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Abstract

The power of human language rests upon its intricate links to human cognition. By
3 months of age, listening to language supports infants’ ability to form object catego-
ries, a building block of cognition. Moreover, infants display a systematic shift be-
tween 3 and 4 months - a shift from familiarity to novelty preferences - in their
expression of this link between language and core cognitive processes. Here, we capi-
talize on this tightly-timed developmental shift in fullterm infants to assess (a) whether
it also appears in preterm infants and (b) whether it reflects infants’ maturational sta-
tus or the duration of their postnatal experience. Healthy late preterm infants (N = 22)
participated in an object categorization task while listening to language. Their perfor-
mance, coupled with that of fullterm infants, reveals that this developmental shift is
evident in preterm infants and unfolds on the same maturational timetable as in their

fullterm counterparts.

RESEARCH HIGHLIGHTS

e Healthy preterm infants were compared with 3- and 4-month-old
fullterm infants to identify whether the developmental timing of an
early link between language and object categorization, documented
thus far only in fullterm infants, unfolds on the basis of postnatal
experience or maturation.

e Preterm infants listening to language in an object categorization
task revealed the same developmental trajectory as fullterm infants
when they were matched for maturational age.

o Infants’ expression of this link was dependent on their maturational
age and not the duration of their postnatal experience.

e Infants’ earliest link between language and categorization unfolds
on the same maturational timetable in healthy late preterm infants
and their fullterm counterparts.

1 | INTRODUCTION

Questions concerning the relative contributions of postnatal experi-
ence and maturation are at the core of the developmental sciences.
These questions take center stage not only in establishing theories

of development, but also in identifying best practices, especially for

infants who are born prematurely. Healthy preterm infants, who con-
stitute the largest group of infants born in the United States who will
eventually seek therapeutic services, nonetheless remain relatively
understudied (Boyle & Boyle, 2013). But the existing research, though
sparse, is intriguing: Although healthy preterm infants appear to reach
several pediatric milestones on the same maturational timetable as
their fullterm peers (Bosworth & Dobkins, 2009; deRegnier, Wewerka,
Georgieff, Mattia, & Nelson, 2002; Hitzert et al., 2015; Jando et al.,
2012; Mash, Quinn, Dobson, & Narter, 1998; Pefa, Pittaluga, &
Mehler, 2010; Pefa, Werker, & Dehaene-Lambertz, 2012; Ricci et al.,
2008; Romeo et al., 2012; Stolarova et al., 2003), many later encoun-
ter developmental challenges. Even subtle developmental challenges
lead them to seek early intervention services from infancy through
school-age (Baron, Litman, Ahronovich, & Baker, 2012; Celik, Demirel,
Canpolat, & Dilmen, 2013; Clements, Barfield, Ayadi, & Wilber, 2007;
Harijan & Boyle, 2012; Lipkind, Slopen, Pfeiffer, & McVeigh, 2012;
Nepomnyaschy, Hegyi, Ostfeld, & Reichman, 2012; Odd, Emond, &
Whitelaw, 2012).

Because preterm infants are at risk for a host of developmen-
tal challenges - including those engaging language, cognitive, and
attentional processing capacities (Agyei, van der Weel, & van der
Meer, 2016; Barre, Morgan, Doyle, & Anderson, 2011; Kavsek &
Bornstein, 2010; Rose, Feldman, & Jankowski, 2002) - and because
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early capacities in preverbal infants are especially strong predic-
tors of later capacities (Benasich & Tallal, 2002; Bosch, 2011;
Ferguson, Havy, & Waxman, 2015; Jansson-Verkasalo et al., 2010;
Kuhl, 2004; Kuhl et al., 2006; Tsao, Liu, & Kuhl, 2004), research-
ers and clinicians alike have aimed to identify how preterm infants’
earliest language and cognitive capacities unfold. We know that to
acquire language, infants must identify which sounds are part of
their native language, distinguishing them first from non-linguistic
sounds (Vouloumanos & Werker, 2004) and then from the sounds
of other languages (Best, 1991; Kuhl, Williams, Lacerda, Stevens, &
Lindblom, 1992; Werker & Tees, 1984).

