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Abstract

Across the early childhood period of development, young children exhibit consider-

able growth in their executive functioning (EF) and vocabulary abilities. Understanding

thedevelopmental trajectory of these seemingly interrelated processes is important as

both early vocabulary and EF have been shown to predict critical academic and socio-

emotional outcomes later in childhood. Although previous research suggests that EF

and vocabulary are correlated in early childhood, much of the existing longitudinal

research has focused on unidirectional relations among preschool child samples. The

current large-scale study, therefore, sought to examine whether children’s vocabu-

lary and EF abilities are bidirectionally related over time across four measurement

waves in early childhood (i.e., at ages 2, 3, 4, and 6). At each timepoint, children’s

vocabulary skills were positively correlated with their concurrent EF abilities. After

controlling for child sex and maternal education status, the best-fitting, cross-lagged

panel model was a unidirectional model whereby children’s early vocabulary scores

predicted their later EF performance at each timepoint. Although age 2 EF signifi-

cantly predicted age 3 vocabulary size, this association was no longer significant after

accounting for maternal education status. Our results illustrate that vocabulary size

plays an important role in predicting children’s later EF performance across various

timepoints in early childhood, even after controlling for children’s initial EF scores.

These findings have important implications for intervention research as fostering early

vocabulary acquisition may serve as a possible avenue for improving EF outcomes in

young children.
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Research Highlights

∙ Children’s vocabulary size is positively correlated with their concurrent executive

functioning skill at ages 2, 3, 4, and 6
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∙ Young children’s early vocabulary scores predict their later EF performance across

measurement waves, even after controlling for initial EF skill

∙ There is stability in children’s relative vocabulary size and executive functioning

performance over time in early childhood

1 INTRODUCTION

Early childhood represents a period of extensive growth in both vocab-

ulary and executive functioning (EF) development. Across the first few

postnatal years, advancements in children’s word comprehension and

production abilities (i.e., vocabulary; Fenson et al., 1994) are accompa-

nied bymaturation in the cognitive processes that enable self-directed

and goal-oriented behavior (i.e., EF; Diamond, 2013). Indeed, these

early emerging skills lay the groundwork for important developmental

outcomes later in childhood, such as academic success and social com-

petence (Alduncin et al., 2014; Blair & Razza, 2007; Longobardi et al.,

2016; Moll et al., 2015). For instance, Moll et al.’s (2015) longitudinal

study illustrates that both preschool verbal ability and EF predicted

children’s oral number skills the following year, which in turn predicted

their arithmetic abilities during the elementary school years. Devel-

opmental research further suggests that children’s vocabulary and EF

skills are closely related in early childhood, as children with larger

vocabularies frequently exhibit greater EF skills (Gathercole & Badde-

ley, 1989; Kuhn et al., 2014; Willoughby et al., 2017). Understanding

the developmental trajectory of these foundational and interrelated

processes may therefore assist in the identification of early warning

signs and inform related intervention efforts in early childhood. Thus,

our study sought to evaluate the longitudinal associations between EF

and vocabulary across multiple timepoints during the early childhood

years.

1.1 The early development of vocabulary and EF

Both language and EF can be thought of as multifaceted constructs

that consist of distinct yet interrelated subcomponents, which can be

differentially employed based on the task at hand. Below, we address

the individual developmental trajectories of both vocabulary and EF

starting in infancy and extending across the early childhood period.

1.1.1 Vocabulary development

Bloomand Lahey’s (1978) language taxonomy identifies three separate

domains: content (i.e., vocabulary), form (i.e., grammar), and use (i.e.,

pragmatics). These individual domains frequently intersect to allow

children to understand and/or produce speech in amanner that is both

structurally and contextually appropriate. Nonetheless, the “content”

domain and more specifically, vocabulary acquisition, is of particular

interest to early childhood researchers. This is not only because word

knowledge emerges in infancy and develops across early childhood

(Fensonet al., 1994), but alsobecause vocabulary appears toplay a cen-

tral role in children’s ability to mentally represent complex problems

and regulate their thoughts and behaviors (Vygotsky, 1978; Zelazo

et al., 2003; 2006).

Vocabulary development is heavily influencedby repeated exposure

to speechduring interactionswith a social partner (Hart&Risley, 1995;

Huttenlocher et al., 1991; Kuhl, 2007). Indeed, even newborns show

a strong preference for listening to speech over complex non-speech

sounds (Vouloumanos & Werker, 2004), and prelinguistic infants’ lan-

guage processing skills are predictive of their vocabulary outcomes

in toddlerhood (Newman et al., 2016). By the end of the first post-

natal year, typically-developing children have obtained sophisticated

speechperception skills andmayhave started to produce linguistically-

meaningful vocalizations (Fenson et al., 1994; Oller, 1980; Polka &

Werker, 1994;Werker&Tees, 2002). Although considerable variability

has been reported in the literature, children have an average vocab-

ulary size of approximately 50 words by 18-months of age (Shipley

& McAfee, 2015). From there, vocabulary growth is extensive and

continues across the early childhood period, as the average number

of words that children understand at age 3 and age 6 is estimated

at ∼1,000 and ∼10,000 words, respectively (Anglin, 1993; Shipley &

McAfee, 2015). Developmental researchers report that nouns tend to

dominate much of children’s early vocabularies (Alcock, 2017; Bates

et al., 1994). It has been proposed that this early “noun bias” reflects

the relative ease of extracting observable and temporally-stable noun-

referent combinations in comparison to other word forms, such as

verbs or prepositions (Gentner, 1982). However, alternative theories

regarding this trend point to the structural properties of various lan-

guages (e.g., the tendency of English speakers to place nouns at the

end of a sentence) or the methodology used to collect vocabulary data

(Tardif et al., 1997; 1999). Although even 2.5-year-olds’ more readily

acquire object-noun pairs in comparison to verb-action pairs (Childers

& Tomasello, 2002), this noun-verb gap diminishes over the course

of development as vocabulary size increases and children begin using

language in increasingly sophisticated ways.

1.1.2 EF development

EF refers to a series of top-down cognitive processes (i.e., inhibitory

control, cognitive flexibility, working memory) that facilitate effort-

ful and goal-directed actions such as planning, problem-solving, and
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modulatingone’s behavior (Bell&Garcia-Meza, 2020;Diamond, 2013).

Developmental research illustrates that EF is best represented as

a unitary construct during the early childhood period (Garon et al.,

2008; Wiebe et al., 2008; 2011). Diamond (2013) further argues that

inhibitory control andworkingmemory in particular are closely related

and often operate alongside one another when completing tasks. EF

emerges in late infancy and undergoes significant development across

the toddler, preschool, and early school years as a result of matura-

tional changes to the prefrontal cortex (Carlson et al., 2005; Diamond,

2002; Fiske & Holmboe, 2019). EF is of particular interest to early

childhood researchers because in addition to predicting a host of socio-

emotional and academic outcomes (Blair & Razza, 2007; Espy et al.,

2004), EF skills may enable children to detect and focus on linguistic

information present in their environment in the pursuit of vocabulary

acquisition (Blankson et al., 2011; Kapa &Colombo, 2014).

