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group (U.S. Department of Commerce 2006). 

Such disadvantage in K–12 schools results in 

negative long- term problems in school trajec-

tories, such that Mexican American students 

have the lowest postsecondary enrollment rate 

(24 percent). In addition, relative to adoles-

cents in other ethnic groups, Mexican Ameri-

can adolescents have higher rates of substance 

use, begin using drugs at an earlier age, and 

show greater risk for developing drug use dis-

orders in adulthood due to early drug use on-
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Taking a comprehensive biopsychosocial approach and using a two- wave longitudinal design, this study 
examines the relation between brain development and the social environment in Mexican American youth’s 
(N = 41.56 percent female) academic achievement and substance use. We find that both Mexican American 
youth’s structural brain development and social environment uniquely contribute to their adjustment. Spe-
cially, smaller hippocampal volume and parental cultural socialization each uniquely predict better aca-
demic achievement. Moreover, smaller nucleus accumbens volume and less affiliation with deviant peers 
each uniquely predict less substance use. These findings underscore the independent contributions of bio-
logical and psychosocial factors in youth’s adjustment. The study provides a new biopsychosocial perspec-
tive on Mexican American youth’s well- being.
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Mexican Americans are the largest and fastest 

growing ethnic minority group in the United 

States, making up about 17 percent (fifty- six 

million people) of the U.S. population. Chal-

lenges associated with immigration, discrimi-

nation, and lower socioeconomic status place 

Mexican American youth at particularly high 

risk for poor adjustment, including school 

dropout and substance use. For example, Mex-

ican American youth’s school dropout rates are 

approximately double that of any other ethnic 
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set (Eaton et al. 2006; Johnston et al. 2009; Mar-

siglia et al. 2005). It is therefore important to 

identify protective factors that are associated 

with better academic achievement and less 

substance use.

a BiopSychoSocial approach To 

STudy me xican american 

adoleScenTS

To address ethnic disparities in academic 

achievement and substance use, it is critical to 

systematically examine biological and psycho-

social factors that influence Mexican American 

adolescents. Past research has taken either a 

biological or a psychosocial approach to under-

stand adolescents’ well- being, highlighting the 

importance of both biological (for example, 

brain structure) and psychosocial (for example, 

social environment) factors in adolescents’ ad-

justment. For example, advances in neuroim-

aging techniques allow researchers to examine 

how social relationships get “under the skin” 

(Fuligni and Telzer 2013). In this endeavor, 

countless exciting findings have revealed how 

neural structure and function are related to 

adolescent adjustment. However, it is also ac-

knowledged that examining brain structure 

and function alone cannot inform us how so-

cial environments are related to the neurobiol-

ogy of the developing child.

Although both biological and psychosocial 

approaches provide valuable insights to our un-

derstanding of minority adolescents’ well- 

being, few studies to date combine these two 

approaches to provide a more comprehensive 

perspective on adolescent development. In the 

absence of systematic investigation, it remains 

unclear whether biological and psychosocial 

factors play a unique role in minority adoles-

cents’ adjustment. This study therefore took 

an integrative biopsychosocial approach to sys-

tematically examine how biological (youth’s 

brain development) and psychosocial (parents’ 

cultural socialization and deviant peer associa-

tion) factors are uniquely related to Mexican 

American youth’s academic achievement and 

substance use. Findings will provide valuable 

insights into promoting Mexican American 

children’s well- being during adolescence, an 

important period of brain development and so-

cialization.

Brain Structure and Adolescents’ Well- being

Neuroimaging research has demonstrated dra-

matic brain development during adolescence. 

Prior research has characterized functional 

brain development in Mexican American ado-

lescents, with attention to the role of family 

and peer contexts (Telzer et al. 2013a, 2013b; 

Telzer et al. 2015; Qu et al. 2015). However, no 

work to date has examined Mexican American 

adolescents’ structural brain development and 

the potential unique effects of structural 

changes and social environment on adoles-

cents’ adjustment. This is a limitation because 

neural changes during adolescence not only 

involve changes in brain function, but also 

changes in brain structure. Although func-

tional and structural changes often go hand in 

hand, they also uniquely predict adjustment 

outcomes. Thus, individual differences in brain 

structure may also predict individual differ-

ences in academic and psychological adjust-

ment.

An interesting phenomenon during adoles-

cence is the parallel between loss of cortical 

gray matter and improvement in cognitive abil-

ities. Although the whole brain may reach its 

maximum size around the age of five years, grey 

and white matter subcomponents continue to 

undergo significant changes throughout ado-

lescence (Giedd et al. 1999; Sowell et al. 2003; 

Gogtay et al. 2004). Specifically, cortical gray 

matter volume begins to decline in late child-

hood or early adolescence, and white matter 

shows a linear increase over the same period. 

