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BRIEF. The distinctive impact of socioeconomic status on auditory processing and limited effect on behavioral testing while biological sex

shows no overall variance in either measure.

ABSTRACT. Early language development in childhood may be
affected by biological and environmental factors. This study aimed
to characterize the contributions of biological sex and family soci-
oeconomic status (SES) to the neural processing of speech as well
as to communicative and cognitive abilities of normal-hearing
children aged 4-7 years (N=39). Cortical auditory event-related
potentials (CAEPs) were recorded during passive listening to nat-
urally spoken consonant-vowel syllables. Standardized behavioral
assessments evaluated verbal and nonverbal skills. Data analysis
revealed no consistent effects of biological sex on behavioral or
neural measures. Lower SES was associated with reduced recep-
tive language skills as well as shorter P1 (100-250ms) latencies (p
=.027) and larger N2 (250-400ms) amplitudes (p=.033) in re-
sponse to speech stimuli. A review of brain-behavior correlations
indicated that longer P1 latencies were observed in children with
better performance on behavioral measures of language and com-
munication abilities. Larger N2 amplitude differences for the /ga/
vs. /ba/ contrast were also related to higher behavioral scores.
These findings suggest that environmental factors have a greater
influence on behavioral and neural measures of language develop-
ment during early childhood than biological sex. Future studies
with larger samples will need to replicate these findings and exam-
ine possible long-term effects of biological sex and SES on neural
responses to speech syllables.

INTRODUCTION.

Language is an ever-evolving essential element of communication in
society. The auditory system is the first sensory system to develop in
the fetus and continuously develops throughout adolescence [1]. Neu-
ral responses such as auditory brainstem responses and cortical audi-
tory event-related potentials (CAEP) can be used to document auditory
development and evaluate auditory functioning during language de-
velopment in early childhood [2]. Both of these measures are accessi-
ble to research for understanding early signs of auditory processing
and language deficits.

Cortical responses to speech are typically observed 100-400 ms after
stimulus onset as an obligatory P1-N1-P2 complex. The P1-N1-P2
waveforms vary based on stimulus frequency, pitch, and intensity as
they reflect sound detection and early stages of sound discrimination
[2]. However, in young children, only a P1-N2 response is exhibited
due to immaturity of the auditory system. Even without the N1-P2 re-
sponse, the associated neural functions are represented by the N2 re-
sponse [1]. Children experience different rates of maturation and ex-
hibit varied CAEP properties because environmental factors, such as
socioeconomic status, could influence brain development and auditory
processing.

A variety of studies have noted a substantial discrepancy in language
learning and performance between low and high socioeconomic status
groups (SES). Many concluded that higher SES was associated with
higher language ability, better selective attention, and phonological
skills [3], [4]. When assessing the neural processing of speech sounds,
one longitudinal study found that children with higher SES generate a
larger P1 amplitude and a smaller P2-N2 response to speech than the
low SES group suggesting a more effective speech processing in the
brain [5].

Environmental factors could hinder early prenatal development. As
low-income families experience more food scarcity, nutrient defi-
ciency may occur during gestation leading to altered gene expression
in the cortex due to the deficiency of folate and vitamin B12 [6], [7].
Additionally, a study examining the brain anatomy discovered that low
SES children exhibited a larger amount of gray matter [8]. A recent
study also proposed that higher SES children hear 30 million more
words than lower SES children as they engage in more adult-child ver-
bal interactions [9]. Such reasoning for the lack of exposure of at-home
language experience may be due to extended television and media ex-
posure limited at-home verbal interactions [10]. The lack of resources
and social interactions could have detrimental effects on auditory de-
velopment and language abilities.

Another source of potential variance in language abilities and neural
processing of speech sounds is biological sex. There is an indication
of female advantage in language-related courses over males [11], but
studies have found inconsistent sex differences in behavioral testing
[12]. One study found that males showed more left unilateral activa-
tion in Broca’s, which is responsible for speech production, and Wer-
nicke’s, responsible for speech comprehension, areas while females
showed bilateral activation while completing several behavioral tasks
while being scanned by fMRI scans; different activation of language
regions could contribute to varied behavioral performance [13]. How-
ever, a literature review that examined 165 articles, in all age groups,
on sex differences in verbal abilities concluded that 66% of the articles
yielded no difference between male and female cognitive abilities and
noted a trend of female authors reporting a female advantage [12].

