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ABSTRACT
The socioeconomic status (SES) of parents has a crucial influence on the cogni-
tive development of children, but it is not clear whether this effect varies as
a function of the children’s age. The objective of this studywas to investigate the
development of children aged 7, 9, and 11 years of parents with extremely low
SES in a developing country (Ecuador). Participating children were divided
between a medium-SES group and a low-SES group. Statistically significant
differences were observed as a function of SES group and age in verbal memory,
language, and executive function, observing wider between-group differences
among the 11-year-olds.
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Introduction

Cognitive development involves genetic, cerebral, cognitive, emotional, and behavioral processes
(Boivin, Kakooza, Warf, Davidson, & Grigorenko, 2015; Sastre-Riba, 2006). During cognitive devel-
opment, neuropsychological domains can be affected by nutritional, infectious, and toxic factors, by
the upbringing of children (Harmony, 2004) and by the socioeconomic status (SES) of their parents
(Aber, Jones, & Cohen, 2000; Brito & Noble, 2014; Brooks-Gunn, Klebanov, Liaw, & Spiker, 1993;
Ghosh, Chowdhury, Chandra, & Ghosh, 2015).

SES is a complex construct that considers not only family income and parental education/occupation
but also psychological and physical health, family environment, housing conditions, and neighborhood
characteristics (Hackman, Farah, & Meaney, 2010). In particular, parental education and parental
occupation were found to be responsible for more than 14% of the variance in the scores of children
in executive function tests (Noble, Norman, & Farah, 2005). A larger family income has been associated
with a higher level of parental education, superior housing conditions, greater cognitive stimulation at
home, and an improved cognitive performance in children (Crookston, Forste, McClellan, Georgiadis, &
Heaton, 2014; Hamadani et al., 2014; Mazzoni, Stelzer, Cerigni, & Martino, 2014).

A low SES is known to have a negative effect on children’s development and is considered an
important predictor of language and executive functions (Hackman & Farah, 2009; Noble et al.,
2005). Noble et al. (2005) proposed that the effect of SES on executive function during infancy is
mediated by parents’ relationship with their children and their capacity to regulate stress. In another
study, higher executive function scores were obtained by children who lived in better physical
conditions and whose mothers had a higher level of education (Arán-Filippetti, 2011).
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The negative impact of a lower SES on neuropsychological domains is well documented (see Brito
& Noble, 2014 for a review), but few data are available on the interaction between SES and age in
children. One comparative study of children at the ages of 4 months, 1, and 7 years found that major
neurological abnormalities emerged among lower-SES children at a younger age, suggesting a lasting
influence of prenatal conditions (Hung et al., 2015). A longitudinal study of the relationship between
SES and the development of memory and language in under 2-year-olds found no differences
between SES groups at the ages of 9 and 15 months but recorded an inferior performance in
children from families with a low educational level at 21 months (Noble et al., 2015). Main effects
of age, SES, and their interaction on language, attention, and memory were found in a study of older
medium- and low-SES children in two different age-groups (8–9 vs. 10–12 years) (Arán-Filippetti,
2012); however, main effects of age and SES but not their interaction have been described for
executive function (working memory, flexibility, inhibition, and planning) in comparisons between
the ages of 3 and 4.5 years (Hackman, Gallop, Evans, & Farah, 2015) and between the ages of 8 and
11 years (Arán-Filippetti, 2013). Taken together, these data indicate that older children with lower
SES perform worse in some neuropsychological domains (e.g., language, memory, attention) but not
in executive function.

However, the aforementioned studies have some important limitations. Notably, most investiga-
tions on SES and neuropsychological development have been conducted in developed countries,
characterized by a long life expectancy and good levels of education and literacy (Brito & Noble,
2014; Lipina & Posner, 2012; Raizada & Kishiyama, 2010). It can be speculated that a low SES may
have a greater impact on the neuropsychological development of children in countries with lesser
educational and social development (Crookston et al., 2014; Lawson et al., 2017), where exposure to
abuse or violence and malnutrition may be more likely (Peterman, Neijhoft, Cook, & Palermo,
2017). The influence of low SES on neurocognitive function is related to reduced linguistic stimula-
tion and increased experience of stress, among others, and this negative influence may be stronger in
developing versus developed countries (Sripada, Swain, Evans, Welsh, & Liberzon, 2014; Ursache &
Noble, 2016). Previous studies on the influence of SES and age in children have also been limited to
specific domains rather than performing a full neuropsychological assessment, and most have
studied one or two age-groups alone. Hence, it has not been established whether the impact of
SES is the same at all ages of childhood or whether it has specific effects on certain neuropsycho-
logical domains at different ages. It has been proposed that neurodevelopment is slower in low-SES
children and that this difference with medium-/high-SES children widens during neurodevelopment
(Brito & Noble, 2014; Grieve, Korgaonkar, Clark, & Williams, 2011). In particular, authors have
described a worse performance by low-SES children in memory, attention, and language at older
ages (Arán-Filippetti, 2012, 2013; Hackman et al., 2015), attributed to their longer exposure to the
unfavorable conditions of a low SES (Brooks-Gunn & Duncan, 1997; Hackman et al., 2010).