For example, in a large- scale longitudinal neu-

roimaging study, a curvilinear change in grey 

matter was found, such that it increased from 

childhood to adolescence, and then decreased 

in adolescence and into adulthood (Giedd et 

al. 1999). The decline in gray matter is thought 

to be driven by synaptic pruning, a process 

through which unused synapses are eliminated 

to increase the efficiency of neuronal transmis-

sions (Huttenlocher 1990). Therefore, lower 

gray matter volume may indicate greater prun-

ing and more mature neural development.

A key neural region related to learning and 

memory is the hippocampus, a brain region in 

the medial temporal lobe (Cohen and Eichen-

baum 1993; Maguire, Frackowiak, and Frith 

1997; Maguire et al. 2000). Empirical studies 
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have examined the association between hippo-

campal volume and adolescents’ adjustment, 

which seem to yield inconsistent findings at first 

glance. Although some studies suggest that 

larger hippocampal volume is linked to better 

memory and learning (Erickson et al. 2011), oth-

ers find the opposite pattern (Foster et al. 1999). 

A key factor overlooked in previous studies is 

the developmental stage. Indeed, a meta- 

analysis across development found age- related 

changes in such association (Van Petten 2004). 

Although hippocampal volume and memory 

have a weak positive relationship among adults 

(see Golomb et al. 1994; Raz et al. 1998), a nega-

tive relationship between hippocampal volume 

and memory was significant for studies with 

children and adolescents (see Riggins et al. 2012; 

Sowell et al. 2001). Similarly, this significant neg-

ative association between hippocampal volume 

and memory performance has been found in 

healthy young adults (Chantôme et al. 1999; Fos-

ter et al. 1999; Pruessner et al. 2007). Such asso-

ciation is thought to be explained by the degree 

of neural pruning that occurs during childhood 

and adolescence, with smaller gray matter vol-

ume indicating more pruning (that is, neural 

specialization). Thus, smaller hippocampus vol-

ume may indicate greater brain maturation and 

is related to educational advantages.

The nucleus accumbens plays a central role 

in reward seeking, risk taking, substance use, 

and addictive behaviors (Casey, Getz, and 

Galván 2008; Galván 2010; Knutson et al. 2001). 

Previous functional MRI studies have examined 

the association between nucleus accumbens 

activation and adolescents’ adjustment, sug-

gesting that greater activity in the nucleus ac-

cumbens is related to greater risk taking (for 

example, Galván et al. 2007; Qu et al. 2015). Only 

a few studies have used structural MRI to in-

vestigate the link between nucleus accumbens 

volume and risk taking. Accumulating evidence 

reveals a preliminary positive relationship be-

tween the two. For example, young adults who 

use cannabis showed larger nucleus accum-

bens volume than non–drug users (Gilman et 

al. 2014). Moreover, nucleus accumbens volume 

is positively associated with frequency of drink-

ing among adolescents (Thayer et al. 2012). In-

terestingly, the developmental decline in re-

ward sensitivity from late adolescence to young 

adulthood is accompanied by a decrease in nu-

cleus accumbens volumes (Urošević et al. 2012). 

Thus, smaller nucleus accumbens volume may 

be associated with less reward-seeking behav-

iors such as substance use. 

Social environmenT and 

adoleScenTS’ well-  Being

In a separate body of work, researchers have 

taken a psychosocial approach to identify fac-

tors in social environment that play a role in 

Mexican American adolescents’ well- being. 

Based on findings from this line of research, 

parents and peers serve as two key socialization 

agents. Drawing on this literature, this study 

focuses on two important factors that may in-

fluence adolescents’ academic achievement and 

substance use—parents’ cultural socialization 

and adolescents’ association with deviant peers.

In ethnic minority families, one socialization 

goal for parents is to help their children develop 

a strong connection to their ethnic heritage and 

understanding of cultural values (Hughes et al. 

2006; Parke and Buriel 2006). Therefore, parents 

engage in related practices. Specifically, parents 

talk to their children about their country of or-

igin, celebrate cultural holidays and historical 

events, and expose children to culturally rele-

vant books, arts, and music (Hughes and Chen 

1997; Knight et al. 1993). Because these practices 

are embedded in daily parent- child interac-

tions, parents’ cultural socialization is also a 

protective factor for minority adolescent well- 

being. Indeed, empirical studies suggest that 

parental cultural socialization practices are re-

lated to adolescents’ development of ethnic 

pride and identification (Rivas- Drake, Hughes, 

and Way 2009), and ultimately lead to better 

academic and behavioral outcomes, such as 

more school engagement and less antisocial be-

havior (Hughes et al. 2009).

