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Abstract

Working memory (WM) is positively correlated with socioeconomic status (SES). It is not clear,
however, if SES predicts the rate of WM development over time nor whether SES effects are
specific to family rather than neighborhood SES. A community sample of children (n = 316)
enrolled between ages 10 and 13 completed four annual assessments of WM. Lower parental
education, but not neighborhood disadvantage, was associated with worse WM performance.
Neither measure of SES was associated with the rate of developmental change. Consequently the
SES disparity in WM is not a developmental lag which narrows nor an accumulating effect that
becomes more pronounced. Rather, the relation between family SES and WM originates earlier in
childhood and is stable though adolescence.

Working memory refers to the active, short-term maintenance and manipulation of
information, generally in the service of guiding behavior, and is dependent on the prefrontal
cortex (Baddeley, 2003; Best & Miller, 2010). Working memory becomes differentiated
from single, overarching executive control processes by middle childhood and exhibits
improvement through childhood and adolescence as the prefrontal cortex develops (Best &
Miller, 2010; Lee, Bull, & Ho, in press). In the past decade the question of how social
contexts, such as socioeconomic status, influence working memory performance and
development has emerged as an increasing area of focus to explain individual differences in
working memory development.

This question also has considerable applied relevance. Working memory is a strong
candidate mediator explaining the graded association between socioeconomic status (SES)
and disparities in achievement, health and psychopathology (Adler et al., 1994; Bradley &
Corwyn, 2002; Brooks-Gunn & Duncan, 1997; Sirin, 2005). It is not surprising, given its
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function of holding and integrating information, that working memory plays a critical role in
a wide array of cognitive abilities (Kimberg & Farah, 1993), mathematical skills (Alloway
& Alloway, 2010; Bull, Espy, & Wiebe, 2008) and reading comprehension (Alloway &
Alloway, 2010; Daneman & Merikle, 1996), and thus is an important foundational ability
for cognitive development and achievement. Additionally, working memory has also been
associated with depression (Snyder, 2013), health behaviors such as nutrition and physical
activity (Riggs, Chou, Spruijt-Metz, & Pentz, 2010), alcohol use (Houben, Wiers, & Jansen,
2011) and sexual debut (Khurana et al., 2012). Consequently, working memory is a
plausible mediator that may account, at least in part, for a wide-range of SES-related
disparities.

SES can be measured by various indices such as family income, parental education, and
neighborhood characteristics (Krieger, Williams, & Moss, 1997). It is generally correlated
with child and family stress and parenting behavior (Bradley & Corwyn, 2002; Conger &
Donnellan, 2007; Evans, 2004), factors which would be expected to impact the development
of neurocognitive systems including working memory (Bernier, Carlson, Deschenes, &
Matte-Gagne, 2012; Blair, 2010;), and indeed many research groups have found a positive
relation between childhood SES and working memory measured at different ages. For
example, lower-SES preschool and early elementary school children perform worse on
working memory tasks (Noble, McCandliss, & Farah, 2007), and on composite or latent
measures of executive function (Blair et al., 2011; Hughes, Ensor, Wilson, & Graham, 2010;
Noble, Norman, & Farah, 2005; Wiebe et al., 2011). In middle childhood, SES effects have
been observed in WM tasks including digit span, spatial working memory, and an object 2-
back (Farah et al., 2006; Sarsour et al., 2011). SES effects on working memory are apparent
through adolescence: Evans and Schamberg (2009) found that duration of poverty was
inversely related to spatial working memory at age 17, while Waber (2007) found SES
effects on tests of spatial working memory and digit span in a group of children aged 6-17
years.

The present analysis was undertaken to address two basic questions about the association
between SES and the development of working memory. First, what is the trajectory of SES
disparities in working memory development? In contrast to other aspects of executive
function, working memory development continues without leveling off through the end of
adolescence (Best & Miller, 2010), suggesting that it may remain sensitive to ongoing
experiential effects throughout this period. Does the SES disparity in working memory
widen, as the effects of experience accumulate, further disadvantaging lower SES
individuals? Does it hold steady, reflecting early emerging differences but similar
developmental processes across time? Or does the SES disparity in working memory
gradually resolve as children mature into adolescence and young adulthood, perhaps because
it represents a delay for low SES children along a common developmental path? In addition
to addressing basic questions concerning the developmental plasticity of working memory,
understanding when SES effects emerge and how they change over time provides critical
guidance for identifying the mechanisms underlying these differences. Identification of such
mechanisms can then provide additional targets for prevention programs aimed at reducing
disparities in academic and cognitive functioning.
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Findings that SES predicts working memory in adults (Lee, Kawachi, Berkman, &
Grodstein, 2003) might appear to demonstrate the persistence of SES effects on working
memory. However, unlike the effects of childhood SES, these effects can be explained by
the mechanism of “social selection,” a downward drift in SES for individuals with lower
working memory (Conger & Donnellan, 2007). In addition, the absence of common
measures of working memory and SES across child and adult studies precludes knowing
whether disparities increase, decrease or hold constant in the transition from childhood to
adulthood.

