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Parent-Reported Relations Between Vocabulary and Motor Development in Infancy: 

Differences Between Verbs and Nouns 

 

Abstract 

 

 During early development, increases in vocabulary are related to gains in motor 

ability, above and beyond the effects of maturation alone (Iverson, 2010). However, little is 

known about the association between motor development and children’s early acquisition of 

different types of words. We examined whether motor development is differentially 

associated with concurrent verb and noun vocabulary in 83 infants aged 6- to 24-months-old. 

We asked caregivers to complete parent-report measures of vocabulary acquisition and motor 

development. Analyses revealed that the association between word comprehension and motor 

development significantly differed for verb and nouns. Infants’ verb comprehension was 

more strongly associated with motor development than noun comprehension. We discuss how 

infants’ own motor actions may provide cues that are especially important for narrowing 

down the meaning of novel verbs. 

 

Keywords: verb learning, noun learning, vocabulary, motor development, infancy 

 

During language development, children find verbs more challenging to learn than 

nouns in most languages, with verbs appearing later and less frequently in children’s 

vocabularies (Gentner, 1982, 2006; Gleitman & Gleitman, 1992; Tomasello, 1992a). This 

finding is not universal, with children learning “verb-friendly” languages (e.g., where nouns 

can be dropped and verbs are often used in isolation) reported to learn nouns and verbs at 

similar rates and frequencies (Choi & Gopnik, 1995; Tardif, 1996; Tardif et al., 1999). 

Neverthless, the noun bias has been reported in children speaking English (the language 

examined in this study), German, Kaluli, Japanese, Mandarin, and Turkish (Gentner, 1982) 

and in Spanish, Italian, French, Dutch, Hebrew, and Korean (Bornstein et al., 2004; Caselli et 

al., 1995; Jackson-Maldonado et al., 1993; Rescorla et al., 2013). This noun bias is often 

explained by the types of concepts that early verbs and nouns tend to represent. Nouns refer 

to concrete objects and entities that are effortlessly individuated whereas verbs denote 

abstract concepts that can only be perceived for brief periods of time (Gentner & Boroditsky, 

2001; Gleitman, 1990; Gleitman & Gleitman, 1992; Snedeker & Gleitman, 2004; Tomasello, 
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1995)1. Nonetheless, several verbs appear early in children’s word production and by 2 years 

of age, children know the meanings of many verbs (Fenson et al., 1994; Goldin-Meadow et 

al., 1976; Mani & Huettig, 2012), even when they are exposed to noun-friendly languages 

like English and German. So, how do infants identify verb referents and learn their 

meanings? One possible source of information may be infants’ own motor actions.  

As infants acquire new motor abilities, they learn to perform novel actions that elicit 

verb labelling from caregivers (Tamis-LeMonda et al., 2019; West et al., 2022, 2023), 

generating unique opportunities for verb learning. Influenced by embodied accounts of 

language acquisition, dynamic systems theory, and developmental cascades perspectives 

(Iverson, 2010, 2021, 2022; Oakes & Rakison, 2020; Piaget, 1952; Thelen, 2000a, 2000b; 

Thelen & Smith, 1996), studies have explored whether language learning may be supported 

by gains in infants’ motor abilities. Within these view points, infants’ language learning is 

embodied – i.e., developing sensorimotor abilities affect how children process incoming 

information and engage with the world around them, thus influencing language development. 

These perspectives assume that learning, both in the language and motor (and other 

cognitive) domains, is non-linear and emerges in context in response to a series of infant-

environment interactions. In contrast, these perspectives tend to downplay the role of neural 

maturation and the idea that development can be described as a linear sequence of milestones 

which are “pre-set” to emerge at particular ages. According to embodied accounts, instead, 

infants’ varied interactions likely explain large inter-individual variability in motor and 

language development. For example, the process of word learning appears to be initially slow 

and gradual, but later proceeds in spurts, as shown with both lab-based comprehension tasks 

(Bergelson, 2020) and parent-reported word production data (Goldfield & Reznick, 1990).  

In exploring ties between language and motor development, many previous studies 

have focused on investigating correlations between infants’ motor abilities and general 

language outcomes (e.g., vocabulary size; Gonzalez et al., 2019). We advance this 

exploration by cross-sectionally investigating whether infants’ motor development (as 

 
1 Note that it is unclear whether infants and children formulate these concepts into such adult-like definitions 

and categories of nouns and verbs. Indeed, sometimes object and action concepts are intertwined during the first 

two years of life (Hagihara et al., 2022) and children’s verb and noun knowledge have been reported as 

interrelated during early development (e.g., noun knowledge during at 16-months-old predicting verb 

knowledge at 20-months-old, Longobardi et al., 2017; verb presence in a sentence supporting novel noun 

identification, Ferguson et al., 2014; Goodman et al., 1998). Throughout this manuscript we use the definitions 

of nouns and verbs that are common in adult language in the absence of a better alternative, but future work 

using experimental methods will need to be carried out to understand how these categories apply to infant 

vocabularies. 
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reported by their parents) is more highly correlated with their verb comprehension than noun 

comprehension, in infants aged 6- to 24-months.  

 

Links Between Advances in Motor Skills and Language Development 

Greater motor ability is often associated with larger vocabularies, concurrently and 

longitudinally (see Gonzalez et al., 2019, for a review). Often, these findings are reported in 

relation to gross and fine motor abilities. Gross motor skills refer to large limb actions 

involving the arms, legs, and torso; fine motor skills require precise hand coordination (e.g., 

in grasping actions) but are considered distinct from intentionally communicative gestures 

(Alcock & Krawczyk, 2010). Parent-reported measures of gross motor skills have been found 

to correlate positively with the number of words infants understand and say at 21-months-old 

(Alcock & Krawczyk, 2010; Valla et al., 2020). The emergence of independent sitting and 

self-locomotion are thought to effect meaningful changes in infants’ linguistic and 

communicative development. For example, unaided sitting improves infants’ visual access to 

their surroundings and ability to explore objects, resulting in increased caregiver interactions 

(Franchak et al., 2018; Kretch et al., 2014; Rochat & Goubet, 1995; Soska & Adolph, 2014). 

The cascading impact of these changes are reflected in language development, with infants 

that learn to sit unaided earlier in infancy possessing larger productive vocabularies as they 

approach toddlerhood (Oudgenoeg-Paz et al., 2012). Similarly, the transition from crawling 

to walking affords infants visual and hands-free access to distal locations, objects, and people 

(Dosso & Boudreau, 2014; Karasik et al., 2011). This transition is marked by increased 

communication from caregivers as infants engage in more complex social bids (Clearfield, 

2011; Clearfield et al., 2008; Karasik et al., 2014; Schneider & Iverson, 2022). During this 

time, infants begin producing more gestures and vocalisations, which caregivers of early 

walkers are responsive to (West & Iverson, 2021). Walking infants also understand and say 

more words than age-matched crawling infants (He et al., 2015; Walle & Campos, 2014, but 

see, Moore et al., 2019). Earlier acquisition of independent walking is also associated with 

larger productive vocabularies during early childhood (Oudgenoeg-Paz et al., 2012). In a 

study exploring links between walking status and vocabulary size, He et al. (2015) replicated 

Walle and Campos’ (2014) findings that walking infants have larger receptive and productive 

vocabularies than crawling infants of the same age (in both Chinese and American infants), 

for both noun and non-noun vocabulary. In contrast, Karasik et al. (2014) found no 

differences in vocabulary sizes between aged-matched walking and crawling infants. Some 

studies also report that associations between gross motor and language development reduce 
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in strength or no longer hold when accounting for covariates such as general cognitive ability 

(Houwen et al., 2016) and other motor (e.g., fine, oral) and gesture skills (Alcock & 

Krawczyk, 2010). Though other studies have found that associations hold when accounting 

for covariates such as infant sex, SES, and maternal education (Muluk et al., 2016). In sum, 

there is good evidence that gross motor skills are associated to vocabulary development, but 

it is unclear how strong this relation is and what factors modulate it. 