But identifying the sounds of language is not enough: Infants must
also discover how the language they hear is linked to the objects and
events they encounter. Recent work reveals that by 3 months, fullterm
infants have already begun to link language to core conceptual capac-
ities: Listening to language supports object categorization, a building
block for cognition (Ferry, Hespos, & Waxman, 2010). This early link
was demonstrated using a novelty preference task, one that required
infants to integrate visual and acoustic information (Figure 1; Ferry
et al., 2010; Fulkerson & Waxman, 2007). During the Familiarization
phase, infants view a series of images of distinct members of a single
object category (e.g., dinosaurs), each accompanied by an acoustic sig-
nal (e.g., ‘Look at the modi!’). During the Test phase, infants view two
new images, presented in silence: one from the now-familiar category
(e.g., dinosaur; ‘familiar image’) and one from a novel category (e.g.,
fish; ‘novel image’). If infants formed an object category during famil-
iarization, then they should distinguish the familiar and novel images
presented at test.

The results reveal that by 3 months of age, and continuously
throughout the first year of life, infants listening to language - but not
those listening to other sounds like sine-wave tone sequences - suc-
cessfully formed object categories (Balaban & Waxman, 1997; Ferry
et al., 2010; Fulkerson & Waxman, 2007). These findings highlight
that listening to language supports infant cognition (Vouloumanos &
Waxman, 2014).

Interestingly, between 3 and 4 months there is a systematic shift in
how infants express this link (Ferry et al., 2010). At 3 months, infants
listening to language prefer (look longer at) the familiar test image; by
4 months, they prefer the novel test image (Ferry et al., 2010), a pref-
erence infants maintain in this task throughout their entire first year
(Balaban & Waxman, 1997; Fulkerson & Waxman, 2007).2 Shifts like
this, from familiarity to novelty preferences, are ubiquitous in infant
research (Colombo & Bundy, 1983; Ferry et al., 2010; Ferry, Hespos, &
Waxman, 2013; Hunt, 1970; Hunter & Ames, 1988; Perone & Spencer,
2013; Roder, Bushnell, & Sasseville, 2000; Rose, Feldman, & Jankowski,
2004; Shinskey & Munakata, 2010; Slater, 2004; Uzgiris & Hunt,
1970; Weizmann, Cohen, & Pratt, 1971; Wetherford & Cohen, 1973).
Decades of psychophysical evidence suggest that familiarity-to-
novelty shifts tend to occur when a task involves complex stimuli (like
the paired visual and acoustic stimuli in the infant categorization task)
and likely reflect developmental advances in infants’ processing effi-
ciency (Aslin, 2007; Colombo, 2002; Ferry et al., 2010, 2013; Frick,
Colombo, & Allen, 2000; Reynolds & Romano, 2016).

What remains unanswered is whether these early milestones -
successful categorization in the context of listening to language
at 3 months and a shift from familiarity to novelty preferences at
4 months (Figure 2A) - reflect infants’ postnatal experience (listening
to language, observing objects in their environment) or their matura-
tional status. Evidence from healthy preterm infants, when considered
in conjunction with evidence from healthy fullterm infants, provides a
unique opportunity to uncouple these effects.

Developmental scientists have taken advantage of this opportunity
to tease apart the effects of postnatal experience and maturational
status in key developmental milestones. The logic of experimental
designs comparing preterm and fullterm infants is straightforward.
Consider, for example, two infants conceived on the same date. If one
is born one month premature, she will accrue a full month of postnatal
(or extra-utero) experience before her fullterm counterpart is born. If
the developmental trajectory underlying the expression of a particu-
lar milestone is guided primarily by the duration of infants’ postnatal
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* At 3 and 4 months of age, language is not the only acoustic signal that promotes object categorization: Nonhuman primate vocalizations (Madagascar blue-eyed
lemur: Eulemur macaco flavifrons) also support object categorization (Ferry et al., 2013). Moreover, infants listening to lemur vocalizations reveal the same shift
from familiarity preferences at 3 months to novelty preferences at 4 months. Yet by 6 months, infants have established a more precise link between human
language and categorization: Vocalizations of nonhuman primates no longer effectively boost infant categorization (Ferry et al., 2013). Here, we focus exclu-
sively on preterm infants’ categorization in the context of listening to human language, an effect that in fullterm infants is evident throughout the first year of

life (Balaban & Waxman, 1997; Ferry et al., 2010; Fulkerson & Waxman, 2007).
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FIGURE 2 The shift from familiarity to novelty preferences. (A)
Fullterm infants (from Ferry et al., 2010; Fulkerson & Waxman, 2007)
shift from familiarity to novelty preferences between 12 and 13 months
post conception (that is, between 3 and 4 months since birth). (B) We
make two predictions for preterm infants, considering as an example
infants born a month early, at 8 months post conception. (B1) If
postnatal experience undergirds the shift from familiarity to novelty
preferences, then infants born one month early should show the shift
(dotted arrow) between 11 and 12 months post conception (that is,
between 3 and 4 months since birth). (B2) If there are maturational
constraints on the effect of postnatal experience, then infants born one
month early should show the shift between 12 and 13 months post
conception (that is, between 4 and 5 months since birth).