Evans and Schamberg’s (2009) finding that the duration of poverty predicts working
memory is consistent with a progressive widening of SES disparities over development, as
disadvantage accumulates and compounds. However, this may not be due to the effects of
poverty on developmental trajectories of working memory. Instead, it may be due to the
repeated, additive effects of continuous exposure to poverty, and thus not indicative of early
SES-related disparities that widen over time. To our knowledge no study has examined SES
effects on working memory longitudinally through adolescence. In addition, despite
prospective evidence that SES predicts executive function overall in young children (Blair et
al., 2011), there is little prospective evidence demonstrating the specific association between
childhood SES and later working memory performance. For these reasons we analyzed data
from a longitudinal study of executive function development spanning the ages of 10-17
years old.

The second question addressed here concerns the more specific aspects of SES related to
working memory development, and in particular whether previously reported effects of
family-level SES are independent and unique from other aspects of SES, such as
neighborhood disadvantage. From a theoretical perspective, neurocognitive development
may emerge via a dynamic interaction between individuals and their social contexts (e.g
Bronfenbrenner & Morris, 1998), including neighborhoods, which may become increasingly
important as children and adolescents age and engage in more direct interaction with their
wider social contexts and institutions. Such a developmental perspective is consistent with
the public health and sociological literatures, which posit that neighborhood factors reflect
unique components of socioeconomic experience that have different associations with health
and behavior beyond the effects of income and education (Diez-Roux & Mair, 2010; Krieger
et al., 1997). In addition, relations between neighborhood SES and neurocognitive or health
outcomes may be mediated by mechanisms that are both overlapping with and unique from
family-level SES. Among the hypothesized unique causes for neighborhood effects,
compared to family-level effects, include housing quality, the built environment,
environmental exposures, peer effects, collective social support and efficacy, neighborhood
resources, and violence exposure (Diez-Roux & Mair, 2010; Leventhal & Brooks-Gunn,
2000). Acute violence exposure has been linked to performance decrements on tasks of
attention (Sharkey, Tirado-Strayer, Papachristos, & Raver, 2012), while lead exposure has
been linked to lower working memory performance (Chiodo, Jacobson, & Jacobson, 2004),
indicating that such mechanisms are plausible. Consequently, the specificity of SES effects
has considerable consequences for the theoretical propositions concerning underlying
mechanisms as well as for the nature of policy or programmatic interventions that may be
recommended to address disparities. Nevertheless, despite an emerging literature on
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neighborhood SES and cognitive function in general, and verbal ability in particular
(Sampson, Sharkey, & Raudenbush, 2008; Wight et al., 2006), neighborhood SES has yet to
be investigated with respect to working memory.

To address the two questions just described, we analyzed data from a community-based
cohort of children enrolled between the ages of 10 and 13 and followed for five years. This
data set was ideally suited to the study of working memory because the annual assessment
included four different tests of working memory that were found to load on a common
factor. Our goal was to determine whether either neighborhood disadvantage, family SES,
indexed by parental education, or both, predicted the working memory factor at the study
outset, and whether disparity observed in this measure grew, held steady or narrowed
through the end of adolescence.

Sample and Study Procedures

The current study sample is derived from a 5-year accelerated longitudinal study of
executive function, risk behaviors, and impulsivity. Participants between the ages of 10 and
13 were recruited from urban public and parochial schools. The current analysis employs the
final four years of data for tasks of working memory, due to change in the assessment
battery after the first year of assessment. Testing occurred in the school setting, research
center testing rooms, and community libraries. Working memory tasks were administered
using E-Prime 1.0 (Psychology Software Tools, Pittsburgh, PA) on touch-screen laptops.
Complete testing sessions lasted up to two hours, with a break to reduce fatigue and
maintain interest. Parental consent and youth assent were obtained, and youth were
reimbursed for their time and travel. The study was approved by the Institutional Review
Board of the Children’s Hospital of Philadelphia.