Advances in fine motor abilities have also been associated with larger receptive and 

expressive vocabularies during infancy (Alcock & Krawczyk, 2010; Houwen et al., 2016). 

Object manipulation facilitates infants’ acquisition of object knowledge and properties such 

as shape, texture, and weight (Rochat, 1989; Ruff, 1984). During labelling moments, fine 

motor skills enable infants to hold and manipulate objects which occupy their visual field and 

focus their attention on the referent (Pereira et al., 2014; Yu & Smith, 2012). Four- and six-

month-old infants who are more skilled at manipulating objects typically have also been 

found to have larger vocabularies later during infancy and toddlerhood (Choi et al., 2018; 

Ruddy & Bornstein, 1982; Zuccarini et al., 2018). Houwen et al. (2016) found that 

associations between fine motor skills and vocabulary (receptive and productive) during early 

development hold even after controlling for general cognitive ability. However, Alcock and 

Krawczyk (2010) found that associations between fine motor skills and vocabulary size did 

not hold after controlling for other motor ability (e.g., gross, oral), gesture skills, and parental 

employment. Thus, while generally fewer studies have looked at fine (as opposed to gross) 

motor skills in association with language development, there is some evidence for an 

association between fine motor skills and vocabulary size, but once again it is unclear what 

factors modulate this relation. 

 

Verbs and Motor Behaviours 

Seemingly, advances in motor ability enable infants to explore objects and 

environments in novel ways and caregivers respond to these changes sensitively by 

responding with relevant labels (Iverson, 2010, 2021, 2022; Oakes & Rakison, 2020; Piaget, 

1952; Thelen, 2000a, 2000b; Thelen & Smith, 1996). Below we discuss how motor skill 

attainments might create novel opportunities for noun and verb learning. Across interactions, 

children likely notice co-occurrences between their self-produced actions and verbs produced 

by their caregivers, via sensorimotor learning mechanisms (Antognini & Daum, 2019; 

Gerson et al., 2015; Hunnius & Bekkering, 2014) and domain-general statistical learning 

mechanisms (Samuelson & Smith, 1998; Smith et al., 1996; Smith & Yu, 2008; Yu & Smith, 
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2007). Caregivers are sensitive to their infant’s actions, responding to them often, using a 

diverse range of verbs (West et al., 2022), and temporally and semantically aligning their 

utterances with infants’ bodily actions (e.g., “Are you walking?” during a walking bout) or 

object manipulations (e.g., “That’s a cup” when a cup is grasped; Nomikou et al., 2017; 

Suarez-Rivera et al., 2022; Tamis-Lemonda et al., 2013; Tamis-LeMonda et al., 2019; West et 

al., 2022, 2023).  

West and colleagues (2022), in particular, demonstrated that parents’ verb input is 

tightly linked to the specific actions that their infant is performing in the moment. Mothers 

and infants were recorded at home interacting during everyday activity. All of the infants’ 

actions around a verb labelling event (before and after) were coded; either as a whole body 

action if it involved a large movement of the legs (e.g., kicking, jumping), locomotion (e.g., 

walking), or changed posture (e.g., squatting, sitting down) or coded as a manual action if it 

involved use of the fingers, hands or arms (e.g., stacking, shaking, waving, clapping). 

Mother’s verb input was coded as a precise match if the verb exactly mapped onto the action 

performed (e.g., the infant kicked a ball when their mother said “kick”), coded as imprecise if 

infants performed the action but with a different type of object (e.g., “go get the car” and the 

infant retrieved a different object) or performed an action that did not match with the target 

object (e.g., “build” and infants banged blocks), or coded as no correspondence when infants’ 

action and mother’s verb input were unrelated. The findings showed that mothers say verbs 

that precisely map onto the action their infant is performing more often than they produce 

imprecise verbs or verbs that do not correspond to the current action.  

Importantly, most of the verb labelling events in West et al. (2022) were driven by 

infants’ actions – that is, mothers were sensitive to their infants’ in the moment behaviours 

and produced verbs in response to an action (i.e., after the infant had started moving). 

Moreover, this and other work shows that, as infants hone their motor abilities, caregivers’ 

verb input changes. For example, older infants receive more frequent and varied verb 

utterances from caregivers than younger infants do (West et al., 2022). When in motion, 

walking infants hear twice as many verbs describing locomotor actions (e.g., go, bring) as 

aged-matched crawling infants (West et al., 2023).  

Caregivers also increase the number of noun utterances describing objects as infants 

explore them (West & Iverson, 2017). In turn, infants engage with objects for longer when 

their caregiver is responsive to their actions (McQuillan et al., 2020). In noun learning, 

experimental studies show that the co-occurrence between infants’ actions and caregiver 

labelling supports word learning. Infants’ manipulations of objects help them to “declutter” 
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the visual environment, making objects the focus of their attention which creates optimal 

moments for noun learning when paired with labelling (Pereira et al., 2014; Yoshida & Smith, 

2008; Yu & Smith, 2012). Consequently, infants are more likely to learn the name for a novel 

object if it was labelled by their caregiver during these moments (Yu & Smith, 2012). Later, 

nouns are more likely to be found in infants’ vocabulary if they have experience manipulating 

the object (Suarez-Rivera et al., 2022). It is plausible, therefore, that infants’ actions on 

objects help to guide their noun learning. Infants can much more easily pare down the 

number of possible word meanings by manipulating an object, which guides attention to the 

referent during labelling. 

Whether infants’ motor actions are also associated with their verb acquisition in a 

similar way is currently untested. While the evidence reviewed suggests that gaining motor 

abilities increases the frequency of verb learning opportunities, no study has yet tested 

whether greater motor ability is associated with greater verb knowledge specifically. Here, 

we propose that the size of infants’ receptive verb vocabulary is tightly linked with their 

motor abilities and that this link may in fact be stronger than the link with noun vocabulary. 

Why might the association between motor abilities and vocabulary size be different for verbs 

and nouns?  

First, early nouns possess many advantages that early verbs do not. Nouns describe 

cohesive elements of the world that are easily individuated. In contrast, verbs describe actions 

and events that are ephemeral and relational by nature which makes them challenging to 

pinpoint in the world (Gentner, 1982). This is evidenced by infants’ ability to individuate 

objects as early as 4-months-old (e.g., Spelke et al., 1995) and their assumption that a new 

label refers to an unfamiliar object by 12-months-old (Pomiechowska et al., 2021). These 

findings suggest that infants can learn new nouns by extracting information readily available 

within the environment, and indeed 6- to 9-months-old already know several nouns 

(Bergelson & Swingley, 2012; Tincoff & Jusczyk, 1999, 2012). Further, an associative neural 

network, trained only on visual and audio recordings (i.e., no embodied input) captured from 

a child’s point of view between the ages of 6- to 25-months-old, was able to learn several 

object-word referents from visual and labelling experience alone (Vong et al., 2024). In 

contrast, infants begin individuating actions later, around 6-months-old (Sharon & Wynn, 

1998; Wynn, 1996), and begin parsing them from continuous motion only by around 10-

months-old (Baldwin et al., 2001). Compared to objects, it is challenging for infants to detect 

the boundaries of actions and determine which perceptual elements of the movement are 

relevant to a verb (Gleitman & Gleitman, 1992). This contributes to children’s frequent 
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failures in mapping novel verbs onto new actions across early childhood (e.g., Imai et al., 

2005, 2006, 2008). As such, children are thought to rely on several different, interacting 

mechanisms to overcome the challenge of identifying verb referents (Childers et al., 2018). 

