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Thessaloniki, Greece

Introduction: The testing of visuocognitive development in preterm infants
shows strong interactions between perinatal characteristics and cognition,
learning and overall neurodevelopment evolution. The assessment of
anticipatory gaze data of object-location bindings via eye-tracking can predict
the neurodevelopment of preterm infants at the age of 3years; little is known,
however, about the early cognitive function and its assessment methods during
the first year of life.

Methods: The current study presents data from a novel assessment tool, a
Delayed Match Retrieval (DMR) paradigm via eye-tracking was used to measure
visual working memory (VWM) and attention skills. The eye-tracking task that was
designed to measure infants’ ability to actively localize objects and to make online
predictions of object-location bindings. 63 infants participated in the study, 39
preterm infants and 24 healthy full term infants — at a corrected age of 8—9 months
for premature infants and similar chronological age for full term infants. Infants
were also administered the Bayley Scales of Infant and Toddler Development.

Results: The analysis of the Bayley scores showed no significant difference
between the two groups while the eye-tracking data showed a significant group
effect on all measurements. Moreover, preterm infants’ VWM performance
was significantly lower than full term’s. Birth weight affected the gaze time on
all Areas Of Interest (AOls), overall VWM performance and the scores at the
Cognitive Bayley subscale. Furthermore, preterm infants with fetal growth
restriction (FGR) showed significant performance effects in the eye-tracking
measurements but not on their Bayley scores verifying the high discriminatory
value of the eye gaze data.

Conclusion: Visual working memory and attention as measured via eye-
tracking is a non-intrusive, painless, short duration procedure (approx. 4-min)
was found to be a significant tool for identifying prematurity and FGR effects on
the development of cognition during the first year of life. Bayley Scales alone
may not pick up these deficits. ldentifying tools for early neurodevelopmental
assessments and cognitive function is important in order to enable earlier
support and intervention in the vulnerable group of premature infants, given the
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associations between foundational executive functional skills and later cognitive
and academic ability.
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1 Introduction

Prematurity is a global problem affecting directly the community
and many scientific areas due to its association with many short and
long term neonatal complications (Patel, 2016; Humberg et al., 2020;
Smyrni et al., 2021). A premature delivery can be characterized as a
one syndrome, with many different causes leading to this and is
defined as birth before 37 completed weeks of gestation (Romero
etal, 2014). It is estimated to have affected 13.4 million babies born
in 2020 (Ohuma et al., 2023). These infants experience significant
morbidity and mortality in the newborn period and may face a
number of health-related problems, such as motor delay and cerebral
palsy, lower cognition along with other behavioral issues. There is
significant evidence in the literature for the association between
prematurity with developmental disorders, which is inversely
proportional to gestational age (GA hereafter) [Stevenson et al., 1988;
Marenne, 1989; Censullo, 1994; Mellier et al., 1999; Buck et al., 2000;
Magny and Rigourd, 2003; Jarjour, 2015; Pascal et al., 2018; Lowe
etal., 2020; Beunders et al., 2021 - for discussion of sub-categories of
preterms see Goldenberg et al. (2008) and Raju et al. (2006)] and as
such it is critical that we identify cognitive delays early on so as to
introduce appropriate interventions.

Apart from GA, another parameter to be considered when
examining (a) typical neurodevelopment in infants is birth weight
and in particular, very low birth weight (VLBW less than 1,500 gr.),
otherwise referred to as small for gestational age (SGA: defined as
birthweight <10th percentile) (McCowan and Horgan, 2009). SGA
infants may or may not be with fetal growth restriction (FGR) (Sacchi
etal., 2020) which is associated to maternal, placental, fetal origin or
other environmental factors; these perinatal factors appear to affect
brain development and consequently skills such as learning, memory
and overall cognitive function (see Algarin et al., 2003; Atkinson and
Braddick, 2007; Fransson et al., 2007; Amin et al., 2013; Malhotra
et al., 2019; Castro Conde et al., 2020; Melamed et al., 2021 among
others). Recent research suggests that SGA infants in particular
appear to be at higher risk of neurodevelopmental problems (Bickle
Graz et al., 2015; Meher et al., 2015; Larsen et al., 2022; Naz et al.,
2023) with the possibility, though, of positive neurodevelopmental
outcomes in the case of early postnatal growth (Taine et al., 2018).
Brain development overall and that of specific neural structures such
as the hippocampus is regulated by fetal-neonatal characteristics and
have a direct impact on the development of recognition, memory and
learning. Earlier studies assessed auditory recognition memory in
infants via event-related potentials (ERP) and identified impairments
that related to the development of the hippocampus (deRegnier et al.,
2000; Siddappa et al., 2004; Geng et al.,, 2015) offering further support
that the perinatal period and the first year of life are key in
neurodevelopmental terms.
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Neurodevelopment is typically monitored via clinical assessment
and the administration of standardized tests such as the Bayley
Scales of Infant and Toddler Development (Bayley) to infants and
children from birth up to the age of 3;6years. Bayley-III (3rd
edition) is a widely used and highly reliable tool (Bayley - 111, 2006a;
Yue et al., 2019; Del Rosario et al., 2021) that assesses cognition,
receptive and expressive communication, fine and gross motor skills,
socioemotional and adaptive behavior. The administration of such
tools has assisted in the early detection of developmental delays in
infants born prematurely (Aylward, 2002). Most research has
focused on the role of neonatal characteristics of premature infants
at the corrected age (CA) of 2 to 2;6years of age (Duncan et al,
2012) and showed that cognitive, language, and motor
neurodevelopment, as measured via the Bayley scales, is indeed
delayed (Greene et al,, 2012). This finding was also replicated by
Velikos et al. (2015) who tested premature infants at the CA of
12 months suggesting that developmental delays can be identified
earlier on. Little is known, however, with regard to the sensitivity of
the tool to identify such delays due to prematurity earlier on within
the first year of life.

Apart from standardized tools that provide an overview of an
infants performance, there has been extensive work on cognitive
development looking at a variety of subdomains and possible
measurements throughout infancy and childhood. Cognitive
development theories attempt to describe information processing at
different developmental stages examining how children identify, use
and store information with critical milestones being related to changes
in the amount of information that the child can sort, classify and use
(Gathercole, 1999; Baddeley, 2003; Gathercole et al., 2003; Baddeley,
2012; Cowan, 2016 among others). Working memory (WM) is a
critical component of executive functions which assist (non)verbal
comprehension, learning and building knowledge (Cowan, 2016).
Often its capacity is treated as a maturation index for developmental
studies. The focus of research on WM growth in infancy as opposed
to childhood has provided a lot of new information on the skills of
infants such as their understanding of object/event properties (Spelke
etal., 1992), enumeration of small numbers of objects (Wynn, 1996),
transitive inferences (Mou et al., 2014), and false beliefs (Choi and
Luo, 2015). Infant studies on WM suggest that typically developing
6-month-old infants can respond well in tasks with only a single item
to be remembered (Simmering, 2012; Oakes et al., 2013; Kibbe, 2015;
Zosh and Feigenson, 2015), while infants older than 8 months appear
to have a capacity of about 3 items (Kibbe and Leslie, 2013). It is
crucial to underscore though that the uniqueness of the objects
employed in such tasks may have an effect in the number of items they
can remember (Oakes et al., 2013). Additionally, since these types of
studies measure looking responses, it is often questioned how
automatic or deliberate that process is (Zosh and Feigenson, 2015).
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TABLE 1 Perinatal data per group and between group significant/non-
significant differences.

Preterm Full term fo)
infants infants

N 39 24
Sex 23 M, 16F 17M, 7F NS
Birth weight - BW (grams) 1884 +684 2,898 +390 <0.001
Small for gestational age - SGA 8 NA
Fetal growth restriction - FGR 13 NA
Gestational age - GA (weeks) 32.7+3.3 38.7+1.5 <0.001
Corrected age - CA (months) 9.01+1.8 8.1+2.4 NS
Severity index 0.94+0.88 NA

Considering the difficulties of measuring WM growth, an
examination of the development of visual attention during the first
year of life could potentially be more informative. Attention is typically
treated as maintaining an alert state, orienting to stimuli, and
regulating the response to that sensory event - alerting, orienting, and
executive attention (Posner and Petersen, 1990; Posner and Fan, 2008;
Petersen and Posner, 2012; Posner, 2012; Swingler et al., 2015; Oakes,
2023). The infants’ visual attention increases dramatically during the
second half of the first year of life and it has been shown to be a
significant predictor of childhood cognitive functioning and
associated outcomes (Posner and Fan, 2008; Colombo et al., 2010;
Posner, 2012). Specifically, from birth to 8-10weeks of age looking
duration increases and attention engagement abilities start building;
the looking duration of infants between the ages of 3 to 6 months
declines as information processing improves with shorter durations of
attention engagement required to process a stimulus; lastly,
7-month-old and older infants increase response to more complex
stimuli (Swingler et al., 2015).

