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Abstract

What is vision’s role in driving early word production? To answer this, we assessed

parent-report vocabulary questionnaires administered to congenitally blind children

(N= 40,Mean age= 24months [R: 7–57months]) and compared the size and contents

of their productive vocabulary to those of a large normative sample of sighted chil-

dren (N= 6574). We found that on average, blind children showed a roughly half-year

vocabulary delay relative to sighted children, amid considerable variability. However,

the content of blind and sighted children’s vocabulary was statistically indistinguish-

able in word length, part of speech, semantic category, concreteness, interactiveness,

and perceptual modality. At a finer-grained level, we also found that words’ percep-

tual properties intersect with children’s perceptual abilities. Our findings suggest that

while an absence of visual inputmay initiallymake vocabulary developmentmore diffi-

cult, the content of the early productive vocabulary is largely resilient to differences in

perceptual access.
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Research Highlights

∙ Infants and toddlers born blind (with no other diagnoses) show a 7.5 month

productive vocabulary delay on average, with wide variability.

∙ Across the studied age range (7–57months), vocabulary delays widenedwith age.

∙ Blind and sighted children’s early vocabularies contain similar distributions of word

lengths, parts of speech, semantic categories, and perceptual modalities.

∙ Blind children (but not sighted children) were more likely to say visual words which

could also be experienced through other senses.

1 INTRODUCTION

Descriptions of earlyword learning often invoke visual scenes: Amessy

living room, a rabbit jumping across a trail. At some level, word learners

are thought to take the linguistic input, deduce referents in a visual

sea of possibilities, and connect this input to intended meaning. How

do young learners do this? Some propose they look for visually salient

objects (Yu & Smith, 2012); others suggest central roles for following

speakers’ gaze or intent (Brooks & Meltzoff, 2008; Tomasello, 2003).

These strategies could help constrain referent possibilities given a
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novel word and ambiguous visual input, but such approaches do not

work for all words, let alone all learners.

If visual input is integral to word learning, then its absence should

lead to pronounced differences in language abilities. However, blind

adults perform comparably to sighted adults on many language tasks,

and on some tasks, demonstrate faster language processing than

sighted adults (Bottini et al., 2022; Loiotile et al., 2020; Röder et al.,

2003). But are these equivalencies or advantages present in the

earliest stages of language development, or do they emerge over time?

One way to tackle this question is to study vocabulary development

in congenitally blind children. We ask: does a radically different expe-

rience of perceiving the world lead to differences in how we begin to

learn words?

1.1 Potential challenges for the blind learner

Though blind adults are skilled language users, the nature of their early

lexicon (in terms of vocabulary size and composition) remains unclear.

Before returning to this, we discuss several social and motor supports

of early language development for sighted children that are absent or

delayed in blind children.

Social interaction provides one potential support for children’s early

word learning. Parents often talk about what they or their child are

looking at (Tomasello, 2003; Yurovsky et al., 2013), and such naming

events havebeen linkedwithbetterword learning (Pereira et al., 2014),

(though n.b., such labeling events are still relatively infrequent, Clerkin

et al., 2017; Clerkin & Smith, 2022). In turn, following speakers’ gaze

may help children deduce communicative intent (Brooks & Meltzoff,

2008; Carpenter et al., 1998; Meltzoff & Brooks, 2009). In sighted

infants, gaze-following is linked with later vocabulary size (Brooks &

Meltzoff, 2008). However, in blind infants, gaze-following is not an

accessible cue to deduce word meaning, and neither can parents reli-

ably use blind children’s gaze to provide language input tailored to the

locus of their attention.

The abilities to reach for, grasp, and manipulate objects of interest

have been proposed as another set of supports for word learning. For

instance, words with easily manipulable referents are more frequent

in children’s early productive vocabulary than non-manipulable ones

(e.g., cup vs. table, Nelson, 1973), and ratings of the extent to which

children can physically interact with word referents predict words’ age

of acquisition (Muraki et al., 2022). Additionally, like gaze, children’s

object manipulation may highlight children’s attentional focus for

parents, eliciting more object naming (Luo & Tamis-LeMonda, 2016;

Tamis-LeMonda et al., 2013; K. L. West & Iverson, 2017; M. J. West &

Rheingold, 1978). When a parent provides a label for an object a child

is manipulating, that referent is likely to be highly perceptually salient,

as held objects dominate infants’ visual field (Yu & Smith, 2012). Taken

together, these lines ofwork suggest infants’ objectmanipulation could

(perhaps in conjunction with other word or object features) support

word learning by providing the infant with perceptual information

about the object, as well as cuing parents into what their child is

attending.

However, in blind children, grasping and reaching are delayed

(Fraiberg & Fraiberg, 1977; Norris, 1957; Perez-Pereira & Conti-

Ramsden, 1999): While sighted children reach towards a seen object

at around 2.5−5.5 weeks of age (Adolph & Robinson, 2015; Berthier &

Keen, 2006; Clifton et al., 1993), with prereaching behaviors observ-

able even earlier (Smitsman & Corbetta, 2010), a parallel ability,

reaching towards an object making noise, does not emerge in blind

infants until around 8–12months, similar to sighted children’s timeline

for hand-ear coordination (Bigelow, 1986; Elisa et al., 2002; Fraiberg &

Fraiberg, 1977; Tröster & Brambring, 1993).