Self-produced actions may support action identification by making it more salient compared 

to solely observing the actions of others (but see Childers et al., 2022). Possibly, motor 

behaviours cultivate opportunities that verb learning critically depends on, in ways that noun 

learning does not (to the same extent at least).  

Second, many of children’s early produced verbs describe actions involving bodily 

movements, which may suggest that verb learning is grounded in early sensorimotor 

experiences (Barsalou, 2008; Glenberg & Gallese, 2012; Piaget, 1952). Children often first 

learn verbs that are tightly associated with specific parts of the body (e.g., bite with the 

mouth, clap with hands) before learning those that are not (e.g., pretend; Fenson et al., 1994; 

Huttenlocher et al., 1983; Maouene et al., 2008, 2011). Bodily verbs are inherently more 

concrete, with opportunities to learn these verbs driven by self-action and by observing the 

actions of others. In addition, self-produced actions may be particularly important during 

early verb learning. For example, infants better understand a new action when they have first-

hand experience with that action compared to observational experience alone (Gerson & 

Woodward, 2012, 2014a, 2014b). This action knowledge is later contained in infants’ broader 

verb-action concepts, contributing to their understanding of verb meanings (Sootsman Buresh 

et al., 2006). That is, infants’ active experience with motor actions helps them to form 

complex action representations and recognise contingencies between their own motor actions 

and action consequences, as well as common co-occurences with those actions (e.g., verb 

labels).  

Video-corpus data of toddlers and their caregivers interacting during daily activities 

show that young children primarily produce verbs that describe their current actions rather 

than the actions of others (Huttenlocher et al., 1983). Laboratory-based research with 2- and 

3-year-old children has also shown that younger children benefit from motoric experience 

with a new action when it comes to understanding the meaning of a novel manner verb 

(Gampe et al., 2016). In this study, children learnt a new manner action paired with a novel 

verb. Children either saw the experimenter demonstrate the new action twice or saw the 

experimenter demonstrate the action once before performing the action themselves. Though 

3-year-olds learned the new verb in both conditions, 2-year-olds only learned the new verb 

when they had active experience with the action too. Possibly, performing an action 

themselves could be more attention grabbing or make the action easier to encode than the 
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actions of others (Huttenlocher et al., 1983). For example, self-producing an action may make 

it more “concrete” or tangible through rich multisensory information provided by the body 

(De Klerk et al., 2021) and, thus, allow for a more transparent verb mapping. 

 

Current Study 

We sought to explore associations between infants’ parent-reported motor abilities and 

concurrent vocabulary size between the ages of 6 and 24 months. Between these ages, 

infants’ motor and language skills undergo substantial change, enabling exploration of how 

associations between these domains may vary across development. At 6 months, infants have 

just begun understanding their first nouns (Bergelson & Swingley, 2012; Tincoff & Jusczyk, 

1999, 2012) and, from this point steadily acquire new words (Carey, 1978) until experiencing 

a sudden increase in vocabulary around 18 to 24 months (i.e. the vocabulary spurt; Goldfield 

& Reznick, 1990). In the motor domain, by 4- to 6-months-old, infants can typically produce 

intentional reaching actions, and learn to sit without support. Over time, they learn to 

carefully co-ordinate their hand movements, stand, walk and run around without assistance 

(Adolph & Robinson, 2015), typically reaching these motor milestones between 12 and 18 

months2. 

Previous studies have focused on broad language outcomes by examining total 

vocabulary size. We aimed to examine whether infants’ motor abilities are differentially 

associated with their verb and noun understanding. The link between motor actions and 

vocabulary development (in general) and the benefits of motor actions on noun learning are 

both well established. As such, we expect that both infants’ verb and noun vocabulary sizes 

will be associated with their motor development. However, as we propose that self-produced 

actions are especially important for verb over noun learning, we hypothesise that this relation 

will be significantly stronger for verbs. As productive vocabulary – especially for verbs – is 

relatively limited across this age range, we focused our exploration on receptive language 

only. In our primary analysis, we focus on infants’ overall motor development cross-

sectionally to explore links between motor development and verb and noun comprehension, 

as we posit that greater motor ability (in general) enables infants to perform new types of 

actions that their parents can label with verbs. However, as many previous studies have 

 
2 Motor milestones, approaches to motor development, and environments in which infants’ develop their motor 

skills can vary cross-culturally (Adolph & Hoch, 2018; Adolph & Robinson, 2015). The motor milestones 

described in this paragraph have been reported from western samples, and are thus considered relevant for our 

sample of infants living within the United Kingdom.  
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reported links between gross and/or fine motor skills and vocabulary acquisition, we also 

report analyses for gross and fine motor skills separarely. 

 

Method 

 

Ethical Approval 

The present study was conducted according to guidelines laid down in the Declaration 

of Helsinki. Informed consent was obtained from the responding caregiver prior to 

completing the survey. This study is associated with ethics application number 

EC.19.03.12.5616A and was approved by the School of Psychology Ethics Committee at 

Cardiff University, UK. 

 

Participants 

Eighty-three caregivers anonymously completed an online survey regarding their 

infant aged between 6 and 24 months (52 female infants, M = 16 months, SD = 4.97 months, 

range = 6.66-23.80 months). Each caregiver provided data for one infant3. Of the 83 infants, 

18 were aged 6- to 11-months-old, 32 were between 12-18-months-old, and 33 were aged 18- 

to 24-months-old. Sample size was determined on the basis of previous work (Gonzalez et 

al., 2019). This sample size is sensitive enough to detect correlation cofficients of .30 and 

above at 80% power. Families were recruited via social media posts, email invites via a 

developmental database, or via a local health and care research newsletter, Healthwise Wales. 

Healthwise Wales is a Health and Care Research Wales initiative, which is led by Cardiff 

University in collaboration with SAIL, Swansea University (Hurt et al., 2019; Jones et al., 

2014; Townson et al., 2020). All infants were monolingual, English-hearing infants (i.e., 

heard English 75% or more at home or in care settings; Bergelson & Swingley, 2012, 2013, 

2015). All infants were born full term (i.e., 37 weeks or later) and were reported as typically 

developing with no known developmental delays. Seventy-six families were based in Wales 

and seven were based in England. Details about infant and caregiver ethnicity were not 

collected.  

An additional 58 parents responded but were excluded due to their infant hearing less 

than 75% English at home (n = 19), having a history of developmental delays or 

developmental disorders (n = 6), premature birth (n = 5), experiencing language difficulties 

 
3 All caregivers were given the option of providing data for multiple children within this age range. 
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or delay (n = 1), experiencing hearing difficulties (n = 4), or due to not completing the 

measures (i.e., having high levels of missing data; n = 23). Exclusion details due to missing 

data are described in more detail in the Data Preparation section.  

The average age of the responding caregiver was 32 years (SD = 4.84 years, range = 

22-44 years). Thirteen parents (14.4%) were educated up to high school equivalent level (i.e., 

GCSE or A-Level qualification), 7 had a vocational qualification (8.4%), 41 (49.4%) had 

Bachelor’s degrees, 14 (16.9%) had Master’s degrees, and 8 (9.6%) had an M.D., P.h.D., or 

equivalent.  

 

Parent-Report Measures 

Caregivers completed all measures through an anonymous online survey hosted by 

REDCap (Research Electronic Data Capture; Harris et al., 2009, 2019). 