With the above background, this study was designed to investigate neuropsychological develop-
ment in children of 7, 9, and 11 years of age with low or medium SES from a city in a developing
country (Ecuador). The study objectives were to test the following hypotheses: (1) neuropsycholo-
gical performance would be inferior in children with low versus medium SES and (2) this difference
would be greater at 11 versus 7 years of age in the neuropsychological domains of memory,
attention, and language.

Materials and methods

Participants

The study included 274 Spanish-speaking schoolchildren from Guayaquil, the most populous city of
Ecuador (INEC, 2010), divided among 7-year-olds (45 boys, 44 girls), 9-year-olds (45 boys, 46 girls), and
11-year-olds (47 boys, 45 girls). These groups were selected in order to investigate the development of
each study domain between the ages of 7 and 11 years, considered as a critical period in the development
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of executive functions (Diamond, 2013; Farah, 2017; Mous et al., 2017). The study population was
divided by their SES between: a medium-SES group (n = 133), containing 45 7-year-olds (23 boys, 22
girls), 44 9-year-olds (22 boys, 22 girls), and 44 11-year-olds (22 boys, 22 girls); and a low-SES group
(n = 141) with 46 7-year-olds (24 boys, 22 girls), 47 9-year-olds (23 boys, 24 girls), and 48 11-year-olds
(25 boys, 23 girls).

Sampling procedure

The study was conducted in primary schools in the city, selected to provide a balanced representa-
tion of areas with predominantly low-SES or medium-SES populations. The characterization of
school catchment areas as low or medium SES and their inclusion in the study was based on multiple
factors, including the private, subsidized, or public funding of the school; basic services in the area;
income and employment levels; access to and use of the health system and childcare quality, among
others. Following these criteria, a selection was made of three medium-SES schools (one public, one
subsidized, and one private) in the North/Center parts of the city and two low-SES schools (two
public schools) in an area in the South of the city called “Isla Trinitaria”, predominantly inhabited by
poor or extremely poor families. Random sampling was conducted among the 7-, 9-, and 11-year-old
children registered at each participating school.

Inclusion criteria

Study inclusion criteria were (1) age of 7, 9, or 11 years at the time of assessment; (2) regular
attendance at one of the participating schools; (3) absence of physical, psychological, and/or
cognitive impairments; and (4) informed and signed consent of parent/guardian. Before evaluations
of the selected children, interviews were conducted with their teachers and with their parents/
guardians to verify that the above inclusion criteria were met, confirming that none had diagnosed
or apparent physical or psychological disorders or evidenced major behavioral problems. The
availability of an appropriate room for interviews with the children was also established. Out of
the eligible children enrolled in the study, 24 were subsequently excluded due to the withdrawal of
consent (n = 4) or because conditions for the assessment were not adequate due to interruptions for
academic activities or examinations (n = 20).

Instruments

Socioeconomic survey
This questionnaire was administered to the parents/guardians in interviews held at the school of
their children (morning and afternoon sessions). The survey was designed by the University of
Chimborazo (Ecuador) and have been used in a wide range of research involving socioeconomic
status in this country (see Hinojosa-Fierro, 2014 for a recent example). This instrument classifies
families according to raw scores for maternal level of education and social class of the head of
household and a transformed housing risk index score. A higher survey score indicates a lower
socioeconomic level.