Likewise, pointing is linked with children’s language ability (Colon-

nesi et al., 2010; C.Moore et al., 2019), perhaps because it too directs a

conversation partner’s attention. Sighted infants shift their gaze to the

direction of a point reliably by around 10−12 months of age (Carpen-

ter et al., 1998) and begin pointing themselves at around the same age

(C. Moore et al., 2019). Pointing is argued to support word learning by

serving as a naming “request” (Lucca &Wilbourn, 2019); by 18months,

labels given after infants point are better learned (Lucca & Wilbourn,

2018). By contrast, in naturalistic settings, an analysis of 5 blind chil-

dren aged 14−24-months found that they engaged less frequently in

pointing than sighted peers, opting instead for gesturing with an open

palm towards proximal objects (Iverson et al., 2000). However, it is

worth noting that the relationship between this behavior and word

learning has not yet been thoroughly tested due to the limited available

research in this area.

Reaching, gaze-following, and pointing also serve as useful cues for

establishing joint attention, wherein two individuals are simultane-

ously focused on each other and an object or event. Joint attentionmay

provide referentially transparent language input, which can facilitate

word learning (Tomasello & Farrar, 1986). For blind children how-

ever, joint attention is often delayed relative to sighted peers (Bigelow,

2003; Perez-Pereira & Conti-Ramsden, 1999), (even more so for those

with no residual vision, Dale, Tadić, & Sonksen, 2014). If reaches, gazes,

and points help cue parents to their infants’ interest, and if these

cues are delayed or unavailable for parents of blind infants, then blind

infants may not receive language input that is as temporally-aligned

with their attention as a sighted child would (cf. Trueswell et al., 2016).

This may reduce the number of labeling instances with high referential

clarity available to blind children, thus limiting word learning through

this particular mechanism.

1.2 Vocabulary development in blind children

The potential challenges for blind learners enumerated above are

intended to showcase the various avenues by which vision could

potentially influence early word learning. While none of these skills

(grasping, pointing, reaching, gaze) are necessarily critical for the

learning of any given word, each appears to offer support in certain

word learning circumstances. If the highlighted skills are indeed

important supports to word learning, we might expect concomitant

language delays or deficits in blind children. However, prior work on

productive vocabulary development in this population is inconclusive.
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Some research finds that blind infants learn words on roughly the

same timeline as sighted infants (Landau & Gleitman, 1985; Wilson

& Halverson, 1947); others find delays in first-word production

(Brambring, 2007; Fraiberg & Fraiberg, 1977; Iverson et al., 2000; V.

Moore &McConachie, 1994;Mulford, 1988). The existence and extent

of vocabulary delays may of course be influenced by a host of other

factors, such as severity of the vision diagnosis, etiology, comorbid

diagnoses, and so forth. (Greenaway & Dale, 2017). Understanding

which blind children may be at particular risk for language deficits or

delays remains an important clinical goal.

1.3 Vocabulary composition

The composition of blind children’s first words has been reported as

largely similar to that of sighted children. Like English-learning sighted

children, English-learning blind children’s first words include a large

proportion of nouns (Andersen et al., 1984; Bigelow, 1986; Dunlea,

1989; Landau & Gleitman, 1985). Some studies have found that blind

children may have a weaker noun bias (Mcconachie & Moore, 1994;

Mulford, 1988; Norgate, 1997), whichmay be due to fewer “point-and-

look” learning episodes relative to sighted children (Norgate, 1997);

others report fewer words for distal objects (e.g., outdoor objects and

animals, Bigelow, 1987). These differences in vocabulary composition

are small in magnitude and inconsistent across the literature. More

strikingly, despite lacking visual access, blind children preschool age

and up have been reported to use visual terms like “red” (DeMott,

1972; Harley, 1963; Landau & Gleitman, 1985). These findings under-

score the potential complexity of vocabulary composition in blind

children and highlight the need for a multidimensional approach to

explore the intricacies of their early word learning experiences.

While existing research on vocabulary development in blind chil-

dren provides a valuable foundation, each of the studies cited above

is based on a limited sample size, typically N < 10. This stems from the

challenges of sampling young blind children without additional cogni-

tive deficits; congenital blindness often occurs as part of syndromes

with wide-ranging symptoms (e.g., Garcia-Filion & Borchert, 2013).

Expanding this work is an important goal, both for improving early

intervention services for blind children, as well as better understand-

ing how visual perception contributes to word learning more broadly.

In what follows, we explore the role of vision in word learning using

a standardized vocabulary measure administered to 40 blind children.

We askwhether blind children have productive vocabulary differences

relative to their sighted peers, both in quantity (i.e., how many words

they produce), and composition (i.e., which words they produce).