Through the 5™ annual assessment 87% of the original sample was retained (n = 335 from a
possible 387), indicative of minimal attrition. The distribution of those who completed the
final assessment did not differ from those who did not in terms of age at study entry (p=.
73), gender (p = .66), African-American racial identity (p = .09), Hispanic or Latino
ethnicity (p = .79), whether the primary caregiver is the mother (p = .14), whether or not a
secondary caregiver was present (p =.27). In addition there were no differences in
performance on any working memory task administered prior to the final year of assessment
(all p>.09), indicating no differential attrition by working memory performance. There
were no differences between those who completed the final assessment and those who did
not with respect to parental education (p = .95) or neighborhood rates of poverty (p =.11),
receipt of public assistance (p = .23), or population under 18 (p = .17). However, those who
remained in the study came from neighborhoods with higher rates of unemployment (p =.
03), African-American populations (p = .005), and female-only households (p = .02),
indicating that adolescents living with greater neighborhood disadvantage were more likely
to remain in the study until completion.

Participants were omitted from analysis if they reported regular medication use for Attention
Deficit Hyperactivity Disorder or a diagnosis of depression, bipolar disorder, or obsessive-
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compulsive disorder at the time of the first assessment (n = 31). In addition, 38 participants
were omitted from analyses because a sibling or household member was also in the study,
due to concerns regarding non-independence and because our independent variables of
interest would be identical across household members. Members of the dyad with the most
complete data were retained in this analysis or, if there was no difference between household
members, the first enrollee was retained. In addition, participants who withdrew or did not
provide demographic information prior to the first assessment were omitted (n = 2). Sample
characteristics for those included in the analysis (n = 316) are reported in Table 1.

Measurement of parental education and neighborhood disadvantage

Parents completed a demographic questionnaire in a telephone interview during the first
study year that included questions regarding the child’s grade in school, medical history,
family composition, and caregiver education. As a secondary caregiver was reported for
80.4% of the children included in this analysis, average parental education, measured in
years, was employed to ensure that data reflected the education of both parents without
raising concerns due to multicollinearity. Table 2 outlines the distribution of parental
education for the primary and secondary caregivers as well as the average.

Based on earlier work on neighborhood effects (Sampson et al., 2008), we employed a
measure of concentrated disadvantage based on the United States (U.S.) census tract for the
child’s home address during the first study year. Five measures were employed from the
2000 U.S. Census: percentage of individuals below the poverty line, unemployed, and
receiving public assistance, as well as the density of children under the age of 18 and
female-headed households with no spouse present. Principal components analysis confirmed
a single factor of concentrated disadvantage that explained 79.1% of the variance in these
measures. Factor loadings, presented in Table 3, were used to create a regression-weighted
factor score for concentrated disadvantage for each participant. Loadings were similar to
those derived from the Chicago study (Sampson et al., 2008), and thus similarly reflect
disadvantage in urban neighborhoods. Prior literature had used such a factor to create a
categorical variable for exposure to disadvantage, based on the bottom quartile of scores in a
sample of neighborhoods, stratified by race and SES. However, as such a sampling
procedure was not employed in the design of this study, we employed a continuous measure
of disadvantage: the natural logarithm of derived factor scores transformed because the
distribution of factor scores was positively skewed.

Working Memory Tasks and Factor Construction

Digit Span Backwards—The digit span subtest from the Wechsler Intelligence Scale for
Children—Fourth Edition (WISC-1V) (Wechsler, 2003) taxes auditory working memory, with
participants immediately repeating sequences of digits of increasing length in both forward
and reverse order. In functional imaging studies, this task reliably activates lateral prefrontal
cortex (Owen, 2000). The WISC Digit Span Backwards raw score was used as the
dependent variable in analyses, as it requires manipulation in addition to maintenance of
information. No performance levels greater than 3 SD below the mean were identified and
thus all observations were included.
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Corsi Block Tapping—In this non-verbal variant of Digit Span task (Milner, 1971),
participants view a set of identical blocks that are spatially dispersed. Blocks are
individually illuminated in a random sequence, for 500 msec each, and participants are
asked to tap each box in the reverse order. Sequence length begins at 3 blocks and proceeds
through 9, in sets of 3. The task is discontinued when participants fail 2 or more trials per
level. The total correct score was used in analyses. Performance on this task is dependent on
right prefrontal brain regions (Owen, 2000; Van Asselen et al., 2006). No performance
levels greater than 3 SD below the mean were identified and thus all observations were
included.

Spatial Working Memory—This computerized task requires the subject to search for
hidden tokens one at a time within sets of four, six, or eight randomly positioned boxes.
Tokens are hidden only once in each box. Working memory skills are tapped as the subject,
while searching, must hold in working memory the locations already checked and, as tokens
are found, they must remember and update the information about the locations of the found
tokens (Luciana et al., 2005). The between-search errors score was employed in analyses,
due to its higher requirements for continual updating of representations. Lesion studies of
patient populations as well as functional imaging studies demonstrate the important of the
prefrontal cortex (PFC), particularly the dorsolateral PFC, in performance on this task (Van
Asselen et al., 2006). Observations greater than 3SD from the mean were excluded from the
analysis due to concerns that extreme values were indicative of poor task understanding or
non-compliance, leading to the exclusion of 1.3% or fewer of the observations at each
session.

