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Abstract

Background—Deficits in executive function, including measures of working memory, inhibition
and cognitive flexibility, have been documented in preschoolers born very low birth weight
(VLBW) compared with preschoolers born with normal birth weight (NBW). Maternal verbal
scaffolding has been associated with positive outcomes for both at-risk and typically developing
preschoolers.

Aims—The purpose of this study was to examine associations between maternal verbal
scaffolding, Verbal 1Q (V1Q) and executive function measures in preschoolers born VLBW.

Subjects—A total of 64 VLBW and 40 NBW preschoolers ranging in age from 3 %2 to 4 years
participated in the study.

Outcome Measures—VI1Q was measured with the Wechsler Preschool and Primary Scale of
Intelligence — 3" edition. Executive function tests included the Bear Dragon, Gift Delay Peek,
Reverse Categorization and Dimensional Change Card Sort-Separated Dimensions.

Study Design—Maternal verbal scaffolding was coded during a videotaped play session.
Associations between maternal verbal scaffolding and preschoolers’ measures of VIQ and
executive function were compared. Covariates included test age, maternal education, and gender.

Results—Preschoolers born VLBW performed significantly worse on VIQ and all executive
function measures compared to those born NBW. Maternal verbal scaffolding was associated with
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VI1Q for VLBW preschoolers and Gift Delay Peek for the NBW group. Girls born VLBW
outperformed boys born VLBW on VIQ and Bear Dragon.

Conclusion—Integrating scaffolding skills training as part of parent-focused intervention may

be both feasible and valuable for early verbal reasoning and EF development.
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Language; executive function; parenting; child; preschool; infant; very low birth weight

1. INTRODUTION

Technological advancements in Neonatal-Perinatal medicine have resulted in improved
survival rates of infants born preterm and very low birth weight (VLBW). The long-term
sequelae of prematurity are great, as these children remain at very high risk for brain injury
and neurodevelopmental deficits across a range of developmental domains [1] and [2].
Intelligence quotient (1Q) is most commonly used to assess neurodevelopmental outcomes in
school-aged children born VLBW. Though mean I1Q scores of children born VLBW have
been shown to be up to 10 points below those of matched full-term peers [3], most fall
within the average range when major disabilities are excluded [4], [5], [6] and [7].

A construct that may be more sensitive to deficits found among children born VLBW is
executive function (EF), which refers to the cognitive processes that underlie flexible, goal
directed responses to novel situations [8] including working memory, inhibitory control, and
cognitive flexibility [9], [10] and [11]. The development of EF is rapid over the first years of
life and is thought to be critical in the development of self-regulation in the preschool period
[12]. In typically developing preschool populations, there is some debate about whether EF
includes distinct dimensions related to inhibition and cognitive flexibility, as it does in older
children, or whether EF represents an undifferentiated and unitary concept [13] and [14].
Supporting the dimensional perspective, Carlson [15] analyzed preschoolers’ (aged two
through five) performance on a variety of EF tests and determined that different EF
dimensions emerge at different ages. Further, each dimension impacts overall EF
performance to a differing extent. They are therefore best measured by specific tasks tapping
into each dimension. Further, Garon, Bryson and Smith [16] emphasized the hierarchical
nature of the development of EF in early childhood, finding that the development of basic
components required for EF in the first 3 years of life is uneven compared to that of children
between 3 to 5 years. Best and Miller [17] also found that inhibition was shown to greatly
improve during the preschool years in contrast to working memory’s more gradual linear
development over the preschool period. Additionally, 5 % year old children born VLBW
have difficulty with the specific EF dimensions of impulse control and working memory
[18]; these specific EF areas may be particularly important to address when investigating
developmental outcomes in early childhood (e.g., ages 3—4). Thus, though there is some
debate, numerous studies support the dimensional EF perspective for young children.

Recent studies examining EF among school-aged children have found significant deficits in
preterm children compared to those born full-term [19], [20] and [21]. These deficits persist
even after taking 1Q differences into account [20]. However, few studies have investigated
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EF abilities among preterm and VLBW children aged 3 years and younger. This is
important, as the rudiments of EF are emerging as early as the first year of life [17], and an
improved understanding of the developmental trajectory of early EF development may
inform intervention strategies. In one of the few EF studies of toddlers born VLBW,
Woodward and colleagues [11] found that 2 year olds born VLBW had more difficulty
encoding new information into working memory compared with normal birth weight (NBW)
infants.