2 METHODS

Approximately 1/10,000 children is born with severe to profound

visual impairment (Gilbert &Awan, 2003); congenital blindness is a low

incidence condition. Our sample includes 40 young, congenitally blind

children (7−57months,M: 24.01 (12.46) months). To focus specifically

on the role of vision in language development, children met inclusion

criteria if they (1) were exposed to >75% English at home, (2) had no

more than minimal light perception in both eyes, (3) had no co-occurring

cognitive or developmental diagnoses, and (4) had no history of fre-

quent ear infections or hearing loss; see Table 1 for vision diagnosis

specifics. Data from 3 participants were collected but excluded due to

bilingualism (N = 2), hearing loss (N = 2), and/or co-occurring cogni-

tive or developmental diagnoses (N= 1). Participants were recruited in

theUnited States andCanada via pediatric ophthalmology clinics, early

intervention and preschool programs for blind children, social media,

and word of mouth. Many participants contributed data at multiple

timepoints, for a total of N = 70 total datapoints (1−5 per child, M:

1.75); to avoid overrepresenting participants, we use only data from

the oldest timepoint for analyses, except in the longitudinal analysis,

noted below. Data from 11 participants were originally described in

Herrera (2015). Participant demographics are available in Table 2.

Parents of each child in our sample completed the MacArthur-

Bates Communicative Development Inventory (CDI). The CDI is a

parent-report instrument predominantly used to assess children’s pro-

ductive/receptive vocabulary alongside a few items regarding other

aspects of early language; we focus on the vocabulary data here. On

the Words and Gestures version of the form (WG; normed for 8−18-

month-olds), parents indicate whether their child understands and/or

produces each of the 398 vocabulary items. On the Words and Sen-

tences version (WS; normed for 16−30-month-olds1), parents indicate

whether their child produces eachof the680vocabulary items. Parents

of blind children in our studywere first administered the CDIwhen ini-

tially recruited (which varied considerably in age) and then at 6 month

intervals (at 12, 18, 24,. . . ., 48 months); longitudinal data collection is

ongoing.

Normative data for theCDI is available fromEnglish andmany other

languages on Wordbank (e.g., Frank et al., 2017), an open database

of CDI data. While the CDI has not yet been validated for blind chil-

dren, it has been used successfully in other special populations, such

as Deaf/Hard-of-Hearing children (Thal et al., 2007), late talkers (Heil-

mann et al., 2005), and children with Down syndrome (Miller et al.,

1995). Critically, in many of these populations, the CDI production

measure has been validated for “off-label” usage above the chronolog-

ical age for which the CDI has been normed for typically-developing

children (Heilmann et al., 2005;Miller et al., 1995; Thal et al., 2007).

3 RESULTS

3.1 Analysis plan

Our results are organized around answering the two questions set

out above: do blind and sighted children differ in how many words

they say at a given age, and do they differ in the composition of those

vocabularies. To address the first question, we compared blind chil-

dren’s vocabulary on the CDI relative to norms derived from sighted

children of the same age. We then considered a variety of child-level

characteristics to get a better understanding of what may contribute
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TABLE 1 Severity of visual impairment and vision diagnoses for each blind child in the sample.

Diagnosis N severe N profound N severity unspecified Etiology

Optic nerve hypoplasia 8 3 0 Central

Not specified 2 2 3

Leber’s congenital amaurosis 3 1 0 Peripheral

Cataracts 3 0 0 Peripheral

Microphthalmia 3 0 0 Peripheral

Anopthalmia 0 2 0 Peripheral

Multiple 2 0 0

Ocular albinism 1 1 0 Peripheral

Retinal detachments 1 1 0 Peripheral

Cortical Visual Impairment 1 0 0 Central

Fused eyelids 1 0 0 Peripheral

Optic pathway glioma 1 0 0 Central

Retinopathy of prematurity 0 1 0 Peripheral

TABLE 2 Demographic characteristics of the 40 blind participants
in the study.

Variable Range andmean, or Ns

Age (months) 7–57months (mean (SD): 24.01 (12.46))

Receptive vocabulary*

(CDI)

0–391words (mean (SD): 59.94 (80.92))

Productive vocabulary

(CDI)

0–680words (mean (SD): 141.8 (223.91))

Gender Female (15); Male (25)

Maternal education High school (2); associates degree or some

college (11);

bachelors degree (18); graduate degree (8),

missing (1)

Child race American Indian or Alaska Native (1);

Black or African

American (5); Southeast Asian or Indian

(1);White (20);

Multiracial or Other (2); Missing data (11)

Child ethnicity Hispanic or Latino (4); not Hispanic or

Latino (23);

missing data (13)

Abbreviation: CDI, communicative development inventory.

*Receptive vocabulary scores only measured on Words and Gestures ver-

sion of CDI; all Words and Sentences administrations excluded from these

values.

to the overall delay we observe, as well as an analysis of delay size with

age. For these analyses we used logistic regression curves, Wilcoxon

Tests, and linear regression, as relevant. To address the second ques-

tion, we matched for vocabulary size and compared blind and sighted

children’s vocabulary composition across a range of factors: word

length, part of speech, semantic category, concreteness, interactive-

ness, and perceptual modality (details below). For these analyses we

used Bonferroni-corrected Wilcoxon Tests and logistic regressions.

Previewing the results to this question, we found evidence of vocab-

ulary delays among blind children but very consistent vocabulary

composition across our blind and sighted groups.We describe the find-

ings in full detail below, and provide the data and code used to generate

this paper onOSF. These analyses were not preregistered.