Object Two-Back—This computerized task requires participants to monitor the serial
presentation of irregularly shaped polygons, and to press the space bar when they observe a
repetition of the stimulus that appeared 2 stimuli previously (Postle, D’Esposito, & Corkin,
2005). Participant must continually update their working memory in order to compare the
current shape to the shape presented 2 trials back and inhibit attention to representations of
earlier polygons. The total correct response score was employed in analyses. Imaging
studies find lateral prefrontal activation with this task (Owen, McMillan, Laird, & Bullmore,
2005). Observations greater than 3SD from the mean were excluded from the analysis due to
concerns that extreme values were indicative of poor task understanding or non-compliance,
leading to the exclusion of a maximum of 6.3% of observations at each wave.

Working Memory Factor—Table 4 reports mean task performance by session of
assessment for each individual task. Table 5 shows bivariate correlations among participant
scores on each working memory task, averaged across assessments, as well as correlations
with parental education and concentrated disadvantage. All working memory tasks were
significantly correlated with each other. These correlations largely held when examining the
correlations by session or by age of assessment as well (data not shown). Confirmatory
factor analysis conducted with average performance across sessions on each of these four
tasks specified a single factor and fit the data well, ¥2 (2) = 5.02, p = .07, comparative fit
index (CFI) = .99, Tucker-Lewis Index (TLI) = .96, root-mean square error of
approximation (RMSEA) = .07, Akaike information criterion (AIC) = 6639.34, Bayesian
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information criterion (BIC) = 6683.946. Loadings from this analysis were used to create a
single working memory factor score. To create a composite that remains sensitive to
developmental change, participant’s scores on each task at each session were centered on the
grand mean for that task across the study.

To examine if this factor was invariant across SES levels, multiple group confirmatory
factor analysis was conducted for both parental education and concentrated neighborhood
disadvantage, following Brown (2006), to examine invariance in both factor loadings and
intercepts. For this analysis, conducted in Mplus version 7 (Muthén & Muthén, 1998),
groups were created using a median split to create equal subsamples of high and low
parental education and concentrated disadvantage, respectively. For parental education, a
model assuming equal form across groups but allowing differences in factor loadings and
intercepts fit the data well, 2 (7) = 9.92, p = .19, CFI = .986, TLI = .977, RMSEA = .052,
AIC = 6629.35, BIC = 6707.41. In addition, a subsequent model assuming equal form,
factor loadings and intercepts across groups fit the data well, ¥ (10) = 14.34, p = .16, CFI
=.98, TLI =.976, RMSEA = .053, AIC = 6627.77, BIC = 6694.67. Both the chi-squared
difference test (p = .22) and the criteria for non-invariance recommended by Chen (2007) for
this sample size, based on change in CFI and RMSEA, suggest there no significant
differences across groups, indicative of strong invariance. For concentrated disadvantage,
the model assuming equal form across groups but allowing differences in factor loadings
and intercepts also fit the data well: ¥2 (7) = 8.15, p= .32, CFI = .995, TLI = .991, RMSEA
=.033, AIC = 6654.55, BIC = 6732.61. A subsequent model assuming equal form, factor
loadings and intercepts across groups of concentrated also fit the data well, 2 (10) = 8.99, p
= .53, CFI = 1.00, TLI = 1.005, RMSEA = .00, AIC = 6649.39, BIC = 6716.30. As with
parental education, both the chi-squared difference test (p = .84) and the CFl and RMSEA
criteria recommended by Chen (2007) suggest there no significant differences across groups
for concentrated disadvantage, indicative of strong invariance. These findings are consistent
with prior literature demonstrating factorial invariance and a lack of differential item
functioning for executive function and working memory across SES levels (e.g. Wiebe et al.,
2011).

In addition, to examine longitudinal invariance we fit a series of three models following the
guidelines of Widaman, Ferrer, and Conger (2010). The first model, assuming configural
invariance across time but not invariance in loadings and intercepts, fit the data well, ¥2 (74)
=66.54, p=.72, CFI = 1.0, TLI = 1.009, RMSEA = .00, AIC = 13032.73, BIC = 13322.66.
Second, a model assuming equal factor loadings for each indicator across waves, or a weak
factorial invariance model, also fit the data well, x2 (83) = 89.84, p = .28, CFI = 0.995, TLI
=0.993, RMSEA = .16, AIC = 13038.02, BIC = 13294.50. Lastly, a strong factorial
invariance model, with constraints placed for equal factor loadings and intercepts for each
indicator across time, also fit the data well without showing signs of strain, 2 (92) = 110.66,
p =.09, CFl =0.986, TLI = 0.982, RMSEA = .26, AIC = 13040.84, BIC = 13263.87.
Although sequential comparison of these models using the chi square difference test
indicates that both the weak (p = .01) and strong (p = .01) factorial invariance models are
worse fitting models, it is likely this test is overpowered (Chou, Bentler, & Pentz, 1998; Hu
& Bentler, 1999). Evaluating the models sequentially for non-invariance using the criteria
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recommended by Chen (2007) for this sample size, based on change in CFl and RMSEA,
suggest there are no significant differences between models and thus there is evidence for
strong longitudinal invariance in the working memory factor.