BENCI: computerized battery for children’s neuropsychological assessment
This battery allows a comprehensive neuropsychological evaluation of processing speed, visual–
motor coordination, attention, language, memory, and executive function (Lezak, Howieson, &
Loring, 2004), and its computerized design facilitates and standardizes its administration and data
recording (correct responses, errors, reaction time) (Cruz-Quintana, Pérez-García, Fernández-López,
& Roldan-Vílchez, 2011; Cruz-Quintana, Pérez-García, Roldan-Vílchez, Fernández-López, & Pérez-
Marfil, 2013) 1. The version for Ecuadorian children was validated in a sample aged between 6 and
17 years and demonstrated good psychometric qualities (Cruz-Quintana et al., 2013). Evaluation of

DEVELOPMENTAL NEUROPSYCHOLOGY 3



the test–retest reliability obtained Pearson correlation coefficients that ranged from r = .97 (verbal
memory recall) to r = .34 (immediate visual memory), while Cronbach’s alpha values for internal
consistency ranged from α = .92 (selective attention) to α = .62 (reaction time for simple task). The
convergent validity was acceptable and significant, with correlations ranging from r = .69 (Spanish
Adaptation of Californian Verbal Learning Test) to r = .33 (Woodcock–Muñoz Battery).
More detailed information on the psychometric properties of each test is available elsewhere
(Cruz-Quintana et al., 2013; Fasfous et al., 2015).

The battery contains 14 neuropsychological tests and requires a total of 60–70 min for its comple-
tion, with a 10-min break halfway through the session (Fasfous et al., 2015). Before being evaluated,
each child was familiarized with the basic computer skills required to complete the battery of tests. We
followed the recommendations of Lezak et al. (2004), always following the same order of tests,
alternating simple and difficult tasks, and verbal and nonverbal tests, and taking into consideration
the time intervals between tests. The domains and corresponding tests in the battery are listed below.

Processing speed

1. Simple reaction time test. The child must press any key on the keyboard as fast as possible when
a cross appears on the screen, and the reaction time is recorded in milliseconds (msec)

Visual–motor coordination

2. Visual–motor (A). Numbers appear on the screen and must be touched in ascending order
recording the reaction time in msec. Alternate visual–motor (B). Two different series (numbers and
letters) appear on the screen and must be touched alternately in ascending order, recording the
reaction time in msec.

Sustained attention

3. Continuous performance test (CPT). Blocks of letters appear on the screen, one after the other.
The child is instructed to press a key when a given sequence is shown (for example, letter
A following X). The remaining letters are distractors. The reaction time (in msec) and number of
correct responses are recorded.

Memory

4. Verbal memory. After listening three times to the same series of words, the child must repeat
aloud all words that he/she can remember. Correct responses in immediate and delayed recall and
delayed recognition tests are recorded.
5. Visual memory. After being shown pictures of common objects, the child must state aloud all
objects they can remember. Correct responses for immediate and delayed recall and delayed
recognition tests are recorded.

Language

6. Verbal comprehension (images). After being shown a group of images (e.g., animals), the child
must select the image that meets given criteria (animal, position, activity, and/or color). For example:
“touch the frog that is next to the dog”. Correct responses are recorded.
7. Verbal comprehension (shapes). After being shown a group of geometric images (small, medium,
or large circles; triangles; or squares in different colors), the child must select the image that meets
given criteria (shape, size, position, and/or color). For example: “touch a small blue circle”. Correct
responses are recorded.
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8. Phonetic fluency: The child has 60 sec to state all the words he/she knows that start with a given
letter. Correct responses are recorded.

Executive function

9. Working memory. After listening to sequences of mixed numbers and colors, the child must
repeat the numbers and colors (first the numbers, in ascending order, and then the colors, or vice-
versa). Correct responses are recorded.
10. Abstract reasoning. A group of a logical series is shown on the screen. The participant must select
the element that completes the series, recording the reaction time (msec) and correct responses.
11. Semantic fluency. The participant is told a semantic category (e.g., colors or animals) and is given
60 sec to say aloud all of the words that he/she knows in this category. Correct responses are recorded.
12. Inhibition: Go/No-Go. Two pictures appear on the screen alternately (e.g., bear and dolphin). First,
the child must press a key when one of them (bear) appears; then, after hearing a known signal, the child
must press a key when the other picture (dolphin) appears. The recording time (msec) is recorded.
13. Inhibitory control and flexibility: Spatial Stroop. The screen displays a sequence of arrows
pointing either left (←) or right (→). The child must press the left arrow or right arrow on the
keyboard according to the direction of the arrow. The arrows can appear either on the right or left of
the screen, regardless of their direction. Reaction time (msec) and correct responses are recorded.
14. Planning: theme park. A theme park displayed on the screen contains attractions with different
prices and durations. The child is told that he/she has a given amount of money and must go on as
many attractions as possible within a set time (each attraction can only be visited once). The number
and variety of visited attractions are recorded.