In addition, as children enter adolescence, 

they spend more time with their peers (Larson 

and Verma 1999). Their academic and psycho-

logical adjustment is thus also influenced by 

their peer groups. For example, exposure to de-

linquent peers may lead to increased involve-

ment in substance abuse due to the processes 

of imitation, social learning, and peer pressure 

(Deater- Deckard 2001; Dishion, Patterson, and 

Griesler 1994; Moffitt 1993). Indeed, deviant 

[3
.1

44
.1

89
.1

77
]  

 P
ro

je
ct

 M
U

S
E

 (
20

24
-0

4-
25

 0
1:

45
 G

M
T

)



r s f :  t h e  r u s s e l l  s a g e  f o u n d a t i o n  j o u r n a l  o f  t h e  s o c i a l  s c i e n c e s

 a c a d e m i c  a c h i e v e m e n t  a n d  s u b s t a n c e  u s e   8 7

peer association is one of the strongest predic-

tors of substance use in adolescence (Barrera 

et al. 2002; Fergusson, Swain- Campbell, and 

Horwood 2002; Jenkins 1996). Importantly, 

among Mexican American adolescents, strong 

family values relate to less substance use be-

cause adolescents are less likely to associate 

with deviant peers (Telzer, Gonzales, and Fu-

ligni 2014). Avoidance of deviant peers is thus 

an important protective factor in adolescents’ 

substance use.

currenT STudy

Building on prior literature, the current re-

search took an integrative biopsychosocial ap-

proach to systematically examine the role of 

biological (youth’s brain development) and psy-

chosocial (parents’ cultural socialization and 

deviant peer association) factors on Mexican 

American youth’s adjustment, focusing on their 

academic achievement and substance use. 

Given substantial variation among Mexican 

American adolescents, this study investigated 

how individual differences in structural brain 

development and social environment were pre-

dictive of individual differences in academic 

and psychological adjustment, rather than 

comparing Mexican American adolescents with 

their counterparts in other ethnic groups. Find-

ings not only will provide insights into how 

biological and psychosocial factors are related 

to Mexican American youth’s adjustment, but 

also have the potential to be generalized to 

other minority groups.

Our first goal was to examine the role of 

brain structure and social environment in Mex-

ican American adolescents’ academic achieve-

ment. Given that effective pruning leads to 

greater reduction in gray matter volume, we 

hypothesized that smaller volume in the hip-

pocampus, a key region related to memory and 

learning, would predict better academic 

achievement. In addition, based on research 

on minority adolescents (Hughes et al. 2006), 

we hypothesized that parents’ cultural social-

ization would contribute to youth’s better aca-

demic achievement.

Our second goal was to investigate the me-

diating role through which brain structure and 

social environment play a role in Mexican 

American adolescents’ academic achievement. 

Specifically, we focused on the adolescents’ 

positive work habits. We hypothesized that 

smaller hippocampal volume and parents’ cul-

tural socialization would facilitate better work 

habits among adolescents, which ultimately 

promotes better academic achievement.

Our third goal was to examine the role of 

brain structure and social environment in Mex-

ican American adolescents’ substance use. We 

focused on the nucleus accumbens, a region 

consistently related to reward seeking and risk 

taking. Based on prior research, we predicted 

that smaller volume in the nucleus accumbens 

would be related to less substance use (Thayer 

et al. 2012). Given that deviant peer association 

consistently predicts adolescents’ substance 

use across different studies, we further hypoth-

esized that Mexican American adolescents’ as-

sociation with more deviant peers would be re-

lated to more severe substance use (Barrera et 

al. 2002; Telzer, Gonzales, and Fuligni 2014).

meThodS

Forty- one Mexican American adolescents 

(mean age at T1 = 15.24 years, range = 14.02 to 

16.25 years, SD = 0.54, 56 percent girls) partici-

pated in a two- wave longitudinal study. Most 

participants were from low- SES families with 

the majority of fathers (87 percent) and moth-

ers (78 percent) receiving a high school diploma 

or less. At T1, adolescents reported on their par-

ents’ cultural socialization practices and their 

affiliation with deviant peers. To measure their 

brain structure, adolescents underwent a struc-

tural magnetic resonance imaging (sMRI) scan 

one year later (T2). Adolescents reported on 

their substance use at T2, and we obtained ad-

olescents’ grade point average (GPA) from 

school records and teachers report of adoles-

cents’ work habits. Participants completed 

written consent and assent in accordance with 

the Institutional Review Board.

Measures

Youth reported on their parents’ cultural so-

cialization practices using the ethnic- racial so-

cialization scale at T1 (Hughes and Chen 1997). 

