to maintain infant attention during the interaction (e.g., Miller & Gros-Louis, 

2013) and may increase infant attention over time (e.g., Weisleder et al., 2016), leading to 

a reciprocal relation where increased infant attention leads to engagement in more 

contingent interactions which further promotes infant attention, and so on. As infant 

attention and contingent interaction build upon each other, they also lay a foundation for 

language learning. Engagement in contingent interactions helps infants to develop an 

understanding of communicative intent and scaffolds language learning (Tamis-LeMonda 

et al., 2014). Attention during an interaction allows infants to better map the sounds they 

hear to the relevant referent (e.g., Trueswell et al., 2016).  

Although pieces of this framework have been empirically tested, no studies to 

date have examined relations between early attention and later contingency and early 

contingency and later attention simultaneously. Furthermore, no studies have looked at 

how both attention and contingency relate to language development. The present study 

empirically tests the framework proposed by Masek, McMillan et al. (2021) by 

examining the longitudinal relations between attention, contingency, and language in one 

dataset. 
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Present Study 

In this study, attention, contingency, and language are measured at three time 

points across the first two years of life. Attention is measured at 6 months and 12 months. 

Two attentional skills are examined: sustained attention (duration of looking) and 

attention shifting (speed of gaze-shifting). Between 6 and 12 months of age, sustained 

attention and attention shifting undergo significant development, making this an ideal age 

range to measure changes (Ruff & Rothbart, 1996). Social contingency is likewise 

measured at 6 months and 12 months. Previous research looking at attention and 

contingency has found associations in this age range (e.g., Bornstein & Tamis-LeMonda, 

1997; McMillan et al., under review). Furthermore, examining attentional skills and 

contingency both at two time points allows for examination of changes in both constructs. 

Language is measured at 18 months. At this age, individual differences in language 

ability are beginning to emerge. Measuring language at 18 months further allows 

mediation analyses to be run to determine the direct and indirect effects of both attention 

and contingency. Using this longitudinal data, this study addresses five research 

questions.  

The first research question is whether attention and social contingency relate to 

each other within each time point. To test this question, this study examines the 

concurrent associations between attention and contingency at 6 months and 12 months. 

The hypothesis is that sustained attention will be positively correlated with concurrent 

fluency and connectedness at both ages because caregivers with infants who stay focused 

on a task for longer will have an easier time following in on the child’s focus and 

maintaining a back-and-forth and caregivers who do this more successfully will further 
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support their infant in sustained attention during the interaction. Attention shifting is not 

expected to be correlated with concurrent fluency and connectedness because fluent and 

connected interactions should not require infants to shift attention quickly and shifts in 

attention that do happen in the context of the interaction should be primarily child-led. 

The second research question is whether early attention predicts later 

contingency. To test this question, this study examines attention at 6 months and its 

relation to contingency at 12 months controlling for 6-month contingency. It is 

hypothesized that sustained attention at 6 months will relate to fluency and connectedness 

at 12 months because as infant sustained attention facilitates more fluent and connected 

interactions, caregivers will be more likely to engage in such interactions over time. 

Attention shifting at 6 months is not expected to relate to fluency and connectedness at 12 

months because infant attention shifting is not expected to facilitate fluent and connected 

interactions, meaning caregivers no more likely to engage in such interactions over time. 

The third research question is whether early contingency predicts later attention. 

To test this question, this study examines contingency at 6 months and its relation to 

attention at 12 months controlling for 6-month attention. It is hypothesized that fluency 

and connectedness at 6 months will predict infant sustained attention at 12 months 

because fluent and connected interactions will help infants to maintain focus on the 

shared topic of interaction, leading to longer bouts of sustained attention. Fluency and 

connectedness score at 6 months is not expected to predict infant attention shifting at 12 

months because fluent and connected interactions should not require extensive attention 

shifting on the part of the infant, hence, they will not be developing this skill in the 

context of the interaction.  
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The fourth research question is whether early attention predicts later language and 

whether social contingency mediates this relation. To address this question, this study 

first examines the direct effect of attention at 6 months on language at 18 months. This 

association is expected to be significant based on prior literature (e.g., Salley et al., 2013). 

This study next examines whether there is a significant mediation effect through 

contingency at 12 months. It is hypothesized that sustained attention at 6 months relates 

to language at 18 months in part through contingency at 12 months because infants who 

focus for longer periods of time will be able to engage in more fluent and connected 

interaction with their caregivers and as a result, will have better language skills. Attention 

shifting at 6 months is not expected to relate to language at 18 months through fluency 

and connectedness at 12 months because attention shifting is not expected to help infants 

engage in the contingent interactions that help children learn language. 

The fifth and final research question is whether early contingency predicts later 

language and whether this relation is mediated by attention. To address this question, this 

study first examines the direct effect of contingency at 6 months on language at 18 

months. This association is expected to be significant. This study next examines whether 

there is a significant mediation effect through attention at 12 months. It is hypothesized 

that fluency and connectedness at 6 months will relate to language at 18 months through 

sustained attention at 12 months because infants who engage in more, high-quality fluent 

and connected interactions will have longer bouts of sustained attention which in turn 

will help them to learn language. Fluency and connectedness score at 6 months is not 

expected to relate to language at 18 months through attention shifting at 12 months 

because fluent and connected interactions are not expected to support infant attention 
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shifting. It is expected that attention shifting at 12 months will relate directly to language 

at 18 months, as attention shifting is an indicator of processing speed, however, 

contingency with caregivers is not expected to play a role in this relation. 
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CHAPTER 2 

METHODOLOGY 

This study utilizes secondary data collected from a longitudinal study of attention 

development run at Florida International University by Dr, Lorraine Bahrick and her lab. 

The dataset has 106 participants total, though some participants are missing some data. 

Missingness is addressed in the analyses section. 

Participants 

Participants were recruited from the greater Miami area. Roughly half of the 

mothers reported having a bachelor’s degree or higher. The majority of families reported 

speaking English in the home. Of those who reported speaking a second language, the 

majority reported Spanish. Most caregivers identified their children as white and 

Hispanic. Roughly half of the children were female. See Table 1 for a more detailed 

breakdown of the sample. Since the examined relations are not expected to vary based on 

the primary language spoken in the home, all children are included in the analyses. For 

children whose parents reported that they heard both English and Spanish in the home, all 

language analyses used a combination of their English and Spanish language skills (when 

available). 

Procedure and Measures 

Assessments and procedures were completed at the lab. The order of the 

procedure was counterbalanced across participants, such that some infants completed the 

parent-child interaction before the direct assessments while other infants completed the 
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Table 1.  
 
Demographic information for the participants 

 
Demographic Variable Frequency (N) % 
Child Gender a   
    Female 52 49.5 
    Male 53 50.5 
   
Child Race a   
    Asian 3 2.9 
    African American 16 15.2 
    White 69 65.7 
    Multiracial 10 9.5 
    Other 1 1.0 
    DNA 6 5.7 
   
Child Ethnicity b   
    Hispanic or Latino 66 64.1 
    Not Hispanic or Latino 35 34.0 
    DNA 2 1.9 
   
Primary Language in the Home c   
    English 63 63.6 
    Spanish 30 30.3 
    English & Spanish 1 1.0 
    English & Other 1 1.0 
    Other 4 4.0 
   
Secondary Language in the Home c   
    None Reported 33 33.3 
    English 23 23.2 
    Spanish 32 32.3 
    English & Other 1 1.0 
    Spanish & Other 2 2.0 
    Other 8 8.1 
   
Maternal Education c   
    Some high school 2 2.0 
    Diploma or GED 12 12.1 
    Some college 17 17.2 
    Associate degree 15 15.2 
    Bachelor’s degree 26 26.3 
    Master’s degree or higher 27 27.3 

Note. DNA = did not answer. a n = 105. b n= 103. c n = 99. 
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direct assessments before the parent-child interaction. Measures for this study were 

drawn from the 6-month, 12-month, and 18-month lab visits. The measures and 

procedures for each construct of interest are discussed below. 

Attention  

Attention was measured at 6 months and 12 months using the Multisensory 

Attention Assessment Protocol (MAAP; Bahrick et al., 2018). To complete the MAAP, 

each infant sat on their caregiver’s lap about 40 inches from a 46-inch widescreen video 

monitor (NEC Multisync PV61). The caregiver wore black-out glasses so that they were 

blind to the display.  

During the MAAP, infants were shown a series of trials on the monitor. In each 

trial, a dynamic central fixation event (e.g., a ball morphing into a square and morphing 

back into a ball) appeared for three seconds, after which two lateral events began and 

played for 12 seconds, one to the left and one to the right of the central fixation event. On 

each trial, one of the lateral events was synchronous with its natural soundtrack and the 

other was asynchronous. Blocks of social (i.e., woman talking) and nonsocial (i.e., small 

objects falling into a clear container) trials were presented. In half of the trials, the central 

fixation event remained on while the lateral events played (high-competition trials), and 

in the other half of trials the central fixation event turned off at the onset of the lateral 

events (low-competition trials). This created four distinct trial types: 1) high-competition, 

social, 2) low-competition, social, 3) high-competition, nonsocial, and 4) low-

competition, nonsocial (see Figure 1). Trials are broken into 4 blocks with 6 trials each so  
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Figure 1.  

Diagram of the four Trial Types from the Multisensory Attention Assessment Protocol. 
 

  
Note. These were not the exact visuals shown to the infants and are used only to show the 
layout of each trial. 
 

 

infants saw 6 of each trial type and 24 trials in total. The order of blocks was 

counterbalanced across participants. 

The MAAP assesses three types of attention: sustained attention (duration), 

attention shifting (speed), and intersensory matching (accuracy). All three attention types 

are measured in the context of high versus low competing stimulation and social versus 

nonsocial stimuli. Sustained attention is operationalized as the percentage of total looking 

at either of the lateral events during the 12 second trial. For example, if an infant spent 2 

seconds looking at the right lateral event and 4 second looking at the left lateral event, 

their sustained attention score would be 50. Attention shifting is operationalized as the 

latency to shift attention from the central fixation event to the one of the lateral events. 

For example, if an infant took one and a half seconds to shift from the central fixation 
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event to a lateral event, their attention shifting score would be 1.5. Intersensory matching 

is operationalized as the percentage of total looking time that the infant looks towards the 

lateral event that is synchronous with the audio track. Research using the MAAP 

demonstrates developmental changes in these different types of attention such that older 

children have longer sustained attention, faster attention shifting, and more accurate 

intersensory matching. The MAAP demonstrates test-retest reliability and is presently 

undergoing large scale validation (Bahrick et al., 2018). 

This study used all trial types: the low-competition, social trials, the low-

competition, nonsocial trials, the high-competition, social trials, and the high-

competition, nonsocial trials. From these trials, analyses included measures of sustained 

attention and attention shifting. Analyses were run with combined attention measures 

(mean score across all 24 trials) and by trial type (mean score across the 6 trials of each 

trial type). Combined attention measures were used to measure infant overall attentional 

skills. Attention measures by trial type were used to determine whether the hypothesized 

relations between infant attentional skills, contingency and language held across contexts 

and levels of difficulty. At the 6-month timepoint, 85 infants had complete MAAP data, 

and at the 12-month timepoint, 71 infants had complete MAAP data. 

Social Contingency 

Social contingency was assessed using fluency and connectedness, a rating 

adapted from Adamson and colleagues behavioral rating inventory (Adamson et al., 

2016). The fluency and connectedness rating was coded from an 8-minute toy play 

interaction between the caregiver and infant at 6-months and 12-months of age. 
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Play Interaction 

During this interaction, the caregiver and infant were seated across from each 

other at a table (40 X 28). The caregiver was sitting in a chair and the infant was in a clip-

on highchair. Three toys were on the table: a puzzle (12 months) or a spinner (6 months), 

a piano toy, and four interlocking building blocks. The caregiver was instructed to play 

with their infant as they would at home with the toys provided. The interaction was 

video-recorded using cameras (Canon VIXIA HF R50) in three corners of the room to 

capture three angles of the interaction: a view of the child’s face over the parent’s 

shoulder, a view of the parent’s face over the child’s shoulder, and a third-person view 

that showed the profile of both parent and child. A mixer (Roland VR-3EX) was used to 

synchronize the videos so that the three viewpoints played simultaneously. During the 

recording, research assistants were in the room to ensure the video-cameras function 

properly throughout the interaction, but they were told to maintain a flat affect and avoid 

eye-contact with either caregiver or child.  