Analysis Plan

Results

A total of 304 participants with 1,104 total observations were included in the analysis,
including only observations from assessment sessions in which there was complete data to
create the working memory composite. The large majority of participants (231, 76.0%)
contributed data from all four study sessions, while 42, 23, and 8 participants had 3, 2, and 1
observations included in analyses, respectively. Descriptive analyses were performed with
PASW 18.0 (IBM: New York, NY).

Our primary analytic strategy was longitudinal growth-curve modeling using hierarchical
linear models (Singer & Willett, 2003), permitting the examination of the effects of parental
education and concentrated disadvantage on both early working memory performance as
well as the trajectory of change through adolescence. In this approach, a Level-1 model
represents the individual change in working memory performance across time and includes
random components (intercept and slope) that are permitted to vary across individuals.
Level-2 models are estimated in which the variance in intercept and change parameters at
Level-1 is predicted by time-invariant, person-level predictors to identify systematic,
between-subject variance in both the level of working memory performance and the rate of
change. To ease interpretation, the value of time was centered on the earliest age of study
enrollment, 10 years old, such that effects on the intercept are interpreted as effects on
performance at age 10 (Verbeke & Molenberghs, 2000). Two independent variables at
Level-2 were examined: (1) average parental education, and (2) concentrated disadvantage
in the child’s neighborhood. Analyses were conducted in HLM6 (Raudenbush, Bryk, &
Congdon, 2004) using full maximum likelihood estimation for hypothesis-testing
concerning fixed effects. Level-2 variables were grand-mean centered and estimates of fixed
effects were obtained with robust standard errors.

Socioeconomic Status: Sample characteristics

Descriptive statistics for parental education are presented in Table 2. Average parental
education for families was 13.9 (SD = 2.3), and ranged from 6 years to 20.5 years. For
individual caregivers, 7.3 percent of participants had a primary caregiver with less than a
high school education while 29.4% had a high school education. Of secondary caregivers,
those of 5.7% of participants had no high school degree while 31.6% had a high school
education. Primary and secondary caregiver education were correlated (r = .56, p <.001).

Table 3 presents the characteristics of children’s neighborhoods. Children lived in 144
unique census tracts in which, on average, 13.3% (SD = 13.3) of individuals were below the
poverty line, with a range from 0.7% to 55.2%. Neighborhood unemployment averaged
7.2% (SD = 5.4), while 5.4% (SD = 5.4) of neighborhood residents were receiving public
assistance. One-sample t-tests indicate that the current sample had higher rates of

Child Dev. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Hackman et al.

Page 9

unemployment, t(315) = 5.02 p < .001, percentages female-headed households with no
spouse, t(315) = 8.04, p < .001, and rates of enrollment in public assistance, t(315) = 6.41, p
<.001, than the U.S. as a whole. There were no differences between the current sample and
the U.S. with respect to the percentage of families below the poverty line, t(315) = 1.43, p
=.15, however the current sample had lower rates of children under 18, t(315) = -9.20, p <.
001. Average parental education and concentrated disadvantage were correlated (r = -0.26,
p <.001), such that lower parental education was related to higher levels of neighborhood
disadvantage.

Working Memory: Unconditional Model of Growth

The best fitting growth model was determined by sequentially adding fixed linear, quadratic
and cubic effects of age at Level 1, selecting the best model by means of likelihood ratio
tests between the models’ deviance statistics (Singer & Willett, 2003). Subsequently the best
random effects model was selected by sequentially adding random effects and comparing
model deviance statistics, using restricted maximum likelihood model estimation. This
resulted in the following Level-1 model:

WMy = moj + Tr1j (AgE)si + Tooi(AQEA + i

In this model, the outcome is working memory, and m; represents the intercept, my;
represents the linear effect of age and m; represents the quadratic effect of age. This model
contained a random intercept (0o = 15.9, SE = 4.0, p < .001), random linear slope (012 =
2.2, SE=0.8, p = .009), and random quadratic slope (0,2 = 0.02, SE = 0.01, p = .056). The
fixed effects of linear (B = 1.1, p <.001) and quadratic (B = —0.04, p = .04) age were
significant. Consequently, the unconditional model of working memory change over time
indicated that working memory performance increased with age but the rate of increase
decreased through adolescence, as performance leveled off.