Procedure

A team of six trained evaluators carried out the fieldwork during a 4-month period. Interviews with
each child were held at their school during the morning in a room with adequate physical conditions
for this purpose and lasted for around 90 min (between leaving and returning to the classroom).
Given that basic knowledge of computer use is needed for the BENCI battery, each child received
previous assessment and training in the utilization of this technology to ensure the absence of any
bias due to a lack of familiarization with the test procedure. In general, no such difficulties were
found in the performance of any task in the battery. Written consent was obtained from the parents/
guardians of the children for their participation in the study, which was approved by the ethical
committee of the University of Guayaquil (Ref.: A3/042954/11).

Data analysis

After descriptive analysis of the data, ANOVAs were conducted with 2 × 3 factorial design,
considering two SES levels (medium and low) and three age levels (7, 9, and 11 years) as indepen-
dent variables and BENCI results for each domain as dependent variables, followed by application of
the posthoc Bonferroni test. Finally, linear regression analyses were performed to identify the SES
components with greatest influence on neuropsychological variables. Given the need for multiple
comparisons, the Bonferroni correction was applied to reduce the probability of a type I error,
establishing the significance threshold at ≤.002 for ANOVAs and ≤.008 for linear regressions. Partial
η2 was used as an effect size measure.
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Results

Differences in sociodemographic variables between groups

Results of the parental socioeconomic survey were compared between the SES groups, showing
significantly higher scores (i.e., lower SES) for maternal education level [F(1, 260) = 249.04,
p < .001], home risk index [F(1, 260) = 104.91, p < .001], and social class of the head of household
[F(1, 260) = 256.19, p < .001] in the low-SES group, confirming the adequate classification of the
children into the two groups. No significant differences were observed in these scores as a function
of the child’s age (see Table 1).

Effects of SES and age on neuropsychological measures

Tables 2 and 3 exhibit differences in the studied domains as a function of SES, age, and their
interaction. Simple reaction time significantly differed as a function of age [F(2, 268) = 21.46,
p < .001; F(2, 268) = 25.98, p < .001], finding shorter reaction times in the 11-year-old versus
7- and 9-year-old children. Reaction time in visual–motor and alternative visual–motor coor-
dination tasks was also significantly longer for the low-SES group [F(1, 268) = 90.34, p < .001;
and F(1, 268) = 85.43, p < .001, respectively]. Age had a significant effect on the CPT, finding
shorter reaction times in 11-year-old versus 7- and 9-year-old children (see Table 2).

Higher verbal memory scores were obtained by medium- versus low-SES groups in immediate
recall [F(1, 268) = 25.49, p < .001], delayed recall [F(1, 268) = 15.88, p < .001], and recognition [F
(1, 268) = 16.47, p < .001], whereas higher visual memory scores were only obtained by the medium-SES
group in immediate recall [F(1, 268) = 21.91, p < .001]. Scores for verbal memory (immediate/delayed
recall and recognition) and visual memory (immediate and delayed recall) significantly differed as
a function of age, with 11-year-olds performing better than the 9-year-olds in all memory tasks
(see Table 2). The medium-SES group also obtained higher scores in all language tasks, including
image comprehension [F(1, 268) = 16.54, p < .001], shape comprehension [F(1, 268) = 14.72, p < .001],
and phonetic fluency [F(1, 268) = 63.23, p < .001]. Scores for image comprehension and phonetic
fluency significantly differed as a function of age (see Table 3).

Finally, executive function scores were significantly higher for the medium- versus low-SES group
in working memory [F(1, 268) = 72.48, p < .001], abstract reasoning (correct responses) [F
(1, 268) = 137.99, p < .001], semantic fluency [F(1, 268) = 43.54, p < .001], and inhibitory control
[F(1, 268) = 44.68, p < .001]. No statistically significant differences were found between SES groups
in the Go/No-Go and planning tasks (p > .05 in all cases). Scores for working memory, abstract
reasoning (correct responses and reaction time), semantic fluency, Go/No-Go (reaction time),
inhibitory control, and planning differed as a function of age (see Table 3).