Much of the infant EF literature has focused on children’s perfor-

mance on the A-not-B task due to the limited number of EF tasks

that are developmentally-appropriate at this age (Bell, 2012; Diamond

et al., 1997). On this Piagetian task, infants must hold information in

the mind as to where a desirable object has been hidden and inhibit

the urge to incorrectly search for the object in a familiar location.

Around 8-months of age, typically-developing infants are able to suc-

cessfully locate the object in a new location, and longer delays between

hiding/searching are required to produce retrieval errors with older

infants and toddlers (Bell et al., 2022; Espy et al., 1999). By the sec-

ond postnatal year, however, a wide variety of EF tasks are available

to researchers as a result of significant advancements in children’s

early motor and verbal skills. Across the toddler and preschool years,

rapid improvements have been reported in children’s performance

on conflict/delay inhibitory tasks (Carlson et al., 2005; Joyce et al.,

2016), multilocation search tasks (Diamond et al., 1997; Wiebe et al.,

2010), and working memory-focused tasks (e.g., spinning/stationary

pots; Diamond et al., 1997; Wiebe et al., 2010). Despite the integra-

tive nature of EF in early childhood, developmental researchers have

reported that improvements in children’s cognitive flexibility skills are

observed slightly later in early childhood, perhaps because they build

upon early working memory and inhibitory control abilities (Blakey

et al., 2016; Diamond, 2013). For instance, kindergarteners are more

adept at switching between conflicting task rules on the Dimensional

Change Card Sort (DCCS) Task in comparison to toddlers and even

preschoolers (Diamond, 2013).

1.2 The longitudinal link between vocabulary
and EF

Beyond similarities between the individual developmental trajectories

of EF and vocabulary, there is good reason to postulate that these

processes may be interrelated based on existing theory and empirical

research. From a Vygotskian perspective, self-directed speech allows

children tomonitor and adjust their own thoughts or actions (Vygotsky,

1962; 1978). Indeed, research indicates that preschoolers who pro-

duce more task-relevant, self-directed vocalizations score higher on

tasks that require EF and self-regulatory skills (Azmitia, 1992; Behrend

et al., 1989; Mulvihill et al., 2021). On the other hand, inhibitory con-

trol/attentional shifting may enable children to better focus on novel

word-referent pairs, while working memory abilities may be needed

to organize and produce communicative messages (Blankson et al.,

2011; Gathercole & Baddeley, 1989; Kapa & Colombo, 2014; Netelen-

bos et al., 2018). As an example, Kapa and Colombo (2014) illustrate

that preschool children’s EF skills predicted their success in acquiring

new words when presented with an artificial language learning task.

Taken together, vocabulary may play a role in the successful execu-

tion of effortful and goal-oriented actions,while children’s emerging EF

abilities may promote early word learning and production.

Developmental researchers frequently report that children’s vocab-

ulary and EF skills are positively correlated in early childhood (Carlson

et al., 2005; Harvey & Miller, 2017; Kraybill et al., 2019; Wolfe & Bell,

2004). That is, children with strong verbal skills consistently outper-

form their peers with smaller vocabularies on a wide variety of EF

tasks. Some longitudinal studies even show that children’s initial skills

in one domain (e.g., vocabulary) predict their later outcomes in the

other (e.g., EF; Fuhs et al., 2014; Kuhn et al., 2014; Schmitt et al., 2019;

Willoughby et al., 2017). For example, Schmitt et al. (2019) demon-

strate that 4-year-olds’ EF and vocabulary skills at the start of the

preschool year were predictive of their respective abilities at the end

of the academic year. This finding suggests that individual differences

in these foundational skills during the school-age years may be influ-

enced by their preceding EF and vocabulary abilities measured earlier

in development.

The finding that various aspects of cognitive development are posi-

tively correlated is well-documented even outside the early childhood

literature (van der Maas et al., 2006), which indicates that there are

reinforcing interactions between processes throughout development.

Even so, there is considerable disagreement within the longitudinal lit-

erature regarding the interdependence of vocabulary and EF across

early childhood. For instance, some studies have failed to find evi-

dence of a bidirectional relation between EF and vocabulary (Fuhs &

Day, 2011; Petersen et al., 2014; Weiland et al., 2014), while other

studies report that neither EF nor vocabulary were predictive of chil-

dren’s respective outcomes (Chung & McBride-Chang, 2011; Gooch

et al., 2016). Inconsistency in the research findings observed in the

early childhood literature may be due in part to the divergent study

designs utilized by researchers (Bruce & Bell, 2022). Indeed, the lon-

gitudinal studies discussed above varied in the ages of participants

recruited, the number of measurement waves collected, and the EF

tasks that were administered. Among the studies that aremethodolog-

ically comparable, gaps in the literature remain as a result of the field’s

heavy emphasis on the preschool years; this is despite the empirical

evidence showing that both EF and vocabulary have their roots in the

first two postnatal years of development (Cuevas & Bell, 2014; Fen-

son et al., 1994; Miller &Marcovitch, 2015).While a handful of studies

have evaluated this association prior to the preschool years, they are

nonetheless limited in that they did not examine bidirectional relations
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and/or control for children’s initial vocabulary/EF scores (Kuhn et al.,

2016;Matte-Gagné & Bernier, 2011;Miller &Marcovitch, 2015;Whe-

don et al., 2018). To further advance this area of research, our study

adopted a structural equation modeling (SEM) approach to investigate

the associations between EF and vocabulary across the span of early

childhood starting in toddlerhood and continuing into the elementary

school years.

1.3 Current study

Based on the limitations discussed above, additional multi-wave

research starting earlier in development and extending into the ele-

mentary school years is needed to better clarify the nature of the

association between EF and vocabulary development across early

childhood. Doing so allows for a more nuanced examination into

whether a predictive association exists between EF and vocabulary in

early childhood and if so, whether the strength and direction of this

longitudinal relation differs as a function of age. The purpose of our

study was to examine whether vocabulary and EF are bidirectionally

related across four measurement waves using a large community sam-

ple of children across early childhood. In the present study, children’s

vocabulary and EF skills were assessed when they were 2, 3, 4, and 6

years of age using two standardized vocabulary instruments and a bat-

tery of empirically established EF tasks. Because multiple studies have

reported that children’s vocabulary and EF abilities are related over

time (see Bruce & Bell, 2022; for an in-depth review of this literature),

we hypothesized that a reciprocal association would emerge. As such,

the following predictions weremade:

Hypothesis 1. Children’s early vocabulary size will predict their later EF

performance across all four measurement waves after accounting for chil-

dren’s initial EF scores (e.g., age 3 vocabulary will predict age 4 EF after

controlling for age 3 EF).