experience, then preterm infants should attain the milestone earlier
than their fullterm peers, thanks to the additional postnatal experi-
ence conferred by their preterm birth. In contrast, if the developmen-
tal trajectory is constrained by the maturational status of the infant,
then preterm infants should attain the milestone when they reach the
same maturational age as their fullterm counterparts.

Pefia and her colleagues’ (Pefa et al., 2012) seminal work serves as
a case in point. They focused specifically on a single well-documented
developmental milestone: Within their first year, infants become in-
creasingly attuned to the phonetic properties of their native language
(Kuhl et al., 1992; Rivera-Gaxiola, Silva-Pereyra, & Kuhl, 2005; Werker
& Tees, 1984). By comparing preterm and fullterm infants’ performance
in the same speech perception task, they discovered that perceptual
tuning to native speech sounds is constrained by infants’ maturational
status, rather than postnatal experience.

Designs like this have been instrumental in teasing apart the relative
contributions of experience and maturation in several vital perceptual
milestones. In some cases, as in Pefia et al. (2012), maturation con-
strains developmental timing (for other evidence of maturation-based
effects in audition/speech perception, see deRegnier etal., 2002;
Pefa et al., 2010; for evidence in vision, see Bosworth & Dobkins,
2009; Hitzert et al., 2015; Jando et al., 2012; Mash et al., 1998; Ricci
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et al., 2008; Romeo et al., 2012; Stolarova et al., 2003). But in other
cases, the evidence reveals just the opposite - that experience, rather
than maturation, underlies certain developmental processes (for evi-
dence of experience-based effects in audition/speech perception, see
Caskey, Stephens, Tucker, & Vohr, 2011; Gonzalez-Gomez & Nazzi,
2012; for evidence in vision, see Bosworth and Dobkins, 2009; Hitzert
et al,, 2015; Jando et al., 2012; Matthews, Ellis, and Nelson, 1996;
Pena, Arias, & Dehaene-Lambertz, 2014; Ricci et al., 2008; Romeo
et al., 2012; Van Hof-Van Duin and Mohn, 1986).

Interestingly, even within a single perceptual modality, there are
differences in the relative importance of postnatal experience and
maturational status. For example, in auditory/speech perception,
some sensitivities (e.g., phonotactic sensitivity) unfold on the basis
of postnatal experience (Gonzalez-Gomez & Nazzi, 2012), while oth-
ers (e.g., phonetic sensitivity) are constrained by maturational status
(Pefa et al., 2010, 2012). Likewise in vision, some sensitivities (e.g.,
chromatic contrast) unfold on the basis of infants’ postnatal experi-
ence, while others (e.g., luminance contrast) are constrained by mat-
urational status (Bosworth & Dobkins, 2009). Taken together, then,
the extant evidence paints a nuanced picture: Both within and across
distinct perceptual modalities, some developmental milestones appear
to emerge primarily in response to infants’ postnatal experience while
others depend more crucially on infants’ maturational status.

In the current investigation, we advance this work in two ways.
First, we consider the contributions of postnatal experience and matu-
rational status in a task that requires infants to navigate across modali-
ties (Balaban & Waxman, 1997; Ferry et al., 2010; Fulkerson & Waxman,
2007). This is crucial because in the natural course of events, infants
spontaneously integrate information from more than a single modality.
For instance, their perception of speech is influenced not only by acous-
tic information, but also by accompanying visual information (e.g., the
mouth shape of the speaker producing the sounds) (Bristow et al., 2009;
Burnham & Dodd, 2004; Havy, Foroud, Fais, & Werker, in press; Weikum
et al,, 2007; Yeung & Werker, 2013) and sensorimotor information (e.g.,
their own mouth shape while they are listening) (Bruderer, Danielson,
Kandhadai, & Werker, 2015). Second, we move beyond infants’ percep-
tual sensitivities alone to consider the contributions of postnatal experi-
ence and maturational status in the unfolding of a link between human
language and object categorization, a core cognitive capacity.