Studies examining the neural mechanisms contributing to the EF deficits found in preterm
populations have highlighted the potential role that subcortical white matter abnormalities,
particularly the white matter circuits connecting frontal, striatal, and thalamic regions, may
play in explaining the EF differences found in preterm compared with full-term samples
[22]and [23]. Using prospective longitudinal data from 110 very preterm and 113 full term
children, Woodward and colleagues [11], found that white matter abnormalites on neonatal
magnetic resonance imaging (MRI) predicted deficits in executive functioning skills at four
years of age [10]. Many have theorized that the presence of such white matter abnormalities
impacts subsequent cortical development and neural connectivity, particularly within
prefrontal circuits, which may subsequently have cascading effects on executive functioning
skills [24] and [25].

The quality of early parent-child interactions has been positively associated with EF
development. In fact, maternal verbal scaffolding, autonomy support, sensitivity, and
contingent responsiveness have been positively associated with the development of EF in
full-term children [26 and [27], with maternal verbal scaffolding in particular gaining
support as a parenting practice that is likely to improve EF development [28] and [29].
Maternal verbal scaffolding refers to maternal verbal input that provides information about
objects and actions and offers children age-appropriate problem-solving strategies [30].

In NBW children, maternal verbal scaffolding has been shown to influence children’s
development of verbal abilities. For instance, maternal verbal scaffolding used at age 2 has
been shown to positively affect EF at age 4 and verbal abilities assessed at 3 years among
children born NBW [30] and [31]. Though there is a paucity of research describing verbal
scaffolding in VLBW children, Landry and colleagues also found that the use of verbal
scaffolding at 2 and 3 years predicted greater verbal reasoning ability at 6 years [32]. They
suggest that maternal verbal input during the early years when children are rapidly
developing language may support later executive processing skills. Dilworth-Bart and
colleagues [33] found that scaffolding was related to verbal working memory among
preschoolers born VLBW. However, despite studies such as these, there remains little data
regarding the association between maternal verbal scaffolding, early verbal reasoning skills
and EF abilities in preschoolers born VLBW.

Maternal scaffolding may play a particularly important role in the neurodevelopmental
outcomes of children born VLBW given their increased risk for neurodevelopmental
deficits. According to the differential susceptibility hypothesis, infants with certain
vulnerability factors may be differentially susceptible to both positive and negative
parenting [34]. For instance, compared to infants with less reactive temperaments, infants
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with more difficult temperaments have been shown to be more influenced by both positive
and negative care, showing better outcomes with positive parenting and more negative
outcomes with less optimal parenting. Applying this hypothesis to children born preterm,
Poehlmann and colleagues [35] argued that, since infants born VLBW display early difficult
temperamental characteristics, they are likely to show similar differential vulnerability to
positive and negative care. Their findings supported this by showing that infants born
preterm, who were temperamentally more prone to distress and who experienced less
optimal parenting (i.e., more critical and angry parenting) at nine months exhibited the most
externalizing behaviors at 24 months, whereas easily distressed infants who experienced
more optimal parenting at 9 months showed the least externalizing difficulties. Similar
findings were also reported regarding internalizing difficulties, indicating that more optimal
parenting was associated with less internalizing difficulties and less optimal parenting was
related to more internalizing difficulties in temperamentally difficult preterm children. In
line with this, maternal scaffolding behaviors may also show differential association with
executive functioning outcomes in VLBW and NBW children given the added risk
characteristics associated with prematurity.

The purpose of the current study was to examine the association between maternal verbal
scaffolding, verbal performance and EF in preschoolers born VLBW and NBW. We
hypothesized that: 1) preschoolers born VLBW would have lower scores on tests of verbal
ability (WPPSI-I1I Verbal 1Q) and EF skills (Bear Dragon, Reverse Categorization Test,
Dimensional Change Card Sort-Separated Dimensions and Gift Delay Peek) compared with
preschoolers born NBW; and 2) both preschoolers born VLBW and NBW whose mothers
utilized more verbal scaffolding would have higher Verbal 1Q and EF measure scores.

