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A B S T R A C T   

Childhood socioeconomic status (SES) is associated with numerous aspects of cognitive development and dis-
parities in academic achievement. The specific environmental factors that contribute to these disparities remain 
poorly understood. We used observational methods to characterize three aspects of the early environment that 
may contribute to SES-related differences in cognitive development: violence exposure, cognitive stimulation, 
and quality of the physical environment. We evaluated the associations of these environmental characteristics 
with associative memory, cued attention, and memory-guided attention in a sample of 101 children aged 60–75 
months. We further investigated whether these specific cognitive abilities mediated the association between SES 
and academic achievement 18 months later. Violence exposure was specifically associated with poor associative 
memory, but not cued attention or memory-guided attention. Cognitive stimulation and higher quality physical 
environment were positively associated with cued attention accuracy, but not after adjusting for all other 
environmental variables. The quality of the physical environment was associated with memory-guided attention 
accuracy. Of the cognitive abilities examined, only memory-guided attention contributed to SES-related differ-
ences in academic achievement. These findings suggest specificity in how particular aspects of early environ-
mental experience scaffold different types of attention and memory subserved by distinct neural circuits and shed 
light on a novel cognitive-developmental mechanism underlying SES-related disparities in academic 
achievement.   

1. Introduction 

Childhood socioeconomic status (SES) is associated with differences 
in cognitive development, such that children raised in low-SES envi-
ronments often perform more poorly on standard cognitive tasks than 
their higher-SES counterparts, particularly in the domains of language, 
memory, attention, and executive function (Finn et al., 2016; Noble 
et al., 2007, 2005; Rosen et al., 2018a; Sheridan et al., 2013; Sirin, 
2005). These differences are thought to contribute to the 
well-documented disparities in academic achievement between children 
from low- compared to high-SES backgrounds. 

SES is a complex exposure that reflects differences in many aspects of 
the early environment that may contribute to cognitive development 
and academic performance (Evans, 2004; Evans and English, 2002). 

Experience-dependent plasticity is elevated early in life, allowing chil-
dren’s brains adapt to the environment in which they are raised (Ellis 
et al., 2017; Greenough et al., 1987). Understanding of how specific 
environmental inputs influence development of neural systems that 
support different cognitive functions remains remarkably limited. 
Numerous environmental mechanisms have been proposed to explain 
the association between low-SES and cognitive outcomes, including low 
cognitive stimulation, exposure to violence and toxins, reduced envi-
ronmental predictability and complexity, differences in the physical 
environment, and exposure to chronic stress (Evans, 2006; Hackman 
et al., 2010; Johnson et al., 2016; Rosen et al., 2019a). However, few 
empirical studies have examined how these environmental factors might 
influence cognitive development and whether specific aspects of expe-
rience might play a disproportionate role in shaping some cognitive 
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abilities more than others. In the present study, we focused on three 
specific environmental factors: violence exposure, cognitive stimulation, 
and the quality of the physical environment. We focus on these factors 
because previous studies suggest that they vary with SES and have been 
linked to cognitive outcomes (Evans and English, 2002; Evans, 2004). 
We investigated whether these three environmental factors were asso-
ciated with three domains of cognitive function that rely on distinct 
neural circuits: associative memory, cued attention, and memory-guided 
attention. These exposures may have differential associations with our 
three cognitive outcomes based on the likely neural mechanisms 
impacted by each aspect of experience as we review below. We further 
evaluated whether differences in these domains of cognitive function 
contribute to SES-related differences in academic achievement over time 
by conducting the study at two time points, 18 months apart. 

1.1. Associative memory 

Children from low-SES households have poorer performance on 
some types of memory than children from higher-SES households (Farah 
et al., 2006; Herrmann and Guadagno, 1997; Noble et al., 2007; Sher-
idan et al., 2013). This association has been reported for paired associate 
learning, face memory, recognition memory, and verbal memory 
(Piccolo et al., 2016a,b; Herrmann and Guadagno, 1997; Markant and 
Amso, 2016; Noble et al., 2007). Moreover, some studies have reported 
an association between SES and hippocampal volume (Dufford et al., 
2018), a brain region that plays a major role in associative learning and 
memory development (Eichenbaum et al., 2007; Ghetti and Bunge, 
2012). However, the specific environmental mechanisms that explain 
the association of SES and memory in children remain unclear. 

Several potential environmental mechanisms have been proposed to 
explain these SES-related differences in memory. These include differ-
ences in parental nurturance (Farah et al., 2008), exposure to chronic 
stress (Johnson et al., 2016), and exposure to violence (Hackman et al., 
2010). Toxic effects of chronic stress and elevated glucocorticoid 
exposure early in life on hippocampal neurons have been observed in 
animal studies (Brunson et al., 2001; Ivy et al., 2010; Lupien et al., 
2009). In humans, exposure to violence is associated with smaller hip-
pocampal volume (Hanson et al., 2015; McLaughlin et al., 2016; Teicher 
et al., 2012). Indeed, some work indicates that even after controlling for 
SES, exposure to violence in childhood is associated with worse memory 
performance, reduced hippocampal volume, and atypical hippocampal 
function during memory tasks (Gustafsson et al., 2008; Lambert et al., 
2017). Here, we investigate the hypothesis that exposure to violence will 
be specifically associated with associative memory performance in early 
childhood, but not other aspects of attention and memory that do not 
rely on the hippocampus. 

1.2. Attention 

SES-related differences in attention and working memory are well- 
established (Clearfield and Jedd, 2013; Finn et al., 2016; Hackman 
and Farah, 2009; Kishiyama et al., 2009; Mezzacappa, 2004; Sheridan 
et al., 2017; Stevens et al., 2009) such that children from low-SES 
households have lower performance than their higher-SES peers. This 
association is present for multiple aspects of attention—including 
alerting, orienting, and filtering (Mezzacappa, 2004)—and both verbal 
and spatial working memory (Rosen et al., 2019a,b; Sheridan et al., 
2017) and is observable from infancy through adolescence (Clearfield 
and Jedd, 2013; Farah et al., 2006; Lipina et al., 2005). SES is also 
associated with the structure and function of the frontoparietal network 
that supports attention and working memory (Finn et al., 2016; Mackey 
et al., 2015; Noble et al., 2015; Rosen et al., 2018a). 