This scale is a self- report scale designed to mea-

sure the amount of cultural socialization the 

adolescent has received from parents in the last 

year, and has been used in studies on Mexican 
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American parents’ cultural socialization (for 

example, Hughes 2003). Using four items, ado-

lescents reported how frequently (1 = never to 

5 = six or more times) their parents engaged in 

cultural socialization in the past year (for ex-

ample, “In the past year, how many times have 

your parents encouraged you to read books 

concerning the history or traditions of your eth-

nicity?”). Their responses were averaged, 

higher scores indicating greater cultural social-

ization (α = 0.74).

For deviant peer association, at T1, youth in-

dicated the number of their friends who engage 

in risky activities using a measure previously 

used among Mexican American youth (Barrera 

et al. 2002). This measure included fifteen devi-

ant behaviors, such as got drunk or high, 

cheated on school tests, started a fight with 

someone, and stole something. For each behav-

ior, adolescents reported on how many of their 

friends engaged in this risky activity in the last 

month on a five- point scale (1 = “none”, 5 = “al-

most all”). Their responses were averaged, with 

higher scores indicating more deviant peers  

(α = 0.91).

At the end of T2, teachers reported on ado-

lescents’ work habits based on criteria for 

marks for Los Angeles Unified School District. 

Work habits in four subjects, including math, 

English, science, and social science, were col-

lected. Work habits capture a wide range of 

adolescent school behavior, such as effort, re-

sponsibility, and attendance. For each subject, 

students received an E (excellent; for example, 

“Makes explicit effort to examine work using 

both teacher- generated and self- generated cri-

teria.”), S (satisfactory; for example, “Makes ef-

fort to examine work using teacher- generated 

criteria.”), or U (unsatisfactory; for example, 

“Makes use only of teacher- generated criteria 

to examine work on an inconsistent basis.”), 

which was then converted to numbers (E = 2, S 

= 1, and U = 0). For each participant, work hab-

its across four subjects were averaged, with 

higher scores indicating better work habits.

For adolescents’ academic achievement, at 

the end of T2, adolescents’ GPA was obtained 

from school records. Grades were originally in 

letters and converted to a four- point scale (0 = 

F to 4 = A).

At T2, adolescents reported on their use of 

substances on the Center for Disease Control 

and Prevention Youth Risk Behavior Survey 

Questionnaire, a common measure that has 

been shown to be valid and reliable for Mexican 

American youth (Kerr et al. 2003). This in- depth 

form asks about youth’s lifetime use (for ex-

ample, if you have ever tried marijuana, how 

old were you when you tried it for the first 

time?) for the following substances: cigarettes, 

alcohol (including beer, wine, wine coolers, 

and liquor that does not include sips of wine 

for religious purposes), marijuana (for exam-

ple, pot, weed, grass, hash), cocaine (for ex-

ample, powder, crack, or freebase), crystal 

meth (also called ice or glass), and other illegal 

drugs (for example, LSD, PCP, ecstasy, mush-

rooms, speed, or heroin). To examine sub-

stance use, an index was created that indicates 

the type of substance the adolescent had ever 

tried lifetime, where 0 = never tried any type 

of substance, 1 = tried legal substances (alcohol 

or cigarettes) at least once, 2 = tried marijuana 

at least once, and 3 = tried hard substances 

(cocaine, crystal meth, or other illegal drugs) 

at least once. Higher scores indicate more se-

vere substance use.

Demographic information on adolescents’ 

gender and parents’ educational attainment 

were collected at T1. The primary caregiver in-

dicated the highest educational attainment for 

each parent, which was assessed using a ten- 

point scale (1 = “some elementary school”, 10 = 

“graduated from medical, law, or graduate 

school”). A composite score that averages fa-

ther’s and mother’s highest educational attain-

ment was calculated to represent parents’ aver-

age educational attainment, with higher scores 

indicating higher educational attainment. Both 

adolescents’ gender and parents’ educational at-

tainment were taken into account in all analyses.

Structural MRI Data Acquisition

Imaging data were collected using a 3.0 Tesla 

Siemens Trio MRI scanner. High resolution T1- 

weighted brain images were acquired using a 

3D magnetization- prepared rapid- acquisition 

gradient echo (MPRAGE) scan with 160 contig-

uous axial slices, collected in ascending fash-

ion parallel to the anterior and posterior com-

missures, echo time (TE) = 2.1 ms, repetition 

time (TR) = 2300 ms, field of view (FOV) = 256 
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mm, acquisition matrix 192 mm x 192 mm, sag-

ittal plane, and slice thickness = 1 mm.

Segmentation and Volumetric Analysis

Segmentation and volumetric analysis of the 

hippocampus and nucleus accumbens were 

performed using FMRIB’s (Oxford Center for 

Functional MRI of the Brain) Integrated Reg-

istration and Segmentation Tool (FIRST) in 

FMRIB’s Software Library (FSL) version 4.1.9 

(Patenaude et al. 2007a, 2007b). FIRST is a semi- 

automated, model- based subcortical tool using 

a Bayesian framework.