With regard to the emergence of executive attention, Cuevas and
Bell (2014) tested infant attention and early childhood executive
function via longitudinal data of 5-month-olds reexamined at 24, 36,
and 48 months of age. Their analysis suggests that infants with more
efficient information processors showed higher executive function
throughout early childhood. Moreover, two studies, one with infants
in Italy and one with infants in Japan, showed that 8-month-old
typically developing infants were faster to look at targets that appeared
at uncued locations on the same object than at uncued locations on a
different object (Bulf and Valenza, 2013; Tsurumi et al., 2018). Their
evidence suggests that (a) visual objects can operate as units of
attention for infants by that age and (b) object-based attention and
spatial orienting develop across infancy. Kaldy et al. (2016) tested 8-
and 10-month-old infants’ visual working memory (VWM) for
object-location binding via eye-tracking using a Delayed Match
Retrieval (DMR) task using a memory game and reported that even
though the performance of 8-month-old infants was at chance,
10-month-old infants performed significantly above chance, showing
that their VWM could hold object-location information. The data of
these studies concern full term infants and provide useful information
in the domain of cognitive development; there is very limited research
though on preterm infants, whether and how they may differ to full
term ones as well as the discriminatory value of such online tasks in
relation to broader offline neurodevelopmental assessment tools.
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Atkinson and Braddick (2012) do highlight that neurocognitive
impairment is frequent for births before 32 weeks’ gestation, since
damage in developing oligodendrocytes due to ischaemic events, and/
or early infections lead to white matter injury (du Plessis and Volpe,
2002). Additionally, there is evidence that attention problems in
childhood can be linked even to moderate preterm birth (for reviews
see van de Weijer-Bergsma et al., 2008; Mulder et al., 2009). Few
studies have looked specifically into the visuospatial and object
orienting skills of preterm infants. Kaul et al. (2016) tested very
preterm infants at two-time intervals; at 4months-old CA and at
2;6-3;6years old and found that (a) gaze gain was related to GA and
prematurity, and (b) the ability to visually track a moving object at
4months can predict neurodevelopment at 3years of age of very
preterm infants. Moreover, Ross-Sheehy et al. (2017) developed the
Infant Orienting With Attention (IOWA) task to measure the infants’
visual attention using a target-object (e.g., an umbrella, a peach, a cow)
in several positions on the screen, along with peripheral cues (black
dots) and an engaging image as a fixation stimulus. The analysis of
5- and 10-month-old preterm and full-term infant data showed that
in typical development 5-month-old infants’ visual spatial attention is
highly accurate, while preterm infants exhibit attentional deficits quite
early on. Note that both the Kaul et al. (2016) and the Ross-Shechy
etal. (2017) studies developed tasks that do not require any working
memory involvement while Kaldy et al. (2016) does, hence the
differences in the ages of infants participating in the studies and their
respective outcomes.

Considering the findings in visuocognitive development in
preterm infants, we can hypothesize that there are strong interactions
between perinatal characteristics and neurodevelopment in infants.
Both gross measures such as those from standardized testing and
experimental designs that exploit the assessment of (anticipatory) gaze
data of object-location bindings via newer methodologies such as
eye-tracking are shown to be possible predictors for the
neurodevelopment of preterm infants. The goal of the present study is
to evaluate the eye-tracking methodology, which offers a novel
assessment tool with unbiased, objective and quantifiable data, and
evaluate its discriminatory value in comparison to that of off-line
testing, and in particular that of Bayley-III. Specifically, we aim at
testing the effects of prematurity in visual working memory and
attention via eye-tracking and in performance in the Bayley Scales in
8- to 9-month-old infants so as to compare the two tools and identify
the one that best detects neurodevelopmental delays.

2 Materials and methods
2.1 Participants

A total of 72 8- to 9-month-old infants participated in the present
research. Nine were excluded from further analyses due to one of the
following exclusion criteria; high proportion of eye-movement data
was missing (>60%) (N: 3), technical error (N: 2), child’s lack of
concentration (N: 2) or other administration error (N: 2). Two groups
were formed; a group of preterm infants (N: 39) and a group of healthy
full-term infants (N: 24) - see Table 1. For recruitment we collaborated
with a large academic medical center, specifically the Papageorgiou
General Hospital of Thessaloniki in Northern Greece. The study was
approved by the Scientific Council and the Ethics Committee of
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Papageorgiou General Hospital of Thessaloniki, Greece [Ethics
Approval N: A3(3/28893 | D3b/28893] and written informed consent
was obtained from parents/guardians of the infants during
recruitment. Preterm infants were cared for in the Neonatal Intensive
Care Unit (NICU) of the hospital, while full-term infants were
recruited primarily via the hospital but also from various private
medical settings using birth records in the same area (Thessaloniki,
Northern Greece). Perinatal characteristics were collected including
Gestational Age (GA), Birth Weight (BW), Small for Gestational Age
(SGA), Fetal Growth Restriction (FGR), sex, Corrected Age for
preterm infants (CA)" along with a severity index for preterm infants
(5-point scale: 0=no issues, 1=mild, 2=moderate, 3=moderate
severe, 4=severe). GA was estimated using last menstrual period, CA
for preterm infants was calculated by subtracting the number of weeks
born before 40weeks of gestation from the chronological age -
relevant info per group and between group comparisons where
applicable are provided in Table 1. Note that the two groups differed
significantly only with regard to GA and BW. Moreover, all participants
underwent an ophthalmological examination. We excluded preterm
infants with retinopathy of prematurity and other ophthalmological
neonatal diseases, as well as premature infants with pathological
findings on neuroimaging.

Follow-up was considered routine clinical care for the preterm
infants, yet all participating infants were clinically assessed. For the
purposes of the study two separate sessions were additionally
scheduled. A fixed procedure for test administration resulted in all
infants being administered the Bayley Scales of Infant and Toddler
Development - third edition (Bayley-I1I) first, followed by the Delayed
Match Retrieval (DMR) paradigm eye-tracking task that we developed
to measure visual working memory (VWM). This procedure was
utilized in order to enhance the possibility that one test perform a
preparation function for the other in a biased way. The Bayley-III was
administered by a single examiner and the DMR eye-tracking task by
another. The tools employed are outlined in detail in the following
sections (see Sections 2.2 and 2.3).

2.2 Bayley Scales of infant and toddler
development — 3rd edition

For the developmental assessment of the infants participating in
the study we employed the Greek adaptation of the Bayley Scales of
Infant and Toddler Development (3rd edition) (Velikos et al., 2015).
The tool measures the development of infants 1 to 42 months of age in
five domains: cognition, language, motor, social-emotional and
adaptive behavior. The tool was initially developed for English-
speaking populations but it has been adapted in a number of different
languages/cultures (for Greek see Velikos et al., 2015; for Dutch see
Steenis et al., 2015; for Ethiopian see Hanlon et al., 2016; for Persian
see Azari et al., 2017; for Nepal Bhasa and Nepali see Ranjitkar et al.,
2018; for Mandarin see Hua et al., 2019; for Kenyan see McHenry
etal, 2021; for Russian see Pavlova et al, 2022 among many others).
Note though that the adaptation and psychometric validation of the

1 For ease of read we use CA for full term infants, with the only difference

being that CA and chronological age coincide for full term participants.
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socioemotional and adaptive behavior domains in different language/
culture contexts is not always attainable hence most prior research
focuses on three scales: the cognitive scale, the language scale and the
motor scale. Hence, for the needs of our research, we used the norm
referenced subscale scores for three of these indices, i.e., the Cognitive,
Language and Motor indices (Bayley - 111, 2006b). The Cognitive scale
assesses sensorimotor development, exploration and manipulation,
object relatedness, concept formation, memory, and simple problem
solving. The Language scale includes two subtests, the Receptive
Communication and the Expressive Communication components; the
former assesses word comprehension along with the child’s ability to
respond appropriately to words and requests and the latter measures
preverbal communication, lexical and syntactic development. Finally,
the Motor scale also consists of two subtests; the Fine Motor
component evaluates tasks such as grasping, perceptual-motor
integration, motor planning, and speed and the Gross Motor
component capacities such as sitting, standing, locomotion, and
balance - for detailed description see Bayley — I1I (2006a), Velikos
et al. (2015) among others. For the administration of Bayley-III,
infants were comfortably seated in a noiseless room with only the
presence of the examiner. The task duration was approximately 20 min.

2.3 Delayed match retrieval paradigm via
eye-tracking

A Delayed Match Retrieval (DMR) paradigm via eye-tracking
was developed to measure the visual working memory (VWM) skills
of infants. Specifically, the eye-tracking task was designed to measure
the infants’ ability to actively localize objects and to make online
predictions of object-location bindings. The design was adapted from
the Kaldy et al. (2016) DMR paradigm; we opted out of flying effects
and multiple sound cues for the presentation of the objects to avoid
any interference in the visual attention and memory data collected.
Additionally, with regard to the stimuli shapes, we utilized
combinations of the standardized Lea Symbols (Hyvirinen et al.,
1980) which are of similar processing complexity ensuring that there
is no disturbing visual information relating to the objects used in
testing. Lea Symbols are optotypes recommended for clinical
screening of visual acuity by the International Council of
Ophthalmology (1984) and World Health Organization (2003); the
optotypes are four outlining an apple, a pentagon/house, a square, and
a circle. Moreover, the use of Lea symbols in black and white format
allowed us to ensure that infants’ gaze is not conditioned by highly
preferred colors (Bornstein, 1975; Adams, 1987; Zemach et al., 2007).