3.2 Do blind children and sighted children have
similar vocabulary sizes?

To analyze whether blind children produce a similar quantity of words

to their sighted peers, we used a large set of vocabulary produc-

tion data from Wordbank. The normative dataset contains data from

6574 children (8–30 months, who range in vocabulary from produc-

ing none of the words on the instrument to producing all words on the

instrument) learning American English (downloadedMay 5, 2022 from

Wordbank). As noted above, the two CDI forms differ in how many

vocabulary items they contain. To take this into account,weestablished

the difference (in months) between the child’s chronological age and

their predicted age based on their productive vocabulary, derived from

the Wordbank norms (Frank et al., 2017), rather than using the raw

number of words checked off on the instrument.

Following the procedure in Campbell and Bergelson (2022a), to

compute a child’s predicted age from their vocabulary score, we used

theWordbank’s 50th percentile for productive vocabulary for sighted

infants (Frank et al., 2017) to create two binary logistic growth curves

(for the WG and WS versions of the CDI). For each child, we took

their productive vocabulary score, as reported on the CDI. We then

divided the number of words produced by the number of possible

words on the instrument (WG or WS), to give us the proportion of

words produced.Weused this proportion in an inverse prediction from

the binary logistic regression curves to generate a predicted age. That
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F IGURE 1 Visual representation of themonths-difference
calculation. Shaded region shows the age range covered by the
Wordbank norms. Teal line depicts the logistic growth curves
constructed from theWordbank 50th percentile data. Each point
represents a blind child’s productive vocabulary score fromWords
and Gestures (circles) orWords and Sentences (triangles); two of
these points are enlarged for illustration. To calculate
months-difference, we substract the child’s chronological age from
their expected age (based on vocabulary). In this visualization,
months-difference is the x-axis distance between the point and the
curve (negative values right of curve, positive are left).

is, for each possible CDI score, the growth curve provided the age that

the score would be achieved for the 50th percentile trajectory. Finally,

we subtracted the predicted age from each child’s chronological age

to calculate their vocabulary delay or advantage. For instance, a 30-

month-old blind child producing 300words has the vocabulary size of a

25-month-old sighted child at the 50th percentile, andwould thus have

a vocabulary difference of 5 months relative to the Wordbank data;

see Figure 1 for a visual representation of this procedure. However,

for children producing 0 words (N = 9), this approach is not appropri-

ate due to the long tails on the growth curves. Thus, for this subset

of children, we took the x-intercept from Wordbank (8 months), and

subtracted that value from the child’s chronological age to get their

months difference. We call this derived variable, measured in months,

vocabulary difference.

Applying this approach to each child, we observe wide variabil-

ity; vocabulary differences for blind children range from 11 months

ahead to 44.50months behind; see Figure 2. AWilcoxon 1-sample test

on the data reveals that blind children’s vocabulary difference signif-

icantly differed from 0 (0 would indicate no difference in vocabulary

distribution of blind children from the 50th percentile of sighted chil-

dren). Blind children had a mean vocabulary delay of 7.20 months (SD:

10). That said, 19% of our sample was ahead of the sighted 50th per-

centile norm. That is, rather than all of the blind children being behind

the sighted 50th percentile (as would be the case if missing vision led

to a pervasive, consistent delay in early word production), or blind

children being indistinguishable from sighted peers in vocabulary size

(whichwould have beenmanifest as roughly 50%of blind childrenwith

delayed and 50% with advanced vocabulary) we see an intermediary

effect: Roughly half a year delay on average, with about 20% of the

F IGURE 2 Histogramwith overlaid density plot of blind sample’s
vocabulary difference relative toWordbank norms. Positive values
indicate delay, while negative values represent scores that are ahead
of the 50th percentile curve from sighted participants.

sample showing a vocabulary advantage over the average for sighted

peers.

3.2.1 Exploring variability

To better understand the wide range of vocabulary outcomes, we

conducted exploratory analyses aimed at identifying which factors

might lead to age-appropriate vocabulary versus delay. We divide our

blind sample along several child-level characteristics (gender, degree

of vision impairment, and etiology) noted in prior work (e.g., Green-

away&Dale, 2017; Sakkalou et al., 2021) and compare the distribution

of vocabulary differences via Wilcoxon tests; see Figure 3. Splitting

the sample by gender (Nmale = 21, Nfemale = 17), boys were numer-

ically roughly 2 months further delayed than girls; this difference

was not statistically significant (Meanmale = 8.27 months delay vs.

Meanfemale = 6.64 months delay; W = 145.50, p = 0.656). In terms

of severity of visual impairment, within the severe-to-profound range

in our sample, the delay in children with some light perception was

numerically about 7 months smaller than in children with no light

perception, though again this did not reach statistical significance

(some light perception; Nsevere = 26; Meansevere = 5.07 months delay;

no light perception, Nprofound = 11; Meanprofound = 12.44 months

delay; W = 573.50, p = 0.119). Lastly, we divided by etiology and

again found a numerical but not statistically significant difference

(W = 527, p = 0.287): children with central nervous system diag-

noses (optic nerve hypoplasia or CVI) had a roughly 8 month greater

vocabulary delay than childrenwith peripheral diagnoses (Ncentral =13;

Meancentral =12.07monthsdelay;Nperipheral =18;Meanperipheral=3.92

months delay). We note that there was no particular selection for

these characteristics within our eligibility criteria, and thus some of

these comparisons are on unbalanced samples, and we are likely

underpowered to detect differences along these dimensions.
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F IGURE 3 Density plot dividing the sample by gender (A), severity (B), and etiology (C).