 

Oxford Communicative Development Inventory – Extended Version 

The extended O-CDI (Hamilton et al., 2000) is a parent report measure of vocabulary 

size, used with infants up until 26 months. It includes a total of 552 word items. Caregivers 

indicate on a checklist whether their infant understands or produces each word, yielding 

scores for both production and comprehension. We also gave an additional response option of 

“does not understand” to differeniate between missing data and non-comprehension. We 

reminded parents that the O-CDI is appropriate for a broad age range and that there may be 

words that their baby did not yet understand or say. 

Our hypotheses were centred around verb and noun items. CDIs, including the O-

CDI, often do not include verbs that describe some of the earliest actions/motor 

skills/gestures infants learn perform (e.g., clap, crawl, wave). In contrast, they include many 

noun items describing the objects infants first manipulate (e.g., blocks, cup, banana). As we 

reasoned that infants’ motoric experiences with relevant actions would be important for their 

verb learning, we added verbs describing some of these early learned actions. We added 17 

verb items to the 69 existing verb items; brush, build, clap, crawl, dig, fly, lick, nod, pat, 

point, pour, shake, sit, sniff, spit, talk, and wave. These verbs were derived from items in 

standardised measures of gesture, action and motor abilities that children typically learn to 

perform during early development: the Early Motor Questionnaire (EMQ; Libertus & Landa, 
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2013) and MacArthur-Bates: Actions and Gestures (M-CDI; Fenson et al., 1994). This 

resulted in a total of 86 verbs4. For nouns, 359 nouns were counted in the O-CDI5.  

For correlational analyses, we computed word comprehension scores by summing the 

total number of words understood. Production scores were not explored in this study. For 

verbs, scores could total 86. For nouns, scores could total 359. For all items in the O-CDI, 

including verbs and nouns as well as animal sounds, adjectives, prepositions, question words, 

pronouns, and quantifiers, scores could total 5686.  

 

Early Motor Questionnaire 

Motor development was assessed using the EMQ (Libertus & Landa, 2013), a parent-

report measure of early motor skills that can be used with infants up until the age of 24 

months. The EMQ is divided into three sections organised by motor skill types with a total of 

128 items: gross motor skills (49 items), fine motor (48 items), and perception action abilities 

(i.e., perceptual and sensory skills; 31 items). Caregivers respond using a 5-point scale that 

ranges from -2 to +2, indicating how certain they are that they have witnessed their child 

producing a given motor skill (e.g.,  perception action section; while sitting on your lap or 

fully supported in a high chair or car seat, have you noticed your child orient to noises and 

visually search for the cause of the noise?). A rating of -2 is given when the caregiver is 

certain that their child has not or cannot complete a motor skill and  +2 is used when a 

caregiver remembers a specific instance when they witnessed their child using a motor skill. 

Caregivers can indicate they are uncertain whether their child can complete a motor skill by 

using a rating of 0, which they are encouraged to use sparingly. The EMQ has high 

convergent and concurrent validity, with EMQ scores correlating highly with standardised, 

examiner-administered assessments of early motor development (e.g., Mullen Scales of Early 

Learning; Libertus & Landa, 2013).  

Scores are calculated by summing together responses for each given section. Total 

motor scores are summed across all questions with scores ranging from -256 to 256. The 

analyses presented below use infants’ total scores. 

 
4 The original extended O-CDI contained 70 verb items. Due to experimenter error, responses for the item write 

were not collected. Therefore, results in the described data included 69 of the original verb items, 17 added 

verbs and, thus, a total of 568 words in the checklist.  
5 Several nouns describing internet phenomena (e.g., Facebook, Skype) were deemed as too abstract for the 

current sample and, thus, were not included in noun comprehension scores. This excluded seven items from 

noun comprehension scores.  
6 Typically extended O-CDI scores can total 569. However, responses for one item (i.e., write) were not 

collected due to experimenter error and, thus, scores were out of a total 568. 
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Data Preparation 

Prior to scoring, we checked for missing values. Twenty-three participants were 

identified to have disproportionate missing data, due to not completing the measures in full. 

These participants either did not complete any items or failed to complete most items for 

either the Oxford-CDI or the EMQ and, thus, were excluded from analyses. These 

participants on average had 272 missing items (SD = 212) for the Oxford-CDI and had 56 

missing items (SD = 59.5) for the EMQ.  

Participants included in analyses had data missing for no more than four items on 

either the Oxford-CDI or EMQ. On average, the final sample had missing data for 0.82 items 

on the Oxford-CDI (SD = 1.11) and 0.43 items on the EMQ (SD = 0.83). Any individual 

missing data points in the final sample were replaced with zero. For CDI items, a score of 

zero indicates not understanding or saying an item and non-completed items are typicalled 

treated as such (Hamilton et al., 2000). For the EMQ, a score of zero indicates that parents 

are uncertain whether their child can perform a given action and, similarly, skipped items are 

typically replaced with zero in analyses (Libertus & Landa, 2013). 

 

Analysis Plan 

 

The data and analysis scripts are publicly available on the OSF at 

https://osf.io/zwy5k/?view_only=3affa19d4d67426784d562a3d2fb7492. All analyses were 

conducted in R (Version 4.4.1). We first aimed to conduct preliminary analyses to confirm 

expected positive associations between infants’ age and their motor skills. We also wanted to 

investigate associations between age and receptive vocabulary size for verbs, nouns, and all 

words included in the O-CDI. These analyses would ensure that links between age and 

motor/language development were observed, as would be expected in typically developing 

infants and demonstrating that age should be controlled for in subsequent analyses. Most 

studies exploring links between motor and language have primarily measured infants’ total 

vocabulary size. We replicate this analysis approach here whilst also exploring whether this 

relation holds for verb and noun vocabulary separately (with and without age controlled for). 

We first conducted these correlations with total motor scores and then with gross and fine 

motor scores separately. Correlations were conducted with cor_test() function from the 

rstatix package (Kassambara, 2023) and partial correlations were conducted wirh pcor.test() 

from the ppcor package (Kim, 2015). 

https://osf.io/zwy5k/?view_only=3affa19d4d67426784d562a3d2fb7492
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In our main analysis, we aimed to examine whether the association between motor 

skills and word comprehension is different for verbs and nouns. We fit a binomial generalized 

linear mixed-effect model (GLMM) with a logit link function (i.e., a logistic mixed effect 

model) from the lme4 package (glmer function; Bates et al., 2015). Logistic mixed effects 

models are especially advantageous for analysing categorical language outcomes (e.g., CDI 

item responses), which cannot be interpreted using General Linear Models (GLMs; even 

when transformations such as arcsine-square-root are applied, Jaeger, 2008). Logistic models 

aim to estimate the probability of a dichontomous outcome (understanding or not 

understanding a word) given the input variables (motor skills and word type). When using a 

logistic mixed effects model, categorical outcomes can be entered in their raw by-item form 

and we used this analytical approach to analyse the item-level dichotomous CDI 

comprehension scores. Such models enable the exploration of relations and interactions 

between fixed effects (predictors) and categorical outcome variables, whilst accounting for 

control variables (e.g., age). Mixed effect models extend traditional GLMs through the 

inclusion of random effects which accounts for individual differences within the model, such 

as participant and item effects.  

Using this analytic approach, we aimed to test whether the relation between infants’ 

motor skills and word comprehension differs for verbs and nouns, whilst controlling for age 

and accounting for participant and word item effects. Only responses to verb and noun items 

are entered into the model. Word comprehension is modelled as a binary dependent variable 

(0: Does Not Understand, 1: Understands)7. We include motor skills (total EMQ scores) and 

word type (verb | noun) as predictors. To ascertain whether the relation between infants’ 

motor ability and word comprehension differed for verbs and nouns, we include an 

interaction between motor skills and word type. The model controls for infants’ age, by 

including it as a fixed effect. We fit a maximal random effects structure (Barr et al., 2013). 