Cognitive stimulation has been proposed as a mechanism explaining 
SES-related differences in cognitive function including attention and 
working memory (Rosen et al., 2019a,b). Indeed this specific aspect of 
early experience has been associated with attention (Razza et al., 2010; 

Rosen et al., 2019a,b) beginning in infancy (Belsky et al., 1980; Findji 
et al., 1993; Lawson et al., 1992). Although few studies have examined 
relations between cognitive stimulation and neural development, a 
recent study demonstrated that low levels of cognitive stimulation 
mediated the association between low SES and thinner cortex in the 
frontoparietal network that supports attention (Rosen et al., 2018a). In 
the present study, we investigate the hypothesis that cognitive stimu-
lation will be specifically associated with attention in children, but not 
with associative memory. 

1.3. Memory-guided attention 

Memory-guided attention reflects the reliance on prior experience, 
via either explicit or implicit memory, to efficiently direct visual 
attention in familiar environments (Hutchinson and Turk-Browne, 2012; 
Rosen et al., 2018a; Summerfield et al., 2006). The ability to use 
memory to guide attention in familiar contexts is present in children as 
young as five (Dixon et al., 2010). This function may be particularly 
important for development of adaptive functioning and academic out-
comes because it allows children to use past experience to more effec-
tively guide attention rather than having to rely solely on external cues. 
To date, the association between SES and memory-guided attention 
performance has not been explored. Embedded within memory-guided 
attention are two functions: memory retrieval and deployment of 
spatial attention. Because these two functions are associated with SES, 
we hypothesized that SES would demonstrate similar associations with 
memory-guided attention performance. Indeed, lower SES is associated 
with thinner cortex and lower surface area in brain regions that support 
memory-guided attention in children and adolescents (Mackey et al., 
2015; Noble et al., 2015; Piccolo et al., 2016a,b). However, as we have 
outlined below, SES-related differences in performance on these three 
tasks may be driven by different environmental mechanisms. 

The environmental factors that influence the integration of mne-
monic and attentional processes during development are unknown. 
Given that both memory and attention contribute to memory-guided 
attention, both violence exposure and cognitive stimulation could in-
fluence this capacity in children. However, while the hippocampus 
supports associative memory (Eichenbaum et al., 2007; Squire, 2004) 
and the frontoparietal network supports attention (Corbetta and Shul-
man, 2002), a third set of brain regions located in the posterior cognitive 
control network—including the posterior precuneus, posterior callosal 
sulcus, and lateral intraparietal sulcus—is preferentially recruited for 
memory-guided attention in adults (Rosen et al., 2016, 2018b). There-
fore it is possible that different environmental factors may impact the 
development of memory-guided attention. One possibility is that the 
quality of the physical environment would be related to the integration 
of memory and attention. Children reared in an environment with lower 
levels of perceptual complexity or that is overly cluttered and less 
structured may be less able to consistently rely on previous experience to 
direct visual attention to important information in the environment. 

1.4. Present study 

Here, we investigated how distinct aspects of the early environment 
known to vary as a function of SES were associated with associative 
memory, cued attention, and memory-guided attention in early child-
hood. We evaluated these questions in a sample of five to six-year olds 
using gold-standard observational measures of the home environment. 
We hypothesized that performance on all three tasks would be associ-
ated with SES, but that distinct SES-related effects would be explained 
by distinct environmental factors. We expected that: (i) violence expo-
sure would be specifically associated with associative memory perfor-
mance, (ii) cognitive stimulation would be associated with cued 
attention, and (iii) the quality of the physical environment would be 
associated with memory-guided attention. We then tested whether SES 
has an indirect effect on these three cognitive outcomes through distinct 
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environmental factors. Understanding how specific aspects of the early 
environment are associated with distinct memory and attention pro-
cesses, that are subserved by different neural systems, has the potential 
to provide avenues for design of targeted interventions aimed to miti-
gate SES-related differences in cognitive function. Moreover, we inves-
tigated whether these different aspects of cognition contributed to SES- 
related differences in academic achievement over an 18-month follow 
up. This investigation of specific cognitive functions as mediators of SES- 
related differences in academic achievement may highlight an impor-
tant role for specific cognitive functions in academic outcomes that have 
not been previously considered (e.g. memory-guided attention). 

2. Methods 

2.1. Participants 

A sample of 101 youths aged 60–75 months (Mean Age 5.55 � 0.37, 
51 females) and their parents participated in the study between 
February 2016 and September 2017. Families were recruited from the 
Seattle area via fliers posted at preschools, daycares, clinics, and from 
the general community. Children were free of developmental disorders 
and families spoke English as a primary language in the home. To ensure 
SES-related diversity, our recruitment efforts focused on neighborhoods 
with wide variability in SES composition. The race and ethnicity of the 
families was similar to the demographics of the greater Seattle area 
(67.3.% White, 14.8.% Black, 2.9.% American Indian / Alaska Native, 
12.8.% Asian, 0.9.% Native Hawaiian / Pacific Islander, 0.9.% Other; 
8.9.% Hispanic or Latino). The Institutional Review Board at the Uni-
versity of Washington approved all procedures. Participants were 
compensated and written informed consent was obtained from legal 
guardians. Youths provided verbal assent. Two female participants were 
excluded from all analyses due to having scores of verbal intelligence as 
assessed by the Peabody Picture Vocabulary Test (Dunn and Dunn, 
2007) two standard deviations below the mean, which was an exclusion 
criteria for participation. An additional female participant did not 
complete the memory-guided attention task and was not included in 
those analyses of that task. 

This age range was chosen for a number of reasons. First, children in 
this age range tend to spend a large proportion of their time in the home 
and it is likely to be a period of time where different aspects of the home 
environment may have a greater impact on cognitive development than 
later periods of development when less time is spent in the home. As 
children develop and spend more time in other contexts, the relative 
importance of those environments increases relative to the home envi-
ronment (Crosnoe et al., 2010). Second, memory-guided attention has 
been studied and shown to be intact in children as young as five years (e. 
g. Dixon et al., 2010) but has not been studied in younger children. 