Working Memory: Predictors of Intercept and Growth

Average parental education and concentrated neighborhood disadvantage were then added
as predictors at Level 2 of all random effects for which significant or trend-level (p < .10)
variation existed, because of concerns regarding possible overestimation of p-values for
random effect terms (Altham, 1984):

moi = Boo *+ Po1 (Parental Education); + Bg2(Concentrated Disadvantage); +
i = B1o + P11 (Parental Education); + 12(Concentrated Disadvantage); +
o) = Pog + P21 (Parental Education); + Poo(Concentrated Disadvantage); + (pj

Subsequently, we included the covariates gender, African-American racial identity, Hispanic
or Latino ethnicity, whether the primary caregiver is the mother, whether or not a secondary
caregiver was present, and the interaction between parental education and concentrated
disadvantage individually to this basic model in all Level 2 equations. Covariates that were
significant at a trend level of p < .10 were then entered into a final prediction model.

In the final model, as illustrated in Figure 1 and Table 6, the effect of parental education on
the intercept for the working memory factor was significant and positive (B =0.38 SE =
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0.16, p = .02, refrect = -13). Higher parental education predicted better performance on the
working memory factor, evident at the earliest age of study enrollment. In contrast,
concentrated neighborhood disadvantage did not predict differences in the intercept (B =
-1.44 SE=0.91, p= .11, regect = -09). African-American racial identity also predicted a
lower intercept, indicative of worse performance (B = —0.70, SE = 0.34, p = .04, I'gffect = -
12), while Hispanic or Latino identity did not predict differences in the intercept (B = 0.32,
SE=0.52, p= .54, resiect = -04). Neither gender, having a maternal primary caregiver,
secondary caregiver presence, or the interaction between parental education and
disadvantage met criteria for inclusion in the final model as predictors of the intercept..

To place the magnitude of parental education effects in context, it is useful to compare the
size of the effect of parental education on the intercept to working memory growth over time
in the unconditional growth model, including both linear and quadratic factors to account for
the decrease in the rate of change across childhood and adolescence. In particular, the
difference between having parents with 12 years of education (high school degree)
compared to 16 years of education (completed college) is equivalent to the performance
difference between children 10 years of age and those 11 years, 5.5 months of age.
Similarly, the difference between having parents who on average did not complete high
school compared to those whose parents have a professional degree (estimated comparison
of 11 years of education to 19 years) is equivalent to the performance difference between
children 10 years of age and those who are 13 years, 1.5 months. Given the quadratic effects
of time, such equivalent age comparisons would be even larger towards the end of
adolescence.

Concerning developmental changes in SES disparity, neither parental education nor
concentrated neighborhood disadvantage predicted differences in linear or quadratic change
(all p=0.1) in the working memory factor. Neither gender, African-American racial
identity, Hispanic or Latino identity, having a maternal primary caregiver, secondary
caregiver presence, or the interaction between parental education and disadvantage met
criteria for inclusion in the final model as predictors of linear or quadratic change. Finally,
effects of parental education (B =0.41, SE = 0.07, p < .001, resect = -31) and African-
American racial identity (B = -0.70, SE = 0.34, p = .04, rgffect = .12) remained significant
and in the same direction at 17 years old, indicating persistent effects of parental education
and racial identity on working memory performance. Thus, while the four annual
assessments of working memory showed continued improvement, there was no SES
difference in the growth rate of working memory and no detectable tendency for SES
disparities to grow or diminish.

Discussion

In an accelerated longitudinal study in a community sample of youth, we found that lower
parental education, but not concentrated neighborhood disadvantage, predicted small to
moderate decrements in working memory performance that were apparent at the earliest age
of study enrollment, age 10, and persisted without change through the end of adolescence.
This suggests that the relation between parental education and working memory emerges
earlier in childhood, and provides prospective evidence for an association between parental
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education in childhood and working memory at the end of adolescence. As working memory
is a core cognitive ability associated with achievement, intelligence, health behavior,
affective control, and psychopathology this finding is relevant to understanding
socioeconomic gradients across multiple outcomes.

Most prior research on SES and working memory, as reviewed earlier, has focused on young
children, and none has investigated the trajectory of SES disparities through later childhood
and adolescence. SES disparities might ultimately diminish, remain constant, or grow. If the
disparities consist partly or wholly of developmental delays, then they would narrow as
lower SES children “catch up” with their higher SES counterparts. Alternatively, if the
disparities result from accumulating effects of disadvantage (cf. Evans & Schamberg, 2009),
then they would “snowball” and widen over time. The current findings indicate that parental
education effects emerge before the age of 10, and that parental education does not influence
the rate of working memory development through adolescence, providing no evidence of
differences in underlying developmental processes in middle childhood and adolescence.