First, for each participant’s MPRAGE, this 

method ran a two- stage affine registration to a 

standard space template (Montreal Neurologi-

cal Institute space) with one millimeter resolu-

tion using twelve degrees of freedom and a sub-

cortical mask to exclude voxels outside the 

subcortical regions. Second, the left and right 

hippocampus and nucleus accumbens were seg-

mented with thirty, forty, and fifty modes of 

variation, respectively. To achieve accurate seg-

mentation, the FIRST methodology models 317 

manually segmented and labeled T1 brain im-

ages from normal children, adults, and patho-

logical populations as a point distribution 

model with the geometry and variation of the 

shape of each structure submitted as priors. 

Volumetric labels are parameterized by a 3D de-

formation of a surface model based on multi-

variate Gaussian assumptions. FIRST searches 

through linear combinations of shape modes 

of variation for the most probable shape (that 

is, brain structure) given the intensity distribu-

tion in the T1- weighted image, and specific 

brain regions are extracted (for further descrip-

tion of the method, see Patenaude et al. 2007a, 

2007b). Modes of variation are optimized based 

on leave- one- out cross- validation on the train-

ing set, and they increase the robustness and 

reliability of the results (Patenaude et al. 2007b). 

The segmentations were visually checked for er-

rors. Finally, boundary correction was run, a 

process that classifies boundary voxels as be-

longing to the structure or not based on a sta-

tistical probability (z- score > 3.00; p < .001).

The volume of each participant’s brain re-

gion was measured in millimeters cubed. Vol-

umes were estimated separately for the left and 

right hemispheres. The left and right volumes 

for the hippocampus and nucleus accumbens 

were examined in the current analyses.

reSulTS

Our analyses examined how brain structure 

and social environment relate to adolescents’ 

academic achievement and substance use.

Descriptive Statistics of Academic 

Achievement and Substance Use

We first examined youth’s academic achieve-

ment. The average GPA was moderately low 

(M = 2.20; that is, C-  average), with substantial 

variability within the group (SD = 1.03, range = 

.19 to 3.75). On average, girls tended to perform 

better in school (M = 2.45) compared with boys 

(M = 1.88), t(39) = 1.78, p = .08. Parents’ educa-

tional attainment was not related to youth’s 

academic achievement, r = .06, p =.72.

Next, we investigated youth’s substance use. 

The frequency for lifetime substance use is pre-

sented in table 1. Nearly two- thirds of the sam-

ple engaged in substance use in their lifetime, 

the majority in marijuana. Males and females 

did not differ in their substance use, t(39) = .50, 

p = .62. Moreover, substance use did not vary 

across parents’ educational attainment, r = –.22, 

p = .16.

Bivariate correlations between all study vari-

ables are presented in table 2. Hippocampal 

and nucleus accumbens volumes were not cor-

related to each other. Whereas hippocampal 

volume was correlated with work habits and 

GPA but not substance use, nucleus accumbens 

volume was associated with substance use but 

not GPA or work habits. Parents’ cultural so-

Table 1. Current Stage of Substance Use in 

Mexican American Youth

Stage Male Female Total (%)

0 9 6 15 (36.6)

1 1 6  7 (17.1)

2 4 8 12 (29.3)

3 4 3  7 (17.1)

Source: Authors’ calculations.

Note: 0 = no substance use, 1 = substances that 

are legal for adults (such as tobacco and alcohol), 

2 = marijuana, and 3 = other illicit substances 

(such as cocaine, crystal meth, heroin, and speed).
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cialization and adolescents’ deviant peer asso-

ciation were not related to hippocampal and 

nucleus accumbens volumes.

The Role of Brain Structure and Social 

Environment in Academic Achievement

Our first analysis examined the role of biologi-

cal and psychosocial factors in Mexican Amer-

ican youth’s academic achievement. To this 

end, we conducted regression analyses with 

youth’s brain structure, parents’ cultural social-

ization, and deviant peer association predicting 

youth’s GPA. Specifically, we focused on volume 

in the hippocampus, a region related to mem-

ory and learning. Consistent with previous re-

search, our results indicated that smaller vol-

ume in the left hippocampus was associated 

with better academic achievement (that is, 

higher GPA), p < .01 (figure 1).