2.2. Socioeconomic status 

SES was assessed using two measures: the income-to-needs ratio and 
maximum years parental education. The income-to-needs ratio captures 
the amount of annual income that a family earns relative to the federal 
poverty line for a family of that size. Parents reported annual income in 
10 bins, and the median of the income bins was used except for the 
lowest and highest bins, which were assigned $5000 and $200,000 
respectively. Income-to-needs ratio was calculated by dividing the total 
household income by the 2016 U.S. census-defined poverty line for a 
family of that size, with a value less than one indicating income below 
the poverty line. Median income-to-needs was 4.49 with 8 % of partic-
ipants (income to needs less than 1) living in poverty and 23 % of par-
ticipants living at less than twice the poverty line. Income-to-needs is 
based on the federal poverty line and does not account for regional 
variation in cost of living. In the area where data were collected, a 2017 
study found that a family of four requires an income of approximately 
$75,000 per year in order afford basic needs (i.e. food, housing, 

transportation, health care, and child care; (Pearce, 2017). According to 
this standard, nearly half of our sample is below or near the 
self-sufficiency standard for the Seattle area. Income-to-needs values 
were log-transformed for all analyses, which is common in develop-
mental studies (Noble et al., 2015; Rosen et al., 2018a,b) as SES asso-
ciations with cognitive development are strongest at the lower end of the 
SES distribution. We use the term SES to refer to the income-to-needs 
ratio. 

We additionally used caregiver education as another measure of SES, 
coded as total years of education obtained by the caregiver with the 
greatest educational attainment (10–22 years). Results using this mea-
sure were largely consistent with results using income-to-needs and are 
presented in the Supplemental Materials. 

2.3. Environmental measures 

Two experimenters visited the family home to assess the home 
environment using the Home Observation of the Environment (HOME), 
Early Childhood version (Bradley et al., 2001). The HOME is composed 
of both observations by the experimenter and interview questions 
directed at the parent and a point is given for every item coded as pre-
sent. The observation component includes information about what the 
interviewer sees in the home (e.g. books, toys, clutter), observations 
about the parent (e.g. language use), and observations about 
parent-child interactions (e.g. whether the parent is affectionate towards 
the child). The interview portion contains questions about items the 
child might have (e.g. puzzles), questions about parent behaviors (e.g. 
parent encourages child to learn numbers) and questions about 
parent-child interactions (e.g. parent holds child for 10� 15 min over the 
course of the day). 

We extracted two sub-scales from the HOME items for further anal-
ysis: cognitive stimulation and the physical environment. Several of the 
original subscales in the HOME assessment (Language Stimulation, Ac-
ademic Stimulation, Variety, and Learning Materials) include items 
reflecting cognitive stimulation. Moreover, some of these subscales 
include items that reflect other aspects of the home environment that 
reflect constructs other than cognitive stimulation (e.g. parent’s voice 
conveys positive feelings about child, which reflects warmth and not 
stimulation). As such, we performed a confirmatory factor analysis of 
the HOME items based on a conceptual model of the types of experiences 
underlying cognitive stimulation—including environmental complexity, 
enriching experiences, interactions with caregivers, and linguistic 
experience (Rosen et al., 2019a,b). Cognitive stimulation was made up 
of 20 items that assessed learning materials and complex stimuli for the 
child in the home (e.g. the number of books in the home, access to toys 
that teach numbers), the variety of experiences (e.g. being taken to a 
museum in the last year, being taken on a trip at least 50 miles away 
within the last year), language in the home (e.g. whether parent uses 
complex sentence structure or grammar) and caregiver involvement in 
the child’s learning (e.g. child is encouraged to learn to read a few 
words, child is encouraged to learn colors). The Physical Environment 
scale was comprised of six items that assessed the perceptual environ-
ment (e.g. house is not perceptually monotonous), cleanliness (e.g. 
house is reasonably clean and minimally cluttered), and safety of the 
environment (e.g. building appears safe and free of hazards). Confir-
matory factor analysis indicated that our model of the constructs rep-
resented in the HOME items fit the data well (RMSEA < 0.001, 95 % C.I.: 
0.0, 0.031; Tucker Lewis Index ¼ 1.0; Comparative Fit Index: 1.0). See 
Supplemental Materials for information on the specific items were 
included in the cognitive stimulation and physical environment sub-
scales. Within this sample, the cognitive stimulation scale demonstrated 
good within measure reliability (Chronbach’s α ¼ 0.75) and the physical 
environment demonstrated acceptable reliability (Chronbach’s 
α ¼ 0.64). 

To assess exposure to violence, parents completed the Violence 
Exposure Scale for Children-Revised (VEX-R, (Fox and Leavitt, 1995)) in 
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a format adapted for parent rather than child report. This assessment 
measures the frequency that a child has experienced different types of 
witnessing violence (e.g., seeing someone be hit really hard; witnessing 
someone be stabbed or shot) and directly experiencing violence (e.g., 
being beaten up, being pushed or shoved). A total score reflecting the 
frequency of experiencing violence was created by summing the items 
for a maximum score of 22. Within this sample, this scale demonstrated 
good reliability (Chronbach’s α ¼ 0.77). 

Procedure. The first visit (T1) was a home visit during which children 
completed the tablet tasks and parents completed the HOME interview 
and the VEX-R. Seventy-six participants (75.2.% of the baseline sample) 
performed the Woodcock-Johnson tests of academic achievement dur-
ing a longitudinal follow-up (T2) which was completed an average of 18 
months after the T1 assessment (M ¼ 17.45 months, SD ¼ 4.03). 

At T1, before beginning any of the tasks, the experimenter first 
familiarized the participant with using the tablet. The experimenter 
placed the tablet in front of the child and ensured that the child could see 
the tablet well with no glare obscuring their view. During the orientation 
to the tablet, the child viewed a blank grey screen to practice touching. 
When the child touched the screen, a grey circle would appear in the 
location that they touched. The experimenter explained that this meant 
that the tablet “knew” where they were touching. The experimenter had 
the child practice touching several times and made sure they were not 
touching too gently, holding their finger down, or dragging their finger. 
This practice continued until the child was comfortable using the tablet 
as intended. 

3. Behavioral tasks 

3.1. Paired associate learning task 

To assess associative memory performance, participants performed a 
paired associate learning (PAL) task (Hamoudi and Sheridan, 2015); 
Fig. 1). This task included 12 shapes randomly combined into 6 pairs. 
The task consisted of two phases, a learning phase and a test phase. 
Before beginning, the participant was shown the task structure on 
laminated pages in a binder and watched a brief movie demonstration of 
the task on the tablet. During the learning phase, participants were 
presented with a shape (target shape) at the top of the tablet screen. 
They were instructed to “find the shape’s friend” from a choice of four 
shapes at the bottom of the screen. They were also instructed that at first 
they might not know who the “friend” is, but if they saw the shape 
before, they should try to use their memory to “find the friend.” The 
participant was instructed to touch the shapes at the bottom of the 
screen to find the “friend.” If they touched a shape that was not the 

target shape’s pair, nothing occurred. When the participant touched the 
target shape’s pair, it moved up the screen and stopped next to the 
target, a black rectangle appeared around the two shapes, and the two 
shapes moved side-to-side as if they were doing a dance together. The 
learning phase was presented over 24 trials and each pair was presented 
four times, with each shape appearing as the target (at the top of the 
screen) twice and as a potential the pair (at the bottom of the screen 
among the other lures) twice. 