We take as our starting point the precisely timed developmental
shift from familiarity (at 3 months) to novelty preferences (at 4 months
and thereafter), a shift that until now we have observed only in full-
term infants (Ferry et al., 2010). We compare fullterm and preterm
infants’ categorization in the context of listening to language to disen-
tangle the contributions of postnatal experience (listening to language,
observing objects) and maturational status as infants’ earliest link be-
tween language and cognition unfolds.

2 | METHOD

We recruited healthy preterm infants to ask whether the developmen-
tal trajectory observed in fullterm infants (successful categorization in
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the context of listening to language at 3 months and their shift from
familiarity to novelty preferences at 4 months and thereafter) reflects
postnatal experience or maturational status. The procedure, stimuli,
and coding are identical to those reported in Ferry et al. (2010) and in
Fulkerson and Waxman (2007).

We reason as follows: If the familiarity-to-novelty shift (Figure 2B)
can be attributed to postnatal experience alone, then preterm infants
should reveal this shift once they have attained the same duration of
postnatal experience (at the same experiential age) as their fullterm
counterparts and should maintain it thereafter. In contrast, if the effects
of postnatal experience are constrained by maturation (Figure 2C), then
preterm infants should exhibit the shift at the same maturational age
as their fullterm counterparts. Note that it is also possible that, unlike
fullterm infants, preterm infants will fail to form object categories while

listening to language at this early a point in development.

2.1 | Participants

Forty-three healthy late preterm infants from predominantly college-
educated, white families living in the Greater Chicago area participated.
Late preterm infants are ideal because they permit us to examine the
relative contributions of postnatal experience and maturational status
without the confounding factors of medical or neurologic illness. We
therefore adopted rigorous inclusion criteria, including only infants
born between 32 and 37 weeks post conception (for comparison, the
obstetric definition of fullterm infants are those born 38-42 weeks
post conception) who spent little to no time in the NICU. These crite-
ria ensured that our participants met the obstetric criteria of healthy
late preterm infants (Boyle & Boyle, 2013).

All infants participated when they were between 3 and 8 months
post birth. As in Ferry et al. (2010) and Fulkerson and Waxman (2007), all
came from families where English was the predominant language spoken
in the home (>50% exposure to English). All procedures were approved
by the Northwestern University Institutional Review Board and informed
consent was obtained from a parent of each infant. Twenty-one infants
were excluded for inattentiveness (looking less than 25% during famil-
jarization; N = 9),2 looking exclusively to only one test image (N = 7), or
failing to complete the task (N = 5). The final sample included 22 preterm
infants (12 female), all born between 32 and 36 weeks post conception
(34.77 £ 1.23 weeks). At the time of testing, the preterm infants had a
mean experiential age (time since birth) of 5.24 + 1.27 months and a
mean maturational age (time since conception) of 13.06 + 1.33 months.

2.2 | Stimuli

2.2.1 | Visual

Identical to Ferry et al., 2010; Fulkerson and Waxman, 2007. Line-drawn

images of dinosaurs and fish formed two eight-item familiarization sets

and two test pairs. Within each familiarization set, images varied in color;
within each test pair, images were matched in color. Images (~15 cm?)

were projected onto a white screen ~100 cm from the infant’s eyes.

2.2.2 | Auditory

Identical to Ferry et al., 2010; Fulkerson and Waxman, 2007. A labelling
phrase spoken in infant-directed speech, ~2.2 s (from Ferry et al., 2010),

was played from a hidden speaker located 35 cm below the screen.

2.3 | Procedure

Identical to Ferry et al., 2010; Fulkerson and Waxman, 2007. Infants
were seated on a caregiver’s lap facing a screen (located 86 cm above
the floor; 64 cm high x 127 cm wide). The visual images were pro-
jected onto the screen. The left and right positions of the projected
images were separated by 35 cm. Caregivers, who wore opaque
glasses, were instructed not to talk to their infants or influence their
attention in any way. Infants’ responses were recorded by a video

camera (hidden 35 cm below the screen).

2.3.1 | Familiarization phase

Visual stimuli (either eight distinct dinosaurs or fish) were presented
on alternating sides of the screen (20 s each). The left/right position
of the first familiarization image was counterbalanced across infants.
Acoustic stimuli were presented as each image appeared and were

repeated 8 s later.