2. METHODS
2.1. Study Population

A total of 104 preschoolers were included in the current study, VLBW (n=64) and NBW
(n=40). Inclusion criteria for the VLBW cohort included birth weight <1500 grams.
Inclusion criteria for the normal birth weight (NBW) cohort included: appropriate birth
weight for gestational age and gestational age =36 weeks. Exclusion criteria for the VLBW
group included: prenatal exposure to illicit drugs, vision/hearing impairment, known genetic
abnormality, and multiple gestation [36]. Exclusion criteria for the NBW cohort included:
medical complications at or subsequent to birth which included exposure to illicit drugs,
genetic abnormalities, vision or hearing impairment. Children were between 3 years 1 month
and 4 years 10 months of age at the time of testing, which took place between April 2004
and August 2009 (Table 1).

The University of New Mexico’s Human Research Review Committee provided review and
approval for this study, which was in compliance with institutional research standards for
human research and was completed in accordance with the Helsinki Declaration.
Recruitment was conducted by University of New Mexico Hospital (UNMH) Clinical and
Translational Science Center (CTSC) pediatric research nurses. In order to recruit
preschoolers born VLBW, CTSC pediatric research nurses reviewed prior admission lists
from the University of New Mexico Hospital Newborn Intensive Care (UNMH-NICU) to
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identify infants eligible for inclusion. A University of New Mexico graduate student called
the parents of the eligible preschoolers who were within the enrollment age window and
provided a brief description of the study. If the parents expressed interest, an appointment
for the study was scheduled. To recruit preschoolers born NBW, flyers with a brief study
description and contact phone number were posted in public places in the Albuquerque,
New Mexico area (e.g., local swimming pools, libraries, pediatric clinics). Parents interested
in participation were provided a description of the study; if they expressed a desire to
participate, they were scheduled for an appointment.

The testing took place between April 2004 and August 2009. Of the 300 VLBW children
who were eligible to participate through the duration of data collection, 75 (25 %) mothers
could be reached. Of the 75 eligible mothers reached, 64 (85%) agreed to participate and
completed the study. Based on the limited demographic information (i.e., maternal and child
ethnicity, maternal relationship status, maternal age) available at recruitment, mothers who
could not be contacted and mothers who declined participation appear comparable to those
who completed the study. In addition, participants (i.e., those that completed the study) and
non-participants (i.e., those that could not be contacted, that refused to participate, or that
failed to keep their scheduled appointment) appeared commensurate with the larger UNMH
population.

2.2. Study Design

All parents provided informed consent prior to the testing or videotaping. Once informed
consent was obtained, an evaluation of the maternal-child interaction, as well as the
preschoolers’ cognitive and EF abilities, was conducted by two authors (PM, SD). Forty
percent (n = 26) of the evaluations among the VLBW subsample were conducted at the
participant’s home and the remainder at the UNMH Pediatric Clinic. All the evaluations of
the NBW group were conducted in the Pediatric Clinic. The testing took approximately two
hours to complete. Perinatal medical information was obtained through hospital record
review and descriptive information is included in Table 1.

2.3. Assessment Measures

2.3.1. Maternal Verbal Scaffolding—The Verbal Scaffolding Scale [30] and [37] was
used to assess parenting behaviors. Child and mother dyads were videotaped for 8 t010
minutes with a standard set of toys including pretend food, a cash register and blocks. The
first five minutes of the videotaped mother-child interaction were coded when the mother
and child were actively engaged in play and the research assistant was not present. Verbal
scaffolding behaviors, defined using the Verbal Scaffolding Manual [30] and [37], were
coded. A maternal statement was considered to be a verbal scaffolding statement if it helped
the child to make associations or provided strategies to help the child solve a problem.
Maternal verbal scaffolding statements included those that involved associating an object
with a specific location, using ‘like that” comparisons, describing objects (e.g., “apples are
red”), defining the uniqueness or features of an object, or identifying the specific function of
an object. Other categories of maternal verbal scaffolding included describing cause and
effect, emotions, senses, contrasts, categories of objects, and linking nouns with nouns. The
total number of verbal scaffolding episodes was determined. A more detailed description of
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the scoring is provided in the Verbal Scaffolding Manual [30] and [37]. All coding was done
in strict adherence to the detailed Verbal Scaffolding Manual. A master coder (PM) initially
trained the two coders, ensuring that they reached 90% reliability with her coding. Once
reliability was established, every videotape was coded by both coders, who maintained 90%
consistency for coding. If differences of greater than 90% were found for coding of
videotape, the master coder re-coded the tape and consensus coding was reached among the
3 coders.