The test phase occurred approximately 20 min later. During this 
phase, the participants were presented with the same instructions and 
same trial structure as the learning phase. They were reminded again 
that they should use their memory to find the correct shape. Scores were 
taken from the test phase as the proportion of trials on which they 
identified the correct match on the first touch of the trial. 

3.2. Attention tasks 

The two attention tasks were based on a set of cued and memory- 
guided attention tasks developed for adults that were adapted for use 
in children (Rosen et al., 2018b; Fig. 2). A set of eight objects that would 
be familiar to children in this age range (e.g., truck, kite, flower) were 
used as targets. These images were split into two lists (List A and List B). 
The lists were counterbalanced across participants such that half of the 
subjects received List A as targets for memory-guided attention and List 
B as targets for cued attention and the other half the reverse. The order 
of these two tasks was also counterbalanced across participants. Twelve 
familiar object images (e.g., apple, pillow, cup) served as distractors for 
both tasks and never appeared as targets for any participants. 

3.2.1. Cued attention task 
The cued-attention task consisted of two phases: an encoding phase 

and a test phase (Fig. 2A). The encoding phase was designed to ensure 
that children had equal exposure to stimuli used in the cued attention 
and memory-guided attention tasks. The test phase was designed to 
probe children’s ability to use an external cue (an arrow) to guide spatial 
attention in a Posner-style cueing task (Posner et al., 1980). During the 
encoding phase, participants were presented with an image of an object 
at the center of the screen (e.g. a truck), the written word that corre-
sponded to that object, and an audio cue corresponding to that object (e. 
g. “truck”). The audio and text were both presented to mitigate any 
differences in reading ability. Participants were instructed to look at the 
pictures and try to remember them. Each picture was presented for 
1500 ms and a total of eight times for a total of 32 encoding trials and 
12 s. 

Approximately 20 min later, participants were presented with the 

Fig. 1. Associative memory task. To assess 
associative memory, participants performed a 
paired associate learning task. During the 
encoding phase, they were presented with a 
target shape at the top of the screen and four 
possible items at the bottom of the screen. They 
were instructed to touch the shapes at the bot-
tom of the screen to find the target’s “friend.” 
When the correct pair was found, it moved to 
the top of the screen next to the target, a box 
appeared around the two shapes and the two 
shapes moved back and forth as if they were 
doing a dance, and the trial ended. During the 
test phase, participants performed the same 
task, but were instructed to use their memory 
and try to find the target shape’s “friend.” Ac-
curacy was assessed using the proportion of 
trials on which they identified the correct pair 
on the first touch of the trial during the test 
phase.   
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test phase. During this task, participants viewed a word on the screen 
accompanied by an arrow pointing to one of the four quadrants (Cue: 
2000 ms). They were instructed to pay attention to where the arrow was 
pointing and look for the picture that matched the word at that spot. A 
blank screen then appeared (Delay: 1000 ms). Four object images then 
appeared on the screen, one in each quadrant (Probe: 500 ms). Partici-
pants were instructed to touch the spot on the screen where the target 
picture appeared; responses were recorded during both the Probe period 
and a Response period (1000 ms), providing participants had a total of 
1500 ms to respond from the onset of the target. The target appeared in 
the correct location (i.e., where the arrow was pointing) on 50 % of 
trials, and in one of the other three locations on the other 50 % of trials 
with equal likelihood of appearing at each of the other locations on a 
given trial. Each target was presented 8 times in a pseudorandom order 
for a total of 32 trials. Mean reaction time on validly cued trials (i.e., 
target appeared in the cued location, which reflects the speed with 
which the participant is able to use the cue to identify that the target 
appeared at the cued location) and invalidly cued trials (i.e., target 
appeared in a different location, which reflects the speed with which the 
participant disengages from the cued location and reengages at the 
location where the target appears) was assessed. We also measured ac-
curacy, which reflects overall ability to use the cue to guide attention, 
across all trials. 

3.2.2. Memory-guided attention task 

In the memory-guided attention task children first completed an 
encoding phase in which they learned to bind an object with a spatial 
location; during a test phase, they were cued with the object word and 
asked to use their memory to direct their attention to the location the 
picture should appear (Fig. 2B). The encoding phase consisted of two 
phases. During the first encoding phase, participants were presented 
with an object image (e.g. flower) located in one of the four quadrants 
accompanied by the word that matched that object and the word said 
aloud by the tablet (e.g. “flower”). Participants were instructed to “look 
at the screen and try to remember where the picture goes.” The word and 
the image were presented simultaneously for 2000 ms. Each image was 
presented four times for a total of 16 trials with each picture only ever 
appearing in one of the four quadrants. On the second round of encod-
ing, participants viewed and heard the word cue (2000 ms) without the 
image followed by a blank screen for 1000 ms. Participants were 
instructed to try to touch the screen where the picture should go (i.e., the 
spatial location they learned in the first encoding phase) before the 
picture appeared. Then the picture appeared in the correct location for 
1000 ms. This additional encoding was designed to aid in the binding of 
the picture with the spatial location. During this phase, each object was 
presented four times for a total of 16 trials. Across the two encoding 

Fig. 2. Cued attention and memory-guided 
attention tasks. During encoding of the cued 
attention task (A), participants simply viewed 
all of the objects that would be used as targets 
in the test phase. During the test phase for the 
cued attention task, a word and an arrow 
appeared along with an audio cue of the word. 
Participants were told to direct their attention 
to the quadrant where the arrow was pointing. 
After a brief delay, four pictures appeared, one 
in each quadrant. Participants were instructed 
to touch the location where the picture 
appeared. The example pictured above repre-
sents an invalidly cued target such that the ball 
is not presented in the cued location. During the 
encoding phase of the memory-guided attention 
task (B), participants learned object-location 
pairings. During the test phase, a word 
appeared on the screen along with an audio cue 
of that word. Participants were instructed to 
pay attention to the location where the picture 
belongs. After a brief delay, four pictures 
appeared, one in each quadrant and partici-
pants touched the location where the target 
appeared. The example pictured above, repre-
sents a validly cued target such that the truck 
appears in the location learned by the partici-
pant. Across both tasks, the target appeared in 
the cued location on 50 % of the trials (valid), 
and in one of the other locations on the other 50 
% of trials (invalid trials). Mean reaction time 
on validly and invalidly cued trials as well as 
accuracy across all trials were used to assess 
performance on both tasks. See text for more 
details.   
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phases, participants saw each object for total of 12 s, the same amount of 
time each object was seen during encoding for the cued attention task. 