3.2.2 Does the delay lessen across age?

We next measured whether the delay in vocabulary stayed constant

across age. We conducted a linear mixed effect model with a fixed

effect of ageanda randomeffect of participant, given that for14partic-

ipants, we have longitudinal administrations of the CDI. If delays were

constant, we would not expect it to change as children age. Instead,

we found a significant effect of age, such that for each month increase

in age, vocabulary delay increased by 2.07 weeks (F[1] = 38.72,

p< 0.001); see Figure 4.

3.3 Do blind children and sighted children have a
similar vocabulary composition?

We next investigated the composition of blind children’s early

words. Given the disparities between the vocabulary production of

blind versus sighted children, we compared blind participants to a

vocabulary-size-matched group of sighted children from Wordbank.

We matched each blind child in our sample to a unique sighted

participant from Wordbank. Sighted matches were selected to have

the same number of words produced on the same form (WG vs.

WS) and to be as close as possible in age to the blind child; beyond

this matching, they were selected at random2. Consequently, our

samples for the vocabulary composition analysis are equivalent

in vocabulary production but differ slightly in age (sighted sample

on average 4.70 months younger, p = 0.238 by Wilcoxon test); see

Figure 5.

We then compared the words that blind and sighted children with

equivalent vocabulary size produced. Children producing 0 words

were excluded from this analysis (N = 3). In order to capture poten-

tial phonological, morphosyntactic, and semantic differences in the

early lexicon, we compared vocabularies along six dimensions: word

length, part of speech, semantic category, concreteness, child-body-

object interaction rating (interactiveness), and perceptual modality,

operationalized below.
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F IGURE 4 Vocabulary delay in blind children plotted as a function
of age. Raw data are plotted in color. Each dot represents one CDI
administration.When participants havemultiple administrations of
the CDI, lines connect datapoints from the same participant. Black
dashed line represents themodel estimate with standard error:
Vocabulary Delay∼Age+ (1|Participant). CDI, communicative
development inventory.

F IGURE 5 Violin plots for age (left) and vocabulary size (right) for
blind participants and their vocabulary sizematched sighted peers,
fromWordbank. Each dot represents one participant. Given that
participants arematched exactly on vocabulary, the vocabulary scores
on the right panel are identical for blind and sighted participants.

Word length was computed as number of syllables in each word.

Part of speech (adjectives, adverbs, function words, interjections,

nouns, onomatopoeia, and verbs) and semantic category3 (action

words, animals, body parts, clothing, connecting words, descriptive

words, food and drink, furniture and rooms, games and routines,

helping verbs, household, locations, outside, people, places, pronouns,

quantifiers, question words, sounds, time words, toys, and vehicles)

subdivisions were taken from the categories on the CDI. For con-

creteness, we used the Brysbaert Concreteness ratings (Brysbaert at

al., 2014), which asked sighted adult participants to rate words from

1 (Abstract—language based) to 5 (Concrete—experience based); 30

words were excluded from this analysis due to not having a concrete-

ness rating. Interactiveness ratings were taken from the Child-Body-

Object Interactiveness ratings fromMuraki et al. (2022). These are 1–7

ratings by parents of school-aged children of how easily children can

physically interact with each of the words. Thirty words were excluded

from this analysis due to not having a rating. Lastly, perceptual modal-

itywasdeterminedby theLancaster SensorimotorNorms (Lynott et al.,

2020), taken from a large sample of sighted adults, who were asked to

rate: “To what extent do you experience WORD by [hearing, smelling,

tasting, seeing, etc.]?” Each word was rated 0–5 for each modality, and

the modality which received the highest rating is used here for the

perceptual modality of the word.

To compare words across each of these dimensions, we used pro-

file analyses and Wilcoxon tests, depending on the type of variable.

For semantic category, perceptual modality, and part of speech, we

compared counts of each word type across groups using profile anal-

ysis (Bulut & Desjardins, 2020). For concreteness, word length, and

interactiveness, we ran Wilcoxon tests. Given that we conducted

multiple exploratory comparisons (six total, one per dimension), the

Bonferroni-corrected threshold for significance is 0.0083.

None of the comparisons reached this corrected threshold for

significance. Blind and sighted children’s early vocabularies did not

significantly differ in word length (W = 434, Z = −1.58, p = 0.115),

part of speech (F = 1.66, p = 0.144), semantic category (F = 1.89,

p = 0.033), concreteness (W = 208, Z = −1.96, p = 0.050), interac-

tiveness (W = 637.50, Z = −0.11, p = 0.910), or perceptual modality

(F= 2.26, p= 0.058). See Figure 6 for vocabulary comparisons.

Descriptively, both blind and sighted children’s words tended to be

short (Means: 1.46 and1.52 syllables, respectively) andhighly concrete

(Means: 4.14 and 4.08 out of 5, respectively). The words that blind

and sighted children produced tended to be rated as easy for children

to interact with (Means: 5.50 and 5.50 out of 7, respectively). In both

groups, nouns were themost common part of speech, and visual words

comprised the overwhelmingmajority of children’s early vocabulary.