2.3.2. Cognitive Assessment—The Wechsler Preschool and Primary Scale of
Intelligence-Third Edition (WPPSI-111) [38] was used as a measure of verbal and
performance abilities. The WPPSI-II1 is a standardized and structured cognitive assessment,
administered by a certified tester, for use in children aged 2:6 (2 years, 6 months old) to 7:3.
The scale involves activities such as pointing at pictures, naming pictures, answering
questions about day-to-day information, building with blocks, and assembling puzzles. The
WPPSI-III generates Verbal 1Q, Performance 1Q, and Full Scale 1Q scores; the Verbal 1Q
score was used in the current study.

2.3.3. Executive Function Assessment—The Bear Dragon task [39], [40] and [41]
was used primarily as a measure of inhibition. In addition to inhibitory control, this task also
has some early working memory demands. In this visually mediated Go-No-Go task,
children are instructed to inhibit certain responses to commands. The examiner introduces
children to a “nice” bear puppet (using a soft, high-pitched voice) and a “grumpy” dragon
puppet (using a gruff, low-pitched voice). It is then explained that in this game, “we will
listen to the nice bear and do what he asks us to do” (e.g., touch your nose), but “we will not
listen to what the grumpy dragon tells us, so we will not do what he asks us to do”. Practice
trials are administered in which the bear gives a command in a nice voice (“touch your
nose™) and the dragon gives a command in a gruff voice (“touch your tummy™). The child
passes the practice trial if they comply with the bear and do not comply with the command
given by the dragon. Up to six practice trials are given, with verbal rule checks after each
trial until the child passes one command by each puppet. After practicing, there are 10 test
trials with the bear and dragon commands in alternating order. A rule reminder is provided
halfway through the testing, regardless of performance. Children are seated at a table
throughout the task. To score this task, each response is assigned a score from 0 to 3 (full
correct, i.e. no movements on dragon or correct move on bear = 3; partial correct, e.g.,
moves hand near nose on bear trial, nonrelated movement on dragon trial = 2; wrong move,
e.g., moves hand near nose on dragon trial, nonrelated movement on bear trial = 1; fail item,
i.e., no move on bear trial, full move on dragon trial = 0). Children who are unable to pass
the practice trials are given a score of 0. Points are added to obtain a total score out of 33
possible points (3 points for each of the 10 test trials plus 3 points for correctly completing
at least one of the practice trial items) [19] and [42].

The Gift Delay Peek task [19] was used as a measure of inhibition. The child is told that
they have earned a present, but the examiner has forgotten to wrap it. The child is turned 180
degrees away from the examiner and is told not to peek or turn towards the present until the
examiner tells the child they are ready. The examiner then loudly wraps the present for up to
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one minute. No reminders are given. The task is discontinued and the child receives the gift
at one minute or when the child peeks at the gift. A score is provided for the number of
seconds prior to the child peeking at the examiner.

The Reverse Categorization task [43] was used as a measure of working memory and rule
use and the Dimensional Change Card Sort-Separated Dimensions task (DCCSS) [44] was
used as a measure of cognitive flexibility and working memory. These tasks consist of
sorting cards into boxes based on various dimensions (e.g. category, shape, color) while the
rules are varied (i.e., sort by color, sort by shape).

During the Reverse Categorization task, the child is introduced to two buckets and asked to
help the experimenter sort mommy animals into a “Mommy” bucket and baby animals into a
“Baby” bucket [43]. Then the examiner suggests that they play a “silly game” and reverse
the rules, with baby animals going in the “Mommy” bucket and mommy animals going in
the “Baby” bucket. Percent correct out of ten trials is calculated for the task.