2.3.2 | Test phase

Two images appeared side-by-side, in silence, and remained visible for
20 s. The left/right position of the test images was counterbalanced

across infants.

2.4 | Coding

Identical to Ferry et al., 2010; Fulkerson and Waxman, 2007. Infants’
looking time at test served as our dependent measure. Infants’ left-right
eye gaze directions were coded frame-by-frame by trained coders blind
to the hypotheses. Reliability between two trained coders was 97%.

2.5 | Analyses

As in prior analyses using this task (Ferry et al., 2010, 2013; Fulkerson
& Waxman, 2007), we calculated the proportion of time infants spent
looking at the novel image at test (total time looking to novel image /
total time looking to novel and familiar image), focusing our analyses

on each infant’s first 10 s of accumulated looking. Proportions less

2 Ferry and colleagues (Ferry et al., 2010, 2013) imposed a more stringent inclusion criterion (50% looking during familiarization) with fullterm infants. Here, we
imposed a 25% criterion in an effort to increase the likelihood that preterm infants would be retained for analysis. We note here that preterm infants’ patterns

of results are identical whether we use 25% or 50% as our criterion for inclusion.
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than 0.5 indicate a preference for the familiar image (familiarity pref-
erence); proportions greater than 0.5 indicate a preference for the

novel image (novelty preference).

3 | RESULTS

The results, depicted in Figures 3 and 4, reveal that like fullterm in-
fants, preterm infants exhibit a developmental shift from familiarity to
novelty preferences. To assess whether the timing of this shift is bet-
ter predicted by infants’ postnatal experience or maturational status,
we used growth curve models.

To calculate growth curve models, we first transformed® each
infant’s preference score (a proportion: looking to novel test image/
looking to novel and familiar test images) to create a dependent
measure that is better suited to analyzing raw proportions with lin-
ear models (Jaeger, 2008). We then entered the transformed data for
each infant into R to create growth curve models (Mirman, Dixon,
& Magnuson, 2008). Recall that prior research (Ferry et al., 2010;
Fulkerson & Waxman, 2007) documented that fullterm infants’ test
preferences changed in a non-linear fashion, following a sigmoid curve
(from familiarity preferences at 3 months to stable novelty preferences
at 4 months and thereafter). Therefore, to create growth curve mod-
els that permitted us to capture the two ‘bends’ in the fullterm in-
fants’ sigmoid-shaped developmental trajectory, we generated first-,
second-, and third-order orthogonal polynomials corresponding to
infant age (either experiential or maturational age, depending on the
model, see below). Including these orthogonal polynomials simulta-
neously in our models allowed us to estimate developmental change
corresponding to linear, quadratic, and cubic functions, respectively.
In other words, including these polynomials ensured that our growth
curve models were sufficiently precise to capture the fullterm infants’

sigmoid-shaped developmental trajectory.

Novel
image

0.70

0.60 A

0.50 1

Test Preference

0.40

0.30 -

Familiar
image

13-16 months

12 months

Maturational Age

(months since conception)

FIGURE 4 Preterm infants’ Test Preferences mirror those of
their fullterm counterparts (Ferry et al., 2010; Fulkerson & Waxman,
2007) when the two groups are matched for maturational status. A
maturational age of 12 months in preterm infants corresponds to an
experiential age of 3 months in fullterm infants. Maturational ages of
13-16 months in preterm infants correspond to experiential ages of
4-7 months in fullterm infants. * = p < .05; ** = p < .01.

We used the data from the preterm infants to create two different
growth curve models, one (Model A) using infants’ experiential age
(time since birth) and the other (Model B) using their maturational age
(time since conception).* We then compared the fit of each model
(Models A and B) for preterm infants to the model for fullterm infants
(Figure 3A and 3B, respectively). To do so, we computed Bayesian
Information Criterion (BIC) scores (Raftery, 1995). We selected BIC
scores because these are ideally suited to the requirements of the

3 We used the following equation (in R) to transform raw proportions into a DV more appropriate for linear models (logits): TestPreference_logit = log((TestPrefer-
ence +.001)/(1 - TestPreference +.001)). By adding .001 to the raw proportions in the numerator and denominator, we avoid the analytic problems associated

with log-transforming zeros.