For the development and administration of the eye-tracking
DRM task, we used Tobii T120. The task had three phases: Calibration
Phase, Familiarization Phase and Testing Phase. The Calibration
Phase is a procedure by which the features of an infant’s eyes are
estimated for accurate gaze point calculation. The participant is
presented with one target, a red dot, that appears at five points on the
screen and the tracker collects data about the infant’s eyes and their
gaze to that target.

Next, in the Familiarization Phase the infant is acquainted with
the four Lea optotypes and the Areas of Interest (AOIs) on the 17-inch
screen that those optotypes appear. For the presentation of the shapes
on screen, we divided the screen into three symmetrical AOIs - top
right, top left and bottom center - squaring 2 cm around each object.
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2.5sec > 2.5sec > 1.5 sec > 4 sec > 1 sec
CriticaL TIME WINDOW
FIGURE 1
Example of series of pictures displayed in the visual-world paradigm.

The Familiarization Phase includes four training trials, during which
the infant sees a blank white slide for 1s, a second slide with the
optotype appearing in one of the three AOIs for 2.5s; next, another
blank slide for 1s and a fourth slide with the symbol reappearing in
another AOI for 4s. Finally, in the fifth slide the matching pair appears
along with a simultaneous wind chimes melody for 1s. As soon as the
infant completes the Calibration and Familiarization phases, the
Testing Phase initiates.

During the Testing Phase (paradigm illustrated in Figure 1) the
infant looks at two sets of 14 experimental trials. The second set
includes the same experimental items as the first set in a reverse order
to deal with order effects due to fatigue or lack of concentration.
Specifically, we created two lists; in one list the order of items was
introduced from 1 to 14 and then from 14 to 1 and in the second list
participants were first introduced the second (reverse) order, i.e., they
first saw items 14 to 1 and then items 1 to 14. Half of the participants
saw the first list and the other half saw the second list. Each of the
testing trials includes five stimuli slides similar to the ones of the
Familiarization Phase; the first two slides appear on the screen for 2.5s
each introducing the objects that constitute a pair.

We only included two pairs of symbols throughout the test —
following Hartshorne (2008), Makovski and Jiang (2008), and Kaldy
et al. (2016), namely the pairs square-apple and house-circle, to
decrease processing load and introduce proactive interference. In the
first slide one of the four Lea optotypes (the apple in Figure 1) is
introduced, located either on the top left or right side of the screen,
or on the bottom center. In the second slide, the first object remains
on the screen and another one is added (the square in Figure 1), in
one of the other two positions. Next, there is a white slide, used to
examine the direction of anticipatory looks among participants
which remains on the screen for 1.5s. In the following slide, the
critical time window (TW), one of the two previous shapes reappears
on the screen (either the square or the apple, as in Figure 1) in the
third position; the slide remains on screen for 4s. At this TW,
we expect that the infant will gaze back to the initial position, looking
for the matching shape. The trial ends with the simultaneous
presentation of the pair of identical objects and a wind chimes
melody; this fifth slide remains on screen for 1s.

In between the experimental trials, a green duck (provided by Clip
Art) making a quack sound appears to signal the sequence of items
and regain infant’s interest at the center of the screen. For the total
trials across participants, we used two versions with half of the
participants seeing the reverse order. Note also that the order of item
presentation was counterbalanced throughout the experiment with
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regard to pairs, matching objects and the position of Lea symbols
across the three AOIs. With regard to data extraction, we register the
fixation duration sum in the three preselected AOIs during this TW;
specifically, fixation time on the object (blue square, as depicted in
Figure 1), the matching pair (green square in Figure 1) and the area of
the other object (red square in Figure 1).

For this eye-tracking task, infants sit on their care giver’s lap,” in a
distance of approximately 60 cm from the eye-tracker’s screen. The
task is administered in a sound treated room (part of the Language
Development and Phonetics Laboratories of the Aristotle University
of Thessaloniki) with controlled light conditions; caregivers wear dark
shaded sunglasses and are asked not to interact with their children
during the testing procedure. The total task duration was
approximately four minutes with no drop of commitment observed.?

2.4 Data analysis

For the statistical analysis of the Bayley-III and DMR eye-tracking
data, we used the IBM SPSS Statistics Software v. 28 (IBM Corp.
Released 2021. IBM SPSS Statistics for Windows, Version 28.0.
Armonk, NY: IBM Corp.); statistical significance was set to two-tailed
p-value <0.05. Firstly, we performed analysis of variance (one-way
ANOVA) to compare the effect of Prematurity (Preterm vs. Full term
infants) on Cognitive, Language and Motor indices of the Bayley-III
task and on Visual Attention (VA) and Visual Working Memory
(VWM) indices for the DMR eye-tracking task. Secondly, we proceed
with the correlation analysis to assess the role of perinatal characteristics
within each group of participants for each tool. Lastly, we performed a
correlation analysis across all measurements and participants so that
we explore the relationship among the perinatal characteristics,
Bayley-IIT and DMR eye-tracking irrespective of prematurity.

2 To ensure the calmness and cooperation of infants we piloted the
experiment with infants siting at their caregiver's lap or at a children’s highchair
that provided support to the infants’ head with no presence of the adult
caregiver. Infants appeared to benefit when sitting in their caregiver’s lap and
this set-up was selected for the administration of the task.

3 During piloting, we also tested the administration of the two sets with a

few minutes break in between and it led to drop in commitment.
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3 Results
3.1 Developmental assessment data

The infants’ development was evaluated via the Greek adaptation
of the Bayley III. Table 2 summarizes the descriptive statistics per
group with regard to the Cognitive, Language and Motor Scales.

In order to analyze the Bayley-III data, we performed analysis of
variance (one-way ANOVA) to compare the effect of Prematurity on
Cognitive, Language and Motor indices. The analysis revealed no
statistically significant differences between preterm and full-term
infants suggesting no developmental differences between the two
groups as it is measured via the Bayley-III assessment tool.

Next, we assessed the role of sex, BW, SGA, GA, CA and Severity
Index in the performance of preterm and full-term infants. As a first
step to our analysis we conducted a Pearson correlation assessing the
relationship among Bayley-III measures and BW, GA, CA and Severity
Index so as to identify the parameters that appear to boost
development in each group. Table 3 summarizes the significant
correlation data for preterm infants and Table 4 the significant
correlation data for full term infants.

The preterm data (Table 3) reveal some expected strong
correlations between BW and GA, and GA and Severity Index.
Interestingly, GA and Severity Index also correlate with the Cognitive
scale of Bayley-III but not with the other two scales. The Cognitive,
Language and Motor scales though do correlate positively and strongly
suggesting that the three domains move in the same pace for preterm
infants. The full-term data (Table 4), on the other hand, do not show
extended correlations among perinatal characteristics and
developmental scores apart from two cases; interestingly, GA appears
to correlate positively with the Language Scale, and secondly,
Cognitive Scale and Motor Scales appear to correlate strongly and
positively to each other.

With regard to any possible effects of sex, the analysis of variance
did not reveal any differences between female and male preterm
infants but there were some differences with regard to full term

TABLE 2 Bayley-lll: mean index score per group.

Preterm infants Full term infants

Cognitive Scale 93.7+2.2 95.4+2.05
Language Scale 102.5+3.04 104+3.02
Motor Scale 86.8+5.3 89+10.01

indicates p<0.001).

10.3389/fpsyg.2024.1384486

infants. Specifically, male full term infants had a smaller GA [F,
23 =4.668, p=0.042, d=0.906, Male: 38.3 < Female: 39.7] and scored
lower in the Cognitive Scale [F; ,;=5.1994, p=0.033, d=1.113, Male:
92.1 <Female: 102.8]. Additionally, with regard to the preterm infants,
we tested the role of SGA; the analysis showed an expected drop in
BW for SGA preterm infants [F; 35 ="7.629, p=0.009, d=0.980, SGA:
1457 <Non-SGA: 2073] along with a significant decrease in
performance with regard to the Cognitive Scale of Bayley-III [F,
19 =4.021, p=0.054, d=0.813, SGA: 85.5<Non-SGA: 97]. The FGR
status did not appear to have an effect on the performance of
preterm infants.

Overall, the analysis of the Bayley scores showed that this
developmental assessment tool is not sensitive to prematurity since it
does not discriminate the two CA-matched groups, preterm and full-
term infants participating in the study. Yet, it allows us to record the
role of GA in cognitive development and some individual differences
relating to perinatal characteristics in the dataset.

3.2 DMR eye-tracking data

Turning now to the DMR eye-tracking task, we extracted fixation
time data developing two types of measurements: Visual Attention
(VA) and Visual Working Memory (VWM) indices. With regard to
Visual Attention, we assessed (a) the sum of overall attendance during
the task, (b) the total fixation time on all three AOIs, and (c) the
fixation time on the object. In reference to Visual Working Memory
data, we measured the gaze time on object-location bindings in the
match and mismatch pair conditions. The descriptive statistics per
group are summarized in Table 5.

To evaluate differences among infants, we performed analysis
of variance with Prematurity as the independent variable (preterm
vs. full term infants) and the Visual Attention and Visual Working
Memory Indices as the dependent variables. The statistical
analysis showed that full term infants outperformed preterm
infants across all measurements; Overall attendance: [F,
=8.566, p=0.005, d=0.771], Total AOIs: [F ¢,=7.972,
p=0.006, d=0.741], Object Fixation T: [F, ¢, =5.555, p =0.022,
d=0.608], Match object location bindings: [F ¢)=4.653,
p=0.035, d=0.543], Mismatch object location bindings: [F,
61y="5.086, p=0.028, d=0.529]. The gaze data revealed a main
effect of Prematurity with significant delays in the development
both of visual attention and visual working memory as measured
via the DMR eye-tracking task.