For the DCCSS, target cards are sorting cards are used according to procedures outlined by
Diamond and colleagues [44]. Target cards include a picture of a baby mounted on a blue
background and a picture of a mommy mounted on a yellow background. The sorting cards
consist of pictures of babies mounted on yellow backgrounds and pictures of mommies
mounted on blue backgrounds. After a practice trial is given to assure knowledge of the
dimensions and colors used in the task, children are told that they should play the “color
game” in which the blue cards go in the blue box (marked with blue baby) and the yellow
cards go in the yellow box (marked with a yellow mommy). The children are given the
sorting cards (e.g. yellow baby, blue mommy) and the experimenter labels the color, “Here
is a blue one, where does it go?” Each sorting card matches one target card on one
dimension (color) and matches a second target card on the other dimension (shape). The
child is first asked to sort six cards by color (this is referred to as the pre-switch phase), and
then the child is asked to switch dimensions and sort six cards by shape (this is referred to as
the post-switch phase). This requires the child to inhibit the previous sorting rule (color) and
only pay attention to the current relevant dimension (shape). Knowledge questions (e.g.
“Where do the blue/baby ones go?”) and rule reminders (e.g. “Remember, blue/baby ones
go here (point) and yellow/mommy ones go here (point)”) are given on alternating trials.
The percent correct score is calculated based on performance on the six post-switch trials.

2.4. Socio-demographic Variables

Maternal and toddler race and ethnicity were obtained by parent report. Maternal education
was categorized on an ordinal 06 scale as follows: less than high school graduate (0), high
school graduate (1), partial college (2), associate degree (3), college graduate (4), some
graduate school (5), and advanced graduate degree (6). Perinatal medical variables were
collected through medical record review [45].

2.5. Statistical Analysis

This study included preschoolers born either VLBW (N=64) or NBW (N=40) and their
mothers. Due to the non-Gaussian distributions for some variables, Mann-Whitney-
Wilcoxon two-sample tests were used to test for differences between the VLBW and NBW
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groups for socio-demographic variables. Two sample t-tests and Mann-Whitney-Wilcoxon
tests were used to measure the differences between the groups for tests of VIQ and EF.
Analysis of covariance (ANCOVA) was used to compare associations between maternal
verbal scaffolding and VI1Q and EF measures among VLBW and NBW preschoolers,
adjusting for socio-demographic covariates. Because 1Q has been determined to be an
inappropriate covariate when investigating neurodevelopmental outcomes among
developmentally delayed populations [46], 1Q was not included as a covariate. A two sample
t-test and a Mann-Whitney-Wilcoxon exact test were used to compare girls born VLBW and
boys born VLBW on VIQ and EF measures, respectively. Spearman partial rank correlations
(p) were computed, controlling for test age, to measure associations between maternal verbal
scaffolding scores, VIQ and EF test measures for the VLBW and NBW groups separately.
Spearman partial rank correlations, controlling for test age, were used to measure
association between VIQ and EF test measures. ANCOVA was used to assess the gender X
maternal scaffolding interaction in the association between maternal scaffolding and verbal

1Q.

3. RESULTS

3.1. Comparison of Test Measures

The VLBW and NBW groups were not significantly different in gender or maternal age.
Twenty six of the VLBW preschoolers (40%) were tested in their home; none of the NBW
preschoolers were tested in home. Using two sample t-tests, no differences were found
between the VLBW preschoolers tested at home or in the clinic in maternal verbal
scaffolding scores or VIQ or any of the EF test measures.

Using Mann-Whitney-Wilcoxon exact tests, significant differences were found between the
VLBW and NBW preschoolers on maternal education, gestational age, birth weight, and test
age (See Table 1). Mann-Whitney-Wilcoxon exact tests indicated that the preschoolers born
VLBW scored significantly lower than children born NBW on VIQ and all EF test measures
(Table 1). These differences remained significant even after adjusting for maternal education
using Analysis of Covariance (ANCOVA).

3.2 Preliminary Correlational Analyses

Using Spearman partial rank correlations, there was a significant positive association
between maternal education and Verbal 1Q score in the NBW and VLBW groups (p=0.72,
p<0.0001and p =0.30, p=.02, respectively). Maternal education was not found to be
associated with any of the EF test measures in the VLBW or NBW groups.