Of the 106 participants, 78 completed the caregiver-infant interaction at 6 months 

and 73 completed the interaction at 12 months. For the 6-month visit, 7 videos were 

excluded: 4 due to infant crying and 3 due to use of a language other than English or 

Spanish. For the 12-month visit, 11 videos were excluded: 1 due to infant crying, 3 due to 

use of a language other than English or Spanish, 4 due to additional play materials 

present during the interaction, 3 due to technical issues with the recording 
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Fluency and Connectedness Coding 

The fluency and connectedness measures two aspects of the conversation that are 

essential to contingency: balance and fluency. Balance refers to which partner is leading 

the conversation. An interaction in which both infant and caregiver take turns initiating 

and leading the conversation is considered more balanced than a conversation in which 

one of the partners dominates. Fluency refers to how smooth the conversation is between 

caregiver and infant. A conversation in which caregiver and child take turns without 

overlapping turns or long gaps between turns is considered more fluent. These 

conversations can be verbal or nonverbal and turns can consist of a vocalization (e.g., 

babbling) or a communicative action (e.g., reaching for a toy). 

Fluency and connectedness score was rated on a scale from 1 to 7 based on the 

quantity and quality. If the dyad engaged in no conversational back-and-forth (either 

verbal or nonverbal), they received a score of 1. If the dyad engaged in back-and-forth 

throughout the interaction, but that conversation dominated by the adult or the adult and 

infant talked over each other throughout, the dyad would receive a score of 4. If the dyad 

engaged in high-quality back-and-forth in which mother and child took turns initiating 

the conversation and the conversation was fluent, the dyad received a score of 7. 

To test for reliability between coders, 28 videos (14 from the 6-month time point 

and 14 from the 12-month time point) were independently coded by two coders. Prior to 

coding, all coders were trained to criteria. Overall, agreement within one point between 

coders was 82%. A weighted kappa was also calculated (Bakeman & Quera, 2011). For 

the kappa, 1-point disagreements were weighted 0 (i.e., effectively considering them 
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agreements), 2-point disagreements were weighted 1, 3-point disagreements 2, etc. The 

weighted kappa was 0.610, indicating moderate to substantial agreement (Cohen, 1960). 

Language Assessment 

Child language was assessed at 18 months using two measures: The MacArthur-

Bates Communicative Development Inventory: Words and Gestures (MBCDI; Fenson et 

al., 2006) and the Mullen Scales of Early Learning (MSEL; Mullen, 1995). Both of these 

measures are widely used and have demonstrated adequate reliability as well as validity 

with other measures of infant development. Test-retest reliability has been demonstrated 

to be above .80 for both the MBCDI (Frank et al., 2021) and the MSEL (Shank, 2018). 

The MBCDI is a caregiver-report measure of child language normed for children 

ages 6 to 18 months of age. For the MBCDI, parents indicate what vocabulary items from 

different semantic categories (e.g., animal names and clothing) their child understands or 

understands and says. From this inventory, a raw score of comprehensive vocabulary 

(words understood) and expressive vocabulary (words understood and said) is calculated. 

This study uses both comprehensive vocabulary and expressive vocabulary scores. For 

children whose caregivers reported exposure to both English and Spanish, both the 

English and Spanish forms of the MBCDI were administered and the sum of both forms 

was calculated. This approach was taken to account for children’s full vocabulary 

knowledge in all of their languages. At the 18-month timepoint, 51 infants had complete 

MBCDI data. 

The MSEL is an observational measure of child development. The MSEL consists 

of five subscales: receptive language, expressive language, visual reception, fine motor, 
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and gross motor. The MSEL is administered by a researcher and for children one year of 

age it takes approximately 15 minutes. During the assessment, the child is seated at a 

small table with the researcher while the child’s caregiver sits behind the child. The 

assessment is recorded for offline coding. This study uses two subscales: receptive 

language and expressive language. At the 18-month timepoint, 64 infants had a MSEL 

receptive language score and 59 infants had a MSEL receptive language score. 

Analytic plan  

Testing the proposed hypotheses utilized a five-step approach. The first step 

examined the bivariate correlations between concurrent measures of contingent and 

attention. The second step examined the longitudinal associations between attention and 

contingency using stepwise regression. The third step examined the concurrent and 

longitudinal associations between attention and contingency simultaneously using path 

models. The fourth step examined the direct and indirect effects of attention and 

contingency on language using boot-strap mediation analyses. The fifth step examined 

the relations between sustained attention or attention shifting (separately), contingency, 

and language together using structural equation modelling. After completing the four-step 

analysis plan, an additional, post hoc analysis was run using structural equation 

modelling (SEM). See Table 2 for how the analyses map to the research questions. 

Full information maximum likelihood (FIML) was used to account for 

missingness in the data. FIML uses an algorithm to calculate the casewise likelihood of a 

missing value using the other information available for that datapoint. This allows the 

statistical program to use both the observed values and the likelihood values when  
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Table 2. 
 
Steps of the analytic plan and the research questions addressed by each analysis 
 
Step  Analysis Research Question 
Step 1 Bivariate 

Correlation 
 

RQ1: Concurrent relations between attention and contingency 

Step 2 Stepwise 
Regression 
 

RQ2: Relation between early attention and later contingency 
RQ3: Relation between early contingency and later attention 

Step 3 Path 
Models 

RQ1: Concurrent relations between attention and contingency 
RQ2: Relation between early attention and later contingency 
RQ3: Relation between early contingency and later attention 
 

Step 4 Bootstrap 
Mediation 
 

RQ4: Attention to Language Through Contingency 
RQ5: Contingency to Language Through Attention 

Step 5 Structural 
Equation 
Models 

RQ1: Concurrent relations between attention and contingency 
RQ2: Relation between early attention and later contingency 
RQ3: Relation between early contingency and later attention 
RQ4: Attention to Language Through Contingency 
RQ5: Contingency to Language Through Attention 
 

 

 

calculating the parameter estimates. FIML has been shown to yield unbiased and more 

efficient parameter estimates as well as result in fewer convergence errors and lower 

Type I error rates than other methods used to address missingness in structural equation 

modeling (Enders & Bandalos, 2001). Previously analyses using this data have 

determined that the data are missing completely at random, meaning missingness is not 

related to the constructs being measures. As such, FIML an appropriate strategy to 

address missingness in this sample. No auxiliary variables were used for the FIML 

estimation.  
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CHAPTER 3 

RESULTS 

Prior to running the planned analyses, outliers were identified, and study variables 

were tested for confound with background variables.  

To test for outliers, descriptive statistics were calculated for all study variables 

and any data point that was further than three standard deviations from the median was 

flagged. Data from four participants were flagged as outliers based on age of the visit (1 

from the 6-month time point, 2 from the 12-month time point, and 1 from the 18-month 

time point). Interaction data from three participants were flagged as outliers based on 

interaction time at the 12-month visit. Four data points from the language outcomes were 

identified as outliers. For attention variables, two data points for combined attention 

variables (1 from the 6-month time point, 1 from the 12-month time point) were 

determined to be outliers. When attention trial types were examined separately, 25 data 

points (12 from the 6-month time point and 13 from the 12-month time point) were 

determined to be outliers. To account for extreme scores, all analyses were run with 

outliers included and with outliers excluded. For the majority of analyses, exclusion of 

outliers did not change the results. However, when the results did change, results with 

both outliers included and outliers excluded are presented. Descriptive statistics with and 

without outliers are presented in Tables 3 and 4. 

Study variables were then tested for confound with background variables: child 

age at each visit, total time of interaction at each time point, and maternal education. 

Pearson correlation indicated no significant correlations between infant age at 6-month 

visit or length of 6-month interaction with fluency and connectedness or attention  
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Table 3. 
 
Descriptive statistics for study variables 
 
Variable N M s.d. Min. Max. Range Skewness Kurtosis 
  

Full dataset 
 

SusA06 96 56.87 9.11 30.63 77.79 47.15 -0.53 0.07 
SusA12 81 56.40 11.67 24.59 85.78 61.19 -0.36 0.45 
AShift06 96 1.32 0.29 0.80 2.14 1.34 0.92 0.45 
AShift12 81 1.19 0.29 0.84 2.59 1.75 1.99 5.72 
FC06 70 2.43 0.89 1 4 3 0.16 -0.66 
FC12 62 3.76 1.17 2 6 4 0.05 -1.05 
MBCDIC 51 231.67 148.90 10.00 646.00 636 1.04 1.20 
MBCDIE 51 61.75 77.93 0 353 353 2.35 5.64 
MSELR 64 17.58 4.56 3 29 26 -0.31 1.22 
MSELE 59 15.90 3.69 5 28 23 0.19 2.65 
         
 Without Outliers 

 
SusA06 95 56.91 9.15 30.63 77.79 47.15 -0.54 0.05 
SusA12 79 56.33 11.80 24.59 85.78 61.19 -0.34 0.38 
AShift06 94 1.32 0.28 0.80 2.11 1.32 0.86 0.38 
AShift12 78 1.17 0.24 0.84 1.96 1.11 1.24 1.09 
FC06 70 2.43 0.89 1 4 3 0.16 -0.66 
FC12 58 3.71 1.19 2 6 4 0.14 -1.04 
MBCDIC 50 230.38 150.13 10 646 636 1.06 1.19 
MBCDIE 48 49.81 54.04 0 225 225 1.87 3.01 
MSELR 63 17.81 4.20 6 29 23 0.13 0.38 
MSELE 58 15.69 3.36 5 24 19 -0.40 2.10 

Note. AShift = attention shifting, SusA = sustained attention, FC = fluency and 
connectedness, Lang = latent language variable, MSELE = Mullen expressive language 
score (raw score), MSELR = Mullen receptive language score (raw score), MBCDIC = 
MBCDI comprehensive vocabulary score (raw score), MBCDIE = MBCDI expressive 
vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month visit. 
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Table 4. 
 
Descriptive statistics for attention variables by trial types. 
 

Age Attention Trial N M s.d. Min. Max. Range Skew. Kurt. 
    

 Full dataset  
 

6 mo Sustained Low-Social 95 76.81 15.36 33.67 91.81 58.14 -1.29 0.80 
 Attention High-Social 96 48.02 21.24 5.09 89.44 84.35 -0.20 -0.70 
  Low-Nonsoc 94 72.98 14.24 41.06 91.55 50.49 -0.54 -0.87 
  High-Nonsoc 94 23.80 13.92 2.50 72.36 69.85 1.23 2.09 

 
 Attention Low-Social 92 1.05 0.15 0.77 1.38 0.61 0.57 0.83 
 Shifting High-Social 94 1.32 0.56 0.78 4.17 3.39 3.20 12.00 
  Low-Nonsoc 94 1.04 0.12 0.71 1.48 0.77 0.54 2.53 
  High-Nonsoc 92 2.18 1.39 0.78 9.21 8.42 2.13 6.77 

 
12 mo Sustained Low-Social 79 69.21 17.91 10.00 92.75 82.75 -0.90 0.47 
 Attention High-Social 78 44.58 19.93 3.08 84.43 81.35 -0.02 -0.73 
  Low-Nonsoc 79 66.41 20.46 2.50 92.57 90.07 -0.99 1.06 
  High-Nonsoc 80 42.06 18.68 6.87 84.48 77.60 0.49 -0.38 

 
 Attention Low-Social 78 0.98 0.10 0.72 1.31 0.59 0.46 0.97 
 Shifting High-Social 76 1.34 0.65 0.82 3.40 2.58 1.84 2.40 
  Low-Nonsoc 76 1.05 0.20 0.79 1.88 1.08 2.80 9.20 
  High-Nonsoc 79 1.43 0.61 0.78 3.78 3.00 1.85 3.54 
           

   Without Outliers 
 

6 mo Sustained Low-Social 93 77.26 14.86 36.33 91.81 55.48 -1.28 0.79 
 Attention High-Social 95 48.15 21.31 5.09 89.44 84.35 -0.22 -0.70 
  Low-Nonsoc 93 72.82 14.24 41.06 91.55 50.49 -0.53 -0.88 
  High-Nonsoc 90 22.36 11.30 2.50 50.06 47.56 0.42 -0.70 

 
 Attention Low-Social 91 1.05 0.12 0.77 1.38 0.61 0.55 0.80 
 Shifting High-Social 89 1.22 0.30 0.78 2.54 1.75 1.66 4.03 
  Low-Nonsoc 91 1.03 0.11 0.71 1.36 0.65 -0.19 1.31 
  High-Nonsoc 89 2.06 1.10 0.78 5.09 4.31 1.05 0.19 

 
12 mo Sustained Low-Social 76 69.86 16.87 29.21 92.75 63.54 -0.65 -0.47 
 Attention High-Social 76 44.65 20.18 3.08 84.43 81.35 -0.03 -0.78 
  Low-Nonsoc 76 68.01 17.98 20.95 92.57 71.63 -0.57 -0.27 
  High-Nonsoc 76 41.76 18.82 6.87 84.48 77.60 0.54 -0.36 

 
 Attention Low-Social 75 0.97 0.09 0.72 1.23 0.51 0.11 0.37 
 Shifting High-Social 72 1.26 0.52 0.82 2.96 2.14 1.86 2.50 
  Low-Nonsoc 72 1.02 0.12 0.79 1.53 0.74 1.36 4.78 
  High-Nonsoc 74 1.35 0.46 0.78 2.82 2.05 1.34 0.98 
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variables at 6 months. Likewise, there was no correlation between infant age at 12-month 

visit or length of 12-month interaction with fluency and connectedness or attention 

variables at 12 months. Maternal education was positively correlated with fluency and 

connectedness, significantly at 12 months (ρ = .452, p < .001) and trending at 6 months (ρ 

= .222, p = .080). Given the confound between maternal education and fluency and 

connectedness, all analyses were run with no control variables, then run again controlling 

for maternal education. For the majority of analyses, including maternal education as a 

control variable did not changes the results. However, when the results did change, both 

sets of results are presented. 