Table 1. Differences in socioeconomic characteristics as a function of group, age, and group × age interaction.

Socioeconomic characteristics

Group
Medium-SES
(n = 133)
Low-SES
(n = 141)

7 Years
n = 91
M (SD)

9 Years
n = 91
M (SD)

11 Years
n = 92
M (SD) p-Value Partial η2 Posthoc

Maternal level of education Medium
Low

1.57 (0.63)
3.37 (1.07)

1.56 (0.73)
3.64 (1.26)

1.65 (0.69)
3.58 (1.05)

Group** .519 ME < L

Housing risk index Medium
Low

1.19 (0.39)
1.86 (0.41)

1.33 (0.47)
1.79 (0.46)

1.16 (0.37)
1.67 (0.48)

Group** .287 ME < L

Social class level of the head of household Medium
Low

1.91 (0.72)
3.33 (0.57)

1.81 (0.66)
3.23 (0.63)

2.12 (0.88)
3.31 (0.62)

Group** .495 ME < L

SES: socioeconomic status; M: Mean, SD: standard deviation; ME: medium; L: low.
**p < .01.
A higher survey score indicates a lower socioeconomic level.
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Interactions between SES and age-groups on neuropsychological measures

Statistically significant interactions were found between SES and age (see Figures 1 and 2) for verbal
memory in immediate [F(2, 268) = 6.90, p = .001] and delayed recall [F(2, 268) = 7.45, p = .001], with the
differences between SES groups being greater among the 11-year-old children (Table 3 and Figure 1). In
the language domain, a statistically significant interaction between SES and age was observed in verbal
comprehension (images) [F(2, 268) = 5.81, p = .002] and phonetic fluency [F(2, 268) = 6.63, p = .002],
with the differences between SES groups being greater in the 11-year-olds than in the 7-year-olds

Figure 1. Graphic representation of SES × age interactions in memory and language domains. SES: socioeconomic status.
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(Table 3 and Figure 1). With regard to executive function, interactions between SES and age were found
in abstract reasoning (correct responses) [F(2, 268) = 24.51 p < .001] and inhibitory control [F
(2, 268) = 6.10, p = .002] (see Table 3 and Figure 2). In the case of abstract reasoning, the most marked
differences were found in low-SES children at the age of 11 years, while differences in inhibitory control
were observed between those aged 7 and 11 years (see Figure 2).

Variables showing a significant SES × age interaction were entered in simple linear regression
models. All of the models showed statistically significant differences (p < .001 in all variables; see
Table 4). Maternal level of education (standardized β = −.22, p = .002) and housing risk index
(standardized β = −.17, p = .007) emerged as significant predictors of abstract reasoning, and the
social class of the head of the household was a significant predictor of inhibitory control (standar-
dized β = −.22, p = .003). No SES component significantly predicted scores in memory or verbal
tasks.

Discussion

This study investigated the cognitive development of three age-groups (7, 9, and 11 years) of
schoolchildren with medium or low SES in a developing country. The results support the first
study hypothesis, because the medium-SES children obtained significantly higher scores in five out
of the six neuropsychological domains studied (visual–motor coordination, sustained attention,

Figure 2. Graphic representation of SES × age interactions in executive function domain. SES: socioeconomic status.
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memory, language, and executive function) in comparison to the low-SES group. The second
hypothesis was supported by the finding of three domains in which the difference between SES
groups was significantly greater in 11-year-olds than in 7-year-olds: verbal memory, language
(phonetic fluency), and executive function (abstract reasoning and inhibitory control).

Influence of SES on neuropsychological performance

Our results are in line with previous reports on the negative effects of low SES on neuropsychological
development. Low SES was found to predict a worse neurocognitive performance in under 5-year-olds
(Hackman & Farah, 2009) and in over 6-year-old children (Brito & Noble, 2014; Raizada & Kishiyama,
2010), with reports of a particular influence on domains related to language or executive function
(Farah et al., 2006). Furthermore, greater poverty has been associated with worse neuropsychological
performance and with alterations of gray matter development in frontal and temporal lobes (Hair,
Hanson, Wolfe, & Pollak, 2015), closely related to regulation of the emotions (Luby et al., 2013).