The implications of constant effects of parental education on working memory across time
are twofold. First, they indicate that SES-related disparities observed in late adolescence and
adulthood (Evans & Schamberg, 2009; Lee et al., 2003; Waber et al., 2007) are not
explained by social selection (Conger & Donnellan, 2007), in which those with lower
working memory drift down the socioeconomic ladder as they enter the world of higher
education or work. Instead, it is more consistent with either social causation, in which SES
causes lower working memory performance, or the effects of passive gene-environment
correlation.

Second, by identifying the timing and specificity of such effects, these finding imply that
any putative causal mechanisms are likely to be operating in the family environment in early
and middle childhood, before the ages studied here. This is consistent with many other
findings of SES-related differences in cognition and achievement by preschool or
kindergarten (Duncan, Morris, & Rodrigues, 2011; Sirin, 2005), and indicative of the
possibility that differences in working memory emerge even younger in childhood than
established in the current study. Moreover, this suggests that mediators related primarily to
the neighborhood (Diez-Roux & Mair, 2010; Leventhal & Brooks-Gunn, 2000) are less
likely to underlie SES effects on working memory.

Consequently, the most plausible causal factors at work in creating SES disparities in
working memory are those in the early childhood family environment. Among the most
strongly supported candidate mediators in this epoch are parental warmth, sensitivity and
emotional functioning, cumulative and chronic stress, and the quality of the home
environment (Blair, 2010; Hackman, Farah, & Meaney, 2010). Others have suggested that
differences in language development or the linguistic environment may account for
differences in executive function (Noble et al., 2005; Sheridan, Sarsour, Jutte, D’Esposito, &
Boyce, 2012). There is support for many of these potential mediators, particularly with
respect to the development of executive function more broadly. Studies have found evidence
for a relation between executive function performance and parental scaffolding (Bernier, et
al, 2012; Hammond, Muller, Carpendale, Bibok, & Lieberman-Finestone, 2012), learning
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resources at home (Clark et al., in press), and stress (Blair, 2010). There is mixed evidence
about which factors mediate SES effects, as there is some evidence that parenting practices
and cortisol (Blair et al., 2011), the home environment (Sarsour et al., 2011), and allostatic
load (Evans and Schamberg (2009) mediate the effects of SES on executive function.
However, candidate mediators tend to be correlated with each other as well as SES (Bradley
& Corwyn, 2002; Evans, 2004), which raises a methodological challenge, as no mediation
analyses have simultaneously compared pathways via parenting, the home environment, and
stress or allostatic load within the same model to determine if they are truly specific.
Consequently, what mediates the effects of parental education in this study remains an open
question.

The absence of a neighborhood effect on working memory, like any null result, must be
interpreted with caution. This is especially true given that the SES measures of this study
were collected only once, at study outset, and neighborhood SES may be less stable than
parental education (Krieger et al., 1997). If neighborhood SES in infancy or early childhood
were associated with working memory, the present study might fail to detect neighborhood
effects. Moreover, the number of participants in each census tract was too small to treat
individuals as nested within the neighborhood as a higher level of organization.

In addition, the effects of parental education were observed across a diverse gradient of
parental education levels. If SES effects were primarily driven by more extreme
disadvantage, rather than a gradient across SES levels, neighborhood disadvantage would be
more likely to predict working memory difference given that on balance the distribution of
this measure in the current sample captures more variance at lower SES levels than the
measure of parental education. Consequently, the absence of neighborhood effects suggests
that more extreme disadvantage is not driving the observed effects. This is consistent with
considerable evidence in the domains of both achievement as well as health that SES-related
disparities are best explained as gradients or graded associations across diverse ranges of
SES rather than by absolute thresholds, such as poverty (Adler et al., 1994; Sirin, 2005),
with some evidence that disparities between middle- and upper-SES families may be
increasing in magnitude, particularly with respect to achievement (Reardon, 2011).
Consequently, the graded effect of parental education across a diverse sample suggests that
working memory differences are potential mechanisms underlying the SES gradients
observed in health and achievement. It should be noted that, given the distribution of
participants’ SES levels, the current study likely had insufficient power to detect SES effects
on trajectories of development if effects were primarily due to extremely low-SES.
Nevertheless, the absence of such effects across a diverse gradient that includes a broad
range of SES levels suggests that, even if such effects were present due to extremely low-
SES, they would not be the likely mechanisms underlying the full gradient of SES-related
disparities.