BW (€7. CA Severity index Cognitive scale Language scale Motor scale

BW 0.833%% —0.110 —0.839%* 0.317 0.165 0.223

GA —0.138 —0.827%* 0.360% 0.239 0.183

CA —0.160 —0.209 —0.268 —0.119
Severity index —0.367% —0.167 -0.278
Cognitive scale 0.650%* 0.553%*
Language scale 0.612%*
Motor scale
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TABLE 4 Pearson correlation data of perinatal characteristics and Bayley-lIll for full term 8- to 9-month-old infants (N: 24; * indicates p <0.05, **

indicates p<0.001).

BW GA CA Cognitive scale Language scale Motor scale
BW 0.389 0.032 0.310 —0.163 0.114
GA —0.265 0.373 0.428* 0.174
CA -0.203 -0.305 0.000
Cognitive Scale 0.249 0.573%
Language Scale 0.388
Motor Scale

TABLE 5 DMR eye-tracking data — visual attention and visual working memory indices.

Preterm infants Full term infants

VA Opverall attendance [%] 39.88+16.87 52.13+14.8
Total AOIs 25.08+17.41 37.42+15.85
Object Fixation T 23.61+£16.61 33.88+17.12

VWM - object location bindings Match 1.67+1.72 2.72+2.12
Mismatch 1.26+1.02 2.26+2.47

Next, similarly to the Bayley-III analysis, we proceed with the
examination of the role of sex, BW, SGA, GA, CA and Severity Index
in the performance of preterm and full-term infants in the DMR
eye-tracking task. As a first step to our analysis we conducted a
Pearson correlation assessing the relationship among the Visual
Attention and the Visual Working Memory Indices and BW, GA, CA
and Severity Index so as to identify the parameters that appear to
boost development in each group. Tables 6, 7 summarize the
significant correlation data for preterm infants and full-term infants,
respectively.

The correlation analysis of the preterm data (Table 6) showed that
GA correlated positively with visual attention while CA correlated
with visual working memory skills as it was indicated by the Overall
attendance and Match object location binding indices, respectively.
Meanwhile, the severity index did not appear to hinder the
performance of preterms in the DMR task. Note though that both VA
and VWM indices correlated strongly and positively with each other
suggesting that their development is aligned. Turning now to the full-
term data (Table 7), the analysis shows that GA correlated positively
and strongly with all three measurements of visual attention, and VA
and VWM indices correlated to each other. Note also that for full term
infants more gaze time on the object led to less gaze time in the
mismatch location suggesting better function of VWM which is not
attested in the preterm dataset.

With regard to any possible effects of sex, the analysis of
variance did not reveal any differences between female and male
preterm infants but there was a difference with regard to full term
infants. Significant longer gaze time by female full term infants is
recorded in reference to the VA measurement of Total AOIs [F
1) =4.626, p=0.047, d=0.899, Male: 33.3<Female: 47.3].
Furthermore, we examined the role of SGA in preterm infants; the
analysis showed a change in performance with regard to Object
Fixation T [Fu 3=3.807, p=0059, d=0.627, SGA:
30.70 <Non-SGA: 19.57] and the Match object location bindings
indices [F, 1) =5.371, p=0.026, d=0.718, SGA: 2.61 < Non-SGA:
1.22]. Moreover, FGR preterm infants showed performance effects
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in the Match object location bindings measurement [F, ;5= 3.874,
p=0.057,d=0.622, FGR: 2.44 < Non-FGR: 1.30]. Lastly, we explored
whether there are any significant correlations between the
eye-tracking and Bayley measurements for preterm and full-term
infants, but no such correlation was identified in each of the
datasets. Overall, the results suggest that prematurity and GA in
particular are critical factors in VA and VWM measurements and
the DMR eye-tracking task is a sensitive enough tool to assess the
development of infants that may be going unnoticed by other type
of measurements.

3.3 Re-evaluating perinatal characteristics
past prematurity

The analysis so far has demonstrated that the Bayley-III does not
discriminate preterm to full term infants, while attention and
working memory measurement extracted via the DMR eye-tracking
task successfully identified the differences between the two groups.
Moreover, some diverse patterns were shown within each dataset in
relation to their perinatal characteristics; BW, GA and CA appear to
be the most primary of features across the two populations we tested
suggesting that they can be significant tools when exploring
neurodevelopment during the first year of life. Consequently, as a
final step in our analysis, we evaluate the role of BW, GA and CA on
Bayley-III and DMR tasks across participants conducting a Pearson
correlation in order to assess the relationship among Bayley-III and
DMR eye-tracking measures and BW, GA and CA and potentially
identify the characteristic that appears to have the greatest
explanatory value developmentally across infants. Table 8 summarizes
the significant correlation data of those variables.

The correlation analysis of the full dataset (Table 8) showed that
BW positively correlates with the Cognitive Scale of Bayley and two
of the VA measurements of the eye-tracking task, specifically, Overall
attendance and Total AOIs. Similarly, the GA of infants also positively
correlates with the Cognitive Scale of Bayley (more strongly so) and
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TABLE 6 Pearson correlation data of perinatal characteristics and DMR eye-tracking measures for preterm 8- to 9-month-old infants (N: 39; * indicates
p<0.05, ** indicates p < 0.001).

VA — Overall VA - Total VA - Object VWM — Match object VWM — Mismatch

attendance AOQOls Fixation T location bindings object
BW 0.249 0.065 0.031 —0.135 0.124
GA 0.346* 0.192 0.166 —0.063 0.066
CA 0.132 0.050 0.038 0.330* 0.269
Severity Index —0.252 —0.044 —0.019 0.064 —0.127
VA - Overall attendance 0.891%* 0.872%* 0.567%* 0.292
VA - Total AOIs 0.992%* 0.495%%* 0.232
VA - Object Fixation T 0.475% 0.153
VWM - Match object location bindings 0.633%*
VWM - Mismatch object location bindings

TABLE 7 Pearson correlation data of perinatal characteristics and DMR eye-tracking task for full term 8 to 9 month old infants (N: 24; *indicates
p <0.05, ** indicates p < 0.001).

VA — Overall VA - Total VA - Object VWM — Match object VWM — Mismatch
attendance AOls Fixation T location bindings object
BW 0.129 0.041 0.063 —0.193 —0.011
GA 0.526* 0.563* 0.545% —0.338 —0.233
CA —0.217 —0.173 —-0.159 0.257 0.178
VA - Overall attendance 0.859%* 0.854% —0.159 —-0.327
VA - Total AOIs 0.970%* —0.076 —0.242
VA - Object Fixation T —0.236 —0.435%
VWM - Match object location bindings 0.782%
VWM - Mismatch object location bindings

all three of the VA measurements of the eye-tracking task. Note that
there are significant correlations for GA, BW and CA, which is
expected. Another important finding is that even when looking across
infants there is no correlation between Bayley-III and DMR
measurements suggesting that as tools there is no overlap in the areas
of development and the particular cognition domains they assess. Yet,
within each task there are strong correlations among their indices.

4 Discussion

The present study set out to explore the discriminatory value of
eye-tracking methodology in comparison to off-line testing in preterm
and full-term infants with the aim to identify possible
neurodevelopmental delays within the first year of life so that early
intervention can be introduced. The analysis revealed that the DMR
eye-tracking task via visual attention and visual working memory
measurements identifies significant differences due to prematurity
suggesting that there is great potential in eye-tracking methodology
in reliably tracking neurodevelopmental delays in infancy. Meanwhile,
the developmental assessment tool Bayley III does not appear to
be sensitive to prematurity since it does not discriminate the preterm
and full-term 8- to 9-month-old infants of the study.

Prematurity is associated with many neonatal complications
(Patel, 2016; Humberg et al., 2020; Smyrni et al., 2021) that may result
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in cognitive delays and developmental disorders in childhood (Buck
et al., 2000; Magny and Rigourd, 2003; Jarjour, 2015; Pascal et al.,
2018; Lowe et al, 2020; Beunders et al., 2021 among others). In
addition, perinatal characteristics often linked to prematurity, such as
BW, GA, SGA and FGR, appear to affect brain development and
cognitive skills such as learning and memory and as such they are
considered to be high risk factors for neurodevelopmental difficulties
(see Amin et al., 2013; Bickle Graz et al., 2015; Meher et al., 2015;
Sacchi et al., 2020; Larsen et al., 2022; Naz et al., 2023). The perinatal
period and the first year of life are key in neurodevelopmental terms
and a number of ERP studies have identified impairments that related
to the development of the brain and of specific areas such as the
hippocampus (deRegnier et al., 2000; Siddappa et al., 2004; Geng et al.,
2015). Neurodevelopment is typically monitored via the clinical
assessment and the administration of standardized tests such as the
Bayley Scales (Bayley — 111, 2006b; Yue et al., 2019; Del Rosario
etal., 2021).