Hypothesis 2. Children’s early EF skills will predict their later vocabulary

outcomes across all four measurement waves after accounting for children’s

initial vocabulary size (e.g., age 3 EF will predict age 4 vocabulary after

controlling for age 3 vocabulary).

2 METHOD

2.1 Participants

Participants are part of a large-scale longitudinal study that exam-

ined emotion regulation and cognitive development. Children were

recruited equally from Blacksburg, VA (Virginia Tech) and Greensboro,

NC (The University of North Carolina at Greensboro) using mailing

lists, media advertisements, flyers, and word of mouth. In this larger

longitudinal study, 410 typically-developing, English-speaking children

(209 girls, 50.9%) were recruited in infancy and were invited back to

the lab at various timepoints in childhood (e.g., at 2, 3, 4,and 6 years of

age; see Table 1 for participant demographics). Childrenwere recruited

as three cohorts: Blacksburg cohort 1 (n = 106), Blacksburg cohort 2

(n= 105); Greensboro cohort 3 (n= 199). Cohort 1 was recruited first

and was approximately 3 years older than cohorts 2 and 3, who were

the same age. The number of childrenwho completed a lab visit at each

age is as follows: 327 children at age 2, 295 children at age 3, 270 chil-

dren at age 4, and 194 children at age 6. Details regarding attrition and

the sample size at eachmeasurement wave are discussed below.

2.1.1 Age 2 lab visit

Of the total sample of 410 children thatwere recruited in early infancy,

83 childrendid not return for the age2 lab visit (nage_2 =327; 161 girls).

Among the 83 children that did not return for the age 2 lab visit, ques-

tionnaire data (i.e., expressive vocabulary data from the MCDI-W&S;

see the “VocabularyMeasures” section below)was still mailed in for 20

of these children. No demographic differences were detected between

the children who did or did not return for the age 2 visit with respect

for child sex, child race, or maternal education (all ps> 0.05).

2.1.2 Age 3 lab visit

Of the 410 children recruited as infants, 115 children did not return

for the age 3 lab visit (nage_3 = 295; 145 girls). 73 out of these 115 chil-

drenhadnot returned to the lab for the age2visit either. Starting at age

3, questionnaire-only families were not able to provide any vocabulary

or EF data, and these children were therefore coded as missing data

at age 3. No demographic differences were detected between children

who did or did not return for the age 3 visit with respect to child sex,

child race, or maternal education (all ps > 0.05). Children who did or

did not participate in the age 3 lab visit did not differ in terms of their

vocabulary size or individual EF task scores at age 2 (all ps> 0.05).

2.1.3 Age 4 lab visit

Of the 410 children recruited as infants, 140 children did not return for

the age4 lab visit (nage_4 =270; 128girls).Out of these140 children, 49

had not returned for both the age 2 and age 3 visit, and an additional 40

children had not returned for only the age 3 visit. No demographic dif-

ferenceswere detected between childrenwho did or did not return for

the age 4 visit with respect for child sex, child race, or maternal edu-

cation (all ps > 0.05). Children who did or did not participate in the

age 4 lab visit did not differ in terms of their age 3 vocabulary size or

individual EF task scores (all ps> 0.05).

2.1.4 Age 6 lab visit

Of the 410 children recruited as infants, 216 children did not return

for the age 6 lab visit (nage_6 = 194; 94 girls). Because of the funding
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TABLE 1 Sample demographics at each data collection wave.

Age 2

(n= 347)

Age 3

(n= 295)

Age 4

(n= 270)

Age 6

(n= 194)

Child racial composition

Asian 1 (0%) 0 0 0

African American/Black 46 (13%) 39 (13%) 38 (14%) 33 (17%)

White 273 (79%) 233 (79%) 210 (78%) 147 (76%)

Other or multiracial 27 (8%) 23 (8%) 22 (8%) 14 (7%)

Maternal educational attainment

Did not complete high school 7 (2%) 6 (2%) 4 (1%) 4 (2%)

Completed high school 89 (26%) 72 (24%) 66 (24%) 52 (26%)

Completed technical school 26 (7%) 22 (7%) 20 (7%) 13 (7%)

Completed college 148 (43%) 129 (45%) 114 (43%) 79 (41%)

Completed graduate school 75 (21%) 65 (22%) 64 (24%) 45 (23%)

Did not report 2 (1%) 1 (0%) 2 (1%) 1 (1%)

Note: At ages3, 4, and6, the sample size reflects thenumberof childrenwhocompleteda lab visit at that age.At age2, the sample size reflects a combinationof

the number of childrenwho participated in a lab visit at that age (n= 327) and the number of children forwhomonly questionnaire data (i.e., theMCDI-W&S)

was received (n= 20).

schedule, the 106 children who were members of cohort 1 were not

invited to participate in an age 6 lab visit. Of the remaining 110 chil-

dren who did not return at age 6, 27 children had not returned for any

prior visits (at age 2, 3, or 4), 19 had not returned for both the age 3

and age 4 visit, and 26 had not returned for only the age 4 visit. Among

these children, no demographic differences were detected between

children who did or did not return for the age 6 visit with respect for

child sex, child race, or maternal education (all ps > 0.05). Children

who participated in the age 6 lab visit did not differ in terms of their

vocabulary size or performance on the EF tasks measured at age 4

(all ps> 0.05).

2.2 General procedure

Data were collected at both research locations using identical pro-

tocols. Research assistants at both institutions were trained by the

Principal Investigator (3rd author). To ensure identical administration

was maintained between the research labs, the Blacksburg research

teamperiodically viewed the video recordings collected by theGreens-

boro research team. Additionally, the Blacksburg team provided reli-

ability coding for the behavioral EF data coded by the Greensboro

team.

Upon arrival at the lab, a research assistant greeted families

and explained the study and lab procedures. Informed consent was

obtained from mothers at each visit and verbal assent was obtained

from children. Demographic informationwas collected in infancywhen

children were initially recruited to participate in the study. At age

2, families were mailed the parent-report vocabulary measure in

advance, which they brought with them to their lab visit. After a brief

warm-up period, children completed a variety of EF tasks (at ages 2,

3, 4, and 6) and a behavioral vocabulary assessment (at ages 3, 4, and

6). Each session was recorded for offline behavioral coding and reli-

ability coding. Study procedures for the larger study were approved

by the Institutional Review Boards at Virginia Tech and University of

North Carolina Greensboro: #05-087 and #06-7257 for Infant Tem-

perament and Cognitive Development; #05-243 and #06-0257 for

Psychobiology of Cognitive Development; #12-947 and #13-0183 for

Psychobiology of Cognitive Development inMiddle Childhood.