4 We used the following equations (in R): Model A: TestPreference_logit ~ ExperientialAge_ot1 + ExperientialAge _ot2 + ExperientialAge _ot3. Model B: TestPreference_

logit ~ MaturationalAge_ot1 + MaturationalAge _ot2 + MaturationalAge _ot3.
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current analysis. First, these models do not make strong assumptions
about the shape of growth/change over developmental time. As a
result, by comparing different models, this analysis can identify which
factors (maturation, experience) best explain the growth curves the
infants produce, regardless of the shape they take. Second, BIC
models are designed for comparisons in which (a) the two models
for preterm infants’ data (Models A (maturation) and B (experience))
are non-nested, and (b) each of these independent models will be
compared to growth curves generated by a known data set (Ferry
etal’s (2010) and Fulkerson and Waxman'’s (2007) evidence from
fullterm infants) (Vrieze, 2012). More standard tests (e.g., ANOVAs,
log-likelihood ratio tests) require the models under comparison to be
nested; BIC score comparisons can accommodate non-nested mod-
els. In BIC score comparisons, the model comparison yielding the
lowest score reflects the model of best fit (Raftery, 1995).5

Our model comparisons indicated that infants’ maturational age
best predicts the timing of their shift from familiarity to novelty pref-
erences. We obtained BIC scores of 310.58 for Model A (the experi-
ential model) and 308.08 for Model B (the maturational model). This
BIC difference of 2.50 in BIC scores is comparable to a p-value of .028
and Bayes Factor of 3.49 (Raftery, 1995). Thus, our model comparison
constitutes positive evidence for Model B.

After determining that Model B (maturational age) better fit the
data, we assessed the predictive value of adding an additional Group
(preterm, fullterm) factor to both models.b A -2 log-likelihood ratio
test demonstrated that Group did not significantly improve either
Model A (y%(4) = 12.22, p =.35) or Model B (y%(4) = 4.66, p =.79).
Since adding infants’ status as fullterm or preterm to the models pro-
vided no additional explanatory value, this suggests that maturational
age alone is sufficient to predict the developmental timing of the shift
from familiarity to novelty preferences.

A subsequent series of analyses provided converging evidence
that maturation, rather than postnatal exposure, best predicts the de-
velopmental shift from familiarity to novelty preferences in preterm
infants (Figure 4). For these analyses, following prior work with this
method (Ferry et al., 2010, 2013; Fulkerson & Waxman, 2007), we
used each infant’s raw mean test preference, aggregating over the first
10 s of accumulated looking.”®

At a maturational age corresponding to that of 3-month-old full-
term infants, preterm infants exhibited significant familiarity prefer-
ences, M =.358, SD = .167; t(10) = -2.83, p =.018, d = .85. Moreover,
82% (9/11) of the preterm infants at this maturational age exhibited
familiarity preferences (p =.033, binomial comparison). At a matu-
rational age corresponding to that of 4- to 7-month-old fullterm in-
fants, preterm infants shifted to reveal significant novelty preferences,
M =.601, SD =.081; t(8) = 3.77, p =.005, d = 1.23; 89% (8/9) of the

preterm infants at this maturational age exhibited novelty preferences
(p =.020, binomial comparison). Finally, the magnitude of the novelty
preference was as strong in preterm infants at a maturational age of
4 months (M =.581, SD =.097) as in those at a maturational age of
5 to 7 months (M = .627, SD = 056), t(6.53) = .902, p = .40. This lends
additional assurances that the shift from familiarity to novelty prefer-
ences in preterm infants occurs when they are at the same matura-

tional age as their fullterm peers.

4 | DISCUSSION

These results illuminate the crucial contribution of maturational status
as very young infants integrate the language that they hear with the
objects they observe. Capitalizing on a precisely-timed developmen-
tal shift - documented thus far only in fullterm infants (Ferry et al.,
2010) - we examined healthy preterm infants’ performance to ascer-
tain whether this shift reflects infants’ postnatal experience (seeing
objects, listening to language) or maturational status. Our results pro-
vide the first evidence that this foundational link between language
and categorization unfolds along the same maturational timetable
in healthy preterm infants as in their fullterm peers. When preterm
infants’ ages were adjusted for maturational status (time since con-
ception, or gestational age), their categorization responses mirrored
precisely those of fullterm infants: They successfully formed object
categories while listening to language, exhibiting reliable familiarity
preferences at a maturational age of 12 months (post conception)
and shifting to reliable novelty preferences at a maturational age of
13 months (post conception). Thus, although our preterm infants had
been exposed to a longer period of postnatal experience than their
maturationally equivalent fullterm counterparts, this additional expo-
sure did not confer an advantage in the developmental trajectory un-
derlying the link between language and object categorization. Instead,
infants’ maturational status constrains the effect of their postnatal
experience.