The administration of the Bayley Scales has indeed assisted in the
early detection of developmental delays in preterm infants (Aylward,
2002), however, most studies have reported cognitive, language, and
motor neurodevelopmental difficulties due to prematurity at the CA
of 2 to 2;6years (Duncan et al., 2012) or at the CA of 12months
(Velikos et al., 2015) without any information on whether the Bayley
Scales could detect delays earlier on within the first year of life.
Moreover, performance in such standardized tests has not been
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explored in relation to other type of measurements such as
eye-tracking methodologies. Considering this gap in the literature,
we attempted to explore how informative the administration of Bayley
Scales is in relation to prematurity. In addition, we developed a novel
assessment tool, a Delayed Match Retrieval (DMR) paradigm via
eye-tracking, which measures visual working memory and attention
skills. We examined its ability to discriminate between preterm and
full term infants at the CA of 8 to 9 months providing the first dataset
in the literature on such a young age - for data on children tested via
eye-tracking at the age of 1 and 2 years see Beunders et al. (2021). It is
important to note that the Bayley Scales is a norm-referenced
assessment tool of overall early childhood development, while the
DMR eye-tracking task we developed exploits visual attention and
working memory skills that are a part of cognition. As such, the
eye-tracking task assesses a particular cognitive domain, which the
Bayley Scales may only partly tap on.

Earlier studies on gaze data have employed varied stimuli
including motion stimuli, cartoon and audio stimuli to engage the
infant’s attention (see Kaldy et al., 2016; Kaul et al., 2016 among
others). The task design of Kaldy et al. (2016), for example, was that of
a memory game with three face-down virtual cards, two flipped over
sequentially (e.g., a card with a swirl pattern, a card with a star), and
then flipped back, while the third card was flipped to reveal a match
to one of the previously presented cards. Meanwhile, Kaul et al. (2016)
used an optoelectronic camera system to assess eye and head
movements while the infant tracked a moving object. Moreover,
earlier work suggests that infants older than 8 months appear to have
the capacity to remember about three objects (Kibbe and Leslie, 2013),
yet the uniqueness of the objects may have an effect on the processing
capacity of the infants (Oalkes et al., 2013). Considering these findings,
the DMR eye-tracking task we developed employs the standardized
LEA symbols in black and white, which are of similar processing
complexity so as to minimize any competition effects in how infants
responded and possibly masking their actual performance in the task.
Additionally, the ability of infants to respond to stimuli that are more
complex appears to increase past the age of 7months (Swingler et al.,
2015) and there is research evidence from diverse cultural
backgrounds suggesting that visual objects can operate as units of
attention at the age of 8 months (Bulf and Valenza, 2013; Tsurumi
etal., 2018).

In view of these earlier findings, we opted for testing 8- to
9-month-old infants. Specifically, we administered the DMR task to
63 preterm and full-term infants along with Bayley-III. Even though
the number of participants was relatively small, the analysis revealed
significant differences between the two groups. Starting with the
Bayley data, the analysis showed that this assessment tool is not
sensitive enough to prematurity since it did not discriminate between
the preterm and full term 8- to 9-month-old infants of the study.
Meanwhile, the DMR eye-tracking data clearly discriminated
between the two groups across all measurements tapping on both
Visual Attention (VA) and Visual Working Memory (VWM)
suggesting significant delays in cognitive development due
to prematurity.

Starting with the VA indices, our data is in line with the
findings of the Kaul et al. (2016), Ross-Sheehy et al. (2017) and
Beunders et al. (2021) studies who related visual attentional deficits
to prematurity even though there were variations with regard to
the ages they tested. Turning to the VWM indices, our data offers
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support to the Kaldy et al. (2016) study which tested a limited
number of full-term infants, specifically fourteen 8-month-old and
twelve 10-month-old infants using a similar eye-tracking
experiment. Similarly to Kaldy et al. (2016), we identified the value
of eye-tracking methodology in tracking cognition measuring
working memory skills. Yet our study tested a much more extended
data pool and added the diverse effects related to prematurity and
perinatal characteristics, which were not addressed by Kaldy et al.
(2016) (for object-location bindings in full term 8-month-old
typically developing infants see Bulf and Valenza, 2013; Tsurumi
et al., 2018; for discussion on development of alerting, orienting,
and executive attention see Oakes, 2023). The Beunders et al.
(2021) cohort study, on the other hand, explored an extensive
dataset of 1 and 2year old children using cartoon, motion and
form stimuli. Despite the differences in their experimental design
in terms of stimuli design and age of testing compared to the
present study, their findings are in line with our study’s outcomes;
that is that nonverbal eye-tracking tasks can detect adverse
cognitive development.

The correlation analysis of the preterm data additionally showed
that GA correlated with visual attention while CA correlated with
visual working memory skills; yet it is important to note that more
gaze time on the object led to less gaze time in the mismatch location
in the full-term dataset suggesting better function of VWM which
was not found in the preterm dataset. Moreover, the preterm dataset
did not reveal any sex related effects, while SGA and FGR preterm
infants’ performance dropped significantly offering further support
to earlier studies that identify SGA and FGR status relating to higher
risk for cognitive issues (Algarin et al., 2003; Atkinson and Braddick,
2007; Fransson et al., 2007; Amin et al., 2013; Bickle Graz et al., 2015;
Meher etal,, 2015; Larsen et al., 2022; Naz et al., 2023 among others).
Overall, the results suggest that prematurity and GA in particular are
critical factors in VA and VWM measurements and the DMR
eye-tracking task is a sensitive enough tool to assess the development
of preterm infants that may be going unnoticed by other
screening tools.

Next, we explored possible correlations across all participants.
The correlation analysis showed that BW and GA positively
correlate with the Cognitive Scale of Bayley and the VA
measurements of the eye-tracking DMR task. Note also that both
when looking within the preterm and full-term datasets and when
looking across all infants of the study there was no correlation
between Bayley-III and DMR measurements suggesting that as
tools there is no overlap in the areas of cognitive development they
assess. The possible implications of this result are the following (a)
the two tools assess different areas of cognition, (b) their data
require different interpretation due to the fact that the Bayley-III
provides off-line measurements while the eye-tracking DMR task
provides on-line measurements, and (c) broad assessment tools may
not be able to identify the developmental milestones of executive
functions within the first year of life while a focused test may
be able to track individual differences and can provide a quantifiable
both
information and within each task there are strong correlations

measurement. Nevertheless, tools provide valuable
among their indices. Thus, the cognitive delays reported in our
eye-tracking dataset verifies that cognitive impairment is relating
to preterm birth and perinatal features relating to prematurity (van

de Weijer-Bergsma et al., 2008; Mulder et al., 2009; Atkinson and
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Braddick, 2012; Lowe et al., 2020; Beunders et al., 2021 among
others). Our findings overall suggest that depending on the tool
employed developmental delays due to prematurity may be missed;
hence, future research and clinical practice would benefit by the
addition of eye-tracking tasks that monitor several domains of
neurodevelopment, such as cognition and language.

Nonetheless, the present study has some limitations. Recruiting
infants and especially premature ones can be challenging and as such
the sample analyzed even though more extensive than most studies it
is relatively small. Additionally, there is no follow-up that would allow
us to examine their performance longitudinally and provide further
support to our research findings. Yet, we managed to test infants at a
very young age and provide a comparison between a standardized
assessment tool and a novel eye-tracking task, which is one of the
main contributions of our study and a future step for us is to retest
those participants at a later stage. Given the evidence for associations
between foundational executive functional skills and later cognitive
and academic ability, future research is required to focus on extending
the datasets currently available via adding more eye-tracking evidence
on various stages within the first year of life so that we offer support
and intervention as early as possible in the vulnerable group of
premature infants.

To conclude, visual working memory and attention as measured
via the DMR eye-tracking task is a non-intrusive, painless, short
duration procedure (approx. 4-min) that was found to be a significant
tool for identifying prematurity and FGR effects on the development
of cognition even at the very young age of 8 months, while Bayley
Scales alone would not pick up these deficits. Prematurity is an issue
affecting the community, it is linked to short- and long-term neonatal
complications and it is associated to greater risk for cognitive
difficulties in childhood. Consequently, identifying tools for early
neurodevelopmental assessments and cognitive function is important
in order to enable earlier support and intervention in the vulnerable
group of premature infants.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Scientific Council
and the Ethics Committee of Papageorgiou General Hospital of
Thessaloniki, Greece (Ethics Approval N: A3(/28893|D3b/28893). The
studies were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for participation
in this study was provided by the participants’ legal guardians/
next of kin.