2.3 Vocabulary measures

Children’s expressive vocabulary at age 2 was assessed via parent-

report using the MacArthur-Bates Communicative Development

Inventory: Words and Sentences (MCDI-W&S; Fenson et al., 2007). At

ages 3, 4, and 6, children’s receptive vocabulary was assessed using the

Peabody Picture Vocabulary Test (PPVT; Dunn&Dunn, 2007). Two dif-

ferent vocabulary assessmentswereadministered in the studybecause

the MCDI-W&S is normed for children between the ages of 16- to 30-

months, whereas the PPVT is normed for children who are 30-months

or older. Although these measures yield slightly different vocabulary

metrics (i.e., expressive vs. receptive), previous research using cross-

lagged panel modeling has demonstrated strong auto-regressive paths

between these vocabulary measures across the toddler and preschool

years, which suggests that these measures are tapping into closely

related skills in early childhood (Girard et al., 2014).

2.3.1 MacArthur-bates communicative
development inventory (MCDI-W&S; age 2)

TheMacArthur-BatesCommunicativeDevelopment Inventory:Words

& Sentences (MCDI-W&S) evaluates the number of words children
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produce (i.e., expressive vocabulary) using a 680-word vocabulary

checklist that is divided into 22 semantic categories. The MCDI-

W&S is one of the most frequently administered assessments of

language ability in toddlerhood and it is normed for children ages

16- to 30-months. The MCDI-W&S has established high inter-

nal consistency, external validity, and test-retest reliability (Fenson

et al., 2007). The variable of interest was toddlers’ total expres-

sive vocabulary size, with higher values reflecting a larger expressive

vocabulary.

2.3.2 PPVT (ages 3, 4, and 6)

The peabody picture vocabulary test (PPVT) is a standardizedmeasure

that evaluates the number of words children comprehend (i.e., recep-

tive vocabulary), and it is normed for children ages 30-months and

older. The PPVTwas administered by a research assistant to each child

individually. Across all trials, children were shown a set of 4 drawings

and instructed to select the drawing that best illustrated theword spo-

ken by a research assistant. The PPVT has established high test-retest

reliability and construct validity (Community-University Partnership

for the Study of Children, Youth, and Families, 2011). The variable of

interest was children’s unstandardized vocabulary score, with higher

values reflecting a larger receptive vocabulary.

2.4 EF measures

EF was assessed at ages 2, 3, 4, and 6 using a battery of

developmentally-appropriate behavioral tasks. The EF tasks detailed

below were selected for the current study because these tasks: (a)

are established measures of early childhood EF in the developmental

literature and (b) reflect a variety of cognitive processes (i.e., working

memory, inhibitory control, and cognitive flexibility) that vary in their

non-EF demands (e.g., motor/verbal requirements). Interrater reliabil-

ity scoring was accomplished on at least 18% of the sample and the

percent agreement across all tasks listed below was good to excellent

(Intraclass correlation coefficients (ICCs ≥ 0.86). Acceptable to excel-

lent convergent validity and test-retest reliability has been reported

across a large battery of EF tasks similar to the ones administered in

the present study (Beck et al., 2011; Howard &Melhuish, 2017).

2.4.1 Tongue task (age 2)

The Tongue Task required children to hold a goldfish cracker on their

tongue without chewing it for increasingly longer intervals of time (i.e.,

three trials with delays of 10-, 20-, and 30-seconds; Kochanska et al.,

2000). Child performance on each trial was coded as either successful

(did not chew cracker) or unsuccessful (chewed cracker). The variable

of interest was the proportion of successful trials, ranging from 0% to

100%. Higher values represent greater task performance.

2.4.2 Crayon delay (age 2)

TheCrayonDelay required children to inhibit themselves fromcoloring

when left alone at a table with coloring supplies (Calkins, 1997). In this

task, a research assistant placed a newly opened box of crayons and a

blank sheet of paper in front of the child as the research assistant asked

them if they would like to draw a picture. The child was then informed

that the research assistant needed to briefly leave the room and the

child was instructed not to touch the crayons, the box, or the paper

until the research assistant returned (60-seconds later). The variable of

interest was the latency (in seconds) to touch any of the coloringmate-

rials. Possible scores ranged from 0 to 60, and higher values represent

greater task performance.

2.4.3 Dimensional change card sort (DCCS; ages 2,
3, 4, and 6)

The Dimensional change card sort (DCCS) required children to man-

ually sort a set of fourteen laminated cards based on one of two

dimensions (either color or shape; Zelazo et al., 1996). Children were

asked to sort the first seven cards by one dimension (the pre-switch

condition; dimension was counterbalanced across participants), after

which children were stopped and instructed to sort the remaining

seven cards by the other dimension (the post-switch condition). At age

6, children who passed the post-switch condition were then adminis-

tered the DCCS with borders. In this version of the task, children were

required to sort the cards by one dimension for cards with borders

(e.g., color) and by the other dimension for cards without borders (e.g.,

shape; also counterbalanced across participants). The variable of inter-

est was the proportion of correct (a) pre-switch responses at age 2, (b)

post-switch responses at ages 3 and 4, and (c) borders responses at

age 6, ranging from 0% to 100%. Higher values represent greater task

performance.

2.4.4 Day/night (age 3)

Day/Night requires children to suppress the automatic response to

label images depicted on a set of cards in favor of producing a contra-

dictory verbal response (Gerstadt et al., 1994). In this task, children

were instructed to say “day” when shown a card with a picture of a

moonand to say “night”when shownacardwith apictureof a sun.After

two practice trials, children completed 16 test trials (8 sun cards and 8

moon cards) that were presented in a pseudorandom order. On each

individual test trial, children received 1 point for a correct response,

0 points for an incorrect response, and 0.5 points for an incorrect

response that the child self-corrected before moving to the next trial.

Once theDay/Night taskwas completed, the number of points children

earnedacross all 16 trialswas summed tocreatea total point value. The

variable of interestwas the proportion of points earned, whichwas cal-

culated by dividing the total point value by 16 (i.e., the number of trials
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completed), ranging from0% to 100%.Higher values represent greater

task performance.

2.4.5 Digit span (ages 3, 4, and 6)

The forward digit span (FDS) task required 3 and 4 year old children

to verbally repeat sequences of numbers in the order they were pre-

sented by a research assistant (Blankenship et al., 2019). Childrenwere

given two 2-digit practice trials, which were followed by the test trials

that started at 2-digits and increased by one digit upon each success-

ful response. The taskwas terminated after two consecutive failures of

the same span. When children were 6 years of age, the backward digit

span (BDS) taskwas used instead of the FDS. The administration of the

BDS was nearly identical to the FDS, except children were instructed

to repeat the number sequences backwards rather than forwards. The

variable of interest for both the forward and backward DS task was

digit span, which accounts for nonconsecutive errors.

2.4.6 Gift peek (age 4)

Gift Peek requires children to inhibit the natural urge to peek as a

researcher wraps an attractive gift for the child (i.e., a coloring pad and

a box of 64 crayons; Kochanska et al., 2000). During this task, the child

was told that the research assistant needed towrap a gift for them. The

child was instructed to stand and face a blank wall with their back to

the research assistant, and the child was asked to not peek while the

gift was wrapped (for 60-seconds) a few feet behind them in the same

room. The variable of interest was the latency (in seconds) to peek as

the child’s gift was beingwrapped. Possible scores ranged from0 to 60,

and higher values represent greater task performance.