3.4 How do perceptual characteristics of words
affect learnability?

On one hand, it was somewhat surprising to find such striking parallels

in blind and sighted children’s vocabulary, particularly the dominance

of “visual” words, given that blind children lack visual access to the

words’ referents. Notably, prior work for example, Landau and Gleit-

man (1985) suggests their blind subject Kelli also produced highly

visual words, though word modality distributions over the vocabulary

was not something they explored. More germanely, it’s worth noting

that words the Lancaster Sensorimotor norms classify as visual are

often perceptible through other modalities. For example, while “play-

ground” is classified as a visual word on the Lancaster Sensorimotor

Norms, playgrounds can also be experienced through touch, sound,

smell, or even taste. This raises the possibility that although blind and

sightedchildren’s vocabularies contain similar amountsof visualwords,

the visual words that blind children produce may be qualitatively dif-

ferent from the visual words that sighted children produce. To explore
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8 of 14 CAMPBELL ET AL.

F IGURE 6 Comparisons of blind and sighted children’s vocabulary across 6 dimensions.Whiskers represent 95%CIs around themean. (A):
Mean length (syllables) for sighted versus blind participants. (B): MeanN of words produced by blind and sighted children from each part of speech
on CDI. (C): MeanN of words produced by blind and sighted children from each semantic category on CDI. (D): Mean concreteness rating 1
(abstract)–5 (concrete) for sighted versus blind participants. (E): Mean child-body-object interaction rating 1 (not interactive)–7 (highly interactive)
for sighted versus blind participants. (F): MeanN of words produced by blind and sighted children for each perceptual modality (modality with
highest perceptual rating on Lancaster Sensorimotor Norms). Note the truncated y axes for D and E.

this, we next compared blind and sighted children’s likelihood of pro-

ducing visual words (i.e., words whose highest perceptual ratings were

visual) and non-visual words (i.e., words whose highest perceptual rat-

ingswereauditory, tactile, olfactory, interoceptive, or gustatory), based

on the perceptual strength of each word and its perceptual exclusivity

(operationalized below). Words that did not appear on a child’s instru-

ment (e.g., lawnmower does not appear on the Words and Gestures

CDI) were excluded for those children.

To do this, we constructed two logisticmixed effectmodels that pre-

dicted the log likelihood of a word being produced as a function of the

three way interaction between the word’s perceptual modality (visual

or non-visual)4, group (blind or sighted), and either the word’s percep-

tual strength (highest perceptual strength rating across all modalities,

rated 1–5) or the word’s perceptual exclusivity (expressed as a propor-

tion from 0 to 1 calculated as the range of the ratings of all modalities

divided by the sum of the ratings of all modalities. 0 = experienced

equally in all modalities, 1 = experienced exclusively through a single

modality); model formulae are below. Each model also included a ran-

dom effect of child since each child contributes multiple datapoints

(one for each word on the CDI), as well as a random effect for word

given that there is an observation for each word for each participant

and the likelihood of word-level variance being non-random (though

not of interest for the present analysis). Thus, we fit two models as

follows:

Perceptual strengthmodel:

Word Production Perceptual Strength ∗ Perceptual Modality ∗ Group

+ (1|Participant) + (1|Word)

Perceptual exclusivitymodel:

Word Production ∼ Perceptual Exclusivity ∗ Perceptual Modality ∗ Group

+ (1|Participant) + (1|Group)
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CAMPBELL ET AL. 9 of 14

TABLE 3 Logistic regression estimates for the perceptual strengthmodel (see formula in main text).

Variable Beta [95%CI] p value

(Intercept) −5.71 [−7.49,−3.94] 0.000***

Modality (visual) −0.37 [−1.64, 0.91] 0.573

Perceptual strength 0.90 [0.66, 1.14] 0.000***

Group (blind) 0.22 [−1.99, 2.43] 0.844

Modality (visual): Perceptual strength 0.02 [−0.31, 0.35] 0.891

Modality (visual): Group (blind) 1.82 [1.05, 2.59] 0.000***

Perceptual strength: Group (blind) 0.15 [0.01, 0.30] 0.041*

Modality (visual): Perceptual strength: Group (blind) −0.56 [−0.75,−0.36] 0.000***

Note: Reference level for modality is non-visual, and reference level for group is sighted. Parentheticals indicate what is being compared to reference level.

TABLE 4 Logistic regression estimates for the perceptual exclusivity model (see formula in main text).

Variable Beta [95%CI] p value

(Intercept) −2.76 [−4.46,−1.05] 0.002**

Modality (visual) 0.12 [−0.83, 1.08] 0.802

Perceptual exclusivity 1.10 [−0.99, 3.20] 0.302

Group (blind) 0.66 [−1.52, 2.85] 0.552

Modality (visual): Perceptual exclusivity −0.87 [−3.32, 1.59] 0.490

Modality (visual): Group (blind) 0.65 [0.15, 1.14] 0.010*

Perceptual exclusivity: Group (blind) 0.37 [−0.69, 1.42] 0.494

Modality (visual): Perceptual exclusivity: Group (blind) −2.49 [−3.75,−1.23] 0.000***

Note: Reference level for modality is non-visual, and reference level for group is sighted. Parentheticals indicate what is being compared to reference level.