Author contributions
MK: Writing - review & editing, Writing - original draft,

Validation, Resources, Methodology, Investigation, Formal Analysis,
Data curation, Conceptualization. EB: Conceptualization, Data

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1384486
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Kaltsa et al.

curation, Writing — review & editing, Writing - original draft,
Resources, Methodology, Investigation. GF: Writing - review &
editing, Writing - original draft, Methodology, Investigation, Formal
Analysis. EG: Writing - review & editing, Writing - original draft,
Investigation. KK: Writing - review & editing, Writing — original
draft. KN: Writing - review & editing, Writing — original draft,
Conceptualization. VS: Writing - review & editing, Writing - original
draft, Project administration, Methodology, Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to express our gratitude toward the families and
guardians of the infant participants of our study for their cooperation
and generous response during recruitment. Moreover, we would like to

References

Adams, R. J. (1987). An evaluation of color preference in early infancy. Infant Behav.
Dev. 10, 143-150. doi: 10.1016/0163-6383(87)90029-4

Algarin, C., Peirano, P,, Garrido, M., Pizarro, E, and Lozoff, B. (2003). Iron deficiency
anemia in infancy: long-lasting effects on auditory and visual system functioning.
Pediatr. Res. 53, 217-223. doi: 10.1203/01.PDR.0000047657.23156.55

Amin, S. B., Orlando, M., and Wang, H. (2013). Latent iron deficiency in utero is
associated with abnormal auditory neural myelination in> 35 weeks gestational age
infants. The J. of Pediatr. 163, 1267-1271. doi: 10.1016/j.jpeds.2013.06.020

Atkinson, ., and Braddick, O. (2007). Visual and visuocognitive development in
children born very prematurely. Progr. Brain Res. 164, 123-149. doi: 10.1016/
S0079-6123(07)64007-2

Atkinson, J., and Braddick, O. (2012). Visual attention in the first years: typical
development and developmental disorders. Dev. Med. Child Neurol. 54, 589-595. doi:
10.1111/j.1469-8749.2012.04294.x

Aylward, G. P. (2002). Cognitive and neuropsychological outcomes: more than IQ
scores. Ment. Retard. Dev. Disabil. Res. Rev. 8, 234-240. doi: 10.1002/mrdd.10043

Azari, N., Soleimani, F, Vameghi, R., Sajedi, ., Shahshahani, S., Karimi, H., et al.
(2017). A psychometric study of the Bayley Scales of infant and toddler development in
Persian language children. Iran. J. Child Neurol. 11:50

Baddeley, A. (2003). Working memory: looking back and looking forward. Nat. Rev.
Neurosci. 4, 829-839. doi: 10.1038/nrn1201

Baddeley, A. (2012). Working memory: theories, models, and controversies. Annu.
Rev. Psychol. 63, 1-29. doi: 10.1146/annurev-psych-120710-100422

Bayley - III (2006a). Bayley Scales of infant development. Administration Manual. 3rd
Edn. San Antonio, TX: Harcourt Assessment.

Bayley - III (2006b). Bayley Scales of infant development. Technical manual. 3rd Edn.
San Antonio, TX: Harcourt Assessment.

Beunders, V. A., Vermeulen, M. J., Roelants, J. A., Rietema, N., Swarte, R. M.,
Reiss, I. K., et al. (2021). Early visuospatial attention and processing and related
neurodevelopmental outcome at 2 years in children born very preterm. Pediat. Research
90, 608-616. doi: 10.1038/s41390-020-01206-7

Bickle Graz, M., Tolsa, J. F, and Fischer Fumeaux, C. J. (2015). Being small for
gestational age: does it matter for the neurodevelopment of premature infants? A cohort
study. PloS One 10:¢0125769. doi: 10.1371/journal.pone.0125769

Bornstein, M. H. (1975). Qualities of color vision in infancy. J. Exp. Child Psychol. 19,
401-419. doi: 10.1016/0022-0965(75)90070-3

Buck, G. M., Msall, M. E., Schisterman, E. E, Lyon, N. R., and Rogers, B. T. (2000).
Extreme prematurity and school outcomes. Paediatr. Perin. Epidem. 14, 324-331. doi:
10.1046/j.1365-3016.2000.00276.x

Bulf, H., and Valenza, E. (2013). Object-based visual attention in 8-month-old infants:
evidence from an eye-tracking study. Dev. Psychol. 49, 1909-1918. doi: 10.1037/a0031310

Frontiers in Psychology

11

10.3389/fpsyg.2024.1384486

thank Asimina Mataftsi, Professor of Ophthalmology - Paediatric
Ophthalmology of the 2nd Department of Ophthalmology, School of
Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki
for assisting at the ophthalmological examination of our participants.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Castro Conde, J. R., Gonzélez Campo, C., Gonzilez Gonzalez, N. L., Reyes Millan, B.,
Gonzalez Barrios, D., Jiménez Sosa, A., et al. (2020). Assessment of neonatal EEG
background and neurodevelopment in full-term small for their gestational age infants.
Pediatr. Res. 88, 91-99. doi: 10.1038/s41390-019-0693-0

Censullo, M. (1994). Developmental delay in healthy premature infants at age two
years: implications for early intervention. J. of Dev. Behav. Pediatr. 15, 99-104.

Choi, Y. J., and Luo, Y. (2015). 13-month-olds’ understanding of social interactions.
Psychol. Sci. 26, 274-283. doi: 10.1177/0956797614562452

Colombo, J., Kapa, L., and Curtindale, L. (2010). “Varieties of attention in infancy” in
Infant perception and cognition: Recent advances, emerging theories, and future directions.
eds. L. M. Oakes, C. H. Cashon, M. Casasola and D. H. Rakison (New York: Oxford
University Press), 3-26.

Cowan, N. (2016). Working memory maturation: can we get at the essence of
cognitive  growth?  Perspect.  Psychol.  Sci. 11, 239-264. doi:
10.1177/1745691615621279

Cuevas, K., and Bell, M. A. (2014). Infant attention and early childhood executive
function. Child Dev. 85, 397-404. doi: 10.1111/cdev.12126

Del Rosario, C., Slevin, M., Molloy, E. J., Quigley, J., and Nixon, E. (2021). How to use
the Bayley Scales of infant and toddler development. Arch. Dis. Child. Educ. Pract. Ed.
106, 108-112. doi: 10.1136/archdischild-2020-319063

deRegnier, R. A., Nelson, C. A., Thomas, K. M., Wewerka, S., and Georgieff, M. K.
(2000). Neurophysiologic evaluation of auditory recognition memory in healthy
newborn infants and infants of diabetic mothers. J. Pediatr. 137, 777-784. doi: 10.1067/
mpd.2000.109149

du Plessis, A. J., and Volpe, J. J. (2002). Perinatal brain injury in the preterm and
term newborn. Curr. Opin. Neurol. 15, 151-157. doi:
10.1097/00019052-200204000-00005

Duncan, A. E, Watterberg, K. L., Nolen, T. L., Vohr, B. R., Adams-Chapman, I.,
Das, A., et al. (2012). Effect of ethnicity and race on cognitive and language testing at
age 18-22 months in extremely preterm infants. J. Pediatr. 160, 966-971. doi: 10.1016/j.
jpeds.2011.12.009

Fransson, P, Skiéld, B., Horsch, S., Nordell, A., Blennow, M., Lagercrantz, H., et al.
(2007). Resting-state networks in the infant brain. Proc. Nat. Acad. Sci. 104,
15531-15536. doi: 10.1073/pnas.0704380104

Gathercole, S. E. (1999). Cognitive approaches to the development of short-term
memory. Trends Cogn. Sci. 3, 410-419. doi: 10.1016/S1364-6613(99)01388-1

Gathercole, S. E., Brown, L., and Pickering, S. J. (2003). Working memory assessments
at school entry as longitudinal predictors of National Curriculum attainment levels.
Educ. Child Psychol. 20, 109-122. doi: 10.53841/bpsecp.2003.20.3.109

Geng, F, Mai, X, Zhan, J., Xu, L., Zhao, Z., Georgieff, M., et al. (2015). Impact of fetal-
neonatal iron deficiency on recognition memory at 2 months of age. J. Pediatr. 167,
1226-1232. doi: 10.1016/j.jpeds.2015.08.035

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1384486
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/0163-6383(87)90029-4
https://doi.org/10.1203/01.PDR.0000047657.23156.55
https://doi.org/10.1016/j.jpeds.2013.06.020
https://doi.org/10.1016/S0079-6123(07)64007-2
https://doi.org/10.1016/S0079-6123(07)64007-2
https://doi.org/10.1111/j.1469-8749.2012.04294.x
https://doi.org/10.1002/mrdd.10043
https://doi.org/10.1038/nrn1201
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1038/s41390-020-01206-7
https://doi.org/10.1371/journal.pone.0125769
https://doi.org/10.1016/0022-0965(75)90070-3
https://doi.org/10.1046/j.1365-3016.2000.00276.x
https://doi.org/10.1037/a0031310
https://doi.org/10.1038/s41390-019-0693-0
https://doi.org/10.1177/0956797614562452
https://doi.org/10.1177/1745691615621279
https://doi.org/10.1111/cdev.12126
https://doi.org/10.1136/archdischild-2020-319063
https://doi.org/10.1067/mpd.2000.109149
https://doi.org/10.1067/mpd.2000.109149
https://doi.org/10.1097/00019052-200204000-00005
https://doi.org/10.1016/j.jpeds.2011.12.009
https://doi.org/10.1016/j.jpeds.2011.12.009
https://doi.org/10.1073/pnas.0704380104
https://doi.org/10.1016/S1364-6613(99)01388-1
https://doi.org/10.53841/bpsecp.2003.20.3.109
https://doi.org/10.1016/j.jpeds.2015.08.035

Kaltsa et al.