Our findings on the negative effect of a low SES on inhibitory control, language (especially verbal
fluency), memory, and executive functions confirm previous reports (Abundis-Gutiérrez, Checa,
Castellanos, & Rueda, 2014; Arán-Filippetti & Richaud de Minzi, 2012; Conejero, Guerra, Abundis-
Gutiérrez, & Rueda, 2018; Hackman & Farah, 2009; Ison, Greco, Korzeniowski, & Morelato, 2015;
Lipina, Martelli, Vuelta, & Colombo, 2005; Noble et al., 2005). No association was found in the
present study between SES and simple reaction time, CPT, or visual memory recognition, which are

Table 4. Linear regression models using the score of the BENCI tasks as criterion variables and dimensions of SES and age as
predictor variables.

BENCI variables Variables
Standardized

β t p
Inferior
95% CI

Superior
95% CI F model R2

Adjusted
R2

Verbal memory
immediate (CR)

Age of
the child

.70 16.09 .000 2.57 3.28 F(4, 265) = 68.38*** .512 .504

MLE −.10 −1.93 .054 −1.06 .01
HRI −.05 −.97 .335 −2.00 .68
SCL −.03 −.46 .647 −.99 .62

Verbal memory
delayed (CR)

Age of
the child

.64 13.65 .000 .73 .98 F(4, 265) = 49.17*** .430 .421

MLE −.09 −1.51 .133 −.33 .04
HRI −.06 −1.16 .248 −.74 .19
SCL .02 .40 .688 −.22 .34

Verbal
comprehension
(images) (CR)

Age of
the child

.22 3.77 .000 .067 .21 F(4, 265) = 6.178*** .086 .072

MLE .01 0.13 .894 −.10 .12
HRI −.09 −1.23 .221 −.44 .10
SCL −.13 −1.70 .089 −.30 .02

Phonetic fluency (CR) Age of
the child

.32 5.75 .000 .37 .75 F(4, 265) = 15.10*** .188 .175

MLE −.18 −2.59 .010 −.67 −.09
HRI −.03 −0.45 .650 −.89 .55
SCL −.14 −1.90 .059 −.85 .01

Abstract reasoning
(CR)

Age of
the child

.22 4.02 .000 .38 1.14 F(4, 265) = 21.01*** .244 .232

MLE −.22 −3.20 .002 −1.44 −.34
HRI −.17 −2.72 .007 −3.26 −.52
SCL −.15 −2.13 .034 −1.72 −.07

Inhibitory control –
Spatial Stroop (CR)

Age of
the child

.38 7.06 .000 2.00 3.55 F(4, 265) = 20.48*** .239 .227

MLE −.12 −1.75 .081 −2.19 .13
HRI −.03 −.45 .655 −3.56 2.24
SCL −.22 −3.04 .003 −4.43 −.95

MLE: maternal level of education; HRI: housing risk index; SCL: social class level of the head of household; RT: reaction time;
CR: correct responses.

***p < .001.
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considered low-level or basic skills in neuropsychological assessments (Vanderploeg, 2014) and
generally share a strong motor component, being linked to visual and parietal brain areas
(Clayton, Yeung, & Kadosh, 2015). Little difference was observed in these domains (i.e., simple
reaction time and visual–motor coordination tasks) between children with lower and higher SES
(Hackman & Farah, 2009; Raizada & Kishiyama, 2010), consistent with the present finding of no
significant interaction between SES and processing speed, sustained attention, or tasks with a major
motor component such as Go/No-Go. In contrast, SES had a significant effect on language and
executive function (abstract reasoning and motor inhibition) in our 11-year-old children. This
difference between SES groups may reflect differences in how they approach the execution of
tasks. It has been proposed that success in performance may be associated with response behaviors
that differ between SES groups (Farah, 2017). This proposal may in part account for the unexpected
lack of between-group differences in certain domains. For example, a greater between-group
difference was observed in the Spatial Stroop task, which directly assesses the cognitive inhibition
component, than in the Go/No-Go test, which is more closely related to the motor components of
inhibition. Authors using different scoring or corrections of the Go/No-Go task indicated that these
scores may also be associated with the processing of prefrontal and executive function systems
(Arán-Filippetti, 2013; Hackman & Farah, 2009).

When comparing effect sizes, the SES of the children explained a large percentage of variance in
the language domain, including production (phonetic fluency) and comprehension (figure compre-
hension), in line with previous reports (Abundis-Gutiérrez et al., 2014; Arán-Filippetti & Richaud de
Minzi, 2012; Ison et al., 2015; Lipina et al., 2005).