For the perceptual strength model (Table 3), we found a signifi-

cant main effect of perceptual strength (β = 0.90, p < 0.001). Overall,

the groups did not differ in likelihood of producing words (β = 0.22,

p = 0.844), and the effect of perceptual strength did not differ by

modality (β=−0.37, p= 0.573). This pattern of main effects was quali-

fied by a significant interactionbetweengroup andperceptual strength

such that the effect of perceptual strength was stronger for the blind

group than the sighted group (β = 0.15, p = 0.041), as well as a signifi-

cant interaction between group and modality, such that blind children

were significantly less likely to produce visual words than non-visual

words (β = 1.82, p < 0.001). Finally, there was a significant three-

way interaction between modality, perceptual strength, and group,

such that for sighted children, there was a similar effect of perceptual

strength for visual and non-visual words. For blind children however,

the effect of perceptual strength was much stronger for non-visual

words than visual words (β = −0.56, p < 0.001). This suggests that

for sighted children, higher perceptual strength boosts the likelihood

of word production across perceptual modalities. In contrast, for blind

children, the effect of visual association strength was much weaker

than the effect of perceptual strength with other modalities (sound,

touch, etc.). See Figure 7.

For the perceptual exclusivity model (Table 4), we again found that

the groups did not differ in overall likelihood of producing words

(β= 0.66, p= 0.552). The main effect of perceptual exclusivity was not

significant (β = 1.10, p = 0.302), and did not differ by group (β = 0.37,

p = 0.494). Here too, this pattern of main effects was qualified by a

significant interaction between group and modality, such that blind

childrenwere significantly less likely to produce visual words (β= 0.65,

p = 0.010). Finally, we again observed a three-way interaction, here

between modality, perceptual exclusivity, and group, such that for the

sighted group, words that were more unimodal were more likely to be

produced for both visual and non-visual words. By contrast, for the

blind group, non-visual words that were more unimodal were more

likely to be produced, but visual words that were more unimodal were

less likely to be produced (β = −2.49, p < 0.001). This interaction

suggests that for blind children, visual words that could only be expe-

rienced through one domain (vision) were less likely to be produced.

For the non-visualwords for blind children, and for all words for sighted

children, there was no significant effect of perceptual exclusivity.

4 DISCUSSION

This study compared the early vocabularies of blind and sighted

children to better understand the influence of vision on acquiring

a lexicon. We found that while blind children in our sample showed
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10 of 14 CAMPBELL ET AL.

F IGURE 7 Visualization of the significant 3-way interaction between (A)Modality (visual/nonvisual), perceptual strength (0–5), and group
(blind/sighted) and (B)Modality, perceptual exclusivity (0-1), and group in predicting probability of word production (see text for model details).
Y-axis shows themodel-predicted probability of word production, with 95% confidence intervals; distributions of predicted probability (of
individual words) are shown inmargins. The x-axis shows perceptual property (perceptual strength in A, perceptual exclusivity in B); distribution of
words’ varying ratings shown inmargins. (C): Perceptual properties of visual and non-visual words on the CDI—perceptual strength on the x-axis
and perceptual exclusivity on the y-axis. Some individual words are labeled for illustrative purposes.

vocabulary delays, there were remarkable similarities between the

vocabulary composition of blind and sighted children. These results

suggest that while visual perception appears to support vocabulary

acquisition, it does not seem to determine the overall composition

of the early lexicon. We further found that the likelihood of word

production was predicted by children’s access to words through one

versus multiple modalities.

While the absence of vision does seem to result in vocabulary delays

for most children (in our sample, roughly half a year delay on average,

with ∼20% of blind children ahead of the 50th percentile of sighted

children), the exact mechanism by which vision influences vocabu-

lary growth remains unclear. Referential transparency alone seems

unlikely: when blind children learn words, they learn a similar num-

ber of “visual” words as sighted children. Futureworkmeasuring social,

motor, and cognitive development alongside vocabulary in blind chil-

dren may illuminate skills that support word learning. Differences in

language input to blind children could also explain the wide variability

in language outcomes. By hypothesis, associations between language

input and vocabulary development might even be stronger in blind

children, given that language input may be blind children’s source of

“visual” information about the world (Campbell & Bergelson, 2022b).

While we only included participants without diagnosed cognitive

or developmental delays, some participants had vocabulary sizes that

fell on the extremes of the distribution; this might flag the need for

early intervention services to support cognitive and linguistic develop-

ment. Given that many early childhood cognitive assessments are not

accessible for children with visual impairments (e.g., WPPSI-IV, DAS-

II; Bayley, but cf. Dale et al., 2014), monitoring productive vocabulary

growth could provide insight into blind children’s cognitive devel-

opment, though we caution that such an approach has yet to be

validated.

Although evidence from blind adults and older children suggests

that language skills improve with age (Landau & Gleitman, 1985; Loi-

otile et al., 2020; Röder et al., 2003), we did not see evidence that

vocabulary delays lessen in our age group. In fact, older children in our

sample have larger delays. This could be a floor effect: the possible size

of the delay increases over time, such that 12-month-olds cannot be

18months delayed, but 30-month-olds can. That said, if blind children,
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after an initial delay, learn words at the same rate as the sighted peers

wewould expect to see a constant delay;we sawan increasing one. This

bumps the question downstream: if blind children eventually catch up

to sighted peers, when and how does this happen?

One possibility is that blind children initially struggle with word

learning. The first words in blind children’s vocabulary might be hard-

earned.Visionmight provide aneasier ormoreefficientway for sighted

children to connect referents to objects in their environment. Per-

haps after blind children build their initial lexicon, they can leverage

linguistic structure more effectively, through processes like syntactic

bootstrapping (e.g., Babineau et al., 2021; Gleitman, 1990). Evaluating

this hypothesis awaits further work.