Goldenberg, R. L., Culhane, J. E, Tams, J. D., and Romero, R. (2008). Epidemiology
and causes of preterm birth. Lancet 371, 75-84. doi: 10.1016/S0140-6736(08)60074-4

Greene, M. M., Patra, K., Nelson, M. N., and Silvestri, J. M. (2012). Evaluating preterm
infants with the Bayley-III: patterns and correlates of development. Res. Dev. Disabil. 33,
1948-1956. doi: 10.1016/j.ridd.2012.05.024

Hanlon, C., Medhin, G., Worku, B., Tomlinson, M., Alem, A., Dewey, M., et al.
(2016). Adapting the Bayley Scales of infant and toddler development in Ethiopia:
evaluation of reliability and validity. Child Care Health Dev. 42, 699-708. doi: 10.1111/
cch.12371

Hartshorne, J. K. (2008). Visual working memory capacity and proactive interference.
PLoS One 3:¢2716. doi: 10.1371/journal.pone.0002716

Hua, J., Li, Y., Ye, K., Ma, Y, Lin, S., Gu, G., et al. (2019). The reliability and validity of
Bayley-III cognitive scale in China's male and female children. Early Hum. Develop. 129,
71-78. doi: 10.1016/j.earlhumdev.2019.01.017

Humberg, A., Fortmann, I, Siller, B., Kopp, M. V,, Herting, E., Gopel, W,, et al. (2020).
Preterm birth and sustained inflammation: consequences for the neonate. Semin.
Immunopathol. 42, 451-468. doi: 10.1007/s00281-020-00803-2

Hyvirinen, L. E. A., Nisdnen, R., and Laurinen, P. (1980). New visual acuity test for
pre-school children. Acta Ophthalmol. 58, 507-511. doi: 10.1111/j.1755-3768.1980.
tb08291.x

International Council of Ophthalmology. (1984). Visual acuity measurement
standard. Visual Functions Committee. Available at: https://files.givewell.org/files/
DWDA%202009/Interventions/Cataract/Visual AcuityMeasurementStandard-1984.pdf

Jarjour, I. T. (2015). Neurodevelopmental outcome after extreme prematurity: a review
of the literature. Pediatr. Neurol. 52, 143-152. doi: 10.1016/j.pediatrneurol.2014.10.027

Kaldy, Z., Guillory, S. B., and Blaser, E. (2016). Delayed match retrieval: a novel
anticipation-based visual working memory paradigm. Dev. Sci. 19, 892-900. doi:
10.1111/desc.12335

Kaul, Y. F, Rosander, K., von Hofsten, C., Brodd, K. S., Holmstrom, G., Kaul, A., et al.
(2016). Visual tracking in very preterm infants at 4 mo predicts neurodevelopment at 3
y of age. Pediatr. Res. 80, 35-42. doi: 10.1038/pr.2016.37

Kibbe, M. M. (2015). Varieties of visual working memory representation in infancy
and beyond. Curr. Dir. Psychol. Sci. 24, 433-439. doi: 10.1177/0963721415605831

Kibbe, M. M., and Leslie, A. M. (2013). What's the object of object working memory
in infancy? Unraveling ‘what’ and ‘how many’. Cogn. Psychol. 66, 380-404. doi: 10.1016/j.
cogpsych.2013.05.001

Larsen, M. L., Wiingreen, R, Jensen, A., Rackauskaite, G., Laursen, B., Hansen, B. M.,
et al. (2022). The effect of gestational age on major neurodevelopmental disorders in
preterm infants. Pediatr. Res. 91, 1906-1912. doi: 10.1038/s41390-021-01710-4

Lowe, J., Bann, C. M,, Fuller, J., Vohr, B. R,, Hintz, S. R, Das, A., et al. (2020). Early
working memory is a significant predictor of verbal and processing skills at 6-7 years in
children born extremely preterm. Early Hum. Develop. 147:105083. doi: 10.1016/j.
earlhumdev.2020.105083

Magny, J. E, and Rigourd, V. (2003). Devenir du grand prématuré. Neurologie
Périnatale, 277-289.

Makovski, T., and Jiang, Y. V. (2008). Proactive interference from items previously
stored in visual working memory. Mem.Cogn. 36, 43-52. doi: 10.3758/MC.36.1.43

Malhotra, A., Allison, B. J., Castillo-Melendez, M., Jenkin, G., Polglase, G. R., and
Miller, S. L. (2019). Neonatal morbidities of fetal growth restriction: pathophysiology
and impact. Front. Endocrinol. 10:55. doi: 10.3389/fendo.2019.00055

Marenne, B. (1989). Approche psychométrique dune cohorte denfants de trés petit poids
de naissance 4gés de 4 d 6 ans. Liége: Université de Liége.

McCowan, L., and Horgan, R. P. (2009). Risk factors for small for gestational age
infants. Best Pract. Res. Clin. Obstet. Gynaecol. 23, 779-793. doi: 10.1016/j.
bpobgyn.2009.06.003

McHenry, M. S., Oyungu, E., Yang, Z., Hines, A. C., Ombitsa, A. R., Vreeman, R. C,,
etal. (2021). Cultural adaptation of the Bayley Scales of infant and toddler development,
for use in Kenyan children aged 18-36 months: a psychometric study. Res. Dev. Disabil.
110:103837. doi: 10.1016/j.ridd.2020.103837

Meher, S., Hernandez-Andrade, E., Basheer, S. N., and Lees, C. (2015). Impact of
cerebral redistribution on neurodevelopmental outcome in small-for-gestational-age or
growth-restricted babies: a systematic review. Ultrasound Obstet. Gynecol. 46, 398-404.
doi: 10.1002/u0g.14818

Melamed, N., Baschat, A., Yinon, Y., Athanasiadis, A., Mecacci, E, Figueras, F, et al.
(2021). FIGO (International Federation of Gynecology and Obstetrics) initiative on fetal
growth: best practice advice for screening, diagnosis, and management of fetal growth
restriction. Int. J. Gynaecol. Obstet. 152:3. doi: 10.1002/ijgo.13522

Mellier, D., Fernandez-Berani, L., and Fessard, C. (1999). Devenir a 6 ans d'enfants
grands prématurés. Enfance 52, 67-78. doi: 10.3406/enfan.1999.3131

Mou, Y., Province, J. M., and Luo, Y. (2014). Can infants make transitive inferences?
Cogn. Psychol. 68, 98-112. doi: 10.1016/j.cogpsych.2013.11.003

Mulder, H., Pitchford, N. J., Hagger, M. S., and Marlow, N. (2009). Development of
executive function and attention in preterm children: a systematic review. Dev.
Neuropsychol. 34, 393-421. doi: 10.1080/87565640902964524

Frontiers in Psychology

10.3389/fpsyg.2024.1384486

Naz, S., Hoodbhoy, Z., Jaffar, A., Kaleem, S., Hasan, B. S., Chowdhury, D,, et al. (2023).
Neurodevelopment assessment of small for gestational age children in a community-
based cohort from Pakistan. Arch. Dis. Child. 108, 258-263. doi: 10.1136/
archdischild-2022-324630

Oakes, L. M. (2023). The development of visual attention in infancy: a cascade
approach. Adv. Child Dev. Behav. 64, 1-37. doi: 10.1016/bs.acdb.2022.10.004

Oakes, L. M., Baumgartner, H. A., Barrett, F. S., Messenger, I. M., and Luck, S. J.
(2013). Developmental changes in visual short-term memory in infancy: evidence from
eye-tracking. Front. Psychol. 4:697. doi: 10.3389/fpsyg.2013.00697

Ohuma, E., Moller, A. B, and Bradley, E. (2023). National, regional, and worldwide
estimates of preterm birth in 2020, with trends from 2010: a systematic analysis. Lancet
402, 1261-1271. doi: 10.1016/S0140-6736(23)00878-4

Pascal, A., Govaert, P, Oostra, A., Naulaers, G., Ortibus, E., and Van den Broeck, C.
(2018). Neurodevelopmental outcome in very preterm and very-low-birthweight infants
born over the past decade: a meta-analytic review. Dev. Med. Child Neurol. 60, 342-355.
doi: 10.1111/dmcn.13675

Patel, R. M. (2016). Short-and long-term outcomes for extremely preterm infants. Am.
J. Perinat. 33, 318-328. doi: 10.1055/5-0035-1571202

Pavlova, P, Maksimov, D., Chegodaev, D., and Kiselev, S. (2022). A psychometric
study of the Russian-language version of the “Bayley Scales of infant and toddler
development-third edition™: an assessment of reliability and validity. Front. Psychol.
13:961567. doi: 10.3389/fpsyg.2022.961567

Petersen, S. E., and Posner, M. I. (2012). The attention system of the human brain: 20
years after. Annu. Rev. Neurosci. 35, 73-89. doi: 10.1146/annurev-neuro-062111-150525

Posner, M. 1. (2012). Imaging attention networks. Neurolmage 61, 450-456. doi:
10.1016/j.neuroimage.2011.12.040

Posner, M. I, and Fan, J. (2008). “Attention as an organ system” in Topics in integrative
neuroscience: From cells to cognition. ed. ]J. R. Pomerantz (Cambridge: Cambridge
University Press), 31-61.