When parents’ cultural socialization and 

adolescents’ association with deviant peers 

were included in the regression model, results 

indicated that parents’ cultural socialization 

was positively associated with youth’s academic 

Table 2. Bivariate Correlations 

1 2 3 4 5 6 7 8 9

1.  Left hippocampal volume —

2.  Right hippocampal 

volume

.51** —

3.  Left nucleus accumbens 

volume

.06 .24 —

4.  Right nucleus accumbens 

volume

.04 .19 .57*** —

5.  Cultural socialization –.24 .11 –.10 –.04 —

6.  Deviant peer association .02 .17 .16 .07 .37* —

7.  Work habits –.41** –.18 –.08 –.16 .33* .02 —

8.  Academic achievement –.44** –.10 –.09 –.11 .41** .07 .96*** —

9.  Substance use .01 .26 .31* .20 .22 .50** –.16 –.10 —

Source: Authors’ calculations.

***p < .001, **p < .01, *p < .05

Figure 1. Left Hippocampal Volume and Youth’s Academic Achievement

Source: Authors’ calculations.
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achievement (table 3). Importantly, both hip-

pocampal volume and parents’ cultural social-

ization had unique effects on youth’s academic 

achievement. Affiliation with deviant peers was 

not related to academic achievement.

To understand how hippocampal volume 

and parents’ cultural socialization are related 

to youth’s academic achievement, we examined 

positive work habits. To test whether work hab-

its mediate the link between hippocampal vol-

ume and academic achievement as well as that 

between parents’ cultural socialization and ac-

ademic achievement, we conducted two me-

diation analyses using bias- corrected boot-

strapping resampling techniques (Preacher and 

Hayes 2008).

In the first set of mediation analyses, the 

independent variable was hippocampal vol-

ume, the dependent variable was youth’s aca-

demic achievement, and the mediator was their 

work habits. Based on five thousand bootstrap 

resamples, the indirect path from hippocampal 

volume to academic achievement via work hab-

its was significant: indirect effect = – .40, 95 per-

cent CI: (– .74, – .11) (figure 2). The link between 

hippocampal volume and academic achieve-

ment was no longer significant after work hab-

its were taken into account, which showed a 97 

percent reduction in the total effect.

In the second set of analyses, the indepen-

dent variable was parents’ cultural socializa-

tion, the dependent variable was youth’s aca-

demic achievement, and the mediator was their 

work habits. Based on five thousand bootstrap 

resamples, the indirect path from parents’ cul-

tural socialization to work habits to academic 

achievement was significant: indirect effect = 

.28, 95 percent CI: (.04, .54) (figure 3). The re-

duction in the total effect between cultural so-

cialization and academic achievement was 72 

percent, which remained significant after tak-

ing into account work habits.

Table 3. Regression Analysis for Academic Achievement 

Predictor B SE (B ) β t

Gender .09 .16 .09 .55

Parents’ education –.03 .08 –.05 –.34

Left hippocampal volume –.001 .00 –.43 –2.83**

Parents’ cultural socialization .50 .17 .44 2.92**

Deviant peer association –.15 .22 –.10 –.67

Source: Authors’ calculations.

Note: For youth’s gender, –1 = male and 1 = female. 

**p < .01

Figure 2. Hippocampal Volume, Work Habits, and Academic Achievement

Source: Authors’ calculations.

**p < .01; ***p < .001; ns = not significant

Hippocampal 

volume

Work habits

Academic 

achievement

–.42** .96***

–.01ns

(Total effect = –.41**)
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The Role of Brain Structure and Social 

Environment in Substance Use

Next, we examined the role of biological and 

psychosocial factors in Mexican American 

youth’s substance use. Given prior research, we 

focused on the nucleus accumbens, a region 

involved in reward seeking and risk taking. 

Similar to analyses on academic achievement, 

we conducted regression analyses with youth’s 

nucleus accumbens volume, parents’ cultural 

socialization, and deviant peer association pre-

dicting youth’s substance use. As shown in ta-

ble 4, consistent with our hypotheses, smaller 

volume in the nucleus accumbens was associ-

ated with less substance use among Mexican 

American youth.

When parents’ cultural socialization and de-

viant peer association were included in the re-

gression model, results indicated that more 

deviant peers was positively associated with 

youth’s substance use (table 4). Importantly, 

both nucleus accumbens volume and deviant 

peers had unique effects on Mexican American 

youth’s substance use. Parents’ cultural social-

ization was not related to substance use.

diScuSSion

With an increasing population, Mexican Amer-

ican adolescents’ disadvantage in school and 

heightened substance use have drawn atten-

tion from researchers, educators, and policy-

makers. In this study, focusing on variation 

within a Mexican American sample, we took a 

biopsychosocial approach to examine how 

brain development and social environment are 

uniquely associated with adolescents’ aca-

demic achievement and substance use. Adoles-

cents who showed smaller hippocampal vol-

ume and whose parents provided greater 

cultural socialization showed better academic 

achievement. Moreover, smaller nucleus ac-

cumbens volume and less affiliation with devi-

ant peers are related to less substance use. 