Study variables were also tested for whether they varied across demographic 

groups: child gender, child race, and child ethnicity. Oneway ANOVA indicated no 

group differences in fluency and connectedness or language scores across groups. When 

attention trials were combined, there was a significant group difference in sustained 

attention at 12 months across child racial groups (F(5,90) = 2.99, p = .016). This effect 

however was driven by the one child whose caregiver identified their race as “other”. 

When this datapoint was removed, there were no significant differences across racial 

groups in any variables. When group differences were examined across trial types, 

significant differences emerged across gender for 6-month attention shifting during high-

competition, nonsocial trials (t(90) = 2.01, p = .047), across ethnicity for 6-month 

sustained attention during high-competition, nonsocial trials (F(2,91) = 3.41, p = .037) 

and for 12-month attention shifting during low-competition, nonsocial trials (F(2,73) = 

5.21, p = .008), and across race for 12-month attention shifting in high-competition, 

social trials (F(4,71) = 3.20, p = .018). However, when outliers were removed, these 
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differences were no longer significant. See Appendix A, Table 1 for variable means that 

varied by demographic groups. 

Finally, study variables were tested for whether they varied by language 

environment: primary household language, secondary household language, and language 

of interaction at each time point. Oneway ANOVA indicated no group differences in 

interaction variables, language variables or combined attention variables across language 

groups. When attention variables were broken down by trial type, a few group differences 

emerged. Of these differences, only the differences in 6-month sustained attention during 

low-competition, nonsocial trials across primary home language and secondary home 

language persisted when outliers were removed. Since no other differences were found 

between language groups, including between attention shifting during low-competition, 

nonsocial trials at 6 months and sustained attention during low-competition, nonsocial 

trials at 12 months, primary and secondary home language are not included as control 

variables. See Appendix A, Table 2 for variable means that varied by language groups. 

Understanding the Relations between Attention and Contingency 

The first step of the planned analyses was to examine the relations between 

attentional skills and contingency. Concurrent relations between attentional skills and 

contingency at 6 months and 12 months were tested first (research question 1). 

Longitudinal relations between attention at 6 months and contingency at 12 months 

(research question 2) and between contingency at 6 months and attention at 12 months 

(research question 3) were tested next. 
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RQ1: Concurrent relations between attention and contingency 

Bivariate correlations between concurrent sustained attention, attention shifting, 

and ratings of fluency and connectedness at each time point assessed the concurrent 

relations. For the combined attention variables, there were negative associations between 

sustained attention and attention shifting at both 6 months (R = -.184, p = .073) and 12 

months (R = -.327, p = .003). For the correlations between combined attention variables 

(average score across trial types) and concurrent fluency and connectedness, the 

association was in the hypothesized direction at 12 months, but not at 6 months. At 12 

months, there was a positive, albeit weak, association between combined sustained 

attention, and fluency and connectedness; there was a positive, near zero correlation 

between combined attention shifting and fluency and connectedness. At 6 months, there 

was a positive, near zero correlation between combined sustained attention and fluency 

and connectedness and a negative, albeit weak, association between combined attention 

shifting and fluency and connectedness (see Table 5). Similar patterns emerged when 

attention variables were examined by trial type. When controlling for maternal education, 

the association between attention shifting during low-competition, nonsocial trials and 

fluency and connectedness at 6 months became significant at p < .05. The magnitude of 

the association between combined attention shifting and fluency and connectedness at 12 

months went from near zero to weak, but neither direction nor significance changed. This 

pattern of correlations suggest that infant attention and contingency do relate in the first 

year of life, and that the pattern may shift over development, with attention shifting being 

more related at younger ages and sustained attention becoming more related at older ages.  
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Table 5. 
 
Association between concurrent attention and fluency and connectedness 
 
Attention Type Trial Type Fluency and Connectedness 
  6-months 12-months 
Sustained Attention All Trials 0.080 0.211 
 Low-Social 0.063 -0.012 

 High-Social 0.104 0.141 
 Low-Nonsocial 0.143 0.176 
 High-Nonsocial 0.022 0.118 
    

Attention Shifting All Trials -0.240 0.086 
 Low-Social -0.169 0.119 

 High-Social -0.113 0.005 
 Low-Nonsocial -0.224 0.058 
 High-Nonsocial -0.274 -0.009 

Note. Bolded correlations are significant at p < .05. 
 

 

These results, however, should be interpreted with caution, as only one correlation was 

significant at p < .05. 

Addressing RQ2: Relation between early attention and later contingency 

 Longitudinal associations between 6-month attention variables and 12-month 

fluency and connectedness were tested using stepwise regression. For this set of models, 

the dependent variable was fluency and connectedness score at 12 months. In the first 

step of each model, a 6-month attention variable was entered to see which early attention 

skills related to later contingency. In the second step, 6-month fluency and connectedness 

score was added to test whether any early attentional skills related to changes in 

contingency from 6 to 12 months. The analyses were first run in SPSS, however due to 
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missingness in the data, these analyses were underpowered. As such, the analyses were 

rerun using the FIML estimator in MPlus. Those results are presented here. 

When examining the combined attention variables, the relation between combined 

attention shifting at 6 months and fluency and connectedness at 12 months was 

significant at p < .05, however the relation did not hold when 6-month fluency and 

connectedness was accounted for. When outliers were removed from the data, the relation 

between 6-month combined attention shifting and 12-month fluency and connectedness 

controlling for 6-month fluency and connectedness went from nonsignificant to trending. 

When maternal education was controlled for, the relation between 6-month combined 

attention shifting and 12-month fluency and connectedness was significant even when 6-

month fluency and connectedness was in the model (see Table 6). No other models were 

significant. 

 Analyses were next run looking at the attention variables broken down by trial 

type. Sustained attention during low-competition, social trials at 6 months was trending 

towards predicting fluency and connectedness at 12 months in the second step when 6-

month fluency and connectedness was accounted for (B = -0.015, ß = -0.193,  

z = -1.833, p = 0.067). This effect became significant when outliers were removed  

(B = -0.018, ß = -0.221, z = -2.224, p = 0.026), however it became nonsignificant when 

maternal education was controlled for (B = -0.010, ß = -0.136, z = -1.443, p = 0.149). 

This suggests that sustained attention to social stimuli without significant distraction may 

relate to changes in fluency and connectedness from 6 months to 12 months such that 

infants who attend more have less increase in fluency and connectedness between 6 and 

12 months. The effect, however, is not robust. 
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Table 6. 
 
Results from stepwise regressions examining combined attention shifting at 6 months to 
fluency and connectedness at 12 months. 
 
Model Steps B ß z p R2 z p 
         
Full sample 
No Controls 
DV = FC-12 

Step 1     .08 1.43 .152 
C. AShift-06 -1.15 -0.29 -2.87 .004    

         
 Step 2     .19 1.84 .065 
 C. AShift-06 -0.68 -0.17 -1.52 .129    
 FC-06 0.47 0.36 2.50 .012    
         
Outliers 
Removed 
DV = FC-12 

Step 1     .09 1.53 .125 
C. AShift-06 -1.23 -0.30 -3.07 .002    

         
 Step 2     .20 1.93 .053 
 C. AShift-06 -0.74 -0.18 -1.70 .090    
 FC-06 0.48 0.37 2.55 .011    
         
Mat. Ed. 
Control 
DV = FC-12 

Step 1     .31 3.26 .001 
Mat. Edu. 0.41 0.48 5.13 <.001    
C. AShift-06 -1.22 -0.31 -3.56 <.001    

         
 Step 2     .33 3.07 .002 
 Mat. Edu. 0.35 0.42 4.28 <.001    
 C. AShift-06 -0.94 -0.24 -2.49 .013    
 FC-06 0.27 0.21 1.38 .167    

Note. Mat. Edu. = maternal education, AShift = attention shifting, SusA = sustained 
attention, FC = fluency and connectedness, 06 = 6-month visit, 12 = 12-month visit. 
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Sustained attention during high-competition, nonsocial trials at 6 months was 

significantly related to later fluency and connectedness at 12 months in both step 1  

(B = 0.031, ß = 0.368, z = 3.390, p = 0.001) and step 2 (B = 0.027, ß = 0.318, z = 2.750,  

p = 0.006) of the model. This suggests that attention to nonsocial stimuli in complex 

environments not only positively predicts later fluency and connectedness, but it relates 

to increases in fluency and connectedness over the second half of the first year of life. 

In contrast to sustained attention, attention shifting related to later fluency and 

connectedness across trials. Attention shifting during low-competition, social trials was 

trending towards an association with later fluency and connectedness in both the first step 

(B = -2.212, ß = -0.2198, z = -1.755, p = 0.079) and the second step (B = -1.935,  

ß = -0.189, z = -1.758, p = 0.079). When outliers were removed, the effect became 

significant in the second step (B = -2.413, ß = -0.233, z = -2.059, p = 0.039) and when 

maternal education was controlled for, the effect became significant for both the first step 

(B = -2.154, ß = -0.213, z = -2.052, p = 0.040) and the second step (B = -1.959,  

ß = -0.193, z = -1.979, p = 0.048).  

Attention shifting during high-competition, social trials at 6 months was trending 

towards relating to fluency and connectedness at 12 months in the first step (B = -0.287,  

ß = -0.138, z = -1.691, p = 0.091). When outliers were removed, the effect became 

nonsignificant (B = -0.483, ß = -0.123, z = -1.095, p = 0.273), but when maternal 

education was controlled for the effect became significant (B = -0.358, ß = -0.170,  

z = -1.997, p = 0.046). Attention shifting during high-competition, social trials did not 

predict fluency at connectedness at 12 months in the second step when 6-month fluency 

and connectedness was accounted for. 
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Similarly, attention shifting during low-competition, nonsocial trials was 

significantly related to later fluency and connectedness in the first step (B = -2.400,  

ß = -0.250, z = -2.181, p = 0.029). When outliers were removed, the effect became 

trending (B = -2.520, ß = -0.229, z = -1.789, p = 0.074). Attention shifting during low-

competition, nonsocial trials did not predict fluency at connectedness at 12 months in the 

second step when 6-month fluency and connectedness was accounted for. Finally, 

attention shifting during high-competition, nonsocial trials was significantly related to 

later fluency and connectedness in the first step (B = -0.180, ß = -0.216, z = -2.692, p = 

0.007), but not in step 2. When outliers were removed the effect became trending (B = -

0.244, ß = -0.226, z = -1.865, p = 0.062), but was still nonsignificant for step 2. When 

maternal education was controlled for the effect became significant for both step 1 (B = -

0.178, ß = -0.212, z = -2.972, p = 0.003) and step 2 (B = -0.120, ß = -0.143, z = -2.058, p 

= 0.040).  

Attention shifting across trials related to later fluency and connectedness, though 

the robustness of the effect varies. Attention shifting during low-competition, social trials 

and during high-competition, nonsocial trials further seem to also relate to changes in 

fluency and connectedness, though this effect is less robust.  

Contrary to the proposed hypotheses, these findings suggest that overall, early 

attention shifting may be more important for later fluency and connectedness than 

sustained attention, though this relation may be due in part to the relation between 6-

month attention shifting and 6-month fluency and connectedness and the stability of 

fluency and connectedness across time points. Despite the lack of support for the 

hypotheses when attention shifting and sustained attention were looked at across trial 
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types, there is some support when the relations are examined by trial type. Although 

sustained attention overall does not relate to later fluency and connectedness, sustained 

attention during high-competition, social trials appears to be a robust predictor of later 

fluency and connectedness. 

