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Abstract
Background—Difficulties with executive function has been found in preterm children, resulting
in difficulties with learning and school performance.

Aim—This study evaluated the relationship of early working memory as measured by object
permanence items to the cognitive and language scores on the Bayley Scales-III in a cohort of
children born extremely preterm.

Study Design—Logistic regression models were conducted to compare object permanence
scores derived from the Bayley Scales-III by race/ethnicity and maternal education, controlling for
medical covariates.

Subjects—Extremely preterm toddlers (526), who were part of a Eunice Kennedy Shriver
National Institute of Child Health and Human Development Neonatal Research Network's multi-
center study, were evaluated at 18-22 months corrected age.

Outcome Measures—Object permanence scores derived from the Bayley Developmental
Scales were compared by race/ethnicity and maternal education, controlling for medical
covariates.

Results—There were no significant differences in object permanence mastery and scores among
the treatment groups after controlling for medical and social variables, including maternal
education and race/ethnicity. Males and children with intraventricular hemorrhage, retinopathy of
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prematurity, and bronchopulmonary dysplasia were less likely to demonstrate object permanence
mastery and had lower object permanence scores. Children who attained object permanence
mastery had significantly higher Bayley Scales-III cognitive and language scores after controlling
for medical and socio-economic factors.

Conclusions—Our measure of object permanence is free of influence from race, ethnic and
socio-economic factors. Adding this simple task to current clinical practice could help detect early
executive function difficulties in young children.
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1. INTRODUCTION
Executive function is a critical element of neurodevelopment in humans. It encompasses
working memory, inhibition, and cognitive flexibility.1,2 Difficulties with executive function
have been found in infants born preterm as early as 8 to 18 months, independent of maternal
education and cognitive skills.3 Early working memory, an integral component of executive
function, requires the ability to selectively attend to information that is important while
simultaneously inhibiting interfering information. It also mediates a wide range of activities
requiring reasoning and planning.4 Woodward et al (2005) found that 2-year-olds born
preterm had more problems encoding new information into working memory than term
infants.5 Children born extremely preterm continue to exhibit difficulties in cognition,
inhibition, and perceptual-motor skills in kindergarten compared to peers born full term.6

Difficulty with executive function persists into school age, especially in the areas of
response inhibition, planning, and verbal and spatial working memory skills.7-10

The Bayley Scales of Infant and Toddler Development (BSID)11-13 are used to determine
cognitive function in extremely preterm children prior to the age of 42 months. These
scores, however, have been found to be poor predictors of school-age function.14 We have
previously reported differences among racial/ethnic groups on the Bayley Scales of Infant
and Toddler Development–2nd edition (BSID-II)12 not explained by socioeconomic status or
maternal education,15 with White children having a significantly higher mental
developmental index than Hispanic or Black children. However, we found that measures of
object permanence were similar among these groups as well as across income levels,15

suggesting that object permanence may be a culturally neutral measure of early executive
function.

The objective of the current study was to evaluate the relationship of early working memory
as measured by object permanence test items to the cognitive and language scores on the
Bayley Scales of Infant and Toddler Development–3rd edition (BSID-III) in a large cohort of
children born extremely preterm at 18-22 months corrected age. These infants had been
enrolled in a randomized, multicenter trial in the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD) Neonatal Research Network (NRN).
We hypothesized that object permanence would not be affected by maternal education or
race/ethnicity, in contrast to BSID-III cognitive and language scores, and that object
permanence scores would correlate significantly with performance on the BSID-III
cognitive and language scores.
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2. METHODS
2.1. Study Population

All children in this planned secondary study of object permanence had been enrolled in the
Neuroimaging and Neurodevelopmental Outcome (NEURO) secondary study to the NICHD
NRN Surfactant Positive Airway Pressure and Pulse Oximetry Trial (SUPPORT) multi-
center study.16, 17 The SUPPORT study was a randomized, multicenter, 2x2 factorial trial of
oxygenation (lower vs. higher oxygenation saturation target range) and ventilation
(continuous positive airway pressure vs. intubation and surfactant) management strategies
beginning in the delivery room among 24 to 27+6/7 week estimated gestational age infants.
All surviving infants in the SUPPORT study had a comprehensive neurodevelopmental
follow-up visit at 18-22 months of age corrected for prematurity.16,17 Object permanence
scores were performed and reported only for those children enrolled in this secondary study
who were born between June 2005 to February 2009 in one of 15 participating centers of the
NRN across the United States (see Figure 1). Ethnicity/race was obtained by maternal self
report.