2.4.7 Number stroop (age 6)

This task is a computerized, number-based Stroop task (Ruffman et al.,

2001). Children were shown rows of digits on a screen and they were

required to count the number of digits (e.g., “777” = 3). Practice trials

were provided prior to testing. Children recorded their responses on

a keyboard and completed 25 test trials in total. The variable of inter-

est was children’smean reaction time (RT; in seconds) for correct trials.

For scale consistency across the age 6 tasks, children’s RT scores were

reverse coded such that larger values reflect faster RT and therefore

greater task performance.

2.5 Covariates

Child sex (1= girl; 0= boy) andmaternal education (1= college educa-

tion; 0 = no college education) was recorded, as these variables have

well-documented connections to child language and cognition in the

literature (Bornstein & Cote, 2005; Hoff, 2003).

2.6 Analytic plan

Descriptive statistics were generated for the primary variables of

interest using IBM SPSS software (Version 22; see Table 2). Data were

examined to determine multivariate normality, multicollinearity, and

outliers. No evidence of non-normalitywas detected in the dataset (i.e.,

skewness ≤ 3 and kurtosis ≤ 10; Kline, 2011). Any values (n = 10) that

were ± 3SD of the mean were classified as an outlier and were han-

dled throughWinsorization (i.e., thesevalueswere replacedby thenext

closest score; Salkind, 2010). The variables and total number of val-

ues that wereWinsorized are as follows: PPVT at age 4 (> +3SD = 1);

FDS at age 4 (> +3SD = 1); Day/Night at age 4 (< −3SD = 3); Number

Stroop (prior to reverse scoring) at age 6 (>+3SD= 5). This procedure

was done to retain variance in the data and to mitigate the bias that is

associated with data trimming (Kwak &Kim, 2017).

A composite EF score was generated for each child at ages 2, 3,

4, and 6, as composites are more reliable than single EF assessments

(Carlson et al., 2004). Composite values were created by standardizing

and averaging the three EF variables at each age. The number of chil-

drenwho completed all three EF tasks at each timepoint are as follows:

Age 2 (n= 244), age 3 (n= 118), age 4 (n= 224), and age 6 (n= 179). It

should be noted that the FDS task was not administered for the 106 3-

year-olds in cohort 1 as this taskwas not a part of the study protocol at

the time of their age 3 lab visit (i.e., it was later added to the study). If a

childwasmissing data for one of the three tasks at any given timepoint,

their scores on the other two tasks were averaged and standardized in

order to maximize statistical power. The number of children who only

completed two out of the three EF tasks at each timepoint are as fol-

lows: Age 2 (n = 70; 45 children were missing Tongue Task data, 23

children were missing DCCS data, and 2 children were missing Crayon

Delay data), age 3 (n = 116; 98 children were missing FDS data, 9 chil-

dren were missing DCCS data, and 9 children were missing Day/Night

data), age 4 (n=43; 36 childrenweremissing FDSdata, 4 childrenwere

missing DCCS data, and 3 children were missing Gift Peek data), and

age6 (n=14; 8 childrenweremissingDCCSdata, 4 childrenweremiss-

ing BDS data, and 2 children were missing Number Stroop data). In the

event that a child only completed one of the three EF tasks, however,

their score was coded as missing for that timepoint because a com-

posite value could not be computed. At each timepoint, the number of

childrenwho only completed one EF taskwere as follows: Age 2 (n=7),

age 3 (n= 47), age 4 (n= 0), and age 6 (n= 1). In total, 127 children had

complete EF data as they had completed at least two EF tasks across all

four data collection timepoints.

Analyses were conducted using SEM in Mplus (Version 8; Muthén

& Muthén, 2012) with full information maximum likelihood (FIML) to

account formissing data. This estimation approach utilizes all available

data and results in less biased estimates/standard errors in com-

parison to other missing data techniques, such as listwise deletion

(Enders, 2001). Power guidelines by MacCallum et al. (1996) indi-

cated that a minimum sample of 200 children was needed to provide

acceptable power to detect model fit (power ≥ 0.80; α = 0.05). Infer-

ential and descriptive indices of model fit were calculated: Chi-square

(χ2) test, root mean square error of approximation (RMSEA < 0.08;
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8 of 17 BRUCE ET AL.

TABLE 2 Descriptive statistics for primary study variables.

N Min Max Mean Std. Dev. Skew Kurtosis

Vocabulary Measures

Age 2 MCDI-W&S 333 5.00 680.00 303.23 172.88 0.18 −0.85

Age 3 PPVT 281 9.00 102.00 53.88 17.37 0.02 −0.13

Age 4 PPVT 264 27.00 137.00 76.58 19.70 0.04 0.07

Age 6 PPVT 194 77.00 167.00 123.16 16.76 0.18 0.08

Executive FunctioningMeasures

Age 2 DCCS 292 0.00 1.00 0.63 0.24 0.05 −0.58

Tongue Task 271 0.00 1.00 0.43 0.41 0.30 −1.51

CrayonDelay 316 0.00 60.00 19.03 24.57 0.87 −1.01

Age 3 DCCS 262 0.00 1.00 0.45 0.44 0.19 −1.80

FDS 138 1.00 4.00 2.86 0.87 −0.41 −0.86

Day/Night 233 0.00 1.00 0.42 0.30 0.23 −1.09

Age 4 DCCS 263 0.00 1.00 0.62 0.45 −0.51 −1.60

FDS 231 1.50 6.00 3.65 0.73 −0.35 0.91

Gift Peek 264 0.00 60.00 43.31 22.67 −0.84 −1.04

Age 6 DCCS 185 0.08 1.00 0.66 0.20 −0.01 −0.46

BDS 190 0.00 4.50 2.95 0.83 −0.52 0.21

Stroop 191 1.70 7.49 3.71 1.16 1.09 1.23

Note: Descriptive statistics were generated afterWinsorization.

Abbreviations: BDS, backward digit span; DCCS, dimensional change card sort task; FDS, forward digit span; MCDI-W&S, MacArthur-Bates communicative

development inventory: Words and Sentences; PPVT, peabody picture vocabulary test; Stroop, number stroop (reaction time in seconds prior to reverse

scoring).

MacCallum et al., 1996), and confirmatory fit index (CFI > 0.90; Hu &

Bentler, 1999). The longitudinal associations between EF and vocabu-

lary were analyzed using an autoregressive cross-lagged panel design

with four waves of data. This statistical approach was selected as it

allows for the examination of a) the longitudinal stability of vocabu-

lary/EF (i.e., autoregressive paths) as well as b) unidirectional and/or

bidirectional paths between vocabulary and EF (i.e., concurrent cor-

relations and longitudinal cross-lagged paths). Chi-square difference

tests (∆χ2) were used to compare the fit of one nested model to an

alternatemodel.