Taken together, our findings provide empirical 

Table 4. Regression Analysis for Substance Use 

Predictor B SE (B) β t

Gender .01 .16 .01 .03

Parents’ education –.09 .09 –.14 –.95

Left nucleus accumbens volume .003 .002 .33 2.23*

Parents’ cultural socialization –.02 .19 –.02 –.13

Deviant peer association .68 .25 .44 2.76**

Source: Authors’ calculations.

Note: For youth’s gender, –1 = male and 1 = female. 

*p <  .05; **p < .01

Figure 3. Parents’ Cultural Socialization, Work Habits, and Academic Achievement

Source: Authors’ calculations.

*p < .05; **p < .01; ***p < .001

Work habits

Academic 

achievement.11**

(Total effect = .39**)

Parents’ cultural 
socialization

.30* .93***
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evidence to demonstrate that both Mexican 

American youth’s brain development and their 

social environment are uniquely associated 

with their academic achievement and sub-

stance use.

The Role of Brain Structure and Social 

Environment in Academic Achievement

Smaller hippocampal volume was associated 

with better academic achievement. Despite ev-

idence suggesting a negative correlation be-

tween hippocampal volume and memory dur-

ing adolescence (Van Petten 2004), prior 

neuroimaging research has not examined the 

link between hippocampal volume and adoles-

cents’ actual performance in school, making it 

unclear whether hippocampal volume plays a 

role in academic achievement. We found a sig-

nificant negative association between hippo-

campal volume and adolescents’ GPA. Our find-

ings thus underscore the important role of the 

hippocampus in adolescents’ actual school per-

formance. Consistent with synaptic pruning 

during adolescence, smaller hippocampal vol-

ume may indicate more effective pruning and 

greater brain maturation, which is linked to 

adolescents’ better academic adjustment.

Previous studies have suggested the impor-

tant role of parents’ cultural socialization in 

promoting minority adolescents’ performance 

in school. For example, greater cultural social-

ization is related to greater school engagement 

among minority adolescents (for example, 

Hughes et al. 2009). In line with these studies, 

adolescents who reported their parents provid-

ing more cultural socialization at T1 showed 

higher GPA at T2. Although it is possible that 

these parents provide more general support 

and guidance to their adolescents, research 

suggests that parents’ cultural socialization, a 

unique parenting practice in ethnic minority 

families, may play a distinctive role in minority 

adolescents’ adjustment over and above other 

family factors (for example, parental warmth) 

(Hughes et al. 2006). Parents’ cultural socializa-

tion predicted adolescents’ academic achieve-

ment above and beyond the effect of hippocam-

pal volume. This finding contributes to the rich 

literature revealing that parents’ transmission 

of cultural values in daily life benefits adoles-

cents’ academic adjustment, highlighting the 

unique role of parents’ cultural socialization in 

shaping adolescents’ learning. Such cultural 

transmission may be particularly important 

during adolescence, a time when adolescents 

actively seek to pursue their ethnic identity (for 

example, French et al. 2006). Interventions de-

signed at promoting Mexican American ado-

lescents’ school performance can focus on en-

couraging parents to convey cultural values and 

heritages to their children. 

The link between hippocampal volume and 

academic achievement and the link between 

parents’ cultural socialization and academic 

achievement was mediated by adolescents’ 

work habits. Specifically, adolescents who 

showed smaller hippocampal volume and who 

reported greater cultural socialization exhibited 

better work habits, as reported by their teach-

ers. Moreover, better work habits were associ-

ated with higher GPA. In contrast, adolescents 

who showed larger hippocampal volume or who 

reported less cultural socialization exhibited 

worse work habits, which was associated with 

lower GPA. These findings suggest that smaller 

hippocampal volume and heightened parents’ 

cultural socialization may facilitate adoles-

cents’ self- regulation in school. It is also pos-

sible that adolescents’ self- regulation in school, 

such as their work habits, play a role in decreas-

ing hippocampal volume. Moreover, these find-

ings are in line with prior studies showing that 

greater self- regulation is related to better aca-

demic achievement (for a review, see Zimmer-

man 1990). In this study, adolescents’ academic 

achievement and teacher- report work habits 

were highly correlated, highlighting that teach-

ers largely incorporate judgments of work hab-

its when assigning grades. Although our me-

diation analyses suggest that the link between 

hippocampal volume and academic achieve-

ment and the link between parents’ cultural 

socialization and academic achievement might 

be due to better work habits, future studies also 

need more precise measurement of these hab-

its and examine other mechanisms underlying 

these associations.