The test phase, which occurred approximately 20 min after encod-
ing, was structured similarly as the test phase for the cued attention task. 
During this task, participants viewed a word on the screen (Cue: 
2000 ms). Unlike the cued attention task, participants did not see an 
arrow on the screen but instead were instructed to use their memory to 
direct their attention to the location on the screen where the picture 
should appear. A blank screen then appeared (Delay: 1000 ms). Four 
object images then appeared on the screen, one in each quadrant (Probe: 
500 ms). Participants were instructed to touch the spot on the screen 
where the target picture appeared during the probe period; responses 
were taken during both the Probe period and the Response period 
(1000 ms), providing participants had a total of 1500 ms to respond 
from the onset of the target. The target appeared in the correct location 
on 50 % of trials, and in one of the other three locations on the other 50 
% of trials with equal likelihood of appearing at each of the other 
location on a given trial. Each target was presented eight times in a 
pseudorandom order for a total of 32 trials. We assessed mean reaction 
time on validly cued trials, which reflects the speed with which the 
participant is able to use their memory to identify that the target 
appeared at the remembered location, and invalidly cued trials, which 
reflects the speed with which the participant disengages from the 
remembered location and reengages at the location where the target 
appears. We also assessed accuracy, which reflects overall ability to use 
the memory to guide attention across all trials 

3.3. Woodcock-johnson IV tests of achievement 

During the T2 follow-up, three subsets of the Woodcock-Johnson IV 
Tests of Achievement (WJ IV) were used as assessments of academic 
achievement (Schrank et al., 2015): Letter-Word Identification, Spelling, 
and Calculation. Each test presented the participants with items of 
increasing difficulty. In the Letter-Word Identification test, participants 
were asked to identify letters and read lists of words. In the Spelling test, 
participants were instructed to spell words that were read aloud and 
used in a sentence by the experimenter. The Calculation test required 
children to complete a series of arithmetic problems. The Letter-Word 
Identification, Spelling, and Calculation subsets were all discontinued 
when the participants answered incorrectly on six consecutive items. 
Standard scores normed by age were calculated for each subset as 
measures of the child’s achievement in that academic domain and the 
Academic Skills Cluster was calculated based on these scores. 

3.4. Statistical analyses 

We had two overarching goals in this study. The first was to identify 
the environmental factors that contribute to SES-related differences in 
cognitive performance on each of the three tasks: associative memory, 
cued attention, and memory-guided attention. First, we used linear 
regression to examine the association of SES with cognitive perfor-
mance. Specifically, we estimated a series of separate multivariate 
models examining income-to-needs as a predictor of associative mem-
ory, cued attention, and memory-guided attention. Next, we examined 
the associations between income-to-needs and the three measures of the 
environment (violence exposure, cognitive stimulation, and quality of 
the physical environment). Then, we examined the associations of the 
environmental measures with performance on each of the cognitive 
tasks at T1. Next, given that the environmental factors are correlated 
with one another, we performed sensitivity analyses to determine which 
of the environmental variables predicted performance on each task 
when controlling for the other environmental factors. Finally, we tested 
whether SES had an indirect effect on cognitive outcomes through the 
environment. We used a standard test of statistical mediation that esti-
mates the significance of indirect effects using a bootstrapping approach 
that provides confidence intervals for the indirect effects (Hayes, 2013). 

Confidence intervals that do not include 0 are considered evidence for 
statistically significant indirect effects. We tested indirect effects for 
environmental factors significantly associated with both SES and the 
cognitive outcomes, while controlling for other aspects of the environ-
ment. All regression and mediation analyses included age and sex as 
covariates. 

There was a high correlation between the physical environment and 
cognitive stimulation (see Table 2 for bivariate correlations). This makes 
it difficult to disentangle these factors due to multicollinearity. To 
address the issue of multicollinearity, we calculated the variance infla-
tion factor (VIF), which measures the inflation of the variance of the 
parameter estimate when another variable that is highly correlated with 
the predictor is also present in the model. The standard states that a VIF 
above 10 is considered to have high multicollinearity (Kutner et al., 
2005) and that a VIF below 4 is acceptable with low enough risk of 
inflated coefficients(Sheather, 2009). We calculated VIFs for models 
including the physical environment, cognitive stimulation, and violence 
exposure as predictors (with age and sex as covariates) for associative 
memory, memory-guided attention, and cued attention performance. In 
all instances, the VIF for cognitive stimulation and the physical envi-
ronment were below 4 (range: 3.35–3.61), reducing the concern for 
inflated coefficients in the present study. 

The second goal was to determine whether performance on these 
cognitive tests serve as a mechanism linking SES with academic 
achievement. We tested whether income-to-needs was associated with 
academic achievement and whether each of our three cognitive tests was 
associated with academic achievement using linear regression. Analysis 
of academic achievement controlled for age at T2. After testing each of 
these paths, we used a standard test of statistical mediation (Hayes, 
2013). We tested indirect effects for performance on cognitive tasks 
significantly associated with both SES and academic performance. 

4. Results 

4.1. Descriptive statistics 

Means and standard deviations for all study variables are presented 
in Table 1, and bivariate correlations between all study variables are 
presented in Table 2. 

Table 1 
Descriptive Statistics.  