3 RESULTS

3.1 Bivariate correlations

Correlations were examined between the primary study variables

(Table 3 ). Children’s vocabulary scores were positively intercorre-

lated at each data collection wave (ages 2, 3, 4, and 6) with the

correlation coefficients (r) ranging from 0.31 to 0.77 (all ps < 0.01).

Children’s EF composite scores were also positively intercorrelated

across data collection waves (ranging from 0.22 to 0.37; all ps < 0.01),

with the exception of age 3 and age 6 EF which was not correlated,

r = 0.07, p = 0.43. Point biserial correlations were then examined

between the primary study variables and the covariates. Child sex

was significantly correlated with children’s vocabulary scores at age

2, r = 0.17, p < 0.01, and age 3, r = 0.12, p = 0.05. These positive

associations indicate that when children were 2 and 3 years of age,

girls exhibited larger vocabularies in comparison to boys. Child sex

was only related to children’s composite EF scores at age 3, r = 0.15,

p = 0.03, where girls scored higher than boys in this sample on

the age 3 EF tasks. Across all ages (2, 3, 4, and 6), maternal edu-

cation was significantly correlated with children’s vocabulary scores

(r= 0.15, 0.33, 0.29, 0.27 respectively, all ps< 0.01) aswell as with chil-

dren’s composite EF scores (r = 0.16, 0.22, 0.29, 0.19 respectively, all

ps < 0.01). Given these significant associations, child sex and maternal

education were controlled for in the longitudinal analyses described

below.

3.2 Autoregressive cross-lagged panel modeling

3.2.1 Panel model without covariates (Model A)

Panel modeling was conducted with and without the covariates

entered using children’s EF composite values and vocabulary scores

at ages 2, 3, 4, and 6. The fit indices demonstrated that the model

without the covariates (Model A; Figure 1) fit the data adequately,

χ2(12) = 34.294, p < 0.001; RMSEA = 0.07 (90% CI = 0.05–0.10);

CFI= 0.96.
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F IGURE 1 Model A: Autoregressive, cross-lagged panel model depicting the longitudinal associations between EF and vocabulary when
children were 2, 3, 4, and 6 years of age.Note: †p< 0.10; *p< 0.05; **p< 0.01; ***p< 0.001. EF= executive functioning; VOCAB= vocabulary.
Standardized estimates are presented. Solid black lines represent statistically significant paths; Solid gray lines represent non-significant paths.

F IGURE 2 Model B: Autoregressive, cross-lagged panel model depicting the longitudinal associations between EF and vocabulary when
children were 2, 3, 4, and 6 years of age after controlling for child sex andmaternal education.Note: †p< 0.10; *p< 0.05; **p< 0.01; ***p< 0.001.
Standardized estimates are presented. Solid black lines represent statistically significant paths; Solid gray lines represent non-significant paths.

Autoregressive pathways. As anticipated, the standardized coef-

ficients for the autoregressive pathways of EF (ranging from 0.21

to 0.36) and vocabulary (ranging from 0.32 to 0.77) were all significant

(all ps<0.01). This finding represents a degree of stability in young chil-

dren’s EF and vocabulary scores over time, given that children’s early

scores were predictive of their scores at the next data collection wave.

Cross-lagged pathways. Children’s age 2 vocabulary scores pre-

dicted their age 3 EF outcomes (b = 0.33, SE = 0.06, p < 0.001), and

children’s age 3 vocabulary scores predicted their age 4 EF outcomes

(b = 0.23, SE = 0.06, p < 0.001). However, age 4 vocabulary did not

predict age 6 EF (b = 0.15, SE = 0.08, p = 0.061). In contrast, only chil-

dren’s EFperformance at age2was predictive of their age3 vocabulary

(b= 0.14, SE= 0.06, p= 0.017).

Residual correlations. Concurrent correlations between EF and

vocabulary were significant at age 2 (b = 0.26, SE = 0.05, p < 0.001),

age 3 (b = 0.22, SE = 0.06, p < 0.001), and age 6 (b = 0.31, SE = 0.07,

p< 0.001).

3.2.2 Panel model with covariates (Model B)

Next, amodelwith child sex andmaternal education included (Model B;

Figure 2)was examined and the fit indiceswere suggestive ofmediocre

model fit, χ2(16) = 57.969, p < 0.001; RMSEA = 0.09 (90% CI = 0.06–

0.11); CFI = 0.92. Child sex did not significantly predict children’s EF

or vocabulary outcomes at any age. However, maternal education was

associated with children’s age 3 EF, age 3 vocabulary, and age 4 EF val-

ues (standardized coefficients ranged from 0.14 to 0.28; all p < 0.05).

That is, children of mothers with a college degree scored higher on the

PPVT at age 3 and on the battery of EF tasks at ages 3 and 4 in compar-

ison to children of mothers without a college degree. After controlling

for child sex and maternal education, the cross-lagged path between

age 2 EF and age 3 vocabulary (b = 0.10, SE = 0.06, p = 0.084) was no

longer significant. The chi-square difference test was used to formally

evaluate which nestedmodel better fit the data (i.e., Model A orModel

B). The test indicated thatModel A fit the data significantly better than

Model B (∆χ2 = 23.675,∆df= 4, p= 0.05).

3.2.3 Trimmed panel model (Model C)

DespiteModel B’s poorer fit,Models A andBdemonstrated the follow-

ing: (1) after age 3, the cross-lagged paths between children’s early EF

and later vocabulary scores were not significant, (2) there were no sig-

nificant paths between child sex and EF or vocabulary at any age, (3)

maternal educationwas not related to children’s later EF (at age 6) and

vocabulary (at ages 4 and 6) outcomes, and (4) the covariation between

age 4 vocabulary and age 4 EFwas not significant. These nonsignificant

variables and paths were therefore removed in a final, trimmed model

(Model C; Figure 3), which demonstrated acceptable and compara-

tively improved model fit, χ2(20) = 49.392, p < 0.001; RMSEA = 0.06

(90%CI=0.04–0.09); CFI=0.95. In comparison toModelsA andB, the
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F IGURE 3 Model C: The best-fitting autoregressive, cross-lagged panel model depicting the longitudinal associations between EF and
vocabulary when childrenwere 2, 3, 4, and 6 years of age.Note: †p< 0.10; *p< 0.05; **p< 0.01; ***p< 0.001. Standardized estimates are
presented. Solid black lines represent statistically significant paths; Solid gray lines represent nonsignificant paths.

direct path inModel C between children’s age 4 vocabulary scores and

their age 6 EF outcomeswas significant (b= 0.18, SE= 0.08, p= 0.024).