Addressing RQ3: Relation between early contingency and later attention 

Longitudinal associations between 6-month fluency and connectedness score and 

12-month attention variables were likewise examined using stepwise regression. For this 

set of models, the dependent variable was each attention variable at 12 months. In the 

first step of the model, 6-month fluency and connectedness score was entered to see how 

early contingency related to later attentional skills. In the second step, the 6-month 

measurement of the attention variable used as the dependent variable was entered to test 

whether contingency related to changes in attention skills from 6 to 12 months. The 

models were first run in SPSS, however due to missingness in the data, the analyses were 

rerun using FIML in MPlus. Those results are presented here. 

Looking at the combined attention variables, there were no significant relations 

between 6-month fluency and connectedness and 12-month attention. When analyzed by 

trial type, no significant relations were found for attention shifting. For sustained 

attention, fluency and connectedness at 6 months was trending towards an association 

with sustained attention during low-competition, nonsocial trials at 12 months in the 

second step when earlier attention was controlled for. This effect became significant 

when outliers were removed (B = -4.218, ß = -0.209, z = -1.969, p = 0.045). Furthermore, 

the relation between early fluency and connectedness and later sustained attention in the 
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first step, although nonsignificant in the full sample, became trending both when outliers 

were removed and when maternal education was controlled for. The effect is in the 

opposite direction than hypothesized, such that infants with higher fluency and 

connectedness scores at 6 months have shorter sustained attention during low-

competition, nonsocial trials at 12 months, and it is not very robust. Overall, this suggests 

that early contingency, as measured by fluency and connectedness, may relate to later 

sustained attention skills, but not to later attention shifting skills.  

Reciprocal Relations between Attention and Contingency: Path Models 

Following the stepwise regressions, a series of path models were run to fully 

understand the relations between contingency and attention types. In these path models, 

attention at 12 months was regressed on attention at 6 months and fluency and 

connectedness at 6 months, fluency and connectedness at 12 months was regressed on 

attention at 6 months and fluency and connectedness at 6 months, attention at 6 months 

and fluency and connectedness at 6 months were correlated, and attention at 12 months 

and fluency and connectedness at 12 months were correlated. Separate path models were 

run for sustained attention and attention shifting, followed by a path model with both 

attention types. Fit statistics indicated that these models were just identified. 

The combined sustained attention path model was run first. In this model, 6-

month sustained attention significantly predicted 12-month sustained attention  

(est. = 0.379, s.e. = 0.099, p < .001) and 6-month fluency and connectedness significantly 

predicted 12-month fluency and connectedness (est. = 0.428, s.e. = 0.130, p = .001). No 

other relations were significant. The combined attention shifting model was run next. In 
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this model, 6-month fluency and connectedness again significantly predicted 12-month 

fluency and connectedness (est. = 0.370, s.e. = 0.154, p = .016). Fluency and 

connectedness at 6-month was also significantly correlated with 6-month attention 

shifting (est. = -0.254, s.e. = 0.111, p = .022). There were no significant relations between 

6-month attention shifting and 12-month attention shifting, and no other relations were 

significant.  

A path model with both combined sustained attention and combined attention 

shifting was run next (Figure 2). In this model, 6-month sustained attention significantly 

predicted 12-month sustained attention and 6-month fluency and connectedness 

significantly predicted 12-month fluency and connectedness. Attention shifting at 6 

months also predicted 12-month sustained attention. Relations between concurrent 

attention shifting and sustained attention were negative and significant at 12 months and 

trending at 6 months. Most interesting, even when accounting for sustained attention, the 

correlation between attention shifting at 6 months and fluency and connectedness at 6 

months remained significant. When outliers were accounted for, the relation between 6-

month attention shifting predicted 12-month sustained attention became nonsignificant. 

There were no other changes to the results when outliers were removed.  

These models suggest that fluency and connectedness and sustained attention are 

both relatively stable from 6 to 12 months of age whereas attention shifting is less stable. 

It further suggests that there is a robust relation between early attention shifting and early 

fluency and connectedness, such that even when early sustained attention and maternal 

education were accounted for, this relation remained significant. 
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Figure 2. 

Path model for combined attention shifting, combined sustained attention, and fluency 

and connectedness at 6 months and 12 months. 

 

 

 
Note. All estimates and standard errors are standardized. Bolded estimates are significant 
at p < .05; AShift = attention shifting, SusA = sustained attention, FC = fluency and 
connectedness, 06 = 6-month visit, 12 = 12-month visit. N = 103. 
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After running the combined models, path models were run by trial type (see 

Appendix B, Figures 1-4 for diagrams of the path models by trial type). In all models, 

fluency and connectedness at 6 months related to fluency and connectedness at 12 

months, in all but one model sustained attention at 6 months related to sustained attention 

at 12 months, and in no model did attention shifting at 6 months relate to attention 

shifting at 12 months. Differences between models emerged when looking at the relations 

between attention and fluency and connectedness. 

When examining low-competition, social trials, the sustained attention only 

model found a trending effect of sustained attention at 6 months on fluency and 

connectedness at 12 months. When outliers were removed, this effect became significant 

(est. = -0.232, s.e. = 0.104, p = .025), however it became nonsignificant when maternal 

education was controlled for. It’s important to note that this effect was in the opposite 

direction as hypothesized, such that infants who looked more at the social events without 

distraction at 6 months had lower fluency and connectedness at 12 months. The attention 

shifting only model likewise found a trending relation between attention shifting at 6 

months and fluency and connectedness at 12 months. This effect was in the hypothesized 

direction, faster attention shifting was associated with high fluency and connectedness 

score. This effect became nonsignificant when maternal education was controlled for. 

When both sustained attention and attention shifting were considered together, the 

trending relation between early attention shifting and later fluency and connectedness 

was no longer trending. The relation between early sustained attention and later fluency 

and connectedness remained trending but became nonsignificant when maternal 
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education was accounted for. For the high-competition, social trials there were no 

significant or trending relations between attention types and contingency.  

Taken together, the findings from the social trials suggest that early infant 

attentional patterns to social stimuli with minimal distraction relates to later contingency. 

The relation between attention shifting and contingency was in the direction 

hypothesized, however the relation between sustained attention and contingency was not. 

However, both effects became nonsignificant when maternal education was controlled 

for, suggesting that the confound between fluency and connectedness and maternal 

education may have been driving these relations.  

When examining low-competition, nonsocial trials, for the sustained attention 

only model there were no significant or trending relations between attention and 

contingency when the full sample was considered. However, when outliers were 

excluded and when maternal education was controlled for, there became a trending 

relation between 6-month fluency and connectedness and 12-month sustained attention. 

In the attention shifting only model, there was a trending relation between 6-month 

attention shifting and 6-month fluency and connectedness. The relation between 12-

month attention shifting and 12-month fluency and connectedness became significant 

when outliers were excluded (est. = 0.425, s.e. = 0.156, p = .006), and when maternal 

education was controlled (est. = 0.261, s.e. = 0.132, p = .049), but in the opposite 

direction hypothesized. When sustained attention and attention shifting were considered 

together, the relation between 6-month attention shifting and 6-month fluency and 

connectedness was significant (est. = -0.256, s.e. = 0.130, p = .048), but the relation 

between 6-month fluency and connectedness and 12-month sustained attention was non-
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significant. When outliers were removed, the relation between 12-month attention 

shifting and 12-month fluency and connectedness became significant (est. = 0.395, s.e. = 

0.166, p = .017), but the relation between 6-month attention shifting and 6-month fluency 

and connectedness became nonsignificant, though the magnitude of the effect did not 

change a lot. When maternal education was controlled for, the relations at 6 months and 

12 months both became trending.  

In this set of findings, it is interesting, and unexpected, that although the relation 

between attention shifting and contingency is in the expected direction at 6 months, faster 

attention shifting is associated with higher fluency and connectedness score, the relation 

is in the unexpected direction at 12 months, slower attention shifting is associated with 

higher fluency and connectedness score. This further supports the conclusion that 

attention shifting is important for contingency earlier in infancy than later in infancy, and 

even suggests that for older infants, being too quick to shift attention when there is 

minimal distraction might even be detrimental to contingency. 

More robust relations between attention and contingency came from the high-

competition, nonsocial trials. In the sustained attention only model, 6-month sustained 

attention significantly predicted 12-month fluency and connectedness (est. = 0.314,  

s.e. = 0.120, p = .009). In the attention shifting only model, 6-month attention shifting 

significantly related to 6-month fluency and connectedness (est. = -0.268, s.e. = 0.091,  

p = .003). These relations remained significant when both sustained attention and 

attention shifting were entered into the model. 

Taken together, these findings suggest that early attention shifting towards non-

social stimuli is related to early contingency, with a stronger effect found with more 
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distracting contexts. Furthermore, sustained attention to nonsocial stimuli seems to relate 

longitudinally to contingency, with some weak evidence that early contingency relates to  

later sustained attention to nonsocial stimuli without distraction and with stronger 

evidence that early sustained attention to nonsocial stimuli in high distraction 

environments relates to later contingency.  

Attention, Contingency, and Language 

The next set of research questions and analyses examined how the relations 

between contingency and attention further relate to infant language. As a first step, 

correlations were run to examine the relations between contingency and language and 

between attention and language at a bivariate level. The second set of analyses examine 

the direct and indirect paths to language using bootstrap mediation. The first set of 

analyses examine how early attention relates directly to language and indirectly to 

language through contingency. The second set of analyses examine how early 

contingency relates to language directly and indirectly through attention. The final 

analyses examine both sets of pathways simultaneously using structural equation 

modelling. 

Bivariate Relations between Contingency, Attention, and Language 

Correlations were first run to examine the relation between attention and 

contingency with language at the bivariate level (see Table 7). For these correlations, 

each of the four language indicators is examined separately. Two language indicators are 

from the MBCDI, a caregiver report measure of language that measures an accumulation  
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Table 7.  

Correlations between predictor variables and language indicators 
 
Variable MSELR18 MSELE18 MBCDIC18 MBCDIE18 
FC-06 0.024 -0.026 -0.042 0.273 
FC-12 -0.041 -0.061 0.209 0.241 
     
SusA-06 0.001 0.003 0.117 0.002 
SusA-LowS-06 0.063 -0.088 0.057 0.063 
SusA-HighS-06 0.085 0.101 -0.110 -0.067 
SusA-LowNS-06 -0.235+ -0.217 0.223 0.117 
SusA-HighNS-06 0.009 0.098 -0.015 -0.025 
     
SusA-12 -0.029 -0.047 0.311* 0.187 
SusA-LowS-12 0.016 0.157 0.145 0.229 
SusA-HighS-12 0.233+ 0.126 0.198 0.157 
SusA-LowNS-12 -0.320* -0.354* 0.116 -0.138 
SusA-HighNS-12 0.090 -0.013 0.263+ 0.146 
     
AShift-06 -0.070 -0.220+ -0.044 -0.142 
AShift- LowS-06 -0.166 -0.151 -0.218 -0.314* 
AShift-HighS-06 -0.048 -0.124 0.039 -0.134 
AShift-LowNS-06 0.182 0.028 -0.035 -0.077 
AShift-HighNS-06 -0.045 -0.123 0.034 -0.104 
     
AShift-12 0.096 0.066 0.032 0.010 
AShift- LowS-12 0.209 -0.149 0.094 0.044 
AShift-HighS-12 0.048 0.031 0.028 0.065 
AShift- LowNS-12 0.135 -0.007 0.035 0.172 
AShift-High-NS-12 0.099 0.116 0.061 0.031 

Note. DNA = did not answer, AShift = attention shifting, SusA = sustained attention,  
FC = fluency and connectedness, Lang = latent language variable, MSELE = Mullen 
expressive language score (raw score), MSELR = Mullen receptive language score (raw 
score), MBCDIC = MBCDI comprehensive vocabulary score (raw score), MBCDIE = 
MBCDI expressive vocabulary score (raw score), LowS = low-competition social trials, 
HighS = high-competition social trials, LowNS = low-competition nonsocial trials, 
HighNS = high-competition nonsocial trials 06 = 6-month visit, 12 = 12-month visit, 18 = 
18-month visit. 
* p < .05; + p < .10 
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of data across child’s life. The other two language indicators are from the MSEL, a direct 

assessment of child language, that measures the infant’s language skills at a specific 

moment in time. Given these differences, correlations are interpreted for the MBCDI and 

the MSEL separately. Due to missingness in the data, there was great variability in the 

sample sizes for bivariate correlations with some as small as N = 30. As such, the results 

primarily discuss the magnitude and the direct of correlations.  