However, it should be noted that the stability of SES disparities in working memory does
not imply the immutability of these disparities. Interventions designed to strengthen working
memory clearly operate by environmental mechanisms and may be effective years after the
end of a hypothesized period of early childhood sensitivity (Klingberg, 2010). There are
likely to be many paths to improved working memory; training games may not work by
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strengthening working memory in the same ways that felicitous early childhood experiences
do. Consequently, interventions designed to improve working memory remain a plausible
approach to reduce these disparities.

In sum, we conducted the first prospective study of the relation between SES and working
memory development from childhood through the end of adolescence. Parental education
was positively associated with working memory performance, and the SES disparity held
constant over the age range examined, suggestive of similar developmental processes across
levels of parental education. In contrast, concentrated neighborhood disadvantage was not
associated with working memory performance. These results suggest that family SES effects
on working memory remain stable from childhood through adolescence and thus SES effects
present in late adolescence and early adulthood have their roots in childhood and remain
stable across time. Future research, employing both prospective meditational and
intervention approaches, is thus warranted to determine the degree to which differences in
working memory account for disparities in achievement, health, and psychopathology across
development.
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Figure 1.
Model-based graph of working memory performance by age at different levels of parental
education.

Note: Given the accelerated longitudinal design, each participant provided a maximum of
four longitudinal assessments to this model.
*p<.05**p<.01***p<.001
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Sample Characteristics

Table 1

Variable n (%)
Gender
Male 145 (45.9)
Female 171 (54.1)
Race and Ethnicity
White 193 (61.1)
African-American 82 (25.9)
Asian or Pacific Islander 31 (9.8)
American Indian 1(0.3)
Mixed 9(2.8)
Hispanic or Latino 26 (8.2)
Primary Caregiver
Mother 270 (85.4)
Father 36 (11.4)
Family member, Not Parent 7(2.3)
Other 3(0.9)
Secondary Caregiver
Present 254 (80.4)
Mother 31(9.8)
Father 189 (59.8)
Family member, Not Parent 31(9.8)
Other 4(1.3)

(n=316)
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Table 2
Parental Education, Years
Average* Primary  Secondary
Caregiver  Caregiver
Summary Statistics
Mean (SD) 13.9(23) 140(26) 139(2.7)
Range (Min-Max) 6.0-205 3.0-250 5.0-220
Interquartile Range 12.0-16.0 120-16.0 12.0-16.0
Distribution [Number (%)]
Less than 12 years 27 (8.5) 23(7.3) 18 (5.7)
12 years 75(23.7)  93(29.4) 100 (31.6)
12 - 16 years 134 (42.4)  91(28.8) 49 (15.5)
16 years 40(127)  73(231)  53(16.8)
> 16 years 40 (127)  36(11.4)  32(10.1)
(n=316)

*
Average of primary and secondary caregivers, if present
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Table 4

Average performance on working memory tasks during each session of data collection.

Session 2 Session 3 Session 4 Session 5

Age (Years) 12.6(0.9) | 135(0.9) | 14.4(0.9) | 15.7(0.9)
Corsi Block Tapping

Total Correct 6.1(3.1) 6.5(3.1) 6.8 (3.2) 8.1(3.1)
Digit Span

Backwards, Total (Raw) 7.3(1.8) 7.7 (1.8) 7.8 (2.0) 8.3(2.0)

Object 2-back
Total Correct 75.7 (8.4) 78.3(7.0) 79.0 (6.9) 82.2(5.2)

Spatial Working Memory
Between Errors 26.6 (17.2) | 23.6 (16.9) | 22.4(16.5) | 15.6 (12.7)

Performance expressed as mean with standard deviation in parentheses

Note. Data from Session 1 was omitted due to a change in the assessment battery between Sessions 1 and 2.
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Table 6

Multilevel model predicting the development of working memory: Estimates of fixed (top) and random
(bottom) effects

Parameter Working Memory Factor

Fixed Effects

B p T effect

Initial Status, Tg;

Intercept -3.45 <.001 44
Parental Education 0.38 .02 13
Concentrated Disadvantage -1.44 A1 .09
African-American -0.70 .04 12
Hispanic or Latino 0.32 .54 .04
Age, my;
Intercept 1.08 <.001 .32
Parental Education -0.06 45 .04
Concentrated Disadvantage 0.66 .10 .10

Age-squared, T;

Intercept -0.04 .03 13
Parental Education 0.01 .30 .06
Concentrated Disadvantage -0.06 17 .08

Random Effects

Estimate =
Level 1
Within-person, o2 1.85 0.12
Level 2
Initial Status, o2 14.10 3.85
Age, 012 2.16 0.82
Age-squared, 0,2 0.02 0.01
Covariance, og, -4.72 1.74
Covariance, og, 0.44 0.19
Covariance, o1, -0.20 0.09
R2 0.42
Ro? 0.12
R? 0.04
R, 0.07
Deviance 4553.33
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