TheChi-square difference testwas used to comparemodel fit between

Model A and Model C. The test indicated that the trimmed model,

Model C, better fit the data (∆χ2 = 15.098, ∆df = 8, p = 0.05). These

findings suggest that after controlling for maternal education, the

best-fitting longitudinal model in this study was a unidirectional cross-

lagged model for which vocabulary size at ages 2, 3, and 4 predicted

children’s later EF performance at ages 3, 4, and 6.

4 DISCUSSION

Although a wealth of research illustrates that child vocabulary and EF

are positively correlated (Carlson et al., 2004; Fuhs & Day, 2011; Kuhn

et al., 2014; Wolfe & Bell, 2004), relatively few studies have investi-

gated this relation over time across the span of early childhood. Among

the studies that have adopted a longitudinal framework, however,

inconsistent findings have been documented in both the direction and

magnitude of the predictive link between EF and vocabulary (Gooch

et al., 2016; McClelland et al., 2014; Whedon et al., 2018). Some of

the discrepancies reported in the developmental literature may be

due in part to the diverse methodologies adopted by early childhood

researchers, who have often relied on two-wave measurement stud-

ies conducted with preschool samples. The current study therefore

sought to advance this area of research by examining the longitudi-

nal associations between EF and vocabulary in order to address the

directionality of these relations starting in toddlerhood (age 2) and

extending up to the elementary school years (age 6). It was hypoth-

esized that a bidirectional pattern of associations would be detected

across all four data collection waves. That is, we anticipated that

early vocabulary size would predict children’s later EF performance

(Hypothesis 1), and that early EF abilities would predict children’s later

vocabulary size (Hypothesis 2). Not surprisingly, children’s EF compos-

ite values were positively correlated with their vocabulary scores both

within and across measurement waves. Between the three panel mod-

els generated, however, an interesting pattern of cross-lagged paths

emerged.

First, Hypothesis 1 was fully supported as children’s expres-

sive/receptive vocabulary size at ages 2, 3, and 4 significantly predicted

their respective EF performance at ages 3, 4, and 6. This finding illus-

trates that across early childhood, the size of children’s vocabulary at

one timepoint was predictive of their EF performance at the next time-

point, even after controlling for children’s initial EF scores, child sex,

and maternal education. Among the available longitudinal research,

similar findings have been reported at various developmental time-

points in early childhood (Fuhs et al., 2014; Hughes & Ensor, 2007;

Kuhn et al., 2014;Wade et al., 2014;Whedon et al., 2018). For instance,

Hughes and Ensor (2007) illustrate that children’s combined expres-

sive/receptive vocabulary size at ages 2 and 3 was predictive of their

EF outcomes at ages 3 and 4. Among a sample of slightly older chil-

dren, Wade et al. (2014) also report that children’s PPVT scores at age

3 predicted their EF skills when measured at 4.5 years. The current

study extends these findings by replicating this unidirectional pathway

between vocabulary and EF across awider age range in early childhood

andhaving controlled for relevant covariates aswell as children’s initial

EF scores.

In contrast, Hypothesis 2 was partially supported as the only sig-

nificant cross-lagged path between early EF and later vocabulary was

found between children’s EF scores at age 2 and their vocabulary

size at age 3. This pathway was no longer significant, however, once

maternal educationwas introduced in themodel. These findings collec-

tively suggest that it is only children’s early EF abilities in toddlerhood

that are predictive of their vocabulary size one year later, although

EF performance at age 2 did not account for unique variance in age

3 vocabulary above and beyond maternal education. Situating these

findings in the developmental literature is difficult because of the

dearth of research examining the longitudinal link between early EF

and later vocabulary, especially prior to the preschool/kindergarten

years. Among the research that is available, however, mixed find-

ings have been reported. For example, while McClelland et al. (2014)

demonstrate that children’s EF scores at the start of preschool pre-

dicted their vocabulary size at the end of the preschool year, Petersen

et al. (2014) report that children’s EF scores in toddlerhood did not

predict their vocabulary outcomes later in toddlerhood or during the

preschool years. In closely examining the battery of EF tasks that

were administered in these two studies, considerable differences are

apparent in the amount of language these task batteries required.

Unlike Petersen et al. (2014), McClelland et al. (2014) utilized mul-

tiple EF tasks that place heavy verbal demands on children, such as
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the Head-Toes-Knees-Shoulders (HTKS) task or the Woodcock John-

son (III) AuditoryWorkingMemory test. If the predictive link between

early EF and later vocabulary is indeed driven in part by an overlap in

verbal ability as some researchers suggest (Kaushanskaya et al., 2017

), then the cross-lagged effects in this direction may not have been

significant in our study because multiple linguistically simple EF tasks

were administered. Furthermore, early vocabulary may differentially

relate to children’s EF skills as a function of tasks’ emotional content.

Garon et al. (2008) discuss that while some EF tasks can be classi-

fied as emotionally neutral (e.g., digit span or conflict tasks), others are

more motivational in nature (e.g., delay-of-gratification tasks) and may

therefore also require emotion regulation skills. Although all of the EF

tasks administered in the current study are developmentally appropri-

ate and empirically established, the EF tasks administered at age 3 and

age 6 are all arguably emotionally neutral. Taken together, additional

research is warranted to better understand the role of EF task selec-

tion in terms of the association between EF and vocabulary in early

childhood.

Although not of primary interest, the autoregressive effects in the

panel models indicate that there is stability in children’s vocabulary

size and EF performance over time across early childhood. This means

that on average, as an example, children who scored high on the PPVT

at age 3 also scored high on the PPVT when measured at the age 4

lab visit. The autoregressive paths for EF and vocabulary displayed

moderate and very strong continuity, respectively. This finding is not

surprising given that (a) vocabulary was measured in the current study

as opposed to language more broadly and (b) vocabulary was assessed

using the PPVT repeatedly across measurement waves. Having evalu-

ated child EF and language using the exact same measures at ages 4,

5, and 6, Gooch et al. (2016) also report considerable stability in both

children’s EF and language skills over time. These authors demonstrate

that none of cross-lagged paths were statistically significant in their

study, which they relate to the strong autoregressive effects that were

found. Indeed, larger autoregressive coefficients are reflective of lit-

tle variance over time (Kearney, 2016). It’s therefore also possible that

the cross-lagged effects from EF to vocabulary were not significant

in our study because children exhibited such strong stability in their

vocabulary scores across early childhood. Taken together, these results

illustrate that after controlling for maternal education as a proxy for

socioeconomic factors (Pace et al., 2017), the best-fitting longitudinal

model was a unidirectional model wherein children’s early vocabulary

size predicted their later EF outcomes. This finding suggests that at

multiple points across the early childhood period, having a large vocab-

ulary at one’s disposal aids children in their performance on a battery

of challenging and effortful cognitive tasks.