To investigate the associations between VIQ and EF measures, we used Spearman partial
rank correlations, controlling for test age. There was a significant positive association
between Verbal I1Q and Bear Dragon among both the VLBW and NBW groups (p=0.44,
p=0.001and p =0.34, p=.04, respectively). Verbal 1Q was also significantly associated with
Reverse Categorization scores in both the VLBW and NBW groups (p=0.40, p=0.002and p
=0.62, p<0.0001, respectively).
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3.2. Maternal Verbal Scaffolding Associations

Mann-Whitney-Wilcoxon exact testing revealed that there were no significant differences in
the amount of maternal verbal scaffolding used between the mothers of VLBW and NBW
preschoolers. Among the VLBW preschoolers, Spearman correlations showed a significant
positive association between maternal verbal scaffolding and maternal education (p=0.38,
p=0.004). There were no significant associations between maternal verbal scaffolding and
maternal education or any other socio-demographic variable for the NBW group.

The VLBW preschoolers evidenced a significant association between maternal verbal
scaffolding and Verbal 1Q (p=0.37, p=0.004). The preschoolers born NBW had a significant
positive association between maternal verbal scaffolding and gift peek score (p=0.41,
p=0.009; see figure 1).

3.3. Post-Hoc Analysis: Gender Associations

To determine if gender differences explained some of the differential relationships, post-hoc
analyses were performed. Using ANCOVA with adjustment for test age, and comparing the
groups by gender, significant differences were found only within the VLBW group for VIQ
(F1,62=10.90, p=0.002) and Bear Dragon (F1 go=10.75, p=0.002. The VLBW girls had
significantly higher mean scores on all of the above test measures. Gender differences in the
associations between maternal verbal scaffolding and VVIQ and EF measures were also
explored. A positive association was found between maternal verbal scaffolding and Verbal
1Q scores for VLBW girls only (p=0.50, p=0.01; see Figure 2). A formal test for gender X
maternal verbal scaffolding interaction for this association using ANCOVA was not
significant (F1 ,=3.24, p=0.08).

4. DISCUSSION

The purpose of this study was to compare the associations between maternal verbal
scaffolding and measures of cognition and EF in preschoolers born VLBW and NBW. As
expected, preliminary analyses found that children born VLBW had significantly lower
scores on Verbal 1Q and all EF measures. These findings are consistent with findings from
previous studies that show poorer neurodevelopmental outcomes in children born VLBW
compared to children born full-term [47], [48] and [49]. We found no significant differences
in the amount of maternal verbal scaffolding used by mothers of VLBW or NBW children.
This was contrary to what was expected, because studies comparing preterm and full-term
samples have repeatedly found parenting differences, particularly in the first year of the
child’s life. In particular, mothers of preterm children are consistently rated as more
intrusive and less responsive in the literature [50] and [51]. These studies, however, have
mostly focused on emotionally responsive parenting behaviors (e.g., maternal
responsiveness to child emotional cues and emotional attunement) rather than parenting
behaviors that facilitate children’s cognitive development, such as maternal verbal
scaffolding. Although the importance of emotionally supportive parenting behaviors cannot
be understated with regard to their impact on child socio-emotional outcomes, examining
parenting behaviors that are primarily focused on children’s cognitive development may
deepen our understanding of the parenting behaviors needed to support learning [32].
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Maternal verbal scaffolding, termed “cognitively supportive behavior” by Landry and
colleagues [32], is one such behavior. In a previous study of maternal verbal scaffolding in
mothers of 18 month old children born preterm and full-term, we found that full-term
mothers demonstrated more complex verbal scaffolding behaviors [27]. Although we
expected to replicate this finding in the current study, it is possible that the variability in the
samples’ age ranges account for the differences found. It may be that 18 month old children
born preterm may differ from their full-term counterparts to a greater degree than three year
old children born preterm, leading mothers of 18 month old children born preterm versus
full-term to respond accordingly. Studies have shown that children born preterm are more
different than their full-term counterparts early in life, due to their medical vulnerability
[51]. Since parenting is a bidirectional relationship whereby the parent and child are both
active participants in creating interactions, the child’s needs at different time points
influence what behaviors a parent displays [52], [53] and [54]. It is also possible that use of
non-verbal scaffolding strategies such as structuring activities in addition to verbal
scaffolding contributes to the benefit of this type of play strategy at different ages, as was
found by Hammond and associates [31]. To fully understand this, however, future studies
must examine parenting differences longitudinally to explore how parenting practices, such
as maternal verbal scaffolding behaviors, change over time in relation to child interactive
behavior.