The Role of Brain Structure and Social 

Environment in Substance Use

We also examined the role of brain develop-

ment and social environment in Mexican Amer-
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ican adolescents’ substance use. Neuroimaging 

studies have paid considerable attention to 

how nucleus accumbens activation is related 

to adolescents’ psychological adjustment. For 

example, previous fMRI research suggests that 

greater nucleus accumbens activation in the 

context of risk taking is related to adolescents’ 

greater risk taking and substance use in real 

life (Galván et al. 2007). Structural MRI research 

has found that smaller nucleus accumbens vol-

ume, which may indicate less reward sensitiv-

ity, is associated with less cannabis (Gilman et 

al. 2014) and alcohol use (Thayer et al. 2012). 

Moreover, longitudinal declines in nucleus ac-

cumbens volume are related to declines in self- 

reported reward sensitivity from adolescence 

to young adulthood (Urošević et al. 2012). Con-

sistent with these studies, we find that smaller 

nucleus accumbens volume predicts less sub-

stance use. Our finding, together with those 

from prior studies, suggest that smaller nu-

cleus accumbens volume is related to adoles-

cents’ reward sensitivity and substance use. 

Adolescents’ social environment also played 

an important role in their substance use. Prior 

studies suggest that adolescents’ risk taking 

may be largely influenced by their peer groups 

(Barrera et al. 2002; Fergusson, Swain- Campbell, 

and Horwood. 2002; Jenkins 1996). For exam-

ple, minority adolescents whose peers use il-

legal drugs are more likely to do the same 

(Brook et al. 1998). Consistent with this line of 

research, we find that adolescents who have 

more deviant peers use more illicit drugs. This 

finding suggests that the characteristics of peer 

groups uniquely influence adolescents’ risk- 

taking behavior and highlights the detrimental 

role of deviant peer association in adolescents’ 

adjustment. Given emerging evidence that 

peers modulate neural activation in the reward- 

related regions (for example, Chein et al. 2011; 

Telzer et al. 2015), it is possible that adoles-

cents’ association with deviant peers may play 

a role in brain structure.

limiTaTionS and fuTure STudieS

This study has several limitations, pointing to 

directions for future studies. First, given the 

small sample size, future studies are needed to 

examine this neurodevelopmental process in a 

larger sample of adolescents. Although forty- 

one participants is an acceptable sample size 

in neurobiological research, the number is con-

sidered relatively small in psychosocial re-

search, which needs larger sample sizes to de-

tect the association between psychosocial 

factors and adolescents’ outcomes. However, 

our findings on the role of psychosocial factors 

in adolescents’ adjustment are consistent with 

well- documented results based on survey stud-

ies with large samples (Barrera et al. 2002; Fer-

gusson, Swain- Campbell, and Horwood 2002; 

Hughes et al. 2009; Jenkins 1996). Second, this 

study focuses on within- group variations 

among Mexican American adolescents, not 

across ethnic groups. These findings, then, may 

not necessarily be generalized to other ethnic 

groups. Moreover, although we took a biopsy-

chosocial approach and examined adolescents’ 

brain structure, parents’ cultural socialization, 

and deviant peer association, we did not in-

clude other biological or psychosocial factors 

that may also influence Mexican American ad-

olescents’ academic achievement and sub-

stance use. For example, in earlier reports of 

the same sample, we examined the association 

between nucleus accumbens activation and 

adolescents’ risk taking both concurrently and 

longitudinally (Telzer et al. 2013a, 2013b; Qu et 

al. 2015). Together, this study and our prior 

work suggest that structural brain develop-

ment, functional brain development, and peer 

and family contexts play a key role in Mexican 

American adolescents’ adjustment. Other psy-

chosocial factors, such as parents’ academic 

expectation, parental substance use, and ado-

lescents’ ethnic identity, may also play a role 

in adolescents’ academic achievement and sub-

stance use. Therefore, future studies are 

needed to capture more aspects of psychosocial 

factors to better understand the causes of ado-

lescents’ problem behavior.

concluSionS

Taken together, the current study builds on a 

significant body of literature highlighting the 

importance of biological and psychosocial fac-

tors in adolescents’ well- being. Our findings 

provide a new contribution to the growing lit-

erature and suggest that Mexican American 

youth’s brain development and their social en-

vironment are uniquely associated with their 
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academic achievement and substance use. It is 

important to highlight that our findings are 

based on a multi- informant, multimethod, and 

multidimensional design. We used adoles-

cents’ self- reports (that is, cultural socialization 

and deviant peer association), along with neu-

roimaging assessment of their brain structure, 

to predict teacher reports of work habits and 

actual performance in school. Multiple dimen-

sions of adolescents’ adjustment, including 

academic achievement and substance use, were 

also assessed. This comprehensive design pro-

vides a new biopsychosocial perspective on un-

derstanding Mexican American youth’s well- 

being, with the potential to be generalized to 

and have implications for other minority 

groups.
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