Posner, M. L, and Petersen, S. E. (1990). The attention system of the human brain.
Annu. Rev. Neurosci. 13, 25-42. doi: 10.1146/annurev.ne.13.030190.000325

Raju, T. N, Higgins, R. D,, Stark, A. R., and Leveno, K. J. (2006). Optimizing care and
outcome for late-preterm (near-term) infants: a summary of the workshop sponsored
by the National Institute of Child Health and Human Development. Pediatrics 118,
1207-1214. doi: 10.1542/peds.2006-0018

Ranyjitkar, S., Kvestad, I, Strand, T. A., Ulak, M., Shrestha, M., Chandyo, R. K., et al.
(2018). Acceptability and reliability of the Bayley Scales of infant and toddler
development-IIT among children in Bhaktapur, Nepal. Front. Psychol. 9:1265. doi:
10.1017/50007114522000071

Romero, R., Dey, S. K., and Fisher, S. J. (2014). Preterm labor: one syndrome, many
causes. Science 345, 760-765. doi: 10.1126/science.1251816

Ross-Sheehy, S., Perone, S., Macek, K. L., and Eschman, B. (2017). Visual orienting
and attention deficits in 5-and 10-month-old preterm infants. Infant Behav. Dev. 46,
80-90. doi: 10.1016/j.infbeh.2016.12.004

Sacchi, C., Marino, C., Nosarti, C., Vieno, A., Visentin, S., and Simonelli, A. (2020).
Association of intrauterine growth restriction and small for gestational age status with
childhood cognitive outcomes: a systematic review and meta-analysis. JAMA Pediatr.
174, 772-781. doi: 10.1001/jamapediatrics.2020.1097

Siddappa, A. M., Georgieff, M. K., Wewerka, S., Worwa, C., Nelson, C. A., and
Deregnier, R. A. (2004). Iron deficiency alters auditory recognition memory in newborn
infants of diabetic mothers. Pediatr. Res. 55, 1034-1041. doi: 10.1203/01.
pdr.0000127021.38207.62

Simmering, V. R. (2012). The development of visual working memory capacity
during early childhood. J. Exp. Child Psychol. 111, 695-707. doi: 10.1016/j.
jecp.2011.10.007

Smyrni, N., Koutsaki, M., Petra, M., Nikaina, E., Gontika, M., Strataki, H., et al.
(2021). Moderately and late preterm infants: short-and long-term outcomes from a
registry-based cohort. Front. Neurol. 12:628066. doi: 10.3389/fneur.2021.628066

Spelke, E. S., Breinlinger, K., Macomber, J., and Jacobson, K. (1992). Origins of
knowledge. Psychol. Rev. 99:605. doi: 10.1037/0033-295X.99.4.605

Steenis, L. J., Verhoeven, M., Hessen, D. J., and Van Baar, A. L. (2015). Performance
of Dutch children on the Bayley III: a comparison study of US and Dutch norms. PLoS
One 10:¢0132871. doi: 10.1371/journal.pone.0132871

Stevenson, M. B., Roach, M. A,, Leavitt, L. A., Miller, J. F, and Chapman, R. S. (1988).
Early receptive and productive language skills in preterm and full-term 8-month-old
infants. J. Psycholing. Res. 17, 169-183. doi: 10.1007/BF01067070

Swingler, M. M., Perry, N. B,, and Calkins, S. D. (2015). Neural plasticity and the
development of attention: intrinsic and extrinsic influences. Dev. Psychopathol. 27,
443-457. doi: 10.1017/80954579415000085

Taine, M., Charles, M. A,, Beltrand, J., Rozé, J. C., Léger, ]., Botton, J.,, et al. (2018).
Early postnatal growth and neurodevelopment in children born moderately preterm or
small for gestational age at term: a systematic review. Paediatr. Perinat. Ep. 32, 268-280.
doi: 10.1111/ppe.12468

Tsurumi, S., Kanazawa, S., and Yamaguchi, M. K. (2018). The development of object-
based attention in infants. Infant Behav. Dev. 52, 14-21. doi: 10.1016/j.infbeh.2018.05.001

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1384486
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(08)60074-4
https://doi.org/10.1016/j.ridd.2012.05.024
https://doi.org/10.1111/cch.12371
https://doi.org/10.1111/cch.12371
https://doi.org/10.1371/journal.pone.0002716
https://doi.org/10.1016/j.earlhumdev.2019.01.017
https://doi.org/10.1007/s00281-020-00803-2
https://doi.org/10.1111/j.1755-3768.1980.tb08291.x
https://doi.org/10.1111/j.1755-3768.1980.tb08291.x
https://files.givewell.org/files/DWDA%202009/Interventions/Cataract/VisualAcuityMeasurementStandard-1984.pdf
https://files.givewell.org/files/DWDA%202009/Interventions/Cataract/VisualAcuityMeasurementStandard-1984.pdf
https://doi.org/10.1016/j.pediatrneurol.2014.10.027
https://doi.org/10.1111/desc.12335
https://doi.org/10.1038/pr.2016.37
https://doi.org/10.1177/0963721415605831
https://doi.org/10.1016/j.cogpsych.2013.05.001
https://doi.org/10.1016/j.cogpsych.2013.05.001
https://doi.org/10.1038/s41390-021-01710-4
https://doi.org/10.1016/j.earlhumdev.2020.105083
https://doi.org/10.1016/j.earlhumdev.2020.105083
https://doi.org/10.3758/MC.36.1.43
https://doi.org/10.3389/fendo.2019.00055
https://doi.org/10.1016/j.bpobgyn.2009.06.003
https://doi.org/10.1016/j.bpobgyn.2009.06.003
https://doi.org/10.1016/j.ridd.2020.103837
https://doi.org/10.1002/uog.14818
https://doi.org/10.1002/ijgo.13522
https://doi.org/10.3406/enfan.1999.3131
https://doi.org/10.1016/j.cogpsych.2013.11.003
https://doi.org/10.1080/87565640902964524
https://doi.org/10.1136/archdischild-2022-324630
https://doi.org/10.1136/archdischild-2022-324630
https://doi.org/10.1016/bs.acdb.2022.10.004
https://doi.org/10.3389/fpsyg.2013.00697
https://doi.org/10.1016/S0140-6736(23)00878-4
https://doi.org/10.1111/dmcn.13675
https://doi.org/10.1055/s-0035-1571202
https://doi.org/10.3389/fpsyg.2022.961567
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1016/j.neuroimage.2011.12.040
https://doi.org/10.1146/annurev.ne.13.030190.000325
https://doi.org/10.1542/peds.2006-0018
https://doi.org/10.1017/S0007114522000071
https://doi.org/10.1126/science.1251816
https://doi.org/10.1016/j.infbeh.2016.12.004
https://doi.org/10.1001/jamapediatrics.2020.1097
https://doi.org/10.1203/01.pdr.0000127021.38207.62
https://doi.org/10.1203/01.pdr.0000127021.38207.62
https://doi.org/10.1016/j.jecp.2011.10.007
https://doi.org/10.1016/j.jecp.2011.10.007
https://doi.org/10.3389/fneur.2021.628066
https://doi.org/10.1037/0033-295X.99.4.605
https://doi.org/10.1371/journal.pone.0132871
https://doi.org/10.1007/BF01067070
https://doi.org/10.1017/S0954579415000085
https://doi.org/10.1111/ppe.12468
https://doi.org/10.1016/j.infbeh.2018.05.001

Kaltsa et al.

van de Weijer-Bergsma, E., Wijnroks, L., and Jongmans, M. J. (2008). Attention
development in infants and preschool children born preterm: a review. Infant Behav.
Dev. 31, 333-351. doi: 10.1016/j.infbeh.2007.12.003

Velikos, K., Soubasi, V., Michalettou, I., Sarafidis, K., Nakas, C., Papadopoulou, V.,
etal. (2015). Bayley-III scales at 12 months of corrected age in preterm infants: patterns
of developmental performance and correlations to environmental and biological
influences. Res. Dev. Disabil. 45, 110-119. doi: 10.1016/j.ridd.2015.07.014

World Health Organization (2003). The world health report 2003: Shaping the future.
Geneva: World Health Organization.

Frontiers in Psychology

10.3389/fpsyg.2024.1384486

Wynn, K. (1996). Infants' individuation and enumeration of actions. Psychol. Sci. 7,
164-169. doi: 10.1111/j.1467-9280.1996.tb00350.x

Yue, A, Jiang, Q., Wang, B., Abbey, C., Medina, A., Shi, Y,, et al. (2019). Concurrent
validity of the ages and stages questionnaire and the bayley Scales of infant development
III in China. PLoS One 14:€0221675. doi: 10.1371/journal.pone.0221675

Zemach, I, Chang, S., and Teller, D. Y. (2007). Infant color vision: prediction of infants’
spontaneous color preferences. Vis. Res. 47, 1368-1381. doi: 10.1016/j.visres.2006.09.024

Zosh, J. M., and Feigenson, L. (2015). Array heterogeneity prevents catastrophic
forgetting in infants. Cognition 136, 365-380. doi: 10.1016/j.cognition.2014.11.042

13 frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1384486
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.infbeh.2007.12.003
https://doi.org/10.1016/j.ridd.2015.07.014
https://doi.org/10.1111/j.1467-9280.1996.tb00350.x
https://doi.org/10.1371/journal.pone.0221675
https://doi.org/10.1016/j.visres.2006.09.024
https://doi.org/10.1016/j.cognition.2014.11.042

	Early cognitive assessment in premature infants: the discriminatory value of eye-tracking vs. Bayley Scales
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Bayley Scales of infant and toddler development – 3rd edition
	2.3 Delayed match retrieval paradigm via eye-tracking
	2.4 Data analysis

	3 Results
	3.1 Developmental assessment data
	3.2 DMR eye-tracking data
	3.3 Re-evaluating perinatal characteristics past prematurity

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