We hypothesized that among both groups, maternal verbal scaffolding would be associated
with increased Verbal 1Q scores and EF measures. We found that among the VLBW group,
more maternal verbal scaffolding was associated with higher Verbal 1Q; however this
relationship seems to be driven by the association among the female children born VLBW.
Previous studies have found that maternal verbal scaffolding strategies are positively
associated with a number of neurocognitive outcomes, both concurrently and longitudinally,
including verbal and nonverbal problem-solving skills [30] and EF skills [29] and [31].
Compared to our findings, however, previous studies regarding verbal scaffolding and
outcomes have not been gender-specific but have found overall gender differences. Studies
that specifically looked at the developmental outcome of toddlers born VLBW found girls
scored higher on measures of cognition [55]. Similar to these finding, girls born VLBW in
our study scored higher on a test of Verbal 1Q than the boys born VLBW. One hypothesis
requiring empirical investigation is that perhaps the effects of maternal verbal scaffolding
efforts are enhanced for girls to the extent that girls are more responsive to this type of an
interaction.

Gender differences were found for the VLBW group only, with VLBW girls scoring
significantly higher on tests of VIQ and Bear Dragon compared to VLBW boys. These
findings are consistent with previous studies demonstrating that girls born VLBW have
better neurocognitive outcomes [55] [56]. Others have found that full-term girls also score
higher on tests of self-regulation [57] than full-term boys, though we did not find this in our
study. This may be due to the smaller sample size of the NBW group, limiting the power
necessary to find differences. Further investigation of early development of EF skills in
preschool age boys and girls born NBW and VLBW groups is important as we develop
better assessment tools in this area.
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Within the NBW group, maternal verbal scaffolding was significantly associated with
decreased impulsivity (Gift Delay Peek). This finding is also consistent with the literature,
which has identified associations between both VLBW and full term groups with measures
of EF and maternal verbal scaffolding [30] and [31]. The association between maternal
verbal scaffolding and Gift Delay Peek was not significant for the VLBW preschoolers.
Because the VLBW preschoolers scored significantly lower on the Gift Delay Peek task than
the NBW group, it is possible that the level of disinhibition demonstrated by the VLBW
group was associated with a decreased ability to benefit from maternal verbal scaffolding
efforts more generally. In particular, verbal scaffolding may be a more effective intervention
technique for those preschoolers who have better self-regulation, including increased
inhibition, although this is an area that warrants further empirical investigation.

Also consistent with the literature, we found that maternal verbal scaffolding was
significantly associated with maternal education in the VLBW group. In our previous study
examining maternal scaffolding behaviors in a different group of 18 month olds born VLBW
and NBW, mothers of toddlers born VLBW who had obtained higher education used more
maternal verbal scaffolding behaviors [27]. In both our previous and current studies, we
found this association between education and scaffolding for the VLBW subsamples only,
suggesting that mothers of toddlers and preschoolers born NBW may use similar amounts of
scaffolding, regardless of education. These findings require further investigation, as one
would expect a similarly strong association among mothers of children born NBW. In fact,
Carr and Pike [58] found that maternal education was significantly associated with maternal
verbal scaffolding practices among mothers of children born full term, with higher education
being associated with more maternal verbal scaffolding. Hammond and associates [31] also
found maternal education was significantly associated with the use of maternal verbal
scaffolding on a structured task and subsequently with tests of EF. Parental education level
may not only be directly associated with the use of more adaptive parenting practices, but
may also represent wider social and economic influences that positively affect child
outcomes [58], [59] and [60] and future research should include additional socio-
demographic measures.

A key limitation of the current study is that only maternal verbal scaffolding behaviors were
assessed; correlates of non-verbal scaffolding behaviors in parent-child interactions were not
explored. Since communication can occur nonverbally, understanding how nonverbal
parenting strategies scaffold children’s play will be vital to providing a more comprehensive
understanding of the correlates of maternal scaffolding behaviors. Some studies suggest that
parents of children born VLBW are more intrusive and less responsive compared with
parents of children born NBW [50] [51]. Whether they use more non-verbal scaffolding
methods to foster cognitive development in their children, and whether children born VLBW
elicit more of these strategies from their parents compared to NBW children, is unknown but
worthy of further exploration.