2.2 Test Measures
The BSID-III13 were administered between 18 and 22 months, age adjusted for prematurity.
The cognitive and language scales were used for this study (mean 100, standard deviation
15). Examiners at each site were certified to administer the BSID-III through the Neonatal
Research Network. Three items (numbers: 40, 45 and 50) within the Cognitive Scale were
used as measures of object permanence. The items sequentially increased in difficulty and
were each worth 1 point. First, the child was asked to find a toy hidden under one of two
cups (item 40). Second, the cups were reversed after the toy was hidden (item 45). Third,
double visual displacement was used as the toy was hidden under one cup, removed and
hidden a second time under the second cup (item 50). Items were administered according to
the standardized instruction, and the three items were within the tests administered with the
18-22 month old children. Object permanence score was defined as the number of items
correctly completed (ordinal measure). Object permanence mastery was defined as a score
of ≥ 2 (categorical measure).

2.3. Statistical Analyses
Because the object permanence score is an ordinal measure (i.e., number of items correctly
completed), Poisson regression models with generalized estimating equations were
conducted to compare object permanence scores between children in different racial/ethnic
groups and maternal education levels after controlling for SUPPORT randomized treatment
group, NRN center, and clinically relevant covariates (gender, gestational age, adjusted age
at testing, multiple gestations, intraventricular hemorrhage grade III or IV (IVH III-IV) or
cystic periventricular leukomalacia (cPVL) (based on sonogram), severe retinopathy of
prematurity (ROP) (defined by threshold retinopathy, ophthalmologic surgery, or the use of
bevacizumab treatment), and bronchopulmonary dysplasia (BPD) (defined as infants
receiving supplemental oxygen by any means at 36 weeks gestational age)). Similar logistic
regression models were conducted to compare object permanence mastery by race/ethnicity
and maternal education, controlling for treatment group, center, and medical covariates.
Comparable linear regression models were then conducted to examine the relationship
between object permanence and BSID-III scores, after accounting for covariates. More
detailed definitions of the medical covariates were provided previously in SUPPORT trial
studies.16,17 All analyses were conducted using Statistical Analysis Software version 9.3
statistical software and performed by the Data Coordinating Center (RTI International).
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RESULTS
Selected demographic and medical characteristics of the 526 children in this study are
shown in Table 1. The percentage of children demonstrating object permanence and the
mean object permanence scores by demographic and medical characteristics are shown in
Table 2. In the bivariate comparisons, males and children with ROP were less likely to
demonstrate object permanence mastery and had lower object permanence scores. In
addition, those in the lower gestational age strata (24-25 weeks versus 26-27 weeks) had
lower object permanence scores.

There were no significant differences in object permanence mastery and scores among the
treatment groups after controlling for medical and social variables (Table 3). There were
also no significant differences in object permanence mastery and scores by gestational age,
IVH III-IV/cPVL, maternal education or race/ethnicity after controlling for other medical
and social factors. Similar to findings in the bivariate model, significant differences were
found for male gender, children with younger adjusted age at testing and ROP, even after
accounting for other factors. In addition, those children diagnosed with BPD had
significantly lower object permanence mastery and scores when controlling for other factors.

The overall mean (standard deviation) BSID-III scores were 91.83 (14.21) for the cognitive
composite and 86.38 (16.32) for the language composite. Children who attained object
permanence mastery had significantly higher BSID-III cognitive and language scores after
controlling for both medical and socio-economic factors (Table 4). Cognitive scores were 12
points higher and language scores nearly 9 points higher among those with object
permanence mastery, adjusted for multiple confounders including maternal education and
race/ethnicity. Children who were male and had IVH III-IV/cPVL, severe ROP, or BPD or
who were younger at the time of testing (corrected age), had significantly lower cognitive
composite scores (Table 4). Children of mothers with high school education or less had
significantly lower BSID-III language scores than those whose mothers had some college
education or more. Boys and Hispanic children scored significantly lower on the language
scale. Children with BPD also had lower language scores.