We include infants as random intercepts with by-infant random slopes for word type, and 

word items as random intercepts with by-word random slopes for motor skills and age. A 

random intercept only model (infants and word items) and a simple random effects structure 

model (infants and word items as random intercepts with by participant random slopes for 

word type) are also fit. Model comparisons revealed that the maximal random effects 

structure significantly improved the model fit (see Supplementary Materials). Continuous 

fixed effects are centered and scaled using the scale() function to address collinearity 

 
7 Items reported to be “said” are also included as understood items. 
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between EMQ scores and infants’ age. Word type is sum contrast coded (-.5: verb, .5: noun)8. 

Confidence intervals are computed with the confint() function. In the Results section, we 

report estimated likelihood of understanding a word which is often referred to as predicted 

probabilities in the literature. The estimated model had the following lme4 structure: 

 

Word Comprehension ~ EMQ Score* Word Type + Infant Age + (1 + Word Type | 

Infants) + (1 + EMQ Score + Infant Age | Word Items) 

 

 We also re-ran this analysis with infant sex and parental education as additional 

control variables. Finally, we conducted these analyses separately with fine and gross motor 

skills as predictors (rather than total EMQ scores). Each model controlled for the other type 

of motor skill scores (i.e., when gross motor skills were a predictor, fine motor skills were 

included as a control variable and vice versa) as well as controlling for age. These models 

used the following lme4 structures: 

 

Gross Motor Skills 

Word Comprehension ~ Gross EMQ Score* Word Type + Infant Age + Fine EMQ Score + (1 

+ Word Type | Infants) + (1 + Gross EMQ Score + Infant Age | Word Items) 

 

Fine Motor Skills 

Word Comprehension ~ Fine EMQ Score* Word Type + Infant Age + Gross EMQ Score + (1 

+ Word Type | Infants) + (1 + Fine EMQ Score + Infant Age | Word Items) 

 

Results 

 

Preliminary Analyses 

Descriptive statistics are reported in Table 1. O-CDI scores produce count data 

outcomes that do not adhere to parametric assumptions (i.e., data is discrete and cannot 

produce values below zero) and visual inspections of all distributions revealed that age, EMQ 

scores, and receptive vocabulary scores deviated from normality, supported by Shapiro-Wilk 

tests (p < .001). As such, we used non-parametric Spearman’s rank correlations for all 

 
8 Sum contrast coding of categorical fixed effect interactions essentially “centers” the effect at the grand mean 

between the two groups and are easier to interpret than treatment coding (i.e., 0 | 1). 
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correlations and partial correlations. All tests were two-tailed. Statistical significance was 

assessed at an  of .05 and Bonferroni corrections were applied to p-values to correct for 

multiple comparisons9. A strong positive correlation emerged between age and total EMQ 

scores, as well as between age and gross motor EMQ scores, and age and fine motor EMQ 

Scores (see Figure 1; rs = .90, p < .001; rs = .86, p < .001; rs = .85, p < .001;). Age was also 

positively associated with infants’ total, verb, and noun comprehension scores, (rs = .80, p < 

.001; rs = .79, p < .001; rs = .80, p < .001), respectively; showing that motor development and 

vocabulary development were strongly related to infants’ age. As such, age was controlled for 

in all subsequent analyses10.  

 

Table 1  

Descriptive statistics for motor skill and vocabulary scores 

 
 

Mean Score SD Range 

O-CDI All Words Comprehends 262.41 163.62 4-550 

 All Words Says 80.66 115.68 0-466 

 Verbs Comprehends 45.06 29.07 0-86 

 Verbs Says 8.51 18.15 0-83 

 Nouns Comprehends 159.98 103.76 3-349 

 Nouns Says 53.35 76.50 0-295 

EMQ Total Score 104.36 83.96 -73-238 

 Fine Motor Score 25.13 26.53 -27-87 

 Gross Motor Score 46.47 40.31 -44-98 

Note: O-CDI scores refer to the number of words reported to be understood and the number of words 

reported to be said; scores are reported for all items in the measure, verb items, and noun items. EMQ 

total scores and subscale scores (fine and gross motor skills) are reported. CDI production scores and 

EMQ subscales are reported for completeness, although only CDI comprehension and total EMQ scores 

are included in analyses. 

 
9 Bonferroni corrections describe an adjusted p-value, rather than the use of an adjusted  level. 
10 Controlling for age ensures the unique relation between motor and language development can be explored 

beyond the effect of age. 
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Figure 1  

Associations between age, motor skills, and vocabulary scores 

 

Note: Ribbons represent standard error. X-axis scale varies by measure: Total EMQ scores,  Gross 

Motor EMQ scores, Fine Motor EMQ Scores, Total O-CDI score, Verb O-CDI score, or Noun O-CDI 

score. Y-axis shows infant age in months.  

 

Associations Between Motor Skills and Vocabulary Size 

Correlations revealed strong positive associations between total motor skills and verb 

comprehension scores (rs = .82, p < .001), noun comprehension scores (rs = .83, p < .001), 

and total comprehension scores (rs = .83, p < .001). These associations remained significant 

after controlling for age. Partial correlations revealed significant positive associations 

between motor skills and comprehension scores:  verb comprehension scores (rs = .39, p < 

.001), noun comprehension scores (rs = .40, p < .001), and total comprehension scores (rs = 

.40, p < .001).  

Similar strong positive correlations were also revealed between fine motor skills and 

verb comprehension scores (rs = .79, p < .001), noun comprehension scores (rs = .81, p < 

.001), and total comprehension scores (rs = .81, p < .001). These associations remained 
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significant after controlling for age. Partial correlations revealed significant positive 

associations between fine motor skills and comprehension scores: verb comprehension scores 

(rs = .36, p = .004), noun comprehension scores (rs = .40, p < .001), and total comprehension 

scores (rs = .39, p = .001).  

Strong positive correlations were also found between gross motor skills and verb 

comprehension scores (rs = .73, p < .001, noun comprehension scores (rs = .73, p < .001), and 

total comprehension scores (rs = .73, p < .001). However, none of the associations between 

gross motor skills and word comprehension scores remained significant after controlling for 

age in partial correlations: verb comprehension scores (rs = .17, p > .05), noun 

comprehension scores (rs = .15, p > .05), and total comprehension scores (rs = .14, p > .05). 

See Figure 2 for all correlation plots. 
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Figure 2  

Associations between motor skills and vocabulary scores, controlling for age 

 

Note: Partial correlations between motor scores and number of words understood, controlling for age. 

Residuals from the relation between EMQ scores (Total Scores, Gross Motor Scores, Fine Motor 

Scores) and age are plotted on the x axis and residuals from the relation between CDI scores (Verbs, 

Nouns, All Words) and age are plotted on the y axis. Ribbons represent standard error.  

 

Are Motor Skills Associated More Strongly with Verb Than with Noun 

Comprehension?  

  

The fixed effects from the logistic mixed effect model, exploring the association 

between motor skills and word comprehension for verbs and nouns, are described in Table 2 

and the random effects are described in Table 3. Crucially, the model revealed a significant 

interaction between motor skills and word type (B = -0.37, CI 95% [-0.65,-0.09], SE = 0.14, z 
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= -2.62, p =. 009), suggesting that the relation between motor skills and word comprehension 

differed for verbs and nouns. We followed up this interaction using the emtrends() function 

from the emmeans package (Lenth, 2021), which compares whether slopes, for each level of 

a categorical predictor, are statistically different from each other in models with significant 

interactions between a categorical and continuous predictor. The results showed that the 

association between word comprehension and motor skills was significantly greater for verbs 

than for nouns (estimate = 0.465, CI 95% [0.117,0.812], SE = 0.177, z = 2.62, p =. 009, see 

Figure 3). That is, for an infant of average age in our sample, motor skills were more 

strongly linked to the proportion of verbs comprehended than to the proportion of nouns 

comprehended.  