Measure Minimum Maximum Mean Standard 
Deviation 

Age T1 (years) 5.00 6.24 5.55 .37 
Age T2 (years) 6.13 8.11 7.00 .46 
ItNR .08 10.5 4.73 2.86 
Log ItNR � 2.54 2.35 1.26 .95 
Edu (years) 10 22 16.65 2.85 
Cognitive Stimulation 

(total score) 
5 20 15.69 3.07 

Physical Environment 
(total score) 

0 6 4.9 1.34 

Violence Exposure 0 20 3.00 3.90 
Associative Memory 

Accuracy 
.08 .83 .38 .17 

Cued Attention Accuracy .28 1 .80 .12 
Memory-Guided Attention 

Accuracy 
.38 1 .80 .13 

Cued RT valid (ms) 680 1420 926 121 
Cued RT Invalid (ms) 770 1500 1182 141 
MGA RT valid (ms) 690 1500 968 152 
MGA RT invalid (ms) 850 1660 1142 129 
Academic Achievement 710 141 100.42 13.39 

Note: T1 ¼ Time 1, T2 ¼ Time 2, ItNR ¼ Income-to-Needs Ratio, Edu ¼ Educa-
tion, RT ¼ response time, MGA ¼memory-guided attention. 
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4.2. SES and cognitive performance 

First we assessed the associations between SES and performance on 
the three cognitive tasks. SES was not associated with associative 
memory accuracy (β ¼ .044, p ¼ .661 [95 % CI: � .124 to .211]). There 
was was a positive association between SES and accuracy on both cued 
attention (β ¼ .225, p ¼ .026 [95 % CI: .057–.393]) and memory-guided 
attention (β ¼ .197, p ¼ .047 [95 % CI: .029–.365]; Fig. 3A–C). SES was 
not associated with reaction time for valid or invalid targets on the 
attention task or the memory-guided attention task (ps > .14). 

4.3. SES and environmental measures 

SES was strongly associated with all three environmental measures 
such that income-to-needs was negatively associated with violence 
exposure (β ¼ � .352, p < .001 [95 % CI: � .184 to -.519]) and positively 
associated with both cognitive stimulation (β ¼ .555, p < .001 [95 % CI: 
.387–.722]) and the quality of the physical environment (β ¼ .616, 
p < .001 [95 % CI: .448–.784]; Fig. 3D–F). 

4.4. Environmental measures and cognitive performance 

Next, we tested the associations between the three environmental 
measures and performance on the three cognitive tasks. Violence 
exposure was associated with reduced PAL accuracy (β ¼ � .214, p ¼
.030 [95 % CI: � .382 to � .046]). PAL was not associated with either 
cognitive stimulation or the quality of the physical environment 
(β ¼ .113, p ¼ .252 [95 % CI: -0.055 to .281]; β ¼.083, p ¼ .407 [95 % 
CI: -.085 to .251], respectively; Fig. 4A–C). 

In contrast, both cognitive stimulation (β ¼ .209, p ¼ .038 [95 % CI: 
.041–.377]) and the quality of the physical environment (β ¼ .244, p ¼
.015 [95 % CI: .076–.412]), were associated with cued attention accu-
racy. Violence exposure was unrelated to attention accuracy (β ¼ � .177, 
p ¼ .080 [95 % CI: � .345 to � .001]; Fig. 4D–F). None of the environ-
mental measures were associated with RT on validly cued trials in the 
cued attention task (ps > .75). For invalidly cued targets, the physical 
environment (β ¼ .232, p ¼ .021 [95 % CI: .064–.400]) and cognitive 
stimulation (β ¼ .191, p ¼ .058 [95 % CI: .023.359]) were each asso-
ciated with slower RT; there was no association with violence exposure 
(β ¼ � .049, p ¼ .628 [95 % CI: � .217� .119]). 

Finally, both the quality of the physical environment (β ¼ .224, p ¼
.024 [95 % CI: .057–.392]) and violence exposure (β ¼ � .196, p ¼ .048 
[95 % CI: � .364 to � .028]) were associated with memory-guided 
attention accuracy, but cognitive stimulation was not (β ¼ .113, p ¼
.258 [95 % CI: � .055 to .281]; Fig. 4G–I). None of the measures of the 
environment were associated with RT for the memory-guided attention 
task for valid or invalid targets (ps > .65). 

4.5. Sensitivity analyses 

We next investigated whether each environmental measure was 
associated with accuracy on each cognitive task while controlling for the 
other environmental measures. All results are presented in Table 3. 
Violence exposure continued to be negatively associated with associa-
tive memory, even after controlling for cognitive stimulation and the 
physical environment, which were not significantly associated with PAL 
accuracy. None of the environmental measures are significantly associ-
ated with accuracy on the cued attention task in the fully-adjusted 
model. The quality of the physical environment was positively associ-
ated with memory-guided attention accuracy even after controlling for 
violence exposure and cognitive stimulation, which were not associated 
with memory-guided attention accuracy. 

4.6. Mediation analysis 

We performed tests of formal mediation for environmental factors Ta
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associated with a cognitive outcome, controlling for other environ-
mental factors. Because the sensitivity analysis revealed that the phys-
ical environment was associated with memory-guided attention 
accuracy over and above the effect of violence and cognitive stimula-
tion, we tested a formal mediation model and found evidence in support 
of an indirect effect of SES on memory-guided attention through the 
quality of the physical environment (95 % CI: .000–.0248). We did not 
examine a mediating role of the environment on cued attention because 
none of the environmental factors predicted performance over and 
above the other environmental factors. Additionally, because there was 
no direct effect of SES on associative memory, the indirect effect through 
violence exposure was not examined. 

4.7. SES and academic achievement 

SES was positively associated with academic achievement such that 
higher income-to-needs predicted higher performance on the 
Woodcock-Johnson Academic Skills Cluster (β ¼ 0.287, p ¼ .011 [95 % 
CI: .119–.455]). 

4.8. Cognitive performance and academic achievement 

PAL accuracy was not associated with academic achievement 
(β ¼ .023, p ¼ .846 [95 % CI: � .145 to .191]). In contrast, higher ac-
curacy on both the cued attention task and the memory-guided attention 
task were associated with higher academic achievement (β ¼.302, p ¼
.008 [95 % CI: .134–.470]; β ¼.244, p ¼ .031 [95 % CI: .076–.412], 
respectively; Fig. 5). 

4.9. Mediation analyses 

Because both cued attention and memory-guided attention accuracy 
were related to academic achievement, we tested a formal mediation 

model to determine whether there is an indirect effect of SES on aca-
demic achievement over the 18-month follow up through these cogni-
tive functions. Memory-guided attention mediated the association 
between income and academic achievement (95 % CI: .018–2.87); ac-
curacy on the cued attention task did not (95 % CI: � .21 to 3.14). 