What remains unclear from the findings presented above is the

mechanism(s) underlying the longitudinal association between vocab-

ulary and EF observed across early childhood. In discussing the link

between EF deficits and language impairment reported in the litera-

ture, Bishop et al. (2014) argue that this association may operate at

either the superficial or the deep level. In other words, early vocabu-

lary size may predict later EF performance because EF tasks require

children to comprehend verbal instructions (the superficial level) or

because word knowledge is essential to plan, monitor, and adjust one’s

behavior during challenging situations (the deep level). Measurement

problems aside, one potential explanation based on developmental

theory is that early vocabulary may be essential to the successful

execution of goal-oriented activities early in life via self-directed or

private speech. In contrast to Piaget and Inhelder’s (1969) view of pri-

vate speech as a reflection of children’s cognitive immaturity, Vygotsky

(1962, 1978) regarded private speech as being critical to the develop-

ment of self-control via higher order cognitive operations in childhood.

That is to say, children rely on culturally-bound symbols (e.g., words)

in the service of manipulating and self-guiding thought/action, which

become internalized over the course of development (Vallotton &

Ayoub, 2011). Both the content and amount of private speech used

by children is associated with their performance on tasks that require

planning, directing, and problem-solving skills during the preschool

years (Azmitia, 1992; Behrend et al., 1989; Mulvihill et al., 2021). For

example, Mulvihill et al. (2021) demonstrate that preschoolers who

produced more task-relevant private speech (i.e., speech that involved

self-instructional or self-motivational statements) experienced greater

success on a card sorting task and a Duplo construction task. Even

among studies with older children, age-related differences have been

observed in the content of children’s self-verbalizations when “think-

ing out loud” on a cued switching task. Although 5-year-olds frequently

verbalized the target (i.e., they named the object they saw), Kar-

bach and Kray (2007) report that 9-year-olds consistently verbalized

the instructional cue + response (i.e., they named the sorting rule

and required action). Thus, further mechanistic work is necessary

to uncover whether early word knowledge and/or production skills

enable children to engage in self-directed speech, which appears to

play an important role in the organization and direction of effortful,

goal-oriented action.

4.1 Limitations and future directions

The current study illustrates an informative developmental pattern of

associations between EF and vocabulary asmeasured at various points

across the early childhood period. These findings should be consid-

ered in light of the current study’s limitations. First, because the PPVT

(receptive vocabulary; a behavioral assessment) is normed for children

starting at 30-months and theMCDI (expressive vocabulary; a parent-

report measure) is normed for children between the ages of 16- to

30-months, we were unable to measure both receptive and expressive

vocabulary at each timepoint or only receptive or expressive vocabu-

lary using the same instrument at each data collectionwave. Of course,

children’s expressive vocabulary size at age 2 was significantly corre-

lated with their receptive vocabulary scores at ages 3, 4, and 6, and the

autoregressive path between age 2 and age 3 vocabulary was strong.

However, future research should consider incorporating measures of

child verbal skill that are normed for a wider developmental age range,

such as the Mullen Scales of Early Learning. Likewise, because it is

 14677687, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/desc.13396 by V

irginia T
ech, W

iley O
nline L

ibrary on [29/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



BRUCE ET AL. 13 of 17

important to administer developmentally-appropriate EF tasks at each

age, the exact same EF tasks were not administered at each measure-

ment wave. Despite EF task differences, however, the task selection

criteria were consistent across all timepoints and the autoregressive

paths illustrate considerable stability in EF performance from age 2

through age 6.

Next, aspects of children’s language development that extend

beyond expressive or receptive vocabulary (e.g., grammar or pragmat-

ics) were not assessed in the present study. Moreover, the measures

used to assess vocabulary in the current study may not have captured

the full breadth of children’s word knowledge and/or production abili-

ties. Although considerably less research has examined the association

between EF and children’s language skills more broadly, there is some

evidence to suggest that EFmay be related to an array of linguistic pro-

cesses (Blain-Brière et al., 2014; Marini et al., 2020;White et al., 2017;

Woodard et al., 2016). Further research examining the bidirectional

links between EF and language is warranted, especially since improve-

ments in some linguistic skills (e.g., children’s understanding and use of

decontextualized speech; Uccelli et al., 2019) typically emerge later in

early childhood.

Although the current study extended the literature by examining

the relation between EF and vocabulary well before the preschool

years, the findings presented above cannot speak to the association or

lack thereof in infancywhen children’s rudimentary cognitive-linguistic

skills are starting to emerge. Very few studies have examined the

relation between these processes in infancy, although there is some

evidence to suggest they may be related earlier in the second postna-

tal year. For example,Miller andMarcovitch (2015) report that infants’

receptive vocabulary size at 14-months was predictive of the number

of EF tasks passed at 18-months. Thus, additional work is necessary

beginning even earlier in childhood to elucidate the role rudimen-

tary EF and vocabulary skills may play in predicting children’s later

cognitive-linguistic outcomes.

Finally, although effort was exerted between the two research loca-

tions to recruit a more representative sample of children, the majority

of children in this sample are White and have mothers who have

obtained at least a 4-year college degree. Indeed, maternal education

is highly correlated with caregiver factors found to be related to child

development, such as sensitive and stimulating parenting behaviors

(Huang et al., 2022). In recruiting a sample of children whose moth-

ers are predominately highly educated, the data may inadvertently

reflect the associations between EF and vocabulary among a subsam-

ple of child with more responsive caregivers who speak frequently

with their children. Likewise, the current study is also constrained by

its focus on monolingual and typically-developing children. However,

an examination of bilingual and/or neurodiverse child trajectories may

provide additional insight into the relation between EF and vocabulary

(or language more broadly), as well as mechanisms that may under-

lie this association. Taken together, replication research is essential in

order to examine whether these findings generalize to more diverse

samples of children, and effort should be taken to ascertain whether

contextual factors (e.g., parenting) or child-centric factors (e.g., temper-

ament) influence the longitudinal relations between EF and vocabulary

in early childhood. Despite these limitations, the longitudinal nature of

the present study is a clear strength, in addition to the robust method-

ological/analytic approach that was implemented and the large sample

size collected across an extensive developmental age range.

4.2 Conclusion

Because early EF and vocabulary development are critical to a host of

academic and self-regulatory outcomes (Blair & Razza, 2007; Longob-

ardi et al., 2016; Moll et al., 2015), understanding the developmental

progression of these interrelated processes is essential to establishing

early childhood interventions. Despite evidence to support the concur-

rent association between EF and vocabulary in childhood, inconsistent

findings have been reported regarding the extent to which early EF

and vocabulary abilities predict children’s later outcomes respectively.

Thus, the objective of our study was to investigate the longitudinal

link between EF and vocabulary across four measurement waves in

early childhood. After controlling for maternal education, the best-

fitting cross-lagged panel model was a unidirectional model, whereby

children’s early vocabulary scores were predictive of their later EF

performance at each timepoint. Coupled with previous longitudinal

research on this topic, our findings indicate that early vocabulary abili-

ties play an important role in predicting children’s later self-modulated

and goal-directed actions at various timepoints across early childhood.
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