The results also revealed a significant main effect of motor skills on word 

comprehension, with the likelihood of understanding a word increasing with greater motor 

ability (B = 1.74, CI 95% [0.93,2.55], SE = 0.41, z = 4.21, p <. 001). A significant main effect 

of word type also emerged (B = -0.91, CI 95% [-1.47,-0.36], SE = 0.28, z = -3.21, p =. 001), 

reporting that the infant of average age and EMQ score in the sample understood a greater 

proportion of the verbs (52.3%) than they did nouns (43.7%). The main effect of age was not 

significant (B = 0.72, CI 95% [-0.07,1.51], SE = 0.40, z = 1.78, p =. 07511). We also ran an 

exploratory analysis with parent education and infant sex as additional control variables. The 

pattern of results remained the same across fixed effects. Parent education and infant sex 

were not significant predictors (see Supplementary Materials and OSF for details).  

 

Table 2  

GLMM model results: Fixed effects 

 Model Summary 

  SE z p 

Intercept -0.20 0.22 -0.92     .356 

Total EMQ Scores 1.74 0.41 4.22 <.001*** 

Word Type  -0.92 0.28 -3.22          .001** 

Infant Age 0.72 0.40 1.78           .075 

Total EMQ Scores:Word Type -0.37 0.14 -2.62          .009** 

Note: * p < .05; ** p < .01; *** p <.001 

 
11 We interpret age to be a non-significant predictor in this model due to the high correlation between age and 

EMQ (as reported in the Preliminary Analysis section). When we re-conducted this model without EMQ as a 

predictor, age was a significant predictor (this analysis can be viewed on our OSF page).   
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Table 3  

GLMM model results: Random effects 

  Variance Standard Deviation 

Word Items Intercept 4.67 2.16 

 Total EMQ Scores 0.08 0.27 

 Infant Age 0.11 0.33 

Infants Intercept 2.59 1.61 

 Word Type 0.92 0.96 

 

 

Figure 3  

Results from logit mixed effects model showing an interaction between word comprehension, 

motor skills, and word type 

 

Note: On the y axis, is the likelihood of understanding a given word, ranging from 0-100%. On the x 

axis is the total EMQ score (centered and scaled). Ribbons represent 95% confidence intervals. 
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Robustness checks. 

We conducted two additional analyses to assess the robustness of the interaction effect 

between total EMQ scores and word type. First, we also refitted the model in Tables 2 and 3 

to a subset of the data that only included the original O-CDI verb and noun items. We wanted 

to ascertain whether including additional verbs, that may be comprehended earlier in infancy, 

biased the results. The analysis revealed the same pattern of results across fixed effects and 

interactions (see Supplementary Materials and OSF for details), indicating the addition of 

new verb items was not driving the interaction effect. 

 We also checked whether the imbalance in the number of noun vs. verb items in our 

vocabulary checklist could account for the interaction we observed. As previously 

highlighted, CDIs contain a greater number of nouns than verbs. We partially addressed this 

difference in the number of word items for each word type by adding additional verbs into 

the CDI, representing actions and gestures children learn to perform across early 

development. Nonetheless, the number of verb and noun items remains heavily unbalanced 

(86 verbs, 359 nouns). To address this, we used a simulation approach to fit models with 

equal numbers of verb and noun items. We ran 500 logistic mixed effects models using the 

same lme4 structure with each model using a randomly selected subset of nouns equal to the 

number of verbs (86 items each). For each model, we then extracted the motors skills by 

word type interaction estimate. Fourty-seven models (9.4%) failed to converge (i.e., produced 

un-estimatable or unreliable model estimates) and/or had a singular fit (i.e., some parameters 

within the variance-covariance estimated at zero) and were not included in the following 

analyses. Of the remaining 453 models, 80.3% (364) of the models revealed a signifcant 

interaction between motor skills and word type, with all estimates pointing in same direction 

as our primary analysis. We computed the mean interaction estimate across models and tested 

whether the mean interaction estimate was significantly different from zero using a one-

sample t-test. Visual inspections of the distribution and a Shapiro-Wilk test confirmed that 

the data were normally distributed. The results showed that the mean interaction estimate (M 

= -.372) was significantly different from zero (t(452) = -98.598, p < .001). These results 

suggest that the interaction between motor skills and word type robustly held across models 

that included an equal number of verb and noun items and that the interaction was not due to 

the unbalance in number of word items. 
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Are Gross and Fine Motor Skills Associated More Strongly with Verb Than with Noun 

Comprehension?  

 

Finally, we explored whether gross and fine motor skills are separately associated 

with verb and noun comprehension. The fixed effects and random effects are described for 

the gross motor model in Tables 4 and 5 (respectively) and for the fine motor model in 

Tables 6 and 7 (respectively).  

 

Gross Motor Skills 

This model revealed a significant interaction between motor skills and word type (B = 

-0.34, CI 95% [-0.60,-0.08], SE = 0.13, z = -2.54, p =. 011), with verb comprehension being 

more strongly associated with gross motor skills compared to noun comprehension (estimate 

= 0.34, CI 95% [0.078,0.604], SE = 0.134, z = 2.54, p =. 011, see Figure 4. The main effect of 

gross motor skills was not significant (B = 0.21, CI 95% [-0.50, 0.91], SE = 0.36, z = 0.57, p = 

.567), but both control variables were: The model revealed significant main effects for fine 

motor skills (B = 1.19, CI 95% [0.50, 1.88], SE = 0.35, z = 3.37, p = .001) and age (B = 1.06, 

CI 95% [0.33, 1.79], SE = 0.37, z = 2.85, p = .004), with likelihood of understanding a word 

increasing as fine motor skills and age increased. The main effect of word type was also 

significant, with infants on average understanding a greater proportion of verbs than nouns (B 

= -0.91, CI 95% [-1.47,-0.35], SE = 0.28, z = -3.20, p = . 001).  

 

Table 4 

Gross GLMM model results: Fixed effects 

 Model Summary 

  SE z p 

Intercept -0.19 0.22 -0.87        .386 

Gross EMQ Scores 0.21 0.36 0.57         .567 

Word Type  -0.91 0.28 -3.20 .001** 

Infant Age 1.06 0.37 2.85 .004** 

Fine EMQ Scores 1.19 0.35 3.37 .001** 

Gross EMQ Scores:Word Type -0.34 0.13 -2.54           .011* 

Note: * p < .05; ** p < .01; *** p <.001 
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Table 5  

Gross GLMM model results: Random effects 

  Variance Standard Deviation 

Word Items Intercept 4.70 2.16 

 Gross EMQ Scores 0.00 0.05 

 Infant Age 0.18 0.42 

Infants Intercept 2.55 1.60 

 Word Type 0.91 0.95 

 

Figure 4 

Results from logit mixed effects model showing an interaction between word comprehension, 

gross motor skills, and word type 

 

Note: On the y axis, is the likelihood of understanding a given word, ranging from 0-100%. On the x 

axis is the gross motor EMQ score (centered and scaled). Ribbons represent 95% confidence intervals. 
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Fine Motor Skills 

 This model also revealed a significant interaction between motor skills and word type 

(B = -0.37, CI 95% [-0.65,-0.09], SE = 0.14, z = -2.60, p =. 009), with verb comprehension 

being more strongly associated with fine motor skills compared to noun comprehension 

(estimate = 0.373, CI 95% [0.092,0.654], SE = 0.143, z = 2.60, p =. 009, see Figure 5. The 

model also revealed significant main effects for fine motor skills (B = 1.44, CI 95% [0.73,  

2.16], SE = 0.36, z = 3.96, p < .001) and age (B = 1.04, CI 95% [0.31, 1.78], SE = 0.37, z = 

2.79, p =. 005), with likelihood of understanding a word increasing as fine motor skills and age 

increased. As with previous models, the main effect of word type was significant, with infants 

on average understanding a greater proportion of verbs than nouns (B = -0.91, CI 95% [-1.47,-

0.35], SE = 0.28, z = -3.20, p =. 001). The main effect of gross motor skills was not significant 

(B = 0.02, CI 95% [-0.66, 0.71], SE = 0.35, z = 0.07, p = .948). 