Results found in the models using object permanence score rather than object permanence
mastery were comparable (Table 5). Higher object permanence score was associated with
higher cognitive and language composite scores (p < 0.001). Boys and children with IVH
III-IV/cPVL, severe ROP, or BPD or lower corrected age at time of testing had significantly
lower object permanence scores. Boys, children with BPD, and those who had mothers with
lower educations had significantly lower language composite scores. Model-adjusted mean
BSID-III cognitive and language scores for each possible object permanence score are
shown in Figure 2.

DISCUSSION
In this prospective, multicenter study we found that object permanence as a measure of early
working memory was significantly related to measures of cognition and language, but not
associated with race/ethnicity or maternal education. This confirms our previous findings in
regards to object permanence and cognition as measured by the BSID-II,18 and provides
additional evidence that object permanence is a culturally neutral measure of early working
memory. This is an important finding, as tests of cognition are influenced by race/
ethnicity,19 maternal education, and parental stress.20 The controversy related to biases
inherent in measures of intelligence, especially related to race/ethnic factors, is not new,21

but we continue to use them as the main measure of morbidity and indicator of improvement
in medical care.
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Interest in studying executive functioning, including early working memory, inhibition, and
reasoning, have been increasing over the past decade;9 however, these skills are difficult to
measure in young children.22 We used object permanence, a skill described by Piaget23 as
one of the earliest measures of early working memory,24 a skill that is related to early white
matter injury5 and development of dorsolateral prefrontal regions.25 Our finding that object
permanence was associated with cognition and language scores on the BSID-III indicates
that it could potentially augment research by providing an additional measure of
development that is potentially free of socio-economic and racial/ethnic biases.18 Better
understanding of early executive functioning in extremely preterm children could lead to
earlier diagnosis and improved interventions for children born preterm. In conjunction with
the BSID-III cognitive score, a measure of object permanence may improve our detection of
ongoing problems with executive function at 18–22 months, which is highly related to
learning difficulties later in life. Early childhood intervention results in significant
improvements in cognitive, academic, and social outcomes,26 and tasks that specifically
work on early working memory can be developed to potentially enhance executive
functioning skills in young children.27

We also found that children with IVH, ROP and BPD had significantly lower object
permanence scores. These findings are similar to those in the Trial of Indomethacin
Prophylaxis in Preterms (TIPP) study as IVH, ROP, and BPD were also associated with
adverse developmental outcomes at 18-month in children born extremely-low birth
weight.28 Schmidt and associates found that children who had IVH had the greatest odds of
poor long-term outcome followed by those children with severe ROP or BPD.28 Our
findings that boys did more poorly on measures of object permanence are consistent with
other outcome studies of children born preterm.9,22,28 Corrected age at time of testing also
impacted object permanence mastery which is consistent with Piaget's findings that this is a
skill that is developmental in nature.23 It is important to take into account the age of the
child when using this type of a task.

A limitation of this study is that the object permanence items used were selected from the
cognitive scale of the BSID-III. Since we also administered the BSID-III cognitive scale in
the study, using these items in both measures could result in a degree of correlation between
the scales. However, our findings for object permanence were significantly different from
the BSID-III cognitive scale when race/ethnicity was taken into account. Another limitation
of this study is that this cohort may not be a representative sample of extremely low birth
weight infants and therefore caution should be used in generalizing these findings.29 A
strength of our study was the utilization of the NICHD NRN, which includes a large number
of children from a variety of race, ethnic and socio-economic backgrounds.

In conclusion, our study supports the hypothesis that our measure of object permanence is
free of influence from race, ethnic and socio-economic factors. We suggest that this can be
used to detect early deficits in working memory in children born extremely low birth weight.
Adding this simple task to our current clinical practice would allow us to detect early
executive function difficulties in young children. Further investigation of ways to identify
specific intervention techniques to enhance early executive skills would be beneficial.
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Figure 1.
Flowchart of the population, detailing numbers enrolled in the study and those included in
this specific study
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Figure 2.
Model-Adjusted Mean Bayley-III Cognitive and Language Composite Scores by Object
Permanence Scores
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Table 1

Sample Characteristics

Characteristic N (%)

Ventilation

    Early Extubation and CPAP 261 (50)

    Early Surfactant and Ventilation 265 (50)

Oxygen level

    High target SpO2 (91-95%) 273 (52)

    Low target SpO2 (85-89%) 253 (48)

Gestational age...mean (SD) 26 (1)