Previous studies on the biological sex difference in sound discrimina-
tion have also yielded inconclusive results. One study found that males
generated a larger N1 and P2 amplitude than females to self-produce
/u/ vowel sounds, also noting a sex-by-age effect where older males
exhibited longer P2 latencies than older females [14]. Other studies
also noted a gender-by-age interaction in sound discrimination learn-
ing as females showed an accelerated improvement in sound discrim-
ination and language task accuracy between the ages of 7-10 but
yielded no overall sex differences [15], [16].

This study aimed to examine the effects of SES and biological sex on
CAEP responses to speech syllables and on behavioral testing perfor-
mance in preschool children. We also tested the possibility of sex by



SES interaction in language abilities and sound discrimination. We hy-
pothesized that higher SES would be associated with greater neural
speech sound differentiation and better performance on behavioral
measures. We also predicted no differences related to biological sex
on either measure.

METHOD.

Participants. Thirty-nine children (19 females, 20 males) between the
ages of 4-7 years (M=5.66 SD=.91) from Maceio and Ribeirdo Preto
areas in Brazil were included in this study. Faculty from the University
of Health Science of Alagoas administers this study's procedures.
They were part of a larger study examining the effects of prenatal ex-
posure to the Zika virus on auditory measures (NIH R56DC019113).
Table 1 shows the demographics of the participants. All children were
confirmed to have normal hearing via multiple hearing measures and
all behavioral testing was presented in Brazilian Portuguese. SES was
determined by the Brazilian Economic Classification Criteria (BECC)
form, which is calculated according to possessions, accessibility to
water and roadways, and the householder’s level of education.

Procedure. Written informed consent was collected from the parents
before any testing and auditory examinations were performed. Any
previous history of head trauma as well as any neurological diagnoses
in children or their immediate family were exclusionary criteria.

Cortical auditory evoked potentials were obtained by a standard 4-
electrode BioLogic Auditory Evoked Potentials system, version 7.2.1,
at a sampling rate of 512Hz. Electrodes were placed at Cz, Al (left
mastoid), A2 (right mastoid), and forehead. Impedances <5 kOhm
with a difference of <2 kOhm were ensured before and after CAEP
recording [17]. Data were filtered by a 0.1-30Hz bypass filter to ensure
the quality of data [18].

Three consonant-vowel syllables were presented in pairs /ba/ - /ga/ and
/da/ - /ga/ at 70 dB SPL with ER-3 insert earphones. These syllables
are common in multiple languages, including Brazilian Portuguese,
and require little to no comprehension. The syllables were naturally
spoken by a female native speaker in Brazilian Portuguese. The stim-
ulus duration was 290 — 305 ms. Stimulus order was randomized with
75 trials for every syllable at the rate of 0.7 per second. Participants
were retested if they had fewer than 65 artifact-free trials. Participants
were instructed to stay awake and sit quietly while watching a silent
movie.

Behavioral Testing. Language and cognitive assessments were con-
ducted to directly measure language and communication development.
Table 1 shows a summary of behavioral test scores.

The Peabody Picture Vocabulary Test (PPVT) [19] was a receptive
language measure in which participants were presented 125 items, 4
pictures at a time, and was asked to point to the picture that corre-
sponded to the word spoken by the experimenter. The raw score was
used to evaluate performance.

The Picture Naming Test (PNT) [20] evaluated the expressive vocab-
ulary and memory ability of the participant. The child was asked to
verbally identify 60 items that were presented. The resulting scores of
the picture naming task were scored based on the child’s age (M=100,
SD=15).

List of Evaluation of the Expressive Vocabulary (LAVE) [21] was a
parent-filled questionnaire in which parents were asked to identify out
of 307 words what words their children could produce. Raw scores
were converted into standard scores according to the participant’s age
(M=100, SD=15).

The Child Language Test (ABFW) [22] accessed phonetic inventory
and phonological aspects for expressive language. The test consisted
of two parts. In the first task, participants were shown 34 pictures (in-

Table 1. Means (M) and standard deviations (SD) of participants’ demo-
graphic characteristics and behavioral test scores.