5. Discussion 

We investigated how specific aspects of the early environment were 
related to three domains of cognitive performance supported by distinct 
neural circuits, including associative memory, cued attention, and 
memory-guided attention. Our findings revealed distinct environmental 
associations with different domains of cognitive function. Violence 
exposure was specifically associated with associative memory accuracy 
and the quality of the physical environment was specifically associated 
with memory-guided attention accuracy. Furthermore, we found that 
SES had an indirect effect on memory-guided attention through the 
physical environment. Although cognitive stimulation and the quality of 
the physical environment were each associated with cued attention ac-
curacy, these associations were no longer significant after adjusting for 
all forms of environmental experience, indicating that multiple envi-
ronmental factors may drive cued attention accuracy. Furthermore, we 
investigated how these three domains of cognitive function were asso-
ciated with academic achievement over an 18-month follow-up. While 
better memory-guided attention and cued attention accuracy were each 
associated with higher academic achievement, only memory-guided 
attention mediated SES-related differences in academic achievement. 

While previous studies have established that children as young as 
five years can use prior experience to direct attention (Dixon et al., 2010; 
Nussenbaum et al., 2019), existing studies have not investigated the 
environmental factors that may influence memory-guided attention. 
Here, we demonstrate that higher SES is associated with better 
memory-guided attention performance. Importantly, the quality of the 

Fig. 3. Associations of SES with cognitive function and environmental experience. MGA refers to memory-guided attention.  
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physical environment was the strongest environmental predictor of 
memory-guided attention performance, even after accounting for other 
aspects of the environment including violence exposure and cognitive 

stimulation. 
There are a several reasons that a higher quality physical environ-

ment might be associated with better memory-guided attention. If an 
environment has low levels of consistency and structure in a cluttered 
and overcrowded home, children may not often encounter situations in 
which they can reliably use their previous experience to guide attention. 
Similarly, if an environment has low levels of visual complexity, chil-
dren may not require the development of the ability to effectively 
integrate mnemonic-based and stimulus-based information that is 
required for memory-guided attention. In adults, three posterior nodes 
of the cognitive control network — including the posterior precuneus, 
lateral intraparietal sulcus and posterior callosal sulcus — are recruited 
for memory-guided attention (Rosen et al., 2016, 2018b). Children 
reared in severely deprived environments with very low levels of 
perceptual stimulation have reduced cortical thickness in these regions, 
and thinning in these regions mediated the association between time in 

Fig. 4. Associations of environmental experience with cognitive performance. MGA refers to memory-guided attention.  

Table 3 
Sensitivity Analyses. Regression analyses including violence exposure, cognitive 
stimulation, and physical environment in the same model. Significant associa-
tions are marked in bold.   

Violence 
Exposure 

Cognitive 
Stimulation 

Physical 
Environment 

PAL β ¼ .216, 
p ¼ .039 

β ¼ .092, p ¼ .328 β ¼ .047, p ¼ .467 

Cued Attention β ¼ -.112, 
p ¼ .288 

β ¼ .030, p ¼ .869 β ¼ .183, p ¼ .332 

Memory-Guided 
Attention 

β ¼ -.130, 
p ¼ .203 

β ¼ -.230, 
p ¼ .194 

β ¼ .377, 
p ¼ .041  
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the deprived environment and inattentiveness (McLaughlin et al., 2014). 
It is possible that low environmental complexity leads to increased 
synaptic pruning of regions that support memory-guided attention and 
that this accelerated pruning has downstream effects on attention 
(McLaughlin et al., 2017). Future studies will need to investigate the 
associations between the physical environment in more normative en-
vironments, such as those in the present study, with structure and 
function of the posterior nodes of the cognitive control network that 
support memory-guided attention. 

We additionally found that memory-guided attention partially ex-
plains SES-related differences in academic achievement over an 18- 
month delay. Memory-guided attention is likely important for adap-
tive academic and behavioral functioning in school. When a child arrives 
at a new school they must rely heavily on external cues in order to know 
where to direct their attention (e.g. where to put their backpack, where 
the teacher stands, where other children are sitting, what needs to be on 
the desk), which can be overwhelming and impair the child’s ability to 
focus on one task. As the school year progresses, children begin to learn 
about the environment and can thus use this previous experience to 
guide attention to the most relevant information for a given task. When 
using memory-guided attention, children can more effectively utilize 
their limited attentional capacity to focus on a particular task because 
they no longer need to use these resources to process external cues to 
guide their attention. The present findings that the physical environ-
ment was important for memory-guided attention and that memory- 
guided attention was in turn associated with academic achievement 
are broadly consistent with a recent study demonstrating that the quality 
of the physical environment was positively associated with cortical 
thickness and that greater cortical thickness was associated with higher 
levels of academic achievement (Uy et al., 2019). Together with our 
results, these findings highlight the physical environment and its asso-
ciation with memory-guided attention as important environmental and 
cognitive mechanisms explaining SES-related differences in 
achievement. 

Although chronic stress and trauma exposure have well-established 
associations with the structure of the hippocampus in animal and 
human studies (Ivy et al., 2010; Lambert et al., 2017; Lupien et al., 
2009), remarkably little research has investigated how these environ-
mental factors influence cognitive functions subserved by the hippo-
campus in young children, including associative memory. Our findings 
suggest that violence exposure is negatively associated with associative 
memory in early childhood, even after accounting for variation in 
cognitive stimulation and the quality of the physical environment. These 
findings are in line with prior work documenting poor associative 
learning among older children, adolescents, and adults exposed to 
violence (Hanson et al., 2017; Lambert et al., 2019) and extend these 
findings by demonstrating these associations are present in early 
childhood, in children far younger than previously examined to assess 
the impact of violence exposure on memory. Associative learning of two 

previously unassociated stimuli depends on the hippocampus and other 
medial temporal lobe structures including the parahippocampal cortex 
(Eichenbaum and Bunsey, 1995; Yoon et al., 2012). Animal studies 
demonstrate that chronic stress and high levels of associated glucocor-
ticoids have deleterious effects on hippocampal neurons (Brunson et al., 
2001; Ivy et al., 2010; Lupien et al., 2009). It is possible that a high levels 
of violence exposure in children negatively influences associative 
memory via a similar mechanism. These findings point to a strikingly 
early emergence of differences in associative memory function after 
violence exposure. Future studies should investigate whether these dif-
ferences are mediated by disruptions in hippocampal and medial tem-
poral lobe structure and function in young children who have 
experienced violence. 