Fluency and Connectedness with Language  

Overall, fluency and connectedness score was more related to MBCDI measures 

of language than MSEL measures. Fluency and connectedness score at 12 months was 

positively associated with MBCDI expressive and comprehensive vocabulary, but 

correlations with MSEL expressive and receptive language were near zero. Fluency and 

connectedness score at 6 months was positively associated with MBCDI expressive 

language though this correlation became near zero when outliers were removed. 

Sustained Attention with Language  

Overall, sustained attention at 12 months related more strongly to language than 

sustained attention at 6 months, with more consistent relations with MBCDI language 

measures and more mixed relations with the MSEL measures. Examining sustained 

attention variables at 6 months, almost all of the relations to language variables are near 

zero. The strongest correlations were found with sustained attention during low-

competition, nonsocial trials. Interestingly, this measure was negatively associated with 

MSEL performance and positively associated with MBCDI score. When outliers were 
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removed, the relation between sustained attention during low-competition, nonsocial 

trials and MBCDI expressive vocabulary became near zero and the associations between 

sustained attention during high-competition, nonsocial trials and MSEL performance 

became greater in magnitude. 

For sustained attention variables at 12 months, relations with MBCDI language 

were small and positive, with two exceptions: 1) combined sustained attention and 

MBCDI comprehensive vocabulary which was moderate and 2) sustained attention 

during low-competition, nonsocial trials and MBCDI comprehensive vocabulary which 

was small and negative. The correlation between sustained attention during high-

competition, social trials and MBCDI expressive vocabulary became moderate when 

outliers were removed. Relations between 12-month sustained attention and MSEL 

performance were more mixed. For most trials, correlations were near zero. Sustained 

attention during high-competition, social trials was positively, albeit weakly, correlated 

with both MSEL language scales. Sustained attention during low-competition, social 

trials was also positively and weakly associated with MSEL expressive language. 

Sustained attention during low-competition, nonsocial trials was moderately and 

negatively associated with both MSEL language scales. When outliers were removed, the 

associations between sustained attention during social trials and MSEL expressive 

language became near zero, but other results were similar. 

Attention Shifting with Language 

In contrast to sustained attention, attention shifting at 6 months was more strongly 

related to language at 18 months than attention shifting at 12 months and relations were 
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more consistent across MBCDI and MSEL scores. The strongest correlations were with 

attention shifting during low-competition, social trials. The correlation with MBCDI 

expressive vocabulary was moderate and negative whereas the correlations with other 

language indicators were small and negative. Across the other trials, correlations were 

either small and negative or near zero, with the exception of attention shifting during 

low-competition, nonsocial trials with MSEL receptive language which was small and 

positive. When outliers were removed, the correlation between attention shifting during 

high-competition, social trials and MBCDI comprehensive vocabulary went from near 

zero to small. 

Most correlations between 12-month attention shifting and language indicators 

were near zero and nonzero with some exceptions. Attention shifting during low-

competition, social trials was weakly and positively associated with MSEL receptive 

language though weakly and negatively associated with MSEL expressive language. 

Attention shifting during low-competition, nonsocial trials was positively and weakly 

associated with MSEL receptive language and MBCDI expressive vocabulary. Attention 

shifting during high-competition, nonsocial trials was positively and weakly associated 

with MSEL Expressive vocabulary. These patterns changed when outliers were removed, 

though most correlations were still near zero. Without outliers: 1) combined attention 

shifting was positively and weakly associated with MBCDI language measures, 2) 

attention shifting during low-competition, social trials was moderately and positively 

associated with MSEL receptive language, 3) attention shifting during high-competition, 

social trials was weakly and positively associated with MBCDI expressive vocabulary, 4) 

attention shifting during low-competition, nonsocial trials was weakly and negatively 
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associated with MSEL expressive language, and 5) attention shifting during high-

competition, nonsocial trials was moderately and positively associated with MBCDI 

comprehensive vocabulary. This all suggests little consistent relation between attention 

shifting at 12 months and language at 18 months. 

Bootstrap Mediation Analyses 

To determine the direct and indirect effects of attention and contingency on 

language, mediation analyses were run. As with the correlations, each of the four 

language indicators was examined separately, as the MBCDI is a caregiver report 

measure of language that measures infants’ accumulated language skills and the MSEL is 

a direct assessment of infant language that assesses language skills at one moment. 

The mediations were first run in SPSS using the Process macro; however, these 

analyses were under powered due to missingness. To account for missingness, the 

mediation analyses were rerun in MPlus using FIML and those results are presented 

below. Results for combined sustained attention and combined attention shifting are 

presented first, followed by the results by trial type. 

RQ4: Attention to Language Through Contingency 

Bootstrap mediation analyses examined the direct effects of attention at 6 months 

on each language variable at 18 months and the indirect effects through fluency and 

connectedness at 12 months. There was a significant direct effect of attention shifting at 6 

months on the MSEL expressive language score at 18 months (est. = -0.303, s.e. = 0.148, 

p = 0.041), however no other direct or indirect effects were significant. These findings 
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suggest that early attention shifting may relate to later language, however contingency 

during the interaction does not account for any of this relation.  

Mediations were next run by trial type. For models looking at 6-month sustained 

attention predicting 18-month language with 12-month fluency and connectedness as a 

mediator, fluency and connectedness had a direct effect on MBCDI expressive 

vocabulary across trial types (see Table 8). This effect was not very robust. It was 

trending in the overall data, became mostly insignificant when outliers were excluded, 

however was significant when maternal education was used as a control variable. For the 

low-competition, nonsocial trials, there was a trending negative direct effect of sustained 

attention to language for the MSEL receptive (est. = -0.284, s.e. = 0.155, p = .068) and 

expressive (est. = -0.242, s.e. = 0.145, p = .095) language. When maternal education was 

controlled for, the effect was significant for MSEL Receptive Language (est. = -0.299, 

s.e. = 0.150, p = .047). There was a significant positive direct effect of sustained attention 

during high-competition, nonsocial trials when outliers were removed (est. = 0.344, s.e. = 

0.144, p = .017). No indirect effects were significant. For attention shifting, fluency and 

connectedness at 12 months had a direct effect on MBCDI expressive vocabulary across 

trials. However, the effects were trending to nonsignificant when outliers were removed 

(see Table 7). There was a significant direct effect of attention shifting during low-

competition, social trials on MBCDI expressive vocabulary (est. = -0.236, s.e. = 0.112, p 

= .036). This effect became trending when outliers were removed (est. = -0.230,  

s.e. = 0.132, p = .082). No indirect effects were significant.  

These findings suggest that fluency and connectedness score at 12 months 

consistently relates to caregiver-report measures of infant expressive language when early 
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Table 8. 

Direct effects of fluency and connectedness at 12 months on CDI expressive vocabulary 
when accounting for earlier attentional skills. 
 
Trial 
Type 

Attention 
Type Full Dataset Without Outliers 

Maternal Ed. 
Control 

est. s.e. p est. s.e. p est. s.e. p 
           
Low-
Social 

Sustained 0.27 0.14 .056 0.17 0.12 .164 0.29 0.13 .023 

 Shifting 0.16 0.14 .255 0.11 0.13 .313 0.19 0.11 .086 
           
High-
Social 

Sustained 0.23 0.13 .067 0.17 0.12 .140 0.25 0.11 .023 

 Shifting 0.21 0.12 .070 0.19 0.12 .114 0.24 0.10 .021 
           
Low-
Nonsoc 

Sustained 0.23 0.12 .071 0.18 0.12 .135 0.24 0.11 .027 

 Shifting 0.24 0.14 .104 0.20 0.13 .146 0.26 0.12 .030 
           
High-
Nonsoc 

Sustained 0.23 0.14 .094 0.23 0.12 .061 0.26 0.12 .037 

 Shifting 0.22 0.12 .075 0.19 0.12 .099 0.24 0.11 .025 
           

 

 

attention is accounted for. It also suggests that sustained attention to nonsocial stimuli 

and orienting towards social stimuli may uniquely relate to language. It further suggests 

that attention does not relate to language through contingency. 

RQ5: Contingency to Language Through Attention 

To address research question 5, mediation analyses were run to examine direct 

effects of contingency at 6 months on each language variable at 18 months and the 

indirect effects through attention skills at 12 months. There was a trending direct effect of 

fluency and connectedness on 18-month MBCDI expressive language (est. = 0.298,  
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s.e. = 0.177, p = .092). However, this effect became nonsignificant when outliers were 

excluded and when maternal education was controlled for. No other direct effects and no 

indirect effects were significant. These findings suggest that early contingency may not 

relate to language one year later, either directly or through attentional skills. 

Models were next examined by trial type. For models looking at 6-month fluency 

and connectedness predicting 18-month language with 12-month sustained attention as a 

mediator, sustained attention had a direct effect on language in several models. There was 

a significant negative effect of sustained attention during low-competition, nonsocial 

trials on MSEL receptive language (est. = -0.333, s.e. = 0.147, p = .024) and expressive 

language (est. = -0.354, s.e. = 0.144, p = .014). When outliers were excluded, the effect 

on MSEL receptive language became trending (est. = -0.252, s.e. = 0.150, p = .094).  

There was a positive relation between sustained attention during high-

competition, nonsocial trials and MBCDI comprehensive vocabulary that was trending in 

the full dataset (est. = 0.242, s.e. = 0.131, p = .064) but became significant when outliers 

were excluded (est. = 0.261, s.e. = 0.131, p = .046). When outliers were excluded, 

sustained attention during high-competition, social trials had a trending positive direct 

effect on MSEL receptive language (est. = 0.253, s.e. = 0.152, p = .097) and a significant 

positive direct effect on MBCDI expressive language (est. = 0.321, s.e. = 0.151, p = .033) 

This effect was nonsignificant when maternal education was controlled for.  

Finally sustained attention during low-competition, social trials had a positive 

direct effect on MBCDI expressive language when outliers were removed (est. = 0.196, 

s.e. = 0.090, p = .029), and when maternal education was controlled for, the direct effect 

of both sustained attention (est. = 0.231, s.e. = 0.085, p = .007) and fluency and 
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connectedness (est. = 0.342, s.e. = 0.171, p = .046) were significant. No indirect effects 

were significant. This suggests that when earlier contingency is controlled for, sustained 

attention to nonsocial stimuli is negatively associated with language whereas sustained 

attention to social stimuli is positively associated with language. 

For models looking at 6-month fluency and connectedness predicting 18-month 

language with 12-month attention shifting as a mediator, very few effects were 

significant. There was a positive direct effect of attention shifting during low-

competition, social trials on MSEL receptive language which was trending in the overall 

data (est. = 0.207, s.e. = 0.120, p = .083), though significant when outliers were excluded  

(est. = 0.310, s.e. = 0.122, p = .011). There was also a significant positive direct effect of 

attention shifting during high-competition, nonsocial trials on MBCDI comprehensive 

vocabulary, however this was only seen when outliers were excluded (est. = 0.315,  

s.e. = 0.137, p = .021). No indirect effects were significant. 

Taken together, these findings suggest that, when earlier contingency is controlled 

for, sustained attention to nonsocial stimuli is negatively associated with language 

whereas sustained attention to social stimuli is positively associated with language. In 

contrast, attention shifting is not consistently related to language when earlier 

contingency is accounted for. The lack of indirect effects suggests that contingency does 

not relate to language through attentional skills.  

Examining all Relations together: Structural Equation Modelling  

To fully understand the relations of interest, SEM was utilized to simultaneously examine 

the direct and indirect effects of attention and contingency on language as a latent 
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variable. The first step of these models was to test how different indicators of infant 

language at 18 months held together as a latent variable. Four indicators of language were 

collected at the 18-month time point: MSEL Receptive Language, MSEL Expressive 

Language, MBCDI comprehensive vocabulary, and MBCDI expressive vocabulary. First, 

a four-indicator model of language was tested by using confirmatory factor analysis, but 

this resulted in unacceptable fit (see Table 9 for fit statistics). Correlations were examined 

to determine why the latent variable had unacceptable fit. These correlations indicated 

moderate correlation between all language variables except for MBCDI comprehensive 

vocabulary, which was moderately correlated with MBCDI expressive vocabulary (R = 

0.307) but was correlated near zero with both MSEL receptive language (R = 0.094) and 

MSEL expressive language (R = -0.045). Based on these results, MCDI comprehensive 

vocabulary was dropped as an indicator and the confirmatory factor analysis was rerun 

using the other three indicator variables. This model was just identified (see Table 9) and 

the factor loadings were all significant (see Figure 3). The remainder of the analyses use a 

three-indicator model for language.  