Males (n=20) Females (n=19)
Mean SD Mean SD

Age, years 5.40 0.71 5.90 1.04
Socioeconomic score 27.71 6.41 29.20 9.19
(BECC)
Vineland Adaptive
Behavioral Scale
Adaptive Behavior 103.69 | 55.25 95.79 15.30
Composite
Communication 85.31 15.19 90.43 20.33
standard score

Receptive v-score 13.75 6.02 13.71 4.20

Expressive v-score 15.63 5.73 14.43 3.65
Socialization standard | 99.69 15.10 103.71 10.36
score

Interpersonal 16.44 5.90 17.00 291

Relationships v-score

Columbia Mental Maturity | 98.33 19.12 101.09 17.67
Scale
Wechsler Nonverbal Scale | 95.23 9.94 100.73 | 15.48
of Ability
Expressive Vocabulary 285.10 | 28.53 291.87 | 20.30
(LAVE)

Picture naming task (PNT) | 118.85 | 24.84 110.43 16.35

Peabody Picture VVocabu- 41.45 12.57 44.67 16.53
lary Test (PPVT)

Phonological Productivity 87.09 16.02 94.19 7.40
(ABFW)

cluding 90 consonants), and in the second task, the participant was
shown 39 words (107 consonants) of objects and asked the name them.
The child was allowed one redemption attempt and the percentage of
correct consonants produced was scored and compared to age norms.

Cognitive assessments were conducted to measure nonverbal abilities
using the Columbia Mental Maturity Scale [23] and the Wechsler Non-
verbal Scale of Ability task (WNS) [24]. The Columbia assessment
presented 92 items, 3-5 at a time, in 8 overlapping sets to indicate if
the objects were related. Scores were converted to maturity index
scores. The WNS tested the nonverbal reasoning ability by matching
matrices, code symbols, assessing spatial span, assembling objects,
and properly arranging pictures in order tasks. Nonverbal instructions
were given throughout testing and scores were converted to their cor-
responding age (M=100, SD=15).

In addition, a parent interview using Vineland Adaptive Behavior
Scales-3 [25] assessed expressive and receptive language, communi-
cation, socialization, and interpersonal relationship skills exhibited in
daily life. The assessment provided standard scores for each evaluated
domain (M=100, SD=15) and v-scores for the subdomains (e.g., re-
ceptive communication) with M=15, SD=3.

RESULTS.

In studying the influences of biologicalic and SES factors on neural
markers in cortical auditory event-related potential, we hypothesis that
the higher SES group has an advantage over the lower SES group.

There were no significant biological sex differences in behavioral test
scores and SES differences were limited to PPTV test scores, where
children with higher SES scored better than the low SES children
(p=.019). Maximum peak amplitude and latency between 100-250ms
for P1 and between 250-400ms for N2 were determined using an auto-



335 355}5%\:432‘/??‘
4 \\‘/ =~

Amplitude (uV)
P

-B
-10
Time {ms)
A —Ba D= Ga Ga2
]
4
2
:‘-:_’a_ 0 e \/
] 3 46 54 143 1% 2 433 482 530
g -4
<L
-6
-8
-10
Time (ms)
C —Ba Da Ga Ga2

/4

=
=}
f"_} = 46 94 143 90 2394288 336 385 433 482 530
5
2 \_/\/J_’J
=
=L
-6
-B
-10 _
ime {ms)
B —Ba Da Ga Ga2
]
4
2 f,_\\
2o \‘H/ \
3_5_2 gt 4 143 191\{3 288 336 3B5 433 482 530
-
f_
<

4
-5 \
-B
Time (ms)
D —Ba Da Ga Gal

Figure 1. Grand-average cortical auditory event-related potentials (CAEP) waveforms in response to ba, ga, da syllable pairs between Biological sex x SES
subgroups. (A) CAEP of Boys with high SES (B) CAEP of Boys with low SES (C) CAEP of Girls with high SES (D) CAEP of Girls with low SES

mated scoring procedure in Excel. A repeated-measure ANOVA was
used to detect any Stimulus x Sex x SES relationships for sound dis-
crimination. Additionally, correlations examined potential associa-
tions between CAEPs and behavioral test scores.