 

Table 6  

GLMM model results: Fixed effects 

 Model Summary 

  SE z p 

Intercept -0.21 0.22 -0.93          .354 

Fine EMQ Scores 1.44 0.36 3.96 <.001*** 

Word Type  -0.91 0.29 -3.20         .001** 

Infant Age 1.05 0.37 2.79         .005** 

Gross EMQ Scores 0.02 0.35 0.07      .948 

Fine EMQ Scores:Word Type -0.37 0.14 -2.60          .009** 

Note: * p < .05; ** p < .01; *** p <.001 

Table 7  

GLMM model results: Random effects 

  Variance Standard Deviation 

Word Items Intercept 4.70 2.17 

 Fine EMQ Scores 0.10 0.32 

 Infant Age 0.11 0.33 

Infants Intercept 2.59 1.61 

 Word Type 0.92 0.96 
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Figure 5  

Results from logit mixed effects model showing an interaction between word comprehension, 

fine motor skills, and word type 

 

Note: On the y axis, is the likelihood of understanding a given word, ranging from 0-100%. On the x 

axis is the fine motor EMQ score (centered and scaled). Ribbons represent 95% confidence intervals. 

 

 

Discussion 

 

We aimed to investigate whether infants’ motor abilities are differentially associated 

with their concurrent verb and noun understanding, in a sample of infants aged 6- to 24-

months-old. Replicating much previous work (e.g., Alcock & Krawczyk, 2010; Choi et al., 

2018; Clearfield, 2011; Gonzalez et al., 2019; He et al., 2015; Houwen et al., 2016; Karasik 

et al., 2014; Oudgenoeg-Paz et al., 2012; Pereira et al., 2014; Schneider & Iverson, 2022; 

Schroer & Yu, 2022; Suarez-Rivera et al., 2022; Valla et al., 2020; Walle & Campos, 2014; 

West & Iverson, 2021; Yu & Smith, 2012), we first showed that the number of verbs and 
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nouns infants were reported to understand increased as infants’ overall motor skills 

developed, above and beyond the effect of age. We found the same pattern for fine motor 

skills, while gross motor skills were not associated with vocabulary once age was controlled 

for. Crucially, we also found an interaction between motor development and word 

comprehension, revealing that motor skills were more strongly linked with verb 

comprehension compared to noun comprehension – this interaction was significant for 

overall motor skills as well as fine and gross motor skills. Follow up simulation analyses 

demonstrated that this effect is robust, holding across models where an equal number of verbs 

and nouns were included by randomly subsampling nouns, suggesting that the interaction 

between word type and motor skills is unlikely to be driven by unbalanced numbers of verb 

and noun items in our CDI instrument. This suggests that the cascading impact of motor 

skills on word learning is likely not uniform across lexical acquisition. This is not to suggest 

that gains in motor skills are not important for noun comprehension; in fact our data also 

show that noun understanding is tightly linked to motor acquisition. Yet, the acquisition of 

motor skills may play a more important role in verb, compared to noun, learning. Below we 

discuss possible explanations for this finding. 

Descriptions of early vocabularies show that they are typically noun-dominated in 

English (Gentner, 1978). Similarly, several lab studies show that children struggle to learn 

novel verbs (e.g., Childers & Tomasello, 2002; Imai et al., 2005, 2008; Kersten & Smith, 

2002). Theoretical approaches to word learning suggest that this disparity is not the 

consequence of intrinsic differences between word classes per se, but rather because verbs 

describe abstract concepts that have variable meanings across languages (Gentner, 1978, 

2006; Gentner & Boroditsky, 2001). Given these challenges, it is likely that children exploit 

several word learning mechanisms and environmental cues to ascertain the meaning of a 

given verb (Gillette et al., 1999; Gleitman, 1990; Naigles, 1990; Samuelson & Smith, 1998; 

Tomasello, 1992b, 1995). Advancing motor skills may serve as one such mechanism. 

Supporting evidence comes from West et al. (2022), who demonstrated that caregivers 

frequently respond to infants’ actions with congruent verbs. Caregivers of older infants (18-

month-olds), with larger motor and linguistic repertoires, were found to respond to their 

infants’ actions more frequently and with a greater diversity of verbs than caregivers of 

younger infants (13-month-olds). Thus, infants’ actions and their increasing ability to perform 

actions may bolster their verb learning by shaping the frequency and variability of verbs they 

hear from caregivers.  
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Further, active experience performing relevant actions across verb naming exposures 

may also help organise infants’ action concepts. Active experience with actions helps infants 

to recognise actions as intentional and goal-directed (Gerson & Woodward, 2014a, 2014b). 

Performing verb-relevant actions may support infants’ understanding of which components of 

a given action are conveyed in a verb (Sootsman Buresh et al., 2006). An alternative (but not 

mutually exclusive) possibility is that performative action experience makes the action more 

salient. Note we are not suggesting that motoric experience with relevant actions is necessary 

for verb learning (see Iverson, 2010), but rather that it may serve as an additional, supportive 

mechanism through which infants can reduce the number of potential referents for a verb.  

Though research shows infants’ actions are related to their noun learning, our findings 

suggest that motor skills may play a smaller role during noun than verb acquisition. For 

example, research shows infants’ object holding and head positioning supports their novel 

noun learning when it co-occurs with parental labelling (Pereira et al., 2014; Schroer & Yu, 

2022; Yu & Smith, 2012). Infants’ actions in these moments are thought to reduce referential 

uncertainty by providing infants with less cluttered visual scenes. Yet, nouns often describe 

concrete referents that infants find easy to individuate in the real world, and infants readily 

map a novel noun onto a recently familiarised object category from visual experience alone 

(Pomiechowska & Gliga, 2019). The same cannot be said for verbs, with children younger 

than 5 years often failing to map a novel verb onto a recently seen action (e.g., Imai et al., 

2005, 2006, 2008). For this reason, infants may be less dependent on their own actions to 

infer the meaning of novel nouns and may rely more heavily on them to grasp the meaning of 

novel verbs. It is also possible that infants’ actions may be especially beneficial for learning 

more abstract or relational nouns. Future research could compare abstract nouns and verbs 

directly, and test whether concreteness and imaginability partially (or fully) drive the 

differences found in the current analyses (Ma et al., 2009; McDonough et al., 2011).  

Whether the detected interaction between word comprehension and motor skill is 

driven by specific motor milestones that have been explored in the literature as key inflection 

points (e.g., walking, independent sitting, grasping) is unclear. We ran additional analyses 

that show that both increased gross and fine motor ability are more strongly associated with 

verb than noun comprehension but these findings cannot speak to whether specific gross 

and/or fine motor milestones are driving effects – though it is interesting to note that gross 

motor skills were not found to be predictive of word comprehension above and beyond the 

effect of age which seem to suggest fine motor skills play a more important role. We used 

global, composite scores of motor development (as well as global scores of gross and fine 
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motor development) to capture motor development holistically but future research could 

explore whether these interactions may be associated with particular motor milestones.  