This outcome falls in line with previous evidence that some neuro-
logical and perceptual milestones are guided more by maturation than
by postnatal exposure (Bosworth & Dobkins, 2009; deRegnier et al.,
2002; Hitzert et al., 2015; Jando et al., 2012; Mash et al., 1998; Pefia
etal, 2010, 2012; Ricci et al., 2008; Romeo et al., 2012; Stolarova
et al., 2003). But the current work takes us further: It illuminates the
importance of maturation in a task that requires infants to navigate
across the auditory and visual modalities, and to do so in the service of
linking language and cognition.

This raises a compelling question. If preterm infants are mat-

urationally on par with their fullterm counterparts, successfully

5 BIC score analyses have been instrumental in developmental work (e.g., Connell & Frye, 2006; Hirsh-Pasek & Burchinal, 2006), including analyses of preterm

infants (Schwichtenberg, Anders, Vollbrecht, & Poehlmann, 2012).

¢ We used the following equations (in R): Model A: TestPreference_logit ~ (ExperientialAge_ot1 + ExperientialAge _ot2 + ExperientialAge _ot3)*group. Model B:
TestPreference_logit ~ (MaturationalAge_ot1 + MaturationalAge _ot2 + MaturationalAge _ot3)*group.

7 The same patterns of results emerge in an analysis of looking-time throughout the full 20 s test period.

8 Following standard procedure in this work (cf. Ferguson & Waxman, 2016; Perszyk & Waxman, 2016), infants with test preferences greater than 2 SD from the

mean (N = 2) were excluded from these analyses.
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forming object categories in the context of listening to language,
then why do they later encounter developmental obstacles, as in-
dexed by their increased enrollment in early language and cognitive
interventions (Baron et al., 2012; Celik et al., 2013; Clements et al.,
2007; Harijan & Boyle, 2012; Lipkind et al., 2012; Nepomnyaschy
etal, 2012; Odd etal., 2012)? Certainly the evidence reported
here cannot resolve this important and pernicious problem. But a
careful review of the literature, considered within a developmen-
tal framework, offers a new theoretical framework that permits
us to address it. Central to this framework is the observation that
infants’ early advances in language and cognition are quintessen-
tially developmental processes. They involve a cascade of sensi-
tive periods (Hensch, 2004; Johnson & Newport, 1989; Newport,
1990; Newport, Bavelier, & Neville, 2001; Werker & Hensch, 2014;
Werker & Tees, 1984) that unfold continuously over developmen-
tal time, and require coordination among a suite of interdependent
capacities (including perceptual, social, and memory capacities) in
which early-emerging capacities serve as the foundation for those
that follow (Kuhl, 2007; Waxman & Lidz, 2006; Werker & Tees,
2005). Notice, then, that if some of infants’ early-emerging capac-
ities are coupled tightly to maturational status and others are tied
more closely to postnatal experience, then the timing in which the
foundational elements unfold in preterm infants may not corre-
spond precisely to the timing in fullterm infants.

These nuanced developmental cascades are especially relevant to
guestions concerning how the link between language and cognition
unfolds. In future research, it will be important to identify whether
maturation guides the effect of experience on infants’ language pro-
cessing (auditory modality), their object categorization (visual mo-
dality), both, or the link between the two. It will also be important to
examine preterm infants throughout the first year to clarify how post-
natal experience and maturation interact as infants continue to refine
the link between the language they hear and the objects and events
they witness. That is, in future work it will be important to specify
when and how distinct elements of language, visual, and cognitive pro-
cesses unfold, how differences in timing might alter the developmental
cascade in preterm infants, and how this might bear on later delays or
deficits observed in preterm infants. This will further our understand-
ing of how maturation and experience interact to sculpt the develop-
ing brain and its capacity for language.

In conclusion, we document that healthy late preterm infants are
maturationally on par with their fullterm counterparts in a crucial de-
velopmental foundation: forming object categories in the context of
listening to language. This advances our understanding of early devel-
opmental success in a vulnerable population. It also advances a strong
theoretical framework for identifying infants’ earliest links between
language and cognition and how they unfold.
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