Turning to vocabulary content, blind and sighted children’s lexi-

cons were overwhelmingly similar: they were characterized by noun

dominance, short, concrete, physically interactive words, and common

topics (Frank et al., 2021). Summarizing, blind children learn largely the

same set of early words as sighted children. And while we found that

the vocabularies of both sighted and blind children were dominated

by “visual” words, the bulk of the words on the CDI (and indeed, the

English language, Winter et al., 2018) are rated by sighted adults as

primarily associated with visual experience. In addition, our approach

to measuring visualness implicitly assumes that ratings from sighted

adults are valid for blind children; in ongoingwork,we are creating new

norms from blind adults to further explore how these ratings may vary

by sensory experience.

That said, we found that learnability of visual words differed

based on words’ finer-grained perceptual properties. For blind chil-

dren, higher perceptual exclusivity (lessmultimodality) predicted lower

likelihood of production for visual words (but not non-visual words).

For sighted children, perceptual exclusivity did not affect production

of either word type. Relatedly, for blind children, higher perceptual

strength ratings predicted greater likelihood of word production for

non-visual words, but lacked this strong relationship for visual words.

Contrastingly, in sighted children, higher perceptual strengthpredicted

greater production likelihood of all words. These exploratory findings

suggest that visual words like light (highly visual and unidimensional),

are less likely tobeproducedbyblind children relative to “visual”words

that can be perceived through other modalities (e.g., table). Returning

to the earlier literature, these findings help us contextualize priorwork

such as Landau and Gleitman’s (1985) work with the blind child “Kelli”.

Given, as we show here, that highly and exclusively visual words like

“see” or “red”, are less likely to appear in blind children’s early lexicons,

it is notable that when they do appear, children demonstrate sophis-

ticated semantic understanding (Landau & Gleitman, 1985). That said,

our work does not run counter to this prior work: it is both the case

that some blind children produce unimodal highly visual words like

color terms and that on average across a sample of such children, these

words are delayed relative to sighted peers. A deeper understanding of

how blind children acquire the meanings of these highly visual words

remains an open question.

It is worth acknowledging here that the CDI is a finite list of words,

which offers a structured framework for assessing vocabulary develop-

ment, but may limit its coverage of children’s early lexicons. At either

end of the distribution (e.g., kids producing 0 words, kids producing all

words), there is less room for variability. That said, the words on the

CDI were selected explicitly to provide gradation in difficulty, in order

to reflect a range of lexical abilities. Additionally, it’s highly likely that

children—both blind and sighted—are producing words that are not on

theCDI’sword list; it’s further possible that blind children’s earlywords

are disproportionately left off the CDI. Anecdotally, one parent of a

blind child in our sample told us that her child says “gastroenterologist,”

an item certainly not on the CDI. Analyses of naturalistic recordings of

blind children’s early language (currently ongoing) may help illuminate

vocabulary production not captured on the CDI.

As a relatively large-scale study of language development in young

blind children, these results are clinically relevant. Chiefly, blind chil-

dren are at risk of language delays and may benefit from early

intervention communication support. While initial delays may resolve

(Brambring, 2007), providing young blind children and their caregivers

with tools to communicate better may reduce children’s frustration in

toddlerhood (Manning et al., 2019).

It is worth noting that by design, this study does not capture the

full linguistic or diagnostic variability of the blind population. We

constrained the sample to young, monolingual, English-speaking blind

children with no more than minimal light perception and no cognitive,

developmental, or auditory diagnoses. In reality, the population of chil-

drenwith visual impairments encompasses a broad rangeof perceptual

abilities, language backgrounds, and life experiences. Future work

could investigate whether these results generalize to more diverse

samples or whether variability in language background or diagnosis

contributes to differences in vocabulary outcomes.

Many questions remain regarding how vision interacts with chil-

dren’s social and cognitive skills to form the lexicon. What do blind

children’s early representations of visual words entail? Is the lexicon

organized similarly? How do blind children extract visual information

from language input to learn more about both language and their

environment? Future work on language development in blind children

capturing a more holistic view of blind children’s skills and environ-

ments is needed to further our understanding of how perception and

language input interact to support children’s learning.
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ENDNOTES
1For16–18-month-olds,where itwasambiguouswhichCDIversion to take,

children were given WG if it was their first administration, or if previous

administrations showed that they were not yet producing many words.

If children were producing >50 words on a previous administration, they

were givenWS.
2To ensure that results are not due to the specific blind-sighted pairings, for

each blind participantwho hasmultiple possible sightedmatches available

in Wordbank (N = 36/37), we randomly re-assigned matches and re-ran

analyses. We find that re-assigning sighted matches does not change the

results of our composition comparisons.
3Not all categories from Words and Sentences appear on Words and

Gestures. Additionally, some of the “semantic categories” could also be

considered parts of speech. The word-level breakdown of each of these

categories can be found on our OSF page.
4Given the large proportion of visual words and relative sparsity of other

modalities in children’s vocabulary, we grouped auditory, tactile, haptic,

interoceptive, olfactory, and gustatory words into a “non-visual” category

for the purpose of this analysis.
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