Using this three-indicator variable for language, SEM models were built to test 

the direct and indirect effects of attention and contingency. For these models, 12-month 

contingency was regressed on 6-month attention, 12-month attention was regressed on 6-

month contingency, 12-month contingency was regressed on 6-month contingency, 12-

month attention was regressed on 6-month attention, language was regressed on 6-month 

contingency, 12-month contingency, 6-month attention, and 12-month attention, 6-month 

attention was correlated with 6-month contingency, and 12-month attention was 

correlated with 12-month contingency.  
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Table 9. 

Model fit statistics for SEM models 
 
Model χ2 CFI RMSEA 
 Value df p 

 
Est 90% CI 

4-Factor Latent Variable 6.807 2 0.033 0.877 0.19 [0.05, 0.35] 
3-Factor Latent Variable 0.000 0 0.000 1.000 0.00 [0.00, 0.00] 
       
Sustained Attention Only       
   Across Trial Types 7.048 8 0.532 1.000 0.00 [0.00, 0.11] 
   Low-Nonsocial Trials 8.92 8 0.349 0.984 0.03 [0.00, 0.12] 
   High-Nonsocial Trials 7.42 8 0.492 1.000 0.00 [0.00, 0.11] 
   Low-Social Trials 14.77 8 0.064 0.875 0.09 [0.00, 0.16] 
   High-Social Trials 7.80 8 0.453 1.000 0.00 [0.00, 0.11] 
       
Attention Shifting Only       
   Across Trial Types 8.747 7 0.271 0.958 0.05 [0.00, 0.14] 
   Low-Nonsocial Trials 8.621 8 0.375 0.985 0.03 [0.00, 0.12] 
   High-Nonsocial Trials 6.649 8 0.575 1.000 0.00 [0.00, 0.10] 
   Low-Social Trials 20.026 8 0.010 0.788 0.12 [0.06, 0.19] 
   High-Social Trials 5.06 8 0.751 1.000 0.00 [0.00, 0.08] 
       
Both Attention Types       
   Across Trial Types 11.30 11 0.419 0.995 0.02 [0.00, 0.11] 
   Low-Nonsocial Trials 12.59 12 0.400 0.989 0.02 [0.00, 0.10] 
   High-Nonsocial Trials 8.40 12 0.753 1.000 0.00 [0.00, 0.07] 
   Low-Social Trials 29.34 12 0.004 0.769 0.12 [0.07, 0.17] 
   High-Social Trials 8.92 12 0.710 1.000 0.00 [0.00, 0.08] 
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Figure 3. 
 
 Latent variable with three indictors 

 

 
 

Note. All estimates and standard errors are standardized. Bolded estimates are significant 
at p < .05; Lang = latent language variable, MulE = Mullen expressive language score 
(raw score), MulR = Mullen receptive language score (raw score), CDIE = MBCDI 
expressive vocabulary score (raw score), 18 = 18-month visit. 
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Separate SEM models for each attention type were run first, followed by a SEM 

model that included both attention types (see Table 9 for fit statistics). FIML was used to 

account for missingness in the data. Three participants who were missing data for all 

variables, resulting in a sample size of 103 for the SEM analyses. Results of the SEM 

models indicated there were no direct or indirect effects on language in the combined 

sustained attention model (see Figure 4) or in the combined attention shifting model (see 

Figure 5). 

SEM models were next run by trial type. For the sustained attention models (see 

Appendix C, Figures 1-4), there was a significant, negative direct effect of sustained 

attention during low-competition, nonsocial trials on language (est. = -0.393, s.e. = 0.190, 

p = .039). No other effects were significant. Examining magnitudes of effects, sustained 

attention during social trials, both low-competition and high-competition, was positively 

related to language and the effect was stronger than that of sustained attention during 

low-competition, nonsocial trials. Similarly, fluency and connectedness at 12 months had 

a positive effect on language for low-competition, nonsocial trials, which was stronger 

than the relations for other trials. The strongest indirect effect was found between fluency 

and connectedness at 6 months and language at 18 months through sustained attention 

during low-competition, nonsocial trials at 12 months. However, given that these effects 

were not significant at p < .05, these findings do not exclude the possibility that these 

effects were produced by chance. 

For attention shifting models, there were no significant direct or indirect effects 

on language for any of the trial types (Appendix C, Figures 5-8). Examining the 

magnitude of the effects, attention shifting at 6 months during low-competition, social
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Figure 4. 

  
SEM Model predicting language at 18 months from combined sustained attention across trials at 6 months and 12 months and fluency 
and connectedness at 6 months and 12 months 

 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; SusA = sustained attention, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27.  
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Figure 5. 
 
SEM Model predicting language at 18 months from combined attention shifting across trials at 6 months and 12 months and fluency 
and connectedness at 6 months and 12 months 

 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27. 
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trials was most strongly associated with language. The association was negative, 

suggesting that faster attention shifting to social stimuli at 6 months was associated with 

better language skills at 18 months. Interestingly, the association between attention 

shifting during low-competition, social trials at 12 months and language at 18 months  

was much weaker, suggesting that early attention shifting relates better to language 

development than later attention shifting. However, given that these effects were not 

significant at p < .05, these findings do not exclude the possibility that these effects were 

produced by chance. 

After running models with each attention type separately, SEM models were run 

with both attention types, sustained attention and attention shifting, included. For these 

models, 12-month contingency was regressed on 6-month attention shifting and 6-month 

sustained attention, 12-month attention shifting was regressed on 6-month contingency, 

12-month sustained attention was regressed on 6-month contingency, 12-month 

contingency was regressed on 6-month contingency, 12-month attention shifting was 

regressed on 6-month attention shifting and 6-month sustained attention, 12-month 

sustained attention was regressed on 6-month sustained attention and 6-month attention 

shifting, language was regressed on 6-month contingency, 12-month contingency, 6-

month attention shifting, 12-month attention shifting, 6-month sustained attention and 12-

month sustained attention, 6-month attention shifting, 6-month sustained attention and 6-

month contingency were all correlated, and 12-month attention shifting, 12-month 

sustained attention and 12-month contingency were all correlated. These models were run 

because they were the most parsimonious way to test the research questions. A priori 

power analyses indicated that this model would be underpowered for obtaining model 
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stability, however, for the most part these models had excellent fit with the data (see 

Table 9) suggesting they were not over specified.  

For the combined model looking across trials, there were no significant direct or 

indirect effects on language (see Figure 6). Of the nonsignificant effects, the strongest 

effects were the direct effect of combined attention shifting at 6 months on language and 

the direct effect of fluency and connectedness at 12 months on language. Examining both 

sustained attention and attention shifting simultaneously across trial types (see Appendix 

C, Figures 9-12), there was one significant direct effect and no significant indirect effects.  

The significant direct effect was a negative effect of sustained attention during 

low-competition, nonsocial trials at 12 months on language (est. = -0.390, s.e. = 0.190,  

p = .040). Examining the magnitudes of the effects, there were similar patterns in the 

effects as were seen when each attention type was examined separately. Sustained 

attention during social trials had a stronger, positive effect on language than did sustained 

attention to high-competition, nonsocial trials. For three of four trials, attention shifting at 

6 months had a stronger, negative effect on language than attention shifting at 12 months. 

The direct effect of fluency and connectedness at 12 months on language was strongest 

for the low-competition, nonsocial trials. It is important to note that for the low-

competition, social trials, fit was poorer across models compared to the other trial types 

(see Table 9). This suggests that the relations proposed by the model do not fit the 

relations in the data for these types of trials. 

The findings from the SEM models suggest that when 6-month attention and 

contingency are examined along with 12-month attention and contingency, there are no 

significant direct or indirect effects on language as a latent variable. This is in contrast to 
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Figure 6. 
 

SEM Models predicting language at 18 months from combined sustained attention across trials and combined attention shifting 
across trials at 6 months and 12 months and fluency and connectedness at 6 months and 12 months 
 

 

Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, SusA 

= sustained attention, FC = fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score 

(raw score), MulR = Mullen receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-

month visit, 12 = 12-month visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 43.  
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the bootstrap mediation models, which suggest that attention and fluency and 

connectedness each contribute uniquely to language skills at 18 months, with the effect 

varying based on how language is measured. Implications of these findings are discussed 

in depth in the next section.
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CHAPTER 4 

DISCUSSION 

This study examined the reciprocal relations between attention and contingency 

over the first year of life and implications of these relations for language development. 

There were two sets of hypotheses. The first set focused on the reciprocal relations of 

attention and contingency, and the second set focused on how contingency and attention 

relate directly and indirectly to language. Overall, there were few significant results. 

However, the data supported some of the hypotheses related to the relations of attention 

and contingency. The data did not support the hypotheses related to language. Below, the 

results from each set of hypotheses are discussed and along with future directions for the 

field.  

Reciprocal relations between Attention and Contingency 

Attentional skills develop rapidly over the first year of life when the nature of 

contingent interactions between infant and caregiver is also changing greatly. In this 

study, attention shifting, or the speed at which infants switch their gaze from a central 

event to a lateral event, related most strongly to contingency at 6 months. Sustained 

attention, or the proportion of time infants spent attending to either lateral stimuli, related 

most strongly to contingency at 12 months. These effects varied by trial type, suggesting 

that the relations between attention and contingency change when you consider the 

context in which attention is measured. These effects were also generally consistent even 

when maternal education was entered as a control variable and when outlier values were 
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excluded, suggesting these effects are neither driven by level of maternal education or by 

extreme values. 

Attention Shifting is Important for Early Contingency 

When examining the relation between attention shifting and contingency at 6 

months, the effect was strongest for the high-competition, nonsocial trials, but the 

direction of the effect was consistent across trials. This finding suggests that an infant’s 

disengaging and orienting skills are important to contingent interaction at 6 months and 

that the ability to quickly disengage attention in the presence of complex nonsocial 

stimuli is particularly important. Although these findings run counter to the hypotheses, it 

is consistent with prior research that found that orienting (similar to attention shifting in 

the low-competition trials) at 1-month of age predicted infant joint attention skills at 12 

months (Salley et al., 2016). It could be the case that at 6 months caregivers are initiating 

conversation more during the course of the interaction, so that infants who are quicker to 

adjust their attention are better equipped to keep up with the caregiver. If conversations 

are less likely to result from caregivers following-in on their infants’ focus, then 

sustained attention may not be as important for contingency. 

Sustained Attention is Important for Later Contingency 

At 12-months of age, sustained attention related more strongly to contingency 

than attention shifting. The direction of the effect was consistent across trials, though the 

magnitude varied. The only significant longitudinal relation between attention and 

contingency seen in the data was between sustained attention during high-competition, 
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social trials at 6 months and fluency and connectedness at 12 months. This finding is 

consistent with data showing that sustained attention at 4 months, also measured using 

the MAAP, predicted fluency and connectedness at 14 months (McMillan et al., under 

review). Both studies found that early sustained attention relates longitudinally to fluency 

and connectedness. There are however a few important distinctions between these 

findings. In McMillan et al. (under review), sustained attention to social stimuli during 

low-competition trials related to contingency, whereas in this study, sustained attention to 

nonsocial stimuli related to contingency. Furthermore, contingency in McMillan et al. 

(under review) was measured during a book-sharing task, whereas in this study 

contingency was measured during toy play. This difference in findings between the two 

studies could be due to developmental differences in attention between 4 months and 6 

months or potentially due to the context in which later contingency was measured.  

Relations Between Attention and Contingency Shift Over Development 

Taken together, the findings from this study suggest complex and nuanced 

relations between attention and contingency in the first year of life. Indeed, instead of a 

specific attentional skill feeding into contingency, the relation between attention and 

contingency shifts over the course of development, with attention shifting playing a more 

important role for early contingency and sustained attention playing a more important 

role for later contingency. It could also be the case that these relations change depending 

on the context. Attention to social contexts at 4 months may be more important than 

attention to social contexts at 6 months due to developmental changes in the infants social 

and motor skills and changes to the interactions with caregivers. It could also be the case 
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that social attention becomes more important again at later ages, when infants are using 

joint attention skills, which require focus to adult faces, during interactions. These 

findings represent a first step towards understanding how attention may shape 

contingency during caregiver-infant interaction and, although not found in this study, 

how contingency may shape attention. 

Direct and Indirect Effects on Language 

This study examined whether attention and contingency relate to language 

through their relations to each other by looking at whether there were indirect effects of: 

1) attention at 6 months to language at 18 months through contingency at 12 months and 

2) contingency at 6 months to language at 18 months through attention at 12 months. 

There were no significant indirect effects, though a few direct effects were significant. As 

with the analyses looking at the relations between attention and contingency, these effects 

were similar when maternal education was entered as a control variable and when outlier 

values were excluded, indicating that these effects were neither driven by level of 

maternal education or by extreme values. 