CAEP Responses. There were no effects of sex on P1 amplitude, la-
tency, and N2 amplitude. However, a Stimulus x Sex interaction was
significant for the N2 latency (F (3,81) =2.906, p=.04). Females pro-
duced faster responses to syllable /ba/ than males (330 ms vs. 351 ms;
p=.036). Conversely, male participants produced faster N2 responses
to /ga/ than females (312 ms v s. 345 ms, p=.021).

The analysis showed the main effects of SES on P1 latency and N2
amplitude. The low SES group exhibited faster P1 latencies (F (1,27)
=5.488, p=.027) and a larger N2 response (F(1,27)=5.049, p=.033)
than the higher SES group. No significant sex x SES interactions were
found.

Sound Discrimination. Evidence of speech sound discrimination was
observed as all participants exhibited a longer P1 latency for /ba/ vs.
/gal and /da/. Within the male subgroup, the N2 responses were slower
to /ba/ than /ga/ and /da/ (p=.008 and p=.032). No significant N2 la-
tency differences were observed among the stimuli for females. In ad-
dition, males with low SES demonstrated more positive P1 and N2
peak amplitudes for /ba/ vs. /ga/ (p= .017 and p=.046). Females with
low SES showed longer N2 latencies for /ba/ vs. /ga/ (p=.008).

Correlations with behavioral measures. The correlational analysis
found that longer P1 latencies and larger N2 amplitudes were associ-
ated with higher performance on behavioral measures (PPVT r=.37-
.53, p<.05; Vineland Communication: r=.54-.66, p<.05). No signifi-

cant associations were found between P1 amplitudes or N2 latencies
to behavioral test performance.

DISCUSSION.

This study examined the influences of biological sex and SES on neu-
ral markers of consonant-vowel syllable processing and on the com-
municative and cognitive abilities of preschool children in Brazil. The
results suggest that SES was more impactful than biological sex for
speech sound processing. At the behavioral level, SES-related differ-
ences were limited to the PPTV, a receptive language measure. How-
ever, at the neural level, low SES children showed faster P1 and larger
N2 responses. Previous research has concluded that increased N2 am-
plitudes reflected less effective neural processing and were associated
with lower performance on receptive and expressive language
measures [26]. In this study, longer P1 latencies and larger /ba/ vs. /ga/
N2 amplitudes were associated with better PPVT and Vineland scores.
Prior studies have found that being near the poverty line as opposed to
significantly below the poverty line was related to higher volumes of
gray matter in children [10]. This could suggest lower myelination that
hinders the neural response speed, which potentially leads to lower
behavioral scores. The current study did not examine differences in
the levels of poverty.

As for the results for biological sex, no relation with behavioral per-
formance was observed. These findings counter the claims of previous
studies that have found sex variance in brain activation and behavioral
performance [13]. Biological sex influence on neural responses did not
demonstrate consistent advantages for one sex over the other. Addi-
tionally, there were no sex-by-SES group interactions in neural mark-
ers.



This study supports some of the prior findings and contradicts others
on the influences of biological sex and SES. However, this sample in-
cluded 7-10 subjects for each sex by SES subgroup, which could limit
our ability to detect statistically significant group differences. Future
studies should incorporate a larger population to replicate and validate
these findings. Additionally, several participants were missing behav-
ioral data at the time of analysis as the original study is still ongoing.
Future work could also incorporate older age groups as evidence from
previous studies suggests that sex and SES differences may become
more apparent later in development [27].

Another consideration for future studies could extend the sample to
other populations that are at known risk for neurodevelopmental disa-
bilities such as children with prenatal exposures to viruses, for in-
stance, COVID, Zika virus, etc. Other possible groups could also in-
clude children with autism or learning disabilities that may extend to
adulthood [28-30].

CONCLUSION.

In closing, the study’s results suggestthat in preschool chil-
dren, SES has a greater effect on the neural processing of speech
sounds than biological sex factors. The results indicate higher SES
group’s neural processing is more efficient than in low SES. These re-
sults add to the existing literature by demonstrating a high SES ad-
vantage in the neural processing of consonant-vowel syllables, even
though a high SES advantage in behavioral measures was limited to-
receptive language abilities. Our findings on biological sex differences
have shown no influence on neural processing or language and cogni-
tive abilities. These observations extend our understanding of early
language development and the major influencing factors that should
be considered when identifying early language deficits.
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