Birth weight...mean (SD) 853 (192)

Male 293 (56)

IVH III-IV/cPVL 73 (14)

Severe ROP 59 (12)

BPD 196 (37)

Corrected age at follow-up visit...mean (SD) 20 (2)

Education

    Less than high school 127 (25)

    High school graduate 153 (30)

    Some college or more 235 (46)

Race/Ethnicity

    Black, non-Hispanic 165 (31)

    White, non-Hispanic 229 (24)

    Hispanic 115 (22)

    Other/Unknown 17 (3)

Note: N=526.
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Table 2

Mean Object Permanence Scores and Percentages of Study Children with Object Permanence Mastery by
Treatment and Demographic Characteristics

Characteristic Object permanence mastery Object permanence scores

N (%) p Mean (SD) P

Ventilation

    Early Extubation and CPAP 165 (63) 0.752 1.88 (1.15) 0.489

    Early Surfactant and Ventilation 164 (62) 1.81 (1.16)

Oxygen level

    High target SpO2 (91-95%) 173 (63) 0.686 1.85 (1.18) 0.876

    Low target SpO2 (85-89%) 156 (62) 1.83 (1.13)

Gestational age

    24-25 weeks 117 (59) 0.165 1.71 (1.16) 0.046

    26-27 weeks 212 (65) 1.92 (1.15)

Gender

    Male 170 (58) 0.016 1.75 (1.14) 0.042

    Female 159 (68) 1.96 (1.16)

IVH III-IV/cPVL

    Yes 41 (56) 0.230 1.61 (1.23) 0.075

    No 287 (64) 1.88 (1.14)

Severe ROP

    Yes 25 (42) < 0.001 1.41 (1.15) 0.003

    No 304 (65) 1.88 (1.15)

BPD

    Yes 113 (58) 0.074 1.71 (1.19) 0.050

    No 216 (65) 1.92 (1.13)

Education

    Less than high school 86 (68) 0.308 1.92 (1.18) 0.643

    High school graduate 90 (59) 1.79 (1.21)

    Some college or more 148 (63) 1.85 (1.11)

Race/Ethnicity

    Black 101 (61) 0.717 1.85 (1.14) 0.349

    White 149 (65) 1.68 (1.20)

    Hispanic 68 (59) 1.82 (1.24)

    Other/Unknown 11 (65) 1.92 (1.14)

Note: N=526
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Table 3

Regression Models of Object Permanence Mastery and Scores

Characteristic Object Permanence Mastery Object Permanence Score

Adjusted OR (95% CI) p Adjusted mean difference (SE) p

Ventilation

    Early Extubation and CPAP 1.01 (0.65, 1.58) 0.950 0.05 (0.05) 0.334

    Early Surfactant and Ventilation REF REF

Oxygen level

    High target SpO2 (91-95%) 1.16 (0.74, 1.82) 0.498 0.05 (0.05) 0.313

    Low target SpO2 (85-89%) REF REF

Gestational age 0.90 (0.72, 1.13) 0.357 −0.02 (0.03) 0.475

Male 0.53 (0.34, 0.83) 0.007 −0.18 (0.06) 0.003

IVH III-IV/cPVL 0.76 (0.40, 1.44) 0.385 −0.18 (0.12) 0.143

Severe ROP 3.01 (1.41, 6.45) 0.006 0.30 (0.15) 0.045

BPD 0.56 (0.34, 0.94) 0.030 −0.15 (0.08) 0.044

Corrected age at follow-up visit 1.21 (1.05, 1.40) 0.011 0.03 (0.01) <0.001

Education

    Less than high school 1.31 (0.72, 2.39) 0.364 0.05 (0.07) 0.532

    High school 0.89 (0.53, 1.51) 0.659 −0.01 (0.06) 0.874

    Some college or more REF REF

Race/Ethnicity

    Black 0.78 (0.44, 1.39) 0.390 −0.04 (0.07) 0.576

    White REF REF

    Hispanic 1.40 (0.69, 2.85) 0.338 0.03 (0.08) 0.766

    Other/Unknown 1.69 (0.45, 6.34) 0.431 0.07 (0.15) 0.632

Note: REF=reference category. N=515 for both models. Odds ratios and mean differences are adjusted for center, ventilation type, oxygen level,
gestational age, gender, IVH III-IV/cPVL, severe ROP, BPD, corrected age at follow-up, maternal education, and race/ethnicity.
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Table 4