Consistent with previous studies showing positive associations be-
tween SES and attention and working memory, SES was positively 
associated with cued attention performance (Clearfield and Jedd, 2013; 
Finn et al., 2016; Kishiyama et al., 2009; Mezzacappa, 2004; Sheridan 
et al., 2017; Stevens et al., 2009). Higher levels of cognitive stimulation 
and a higher quality physical environment were each associated with 
better cued attention performance, although when all three environ-
mental measures were included in the model, no single factor remained 
significantly associated with cued attention performance. These results 
suggest that multiple environmental factors may contribute to the 
development of this attentional process. These findings are broadly 
consistent with other work demonstrating that cognitive stimulation is 
positively associated with attention in children. A study that directly 
assessed how different aspects of the home environment were associated 
with focused attention demonstrated that while cognitive stimulation 
was associated with focused attention among children living in poverty, 
the quality of the physical environment was associated with focused 
attention among children living near poverty (Razza et al., 2010). 
Additionally, work in deprived early environments as seen in institu-
tional rearing which include both severely low levels of cognitive and 
perceptual stimulation has found lasting effects on working memory and 
attention even among children who were placed in high quality foster 
care before the age of 24 months (Merz et al., 2016; Slopen et al., 2012). 
Finally, both greater cognitive stimulation and higher quality of the 
physical environment are associated with greater cortical thickness in 
the middle frontal gyrus and superior parietal lobule, brain regions that 
support top-down attention (Rosen et al., 2018a; Uy et al., 2019). 
Together with our findings, these studies suggest that low levels of 
cognitive stimulation and poor quality of the physical environment may 
influence the development of the frontoparietal network, which may in 
turn contribute to SES-related differences in attentional function. 

Somewhat counterintuitively, we also found that higher cognitive 
stimulation and quality of the physical environment were associated 
with slower reaction time for invalidly cued targets. This could indicate 
that these children were more focused on the cued location of the target, 
and slower to disengage and reorient attention when the target appeared 

Fig. 5. Associations of cognitive performance with academic achievement. MGA refers to memory-guided attention.  
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in an unexpected location (Posner and Cohen, 1984). Future studies 
should further probe whether children reared with low cognitive stim-
ulation and poorer quality physical environments demonstrate less of a 
cost of selective attention (i.e. missing an unexpected stimulus because 
of hyper focused attention in a particular location) and perhaps are 
better able to attend more diffusely to the environment (Plebanek and 
Sloutsky, 2017), which may indeed be adaptive in certain environ-
mental contexts. 

The present study has several limitations that should be acknowl-
edged. First, because the measures of the environment and cognitive 
function were collected concurrently, we are limited in our ability to 
establish a directional link between these environmental factors and 
development of associative memory, cued attention, and memory- 
guided attention. Additionally, while we established that SES had an 
indirect effect on memory-guided attention through the physical envi-
ronment, mediation analyses performed when all study variables are 
collected at the same time point should be interpreted with caution 
(Maxwell and Cole, 2007). Although the children in the present study 
were relatively young, it will be important to determine the precise 
developmental window in which these environmental factors have the 
greatest impact on these cognitive outcomes. Future studies should take 
a longitudinal approach beginning in infancy to investigating how 
distinct aspects of the environment impact different types of cognitive 
development, given that relevant nonverbal tasks are beginning to 
emerge in the literature (e.g.,Weiss et al., 2018). Second, cognitive 
stimulation and the physical environment were highly correlated in our 
sample. This introduces challenges in separating the unique associations 
of these aspects of the environment with cognitive outcomes. Therefore, 
replication of these findings in additional samples is an important goal 
for future research. Third, the sample size of the present study is rela-
tively small to disentangle different aspects of the early home environ-
ment and therefore, these results should be interpreted as preliminary. 
Relatedly, while the sample in the present study ranged widely in SES 
levels from well below the poverty line to more than ten times the 
poverty line, the sample was on average, relatively high SES based on 
the income-to-needs ratio. Importantly, nearly half of our sample was at 
or below the self-sufficiency standard for the metropolitan area in which 
the data were collected. It will be important for future studies to repli-
cate the present findings using a larger sample that is representative of 
the U.S. income distribution. Fourth, while the same stimuli of everyday 
objects were used in the memory-guided attention and cued attention 
tasks and were counterbalanced across participants, a distinct set of 
stimuli made up of abstract shapes was used in the associative memory 
task as part of an established tablet task used in young children 
(Hamoudi and Sheridan, 2015). It is possible that these differences 
contributed to the distinct associations seen. However, given that other 
studies have found similar associations between violence exposure and 
memory for real world objects (Lambert et al., 2019), it seems unlikely 
that these stimuli differences are driving our effects. Still, future work 
should structure three tasks (associative memory, cued attention, and 
memory-guided attention) using the same stimulus sets to rule out this 
possibility. Finally, given that we are unable to randomly assign in-
dividuals to different SES levels, we are limited in our ability to make 
causal inferences about how SES contributes to cognitive development. 
However, we see the dissociable associations with different environ-
mental experience and cognitive outcomes that are subserved by 
different neural systems as a strength of the present study. Evaluating 
whether this specificity replicates in randomized trials focused on 
providing income supplements to families with young children is an 
important goal for future research. 

6. Conclusions and future directions 

The present study demonstrates that specific aspects of early envi-
ronmental experience contribute to the development of different types 
of cognitive function which are subserved by distinct neural 

mechanisms. Violence exposure is negatively associated with associative 
memory, which is dependent on the hippocampus. In contrast, a higher 
quality physical environment was associated with memory-guided 
attention, which is supported by the posterior cognitive control 
network. Finally, multiple aspects of the environment were associated 
with cued attention, which is supported by the frontoparietal network. 
The findings from the present study highlight the importance of careful 
quantification of the home environment to understand the particular 
mechanisms linking SES and cognitive development. Interventions 
intended to mitigate SES-related differences in cognitive function should 
be informed by studies like this one that investigate what specific aspect 
of the environment might be driving differences. 

This is the first study to highlight memory-guided attention as a 
potential cognitive mechanism linking SES and academic achievement. 
Understanding the environmental pathways through which differences 
in SES ultimately shape cognitive development is important for identi-
fying malleable targets for interventions to reduce SES-related dispar-
ities in cognitive outcomes. Given this, our findings suggest that 
incorporating techniques aimed at improving memory-guided attention 
in such interventions could be potentially promising. One avenue 
through which this could be accomplished is by improving the quality of 
the physical environment, for example through interventions aimed at 
helping low-SES families access affordable high-quality housing. Future 
studies focused on how the early environment impacts the neural sys-
tems that support memory-guided attention may provide important in-
sights into neural mechanisms contributing to the income-achievement 
gap. This may, in turn, point to research, practices, and societal changes 
that can help ameliorate this gap. 
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