Our analyses also revealed main effects in addition to the criticial interaction between 

motor skills and word type. As expected, and confirming the correlational analyses, greater 

overall motor ability and fine motor ability were associated with increased likelihood of word 

comprehension (regardless of word type). Across all analyses, these relations held when age 

was controlled for. Embodied perspectives have long suggested that the cascading effects of 

motor development are not simply the result of maturation alone (Iverson, 2010). Rather, 

developing motor skills bolster infants’ practice of communicative abilities and re-organises 

their interactions with the world around them (Campos et al., 2000; Iverson, 2010, 2022) 

creating rich word learning opportunities. In contrast, gross motor skills were not found to be 

associated with word comprehension when age (in both correlation and mixed model 

analyses) and fine motor skill (mixed model analyses only) was controlled for. This finding is 

somewhat unexpected, given that many studies have reported links between gross motor 

skills and comprehensive vocabulary during infancy (e.g., He et al., 2015; Valla et al., 2020; 

Walle & Campos, 2014). However, these findings do align with other studies that have also 

reported a lack of association between gross motor ability and vocabulary (Karasik et al., 

2014) or that the strength of the association reduces or the association no longer holds once 

other covariates are controlled for such as other motor skills, gesture skills, and cognitive 

ability (Alcock & Krawczyk, 2010; He et al., 2015; Houwen et al., 2016). For example, 

cross-cultrual work by He et al. (2015) found that walking ability was only associated with 

expressive vocabulary (but not receptive) in American infants, after controlling for infants’ 

self-produced locomotor experience. Whereas, for Chinese infants, the associations held for 

both expressive and receptive vocabulary. These findings possibly suggest that, given that 

only fine motor skills were a significant predictor (in both models), that fine motor skills may 

contribute to infants’ word learning moreso than gross motor skills. However, examinations 

of the fine and gross motor distributions in our sample show that fine motor skills were more 

evenly spread across the reported range (i.e., more variable) compared to gross motor skills, 

which may explain why gross motor skills were not found to significantly predict word 

comprehension.  

In addition, we found an effect of word type: Infants in the sample understood, on 

average, a greater proportion of verbs than nouns. This finding is possibly explained by the 

difference in the number of verb compared to noun items included in the O-CDI. Like most 

CDIs, the number of verb items included in the measure is much smaller than the number of 
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nouns. This difference reflects the fact that children tend to learn many more nouns in their 

early development than verbs. It is possible that the average infant in the sample understood a 

greater proportion of verbs than nouns as the volume and variability of noun items was much 

greater than that of the verb items. It is worth noting that this may, in part, explain the 

interaction found between motor skills, word type, and word comprehension. That is, given 

that we had fewer verb items and many of the verb items (including those added) may be 

comprehended earlier in development, the results may have skewed the likelihood of 

understanding words “in favour” of verbs. Though this seems an unlikely explanation, given 

that the simulation analysis demonstrated that the interaction between motor skills and word 

type was significant across 80.3% of models where the number of verbs to nouns was 

equalised. 

Finally, note that the effect of age was not significant in our primary logit mixed 

model, despite being linked with infants’ vocabulary scores in preliminary correlations. This 

is likely due to multicollinearity between infants’ EMQ scores and age – that is, infants’ EMQ 

scores share overlapping variance with age (accordingly, age remains a significant predictor 

when EMQ scores are removed from the model; see OSF). 

 

Limitations and Future Directions 

The current study cannot speak to a causal relation between motor development and 

infants’ language development. Experimental studies could investigate whether motoric 

training with novel actions paired with novel verbs, contrasted with passive observation (e.g., 

Gerson et al., 2015; Gerson & Woodward, 2014b), better supports infants’ verb learning (see 

Dargue et al., 2019; de Nooijer et al., 2014; Gampe et al., 2016, for similar studies with 

children and adults). Future work should also test whether verb input from caregivers during 

infants’ congruent actions result in increased verb learning (Pereira et al., 2014; Schroer & 

Yu, 2022; Suarez-Rivera et al., 2022; Yu & Smith, 2012).  

We utilised parent-report measures of motor and language development, which are 

validated, well-studied, cost-effective, and efficient. EMQ scores are correlated with 

examiner-administered motor assessments (Libertus & Landa, 2013) and CDI responses often 

align with infants’ word comprehension measured in looking time studies (Styles & Plunkett, 

2009). Yet, parent-report measures can be prone to over or under-estimations of children’s 

current capabilities (Houston-Price et al., 2007; Tomasello & Mervis, 1994). Whilst these 

measures likely provide reasonable estimations of infants’ development, future research 

should seek to corroborate these relations under carefully controlled conditions.  
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One possible limitation of our study is the use of a parent report measure of word 

comprehension, the O-CDI. The O-CDI, like other CDIs, asks parents to recollect instances 

where their infant demonstrated evidence of understanding a word. Parents may be most 

accurate at assessing their infants’ knowledge of a verb when their infant is also able to 

perform that action (most likely in response to a parental request; e.g., “Can you give that to 

Mummy?” before receiving an object from their infant). In contrast, when it comes to noun 

knowledge, parents may rely on different cues such as pointing or turning to gaze at an object 

after hearing it labelled. As such, parents of motorically advanced infants may have more 

cues (i.e., motor behaviours) available to aid in their assessment of their infants’ verb 

knowledge than parents of less motorically advanced infants. If this were the case, then the 

interaction between motor abilities and word type could be – at least in part – explained by 

parents’ enhanced ability to assess their infants’ understanding of verbs specfically, rather 

than by the fact that more motorically advanced infants actually know proportionally more 

verbs than nouns. CDIs have been proven to be reliable in estimating children’s word 

knowledge (and comparible to looking time measures; Styles & Plunkett, 2009), but because 

they mostly contain nouns, we do not know if they are less reliable for verbs than nouns. To 

address this, future research could use more objective measures of word knowledge (e.g., 

looking-while-listening paradigms) to explore these relations. 

This is the first study to explore how links between motor development and word 

comprehension may vary between nouns and verbs. However, we did not collect broader 

information about the sample’s SES, ethnicity, and demographic information that would have 

provided insights into the representativeness of our sample. Previous research has shown that 

both language and motor development (and links between the two) can be influenced by 

other covariates such as SES (e.g., Dailey & Bergelson, 2022; Tacke et al., 2015), general 

cognitive ability (e.g., Alcock & Krawczyk, 2010), ethnicity and culture (e.g., Kuchirko & 

Tamis-LeMonda, 2019; Tamis-Lemonda et al., 2012). Here, we found that parental education 

and infant sex did not predict infants’ word comprehension but future research exploring 

links between motor development and different aspects of word comprehension should seek 

to also capture measures of SES, ethnicity, parental factors (e.g., age, education, 

employment), and infant cognition to explore the impact of contextual factors on these 

relations.  
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Conclusions 

 

 Studies of language development reveal strong associations between early motor 

ability and the number of words infants understand and produce. Such work has sparked 

discussions around the cascading influence of motor development on early cognition and 

language acquisition. Much of this research has focused on broad measures of children’s 

vocabulary development by capturing the size of their receptive and productive lexicons. 

Here, we show that infants’ verb understanding, in particular, is strongly tied to their motor 

ability, compared to noun understanding, during the first two years of life. Given that verb 

referents are abstract and challenging to identify in the world, infants may exploit 

experiences with self-produced actions to ascertain the meaning of novel verbs. 
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