Regression Models of Bayley III Cognitive and Language Composite Scores by Object Permanence Mastery,
Treatment Group and Demographic Characteristics

Characteristic Cognitive Composite Language Composite

Adjusted mean difference (SE) p Adjusted mean difference (SE) P

Object Permanence Mastery 12.03 (1.10) < 0.001 8.75 (1.47) < 0.001

Ventilation

    Early Extubation and CPAP 1.55 (1.04) 0.144 0.81 (1.39) 0.562

    Early Surfactant and Ventilation REF REF

Oxygen level

    High target SpO2 (91-95%) 0.09 (1.05) 0.929 −0.19 (1.41) 0.891

    Low target SpO2 (85-89%) REF REF

Gestational age 0.64 (0.54) 0.246 1.04 (0.72) 0.159

Male −2.81 (1.01) 0.008 −4.25 (1.36) 0.003

IVH III-IV/cPVL −4.85 (1.47) 0.002 −1.53 (1.95) 0.439

Severe ROP 3.94 (1.74) 0.029 2.92 (2.32) 0.216

BPD −4.02 (1.19) 0.002 −3.58 (1.60) 0.031

Corrected age at follow-up visit −0.60 (0.24) 0.015 −0.22 (0.33) 0.509

Education

    Less than high school −1.73 (1.39) 0.220 −5.35 (1.85) 0.006

    High school −2.14 (1.24) 0.091 −3.99 (1.65) 0.020

    Some college or more REF REF

Race/Ethnicity

    Black −0.01 (1.36) 0.991 −1.92 (1.83) 0.300

    White REF REF

    Hispanic −0.81 (1.62) 0.621 −6.25 (2.18) 0.007

    Other/Unknown −2.46 (3.07) 0.428 −1.25 (4.21) 0.768

Note: REF=reference category. N=511 for cognitive composite model and N=503 for language composite model. Mean differences are adjusted for
research center, object permanence mastery, ventilation type, oxygen level, gestational age, gender, IVH III-IV/cPVL, severe ROP, BPD, corrected
age at follow-up, maternal education, and race/ethnicity.
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Table 5

Regression Models of Bayley III Cognitive and Language Composite Scores by Object Permanence Score,
Treatment Group and Demographic Characteristics

Characteristic Cognitive Composite Language Composite

Adjusted mean difference (SE) p Adjusted mean difference (SE) P

Object Permanence Score 5.80 (0.45) < 0.001 4.42 (0.62) < 0.001

Ventilation

    Early Extubation and CPAP 1.14 (1.01) 0.264 0.53 (1.36) 0.701

    Early Surfactant and Ventilation REF REF

Oxygen level

    High target SpO2 (91-95%) 0.27 (1.01) 0.794 −0.12 (1.38) 0.929

    Low target SpO2 (85-89%) REF REF

Gestational age 0.56 (0.52) 0.293 0.99 (0.71) 0.170

Male −2.81 (0.97) 0.006 −4.17 (1.34) 0.003

IVH III-IV/cPVL −3.87 (1.42) 0.009 −0.86 (1.94) 0.660

Severe ROP 4.52 (1.67) 0.010 3.18 (2.28) 0.170

BPD −3.68 (1.15) 0.003 −3.34 (1.57) 0.040

Corrected age at follow-up visit −0.74 (0.23) 0.002 −0.34 (0.33) 0.301

Education

    Less than high school −1.68 (1.34) 0.216 −5.23 (1.81) 0.006

    High school −2.36 (1.19) 0.055 −4.10 (1.61) 0.015

    Some college or more REF REF

Race/Ethnicity

    Black −0.23 (1.32) 0.862 −2.18 (1.79) 0.231

    White REF REF

    Hispanic −0.54 (1.57) 0.733 −6.15 (2.13) 0.006

    Other/Unknown −2.36 (2.96) 0.431 −1.13 (4.12) 0.785

Note: REF=reference category. N=511 for cognitive composite model and N=503 for language composite model. Mean differences are adjusted for
research center, object permanence score, ventilation type, oxygen level, gestational age, gender, IVH III-IV/cPVL, severe ROP, BPD, corrected
age at follow-up, maternal education, and race/ethnicity.
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