Both attention and contingency were independently related to language, though 

the effect varied based on how language was measured. These findings are consistent 

with prior research (e.g., Gilkerson et al., 2017; Hirsh-Pasek et al, 2015; Salley et al., 

2016). Fluency and connectedness and sustained attention measured at 12 months related 

better to language than either variable measured at 6 months. In contrast, attention 

shifting at 6 months related more strongly to language than attention shifting at 12 

months. When attention and contingency were examined together, the types of 6-month 
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attention that appeared to relate to later language were sustained attention to nonsocial 

stimuli, such that infant who looked less at nonsocial stimuli has better language skills, 

and attention shifting towards social stimuli, such that infants who shifted focus faster to 

faces had better language. The types of 12-month attention that appeared to relate to later 

language were sustained attention to social stimuli, such that infants who looked more at 

social stimuli had better language skills, and sustained attention to nonsocial stimuli, such 

that infants who looked less at nonsocial stimuli had better language skills.  

When examining the direct effects of attention and contingency on language 

indicators separately, slightly different patterns emerged when infant language was 

assessed via direct observation and when it is assessed via caregiver-report. Fluency and 

connectedness, especially at 12 months, related to caregiver-reports of language, but not 

direct observation. Similarly, at the bivariate level, infant attention was more consistently 

related to caregiver-reports of language, such that sustained attention across contexts was 

more likely to be positively correlated with caregiver-reports of language at 12 months, 

and attention shifting was more likely to be negatively correlated with caregiver-reports 

of language at 6 months. This pattern is interesting because it has implications for how 

researchers measure infant language. These implications, and proposed future directions 

for understanding those implications, are discussed in depth in the Future Directions. 

Overall, the direct effects with attention suggest two main conclusions. As with 

contingency, the types of attention that relate to later language scales changes across the 

first year of life with shifting being more important at 6 months and sustained attention 

more important at 12 months. Second, when contingency was accounted for, social 

attention seems to relate overall more positively to language than nonsocial attention. The 
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importance of social attention to language development is consistent with prior research 

(Brooks & Meltzoff, 2015; Salley et al., 2013; Tenenbaum et al., 2015). 

One unexpected finding that emerges when contingency and attention are both 

used as predictors of language, is that attention to nonsocial stimuli is negatively related 

to language, such that infants who attend less have better language skills. This is 

interesting because nonsocial attention seems to relate better to contingency, which is 

also related to language. This result could indicate that the type of attention that relates to 

contingency is not necessarily the type of attention that promotes language development 

over time. It could also indicate that how attention, contingency, and language relate to 

each other changes over the course of development. Oakes and Rakison (2020) proposed 

conceptualizing development as a series of cascades, with different aspects of the 

environment and of the child promoting different behaviors at different time points. In 

this study, beneficial attentional patterns for learning at 6-months of age or 12-months of 

age may not be the most beneficial at 18-months. Instead, it could be that these earlier 

build later skills and it is this shift in skills that relates to language development. Indeed, 

research looking at how language input relates to language development has found that 

the types of input that predict later language change over the course of infancy and into 

the preschool years (Rowe, 2012). The findings in this study could be indicating a similar 

shift over development. 

In this study, direct effects of attention and contingency were found on language, 

but no indirect effects were found, suggesting that attention and contingency may each 

exert unique influence on language skills. For example, attention to objects may help to 

sustain a contingent interaction with a caregiver, however attention to social stimuli 
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might help infants to learn language over the course of development. This contradiction is 

also seen in the literature. During an interaction, infants learn a word best when the 

object, not the caregiver, is center in their view (Pereira et al., 2014; Yu et al., 2019) and 

one study looking at infant attention during toy play with caregivers, found that joint 

attention was related to infant’s looks to hands, not faces (Yu & Smith, 2017). In 

contrast, gaze-following, which requires attention to the face, is a robust predictor of 

language development over development (e.g., Brooks & Meltzoff, 2015; Tenenbaum et 

al., 2015) and attention to social stimuli in the face of nonsocial distraction predicts child 

language even accounting for earlier communication skills (Salley et al., 2013). It could 

be the case that both social and nonsocial attention play critical roles in language learning 

in the moment and in language development over time. These roles, however, have yet to 

be fully understood. 

Future Directions 

This study examined attention and contingency at 6 months and 12 months and 

how they relate to language at 18 months. Between 6 months and 12 months, there was a 

change in the relation between attention and contingency. These findings further differed 

from findings looking at attention and contingency at 4 months (McMillan et al., under 

review). To better understand how attention and contingency relate over time, future 

research should examine attention and contingency on a shorter timescale, such as every 

month or every two months. By doing this, researchers can better identify when relations 

between and contingency and attention shift and how these shifts are related to other 
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domains of development. Such research would also potentially reveal other shifts in the 

relation between attention and contingency across infancy. 

Another future direction is disentangling what attentional skills relate to 

contingent interaction versus which relate to language development and whether these 

relations shift across development as proposed by Oakes and Rakison (2020). In a recent 

theoretical paper, Masek, McMillan et al. (2021) proposed that attention acts as a 

mechanism for how contingency relates to language by both facilitating contingency 

during a caregiver-child interaction and by helping children learn from the interaction. 

The results from this study suggest that different types of attentional skills may be at play 

for these different roles. Social attention, such as looking at faces and following gaze, 

may help to initiate the contingent interactions with caregivers. During interactions, 

attention to objects, such as toys, may elicit more adult contingent responses which in 

turn encourage infants to stay focused on the object for longer periods of time. Increased 

infant attention and caregiver contingent responsiveness may help to sustain contingent 

interactions, resulting in better language learning. Similarly, frequent engagement in 

contingent interactions may motivate infants to pay more attention to social stimuli in 

their environments. Overtime, attentional skills and contingency would build on each 

other. As infants learn language, social attention skills may increase infant engagement in 

contingent interactions with caregivers, while nonsocial attention may help infants to 

learn from the contingency in the moment. Of course, social and nonsocial attention are 

not mutually exclusive, but future research should aim to understand how infant 

attentional patterns during different contexts may relate to contingency and language 

learning, both in the moment and across development. 
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This study used four indicators of infant language, two were direct assessments 

and two were caregiver-report. All measures have error, or information captured by the 

measure that is not related to the construct of interest. For the caregiver-report measures, 

some of the error may relate to caregiver attitudes and understanding of the infant’s 

communication. For example, one caregiver might interpret an infant who says “ba” as 

saying “ball”, whereas another might interpret the same “ba” as a babble. Prior research 

suggests that caregivers may change how they interact with children based on how 

attentive they perceive the child to be (Dixon & Shore, 1997; Dixon & Smith, 2000). 

Similarly, research on mind mindedness, or the extent to which caregiver prescribe 

thoughts and intentions to infants, relates to infant language (e.g., Laranjo & Bernier, 

2013). These caregiver attitudes and beliefs may be a missing piece to fully 

understanding the role of attention and contingency in language development and future 

research should explore this possibility. In the case of the direct assessment, error might 

have to do with the infant’s willingness to demonstrate their language skills around new 

people and in the lab setting more generally which may relate to temperament. Attention 

is often considered a facet of temperament (e.g., Derryberry & Rothbart, 1988), making 

temperament another important area of future research in the understanding of attention, 

contingency, and language.  

Finally, this study used participants who were diverse in terms of socioeconomic 

status, race and ethnicity, and home language environment. This diversity is a strength of 

the study as it increases the generalizability of the findings. However, the sample size 

was not sufficient to see whether there were cultural differences in the relations between 

attention, contingency, and language. Prior research has demonstrated cultural differences 
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in how caregivers interact with infants (e.g., Tamis-LeMonda et al., 2020) and although 

fluency and connectedness has been used to assess contingency in diverse samples, the 

findings are somewhat mixed (Adamson et al., 2019; Adamson et al., 2021; Masek, 

Paterson et al., 2021). Future research should look more closely at culture differences in 

contingency during interactions, and how they relate to attention and language 

development. 

Conclusion 

This study is the first to date to examine the relations between attention and 

contingency across the first year of life and the implications of these relations on 

language development. Findings indicated that attention and contingency do indeed relate 

in the first year of life, though the pattern of the relations changes such that attention 

shifting, and nonsocial attention relate more strongly to contingency at 6 months whereas 

sustained attention and social attention relates more strongly at 12 months. Contrary to 

the hypotheses, there were few direct and no indirect effects of either attention or 

contingency on language, though this could be in part due to the shifting nature of the 

relation between attention and contingency, or the differences in the types of attention 

that support contingent interaction as opposed to language. Future research on the 

relations between attention, contingency, and language should examine how attention and 

contingency relate over a smaller timescale, what attention skills relate to contingency 

versus language, how maternal attitudes and beliefs as well as infant temperament play a 

role, and how cultural differences in contingent interactions affect these relations. To 

better understand contingency between infants and caregivers, it is important to 
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understand how the behavior of both the adult and the infant shape the interaction. This 

perspective will not only help us to understand how contingency changes over the course 

of infancy but may elucidate how contingency promotes development. 
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APPENDIX A 

TABLES OF DIFFERENCES IN STUDY VARIABLES ACROSS DEMOGRAPHIC GROUPS 

Table 1. 
 
Study variables across demographic groups with significant differences between groups. 
 

Variable Groups SusA06 SusA12 RT06 RT12 FC06 FC12 MSELR MSELE MBCDIC MBCDIE 
            
Race Asian 57.39 57.65 1.21 1.05 NA NA 11.5 10.5 262 34 
 African American 54.78 51.48 1.39 1.26 2.08 3.60 18.58 17.08 168.90 52 
 White 57.71 58.27 1.2961 1.1821 2.43 3.79 17.66 15.74 264.21 64.79 
 Other 39.53 24.59 2.00 0.94 2.00 2.00 24.00 15 NA NA 
 More than 1 Race 56.57 51.91 1.38 1.27 3 4.17 15.33 16 238 63.33 
 DNA 56.97 62.59 1.29 1.16 3.2 3.67 18.4 16.4 154.8 67.2 
 df 5, 90 5, 75 5, 90 5, 75 4, 64 4, 57 5, 58 5, 53 4, 46 4, 46 
 F 1.00 2.99 1.56 0.56 1.99 0.79 1.63 1.16 1.15 0.08 
 p .421 .016 .179 .727 .107 .534 .166 .341 .345 .987 

  6-month Sustained Attention 6-month Attention Shifting 
  Low-Soc High-Soc Low-NSoc High-NSoc Low-Soc High-Soc Low-NSoc High-NSoc 
Gender Male 75.91 47.88 73.96 21.76 1.07 1.23 1.04 2.47 
 Female 77.73 48.17 72.00 25.83 1.04 1.41 1.03 1.90 
 df 93 94 92 92 90 60.15 92 90 
 t -0.58 -0.07 0.67 -1.43 1.31 -1.60 0.44 2.01 
 p .567 .946 .507 .157 .194 .115 .658 .047 
          
Ethnic. Hispanic or Latino 78.28 49.32 72.15 21.66 1.04 1.30 1.04 2.38 
 Non-Hispanic or Latino 75.50 46.91 73.92 28.43 1.08 1.37 1.04 1.86 
 DNA 63.29 34.98 79.27 14.07 0.96 1.18 0.97 2.15 
 df 2, 92 2, 93 2, 91 2, 91 2, 89 2, 91 2, 91 2, 91 
 F 1.57 0.72 0.46 3.41 1.86 0.23 0.56 0.56 
 p .214 .490 .634 .037 .162 .796 .573 .573 
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Table 1. 
 
(continued) 
 

  12-month Sustained Attention 12-month Attention Shifting 
  Low-Soc High-Soc Low-NSoc High-NSoc Low-Soc High-Soc Low-NSoc High-NSoc 
Race Asian 68.37 50.22 66.90 48.50 0.99 0.96 1.25 1.09 
 African American 60.67 36.54 63.80 39.38 1.01 1.68 1.09 1.45 
 White 71.48 46.38 67.81 42.44 0.98 1.24 1.03 1.44 
 Other NA NA 2.50 30.11 NA NA NA 0.94 
 More than 1 Race 62.54 33.83 68.61 40.27 0.93 1.91 1.01 1.37 
 DNA 77.18 59.84 67.49 46.39 0.99 1.02 1.18 1.71 
 df 4, 74 4, 73 5, 73 5, 74 4, 73 4, 71 4, 71 5, 73 
 F 1.36 1.82 2.22 0.25 0.66 3.20 1.20 0.48 
 p .255 .133 .061 .938 .625 .018 .317 .791 
          
Ethnic. Hispanic or Latino 70.48 46.06 66.80 41.19 0.98 1.26 1.04 1.43 
 Non-Hispanic or Latino 69.01 41.75 64.91 42.16 0.96 1.50 1.05 1.46 
 DNA 41.86 50.96 78.73 61.47 1.06 1.05 1.48 1.07 
 df 2, 76 2, 75 2, 76 2, 77 2, 75 2, 73 2, 73 2, 76 
 F 2.55 0.52 0.44 1.14 0.69 1.41 5.21 0.37 
 p .085 .598 .644 .327 .505 .251 .008 .691 

Note. DNA = did not answer, AShift = attention shifting, SusA = sustained attention, Low-Soc = low-competition social trials, High-
Soc = high-competition social trials, Low-NSoc = low-competition nonsocial trials, High-NSoc = high-competition nonsocial trials, 
FC = fluency and connectedness, MSELE = Mullen expressive language score (raw score), MSELR = Mullen receptive language 
score (raw score), MBCDIC = MBCDI comprehensive vocabulary score (raw score), MBCDIE = MBCDI expressive vocabulary 
score (raw score), 06 = 6-month visit, 12 = 12-month visit. 
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Table 2. 
 