Distinct effects of SES depending on age

According to the present findings, the effect of SES is not homogeneous but rather depends on the age of
children, at least for verbal memory, language, and some components of executive function (abstract
reasoning and inhibitory control). In general, greater between-group differences were found among the
11-year-olds. A similar phenomenon has been described in relation to externalizing and internalizing
psychopathological symptoms in children, which appear to vary as a function of age and SES (Hackman
et al., 2010; Ortiz-Andrellucchi, Peña Quintana, Albino-Beñacar, Mönckeberg Barros, & Serra-Majem,
2006). From a neuropsychological standpoint, these results are in partial agreement with those published by
Hackman et al. (2015), who evaluated executive function (working memory and planning) and found no
increased difference between SES groups with higher age of the children. However, the detailed evaluation
of different domains in the present study revealed that other executive functions, such as abstract reasoning
and inhibitory control, may indeed significantly differ as a function of SES and age.

Maternal education level, housing risk index, and social class of the head of household were the
SES components with the greatest influence on neuropsychological performance scores. A similar
study in South America reported that maternal educational level and housing condition were the
main predictors of phonetic fluency, planning, and inhibition (Arán-Filippetti & Richaud de Minzi,
2012), and parental education has been consistently related to the performance of children in verbal
fluency and abstract reasoning tasks (Ardila, Rosselli, Matute, & Guajardo, 2005). One possible
explanation may be that better-educated parents provide their children with greater cognitive, social,
and affective stimulation, creating greater interaction with the children and their environment (Brito
& Noble, 2014). Another explanation may be that parents with higher education and SES have the
opportunity to send their children to better schools, favoring an improved performance in all of
these domains and skills.

Clinical implications

Our data support proposals for preventive interventions to reduce the negative effects of low
SES (Arruabarrena & de Paúl, 2012; Heckman, 2006; Knudsen, Heckman, Cameron, & Shonkoff,
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2006). Our finding of a greater impact of a low SES on neurodevelopment in 11-year-olds than
in 7-year-olds underlines the need for interventions to be implemented in disadvantaged
populations at the earliest possible age, involving schools, health centers, nursing professionals
and psychologists, among other health-care providers. Possible strategies include the regular
screening of children from a very young age and the incorporation into nursery and primary
school curricula of stimulation programs focused on the training of executive functions and of
emotional and behavior regulation skills (see García-Bermúdez et al., 2018 for a recent
example).

Strengths and limitations

The cross-sectional design of our study prevents conclusions on the direct influence of age on
performance. In addition, we did not elucidate the differential effects on socio-emotional and
neuropsychological development of the distinct components of a low SES (e.g., poverty, malnutri-
tion, infant abuse). We evaluated neuropsychological domains by analyzing correct responses and
reaction times in the BENCI tests; however, we did not consider the measurement of errors, which
would have provided useful information on impulsiveness and perseverance in the performance of
tasks. Multiple comparisons were required, but the risk of a type I error was minimized by strict
statistical correction, reducing the significance threshold accordingly, and systematically reporting
the effect size. Our SES groups differed in the types of school they attended, with low-SES group
being recruited solely from public schools and the medium-SES children from public, subsidized,
and private schools; therefore, future studies should control for the type of school as a potential
confounder. Finally, the Ecuadorian and Arabian versions of the BENCI battery have demonstrated
adequate reliability and validity, but further research is warranted to assess its factorial structure and
its invariance across samples with low and medium SES.

Conclusions

In conclusion, this study of urban schoolchildren in a developing country showed that low SES had
a negative impact on their visual–motor coordination, sustained attention, memory, language, and
executive function. The difference with medium-SES children was wider at the age of 11 years than
at 7 or 9 years in verbal memory, image comprehension, phonetic fluency, reasoning, and inhibitory
control. These data support the need for medium- and long-term preventive strategies to mitigate
poverty-associated risk factors for inadequate neurodevelopment, including the regular screening of
young children and a greater focus on neuropsychological stimulation in preschool and primary
school programs. Further research is needed to investigate the reversibility of these neuropsycholo-
gical deficits and to explore the effect of SES on the performance of older children and adolescents.

Note

1. BENCI – Spanish acronym for “Batería de Evaluación Neuropsicológica Infantil Computarizada.”
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