Although studying maternal verbal scaffolding in isolation of other parenting behaviors
provides only a partial picture of the overall strategies employed by parents, it does help
further our understanding of what behaviors could be the focus of early intervention.
Longitudinal investigations could provide greater insight into the developmental sequencing
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of maternal behavior and child outcomes. Despite these limitations, the differential
associations found between verbal scaffolding behaviors and VIQ and EF measures may
inform future studies as the presence of verbal scaffolding may be only part of the clinical
picture. Further investigation into the synchrony, timing and appropriateness of these
scaffolding statements is important to address in future research to help us to better
understand the ways in which parents structure their interactions with their young children to
support children’s developing competencies. In addition investigating the combination of
maternal sensitivity and scaffolding as predictors of EF would be valuable.

In conclusion, preschoolers born VLBW had significantly lower Verbal I1Q and EF scores
compared with preschoolers born NBW, and different VV1Q and EF tests were related to
maternal verbal scaffolding in VLBW and NBW preschoolers. Maternal verbal scaffolding
was associated with VIQ within the VLBW group, and a test of inhibition (Gift Delay Peek)
in the NBW group. Maternal verbal scaffolding is a relatively simple behavior that is
observed during naturally occurring play interactions, thus integrating scaffolding skills
training as part of a parent-focused intervention may be both feasible and inexpensive.
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Figure 1.
Plot illustrating the association of Maternal Verbal Scaffolding score vs EF measures for

VLBW and NBW groups. Panel A shows the relationship for Verbal 1Q score, which is
significant (as measured by Spearman correlation) for the VLBW group. Panel B shows the
relationship for Gift Delay score, which is significant (as measured by Spearman
correlation) for the NBW group.
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Figure 2.

Plot illustrating the association of Maternal Verbal Scaffolding score vs. Verbal 1Q score
conditional on gender for the VLBW group. The relationship is significant for females (as
measured by Spearman correlation) in panel B but not for males in panel A.
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Table 1

Demographic Characteristics and Test Scores of VLBW and NBW groups

VLBW n= 64 NBW n= 40
Factor Mean (SD) Mean (SD) P value
Test Age (months) 46.5 (5.0) 445 (4.1) P=0.04
Birth weight (grams) 1195.9 (272.0) | 3213.0(429.1) | P<0.001
Gestational Age (wks) 29.2(2.1) 38.8 (1.6) P<0.001
Days on Ventilation 9.8 (15.8) 0(0) NA
IVH =3 or PVL 5 (8%) 0 (0) NA
Small Gestation Age 12 (21%) 0(0) NA
Child Ethnicity
White 19 (30%) 15 (37.5%)

Native American 10 (16%) 6 (15%)

Hispanic/Latino 33 (51%) 18 (45%)
other 2 (3%) 1(2.5%)
#Maternal Education 1.7 (15) 2.1(2.0) P<0.001
Maternal Age 32.6 (7.6) 33.3(8.1) P=0.69
Verbal 1Q 93.3 (13.9) 107.8 (12.0) | P<0.001
Performance 1Q 91.9(13.2) 102.6 (10.8) P<0.001
Full Scale 1Q 90.7 (13.1) 106.0 (11.3) | P<0.001
Gift Peek 34.0 (23.2) 48.0 (16.2) | P<0.005
Bear Dragon 15.7 (12.9) 29.3 (7.8) P<0.001
"Reverse Cat. % pass | 100[0,100] [ 100[100,100] | P<0.001
"ADCCSS % pass 83[0,100] | 100[100,200] | P<0.001
"Maternal Scaffolding 227 2921 P=0.06

IVH - interventricular hemorrhage; PVL - periventricular hemorrhage

'0- <H.S,, 1- H.S. graduate; 2- HS+ 1 yr college; 3-Associate degree; 4-Bachelor degree; 5- Some graduate school, 6- Masters degree +
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ADCCSS - Dimensional Change Card Sort-Separated Dimensions

N
Values reported are Median [Q1, Q3] for highly skewed variables where Q1 and Q3 are the first and third quartiles.
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