Mean attention scores by trial types across language groups 
 

Variable Groups 6-month Sustained Attention 6-month Attention Shifting 
  Low-Soc High-Soc Low-NSoc High-NSoc Low-Soc High-Soc Low-NSoc High-NSoc 
Home 
Language 1 

Spanish 75.87 51.80 66.81 20.48 1.03 1.32 1.05 2.58 
English 77.17 45.39 76.24 24.97 1.06 1.29 1.03 2.07 

 Spa & Eng 78.67 48.32 66.68 14.82 NA 2.96 1.07 1.53 
 Eng & Other 87.61 83.22 60.68 6.52 1.16 1.72 1.39 1.33 
 Other 75.05 50.25 76.75 38.26 1.07 1.30 1.01 1.40 
 df 4, 90 4, 91 4, 89 4, 89 3, 88 4, 89 4, 89 4, 87 
 F 0.17 1.17 2.65 2.20 0.79 2.45 2.54 1.15 
 p .953 .328 .039 .075 .502 .052 .045 .337 
          
Home 
Language 2 

None 77.49 46.96 75.06 23.08 1.06 1.28 1.05 2.17 
Spanish 79.56 45.94 78.75 23.27 1.06 1.15 1.00 2.00 

 English 72.17 49.26 65.62 23.24 1.04 1.19 1.04 2.33 
 Eng & Other 91.25 75.22 53.05 23.87 0.90 1.07 1.04 1.25 
 Spa & Other 67.26 42.62 69.83 20.18 1.09 1.20 0.93 1.17 
 Other 79.34 54.59 69.04 31.4 1.06 1.40 1.04 1.63 
 df 5, 89 5, 90 5, 88 5, 88 5, 86 5, 88 5, 88 5, 86 
 F 1.07 0.60 3.19 0.53 0.61 1.14 1.07 0.93 
 p .380 .704 .011 .752 .691 .343 .385 .467 
          
Interaction 
Language 6mo 

No Interaction 73.18 51.29 75.91 23.05 1.04 1.16 1.02 2.04 
English 78.18 42.04 72.55 23.48 1.07 1.44 1.06 2.29 
Eng & Spa 75.68 47.06 69.16 18.83 1.02 1.30 1.02 2.29 

 Spanish 79.17 56.68 73.55 26.56 1.07 1.30 1.04 2.21 
 Other 80.60 47.70 76.75 44.45 1.05 1.34 1.01 1.36 
 df 4, 90 4, 91 4, 89 4, 89 4, 87 4, 89 4, 89 4, 87 
 F 0.54 1.62 0.60 2.55 0.56 0.90 0.63 0.38 
 p .706 .175 .662 .045 .695 .468 .644 .824 
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Table 2. 
 
(continued) 
 
Interaction 
Language 
12mo 

No Interaction 72.98 48.16 72.58 19.29 1.04 1.28 1.02 2.25 
English 77.71 44.21 73.76 25.04 1.07 1.37 1.07 1.92 
Eng & Spa 77.22 46.92 75.67 22.26 1.05 1.16 1.02 2.54 

 Spanish 80.12 58.66 66.83 26.27 1.05 1.33 1.03 2.29 
 Other 80.60 47.70 76.75 44.45 1.05 1.34 1.01 1.36 
 No audio 81.11 33.22 80.10 29.42 1.00 2.52 0.98 2.31 
 df 5, 89 5, 90 5, 88 5, 88 5, 86 5, 88 5, 88 5, 86 
 F 0.55 1.15 0.86 2.26 0.22 2.36 0.79 0.69 
 p .737 .338 .512 .055 .955 .046 .559 .636 

 
  12-month Sustained Attention 12-month Attention Shifting 
  Low-Soc High-Soc Low-NSoc High-NSoc Low-Soc High-Soc Low-NSoc High-NSoc 
Home 
Language 1 

Spanish 67.49 49.15 66.20 40.91 0.98 1.36 1.06 1.40 
English 70.23 42.23 66.28 41.96 0.97 1.36 1.03 1.47 

 Spa & Eng NA NA NA NA NA NA NA NA 
 Eng & Other 55.63 56.43 77.25 54.75 1.31 1.15 1.85 1.10 
 Other 68.37 50.22 66.90 48.50 0.99 0.96 1.25 1.09 
 df 3, 75 3, 74 3, 75 3, 76 3, 74 3, 72 3, 72 3, 75 
 F 0.31 0.81 0.09 0.29 4.04 0.38 7.73 0.50 
 p .818 .495 .964 .829 .010 .768 <.001 .689 
          
Home 
Language 2 

None 68.6645 42.1909 65.7309 45.1718 0.96 1.36 1.02 1.33 
Spanish 75.1838 44.0298 67.2802 40.6637 0.97 1.11 1.00 1.34 

 English 63.1808 49.8597 63.8186 41.2572 0.99 1.23 1.00 1.28 
 Eng & Other 87.0694 55.5611 80.8056 76.0722 0.97 1.00 1.13 1.04 
 Spa & Other 41.206 34.3889 83.7583 17.8333 0.97 2.04 1.20 2.00 
 Other 69.1853 43.6901 67.5271 35.9521 0.94 1.48 1.07 1.57 
 df 5, 73 5, 72 5, 73 5, 74 5, 72 5, 70 5, 70 5, 73 
 F 2.33 0.47 0.30 1.37 0.13 1.97 1.16 0.91 
 p .051 .801 .910 .247 .985 .094 .337 .480 
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Table 2. 
 
(continued) 
 
Interaction 
Language 6mo 

No Interaction 64.38 42.32 64.77 39.10 1.01 1.39 1.12 1.40 
English 70.34 42.03 66.31 44.78 0.97 1.47 1.03 1.51 
Eng & Spa 75.02 47.55 66.10 43.12 0.98 1.06 1.01 1.71 

 Spanish 68.83 49.57 69.17 39.27 0.94 1.30 1.04 1.10 
 Other 68.56 52.61 66.90 45.08 0.96 0.87 1.25 0.98 
 df 4, 74 4, 73 4, 74 4, 75 4, 73 4, 71 4, 71 4, 74 
 F 0.74 0.54 0.09 0.38 0.90 1.10 1.20 2.24 
 p .565 .707 .984 .822 .466 .365 .317 .073 
          
Interaction 
Language 
12mo 

No Interaction 61.28 37.08 59.46 35.57 1.01 1.48 1.07 1.42 
English 72.16 44.00 68.50 45.54 0.98 1.40 1.06 1.53 
Eng & Spa 69.02 47.53 64.08 40.93 0.99 1.09 1.01 1.44 

 Spanish 74.48 52.00 75.23 40.65 0.94 1.29 1.06 1.35 
 Other 68.56 52.61 66.90 45.08 0.96 0.87 1.25 0.98 
 No audio 51.53 25.70 43.39 57.46 0.95 2.21 1.02 1.07 
 df 5, 73 5, 72 5, 73 5, 74 5,72 5, 70 5, 70 5, 73 
 F 1.42 1.34 1.50 0.87 0.54 1.61 0.52 0.52 
 p .229 .257 .199 .508 .744 .170 .763 .759 

Note. Low-Soc = low-competition social trials, High-Soc = high-competition social trials, Low-NSoc = low-competition nonsocial 
trials, High-NSoc = high-competition nonsocial trials
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APPENDIX B 

FIGURES OF PATH MODELS BY TRIAL TYPE 

Figure 1. 
 
Path model for attention during low-competition, social trails and fluency and connectedness at 
6 months and 12 months. 
 

 

 
 

Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < 
.05; AShift = attention shifting, SusA = sustained attention, FC = fluency and connectedness, 06 
= 6-month visit, 12 = 12-month visit. 
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Figure 2. 
 
Path model for attention during high-competition, social trails and fluency and connectedness at 
6 months and 12 months. 
 

 

 

 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < 
.05; AShift = attention shifting, SusA = sustained attention, FC = fluency and connectedness, 06 
= 6-month visit, 12 = 12-month visit. 
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Figure 3. 
 
Path model for attention during low-competition, nonsocial trails and fluency and connectedness 
at 6 months and 12 months. 
 

 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < 
.05; AShift = attention shifting, SusA = sustained attention, FC = fluency and connectedness, 06 
= 6-month visit, 12 = 12-month visit. 
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Figure 4. 
 
Path model for attention during high-competition, nonsocial trails and fluency and 
connectedness at 6 months and 12 months. 
 

 

 
 

Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < 
.05; AShift = attention shifting, SusA = sustained attention, FC = fluency and connectedness, 06 
= 6-month visit, 12 = 12-month visit. 
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APPENDIX C 

FIGURES OF STRUCTURAL EQUATION MODELS BY TRIAL TYPE 

Figure 1. 
 
SEM Model predicting language at 18 months from sustained attention during low-competition, nonsocial trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; SusA = sustained attention, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
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receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27 
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Figure 2. 
 
SEM Model predicting language at 18 months from sustained attention during low-competition, social trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; SusA = sustained attention, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27. 
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Figure 3.  
 

SEM Model predicting language at 18 months from sustained attention during high-competition, nonsocial trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; SusA = sustained attention, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27. 
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Figure 4. 
 

SEM Models predicting language at 18 months from sustained attention during high-competition, social trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; SusA = sustained attention, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27 

 
  



96 

Figure 5. 
 

SEM Models predicting language at 18 months from attention shifting during low-competition, nonsocial trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 102, Number of free parameters = 27. 
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Figure 6.  
 

SEM Model predicting language at 18 months from attention shifting during high-competition, nonsocial trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27. 
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Figure 7. 
 

SEM Model predicting language at 18 months from attention shifting during low-competition, social trials at 6 months and 12 months 
and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27. 
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Figure 8.  
 

SEM Models predicting language at 18 months from attention shifting during high-competition, social trials at 6 months and 12 
months and fluency and connectedness at 6 months and 12 months 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, FC = 
fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score (raw score), MulR = Mullen 
receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-month visit, 12 = 12-month 
visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 27. 
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Figure 9. 
 

SEM Models predicting language at 18 months from sustained attention and attention shifting during low-competition, nonsocial 
trials at 6 months and 12 months and fluency and connectedness at 6 months and 12 months 

 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, SusA 
= sustained attention, FC = fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score 
(raw score), MulR = Mullen receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-
month visit, 12 = 12-month visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 42. 
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Figure 10. 
 

SEM Models predicting language at 18 months from sustained attention and attention shifting during high-competition, nonsocial 
trials at 6 months and 12 months and fluency and connectedness at 6 months and 12 months 

 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, SusA 
= sustained attention, FC = fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score 
(raw score), MulR = Mullen receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-
month visit, 12 = 12-month visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 42. 
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Figure 11. 
 

SEM Models predicting language at 18 months from sustained attention and attention shifting during low-competition, social trials at 
6 months and 12 months and fluency and connectedness at 6 months and 12 months 

 

  
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, SusA 
= sustained attention, FC = fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score 
(raw score), MulR = Mullen receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-
month visit, 12 = 12-month visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 42. 
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Figure 12. 
 

SEM Models predicting language at 18 months from sustained attention and attention shifting during high-competition, social trials at 
6 months and 12 months and fluency and connectedness at 6 months and 12 months 

 

 
 
Note. All estimates and standard errors are standardized. Bolded estimates are significant at p < .05; AShift = attention shifting, SusA 
= sustained attention, FC = fluency and connectedness, Lang = latent language variable, MulE = Mullen expressive language score 
(raw score), MulR = Mullen receptive language score (raw score), CDIE = MBCDI expressive vocabulary score (raw score), 06 = 6-
month visit, 12 = 12-month visit, 18 = 18-month visit. Number of observations = 103, Number of free parameters = 42. 
 


