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Abstract 

The intergenerational transmission of executive function may be enhanced or interrupted by culturally salient envi-
ronmental stressors that shape the practice of executive function in the family. Building upon past research, the cur-
rent study tests whether culturally relevant stressors such as economic stress and foreigner stress have a direct effect 
on adolescent executive function, as well as whether they modify the intergenerational transmission of mother–child 
executive function (i.e., working memory, inhibitory control, and shifting) in low-income Mexican immigrant families. 
The sample consists of 179 Mexican American adolescents  (Mage = 17.03 years;  SDage = 0.83; 58% females) and their 
Mexico-born mothers  (Mage = 43.25 years;  SDage = 5.90). Results show that mothers’ perceived economic stress is 
associated with poor inhibitory control in adolescents. Low levels of mothers’ perceived foreigner stress related to a 
stronger association between mothers’ and adolescents’ working memory, while high levels of mothers’ perceived 
foreigner stress related to enhanced intergenerational transmission of poor shifting ability. Study findings demon-
strate the prominence of perceived foreigner stress as a contextually relevant factor moderating the intergenerational 
transmission of mother–child executive function in low-income Mexican immigrant families.
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Public Significance Statement
Executive function is represented by a set of cogni-
tive skills critical for children’s academic achievement, 
health, and well-being. Caregivers play an important role 
in the development of children’s executive function, not 
only through shared genes, but also through the envi-
ronment they provide. Household chaos, for example, 
has been shown to increase the similarity in executive 

function between parents and children. However, less is 
known about how culturally relevant factors for children 
in immigrant households influence the intergenerational 
transmission of executive function. Moreover, the bulk 
of research on executive function focuses on early child-
hood, with less attention paid to adolescence. Using a 
sample of Mexico-origin mothers and adolescents from 
immigrant families, we test two culturally relevant fac-
tors, maternal perceived economic stress and foreigner 
stress, as direct factors in adolescent executive func-
tion, and as moderating factors in the intergenerational 
transmission of executive function. Maternal working 
memory was significantly associated with adolescent 
working memory, and high maternal economic stress 
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was associated with worse adolescent inhibitory control. 
Moreover, low foreigner stress was related to a stronger 
association between mothers’ and adolescents’ work-
ing memory, while high foreigner stress was related to a 
stronger association between mothers’ and adolescents’ 
shifting ability. The study highlights how culturally rele-
vant factors, such as maternal perceived foreigner stress, 
play a significant role in the development of executive 
function among adolescents. The continued anti-immi-
grant sentiment and policies in the U.S. are poised to 
have harmful downstream effects in the development of 
executive function among adolescents from immigrant 
families.

Introduction
Executive function comprises a set of cognitive mecha-
nisms necessary for holding information in one’s mind 
and manipulating it (i.e., working memory), controlling 
one’s attention to override external lures (i.e., inhibitory 
control), and flexibly switching (i.e., shifting) between 
tasks (Diamond, 2013). Executive function is a set of 
foundational skills that are necessary for successful aca-
demic, behavioral, and socio-emotional development 
(Diamond, 2013). As caregivers, mothers are influen-
tial in the development of children’s executive func-
tioning skills (Kim et  al., 2017). Deater-Deckard (2014) 
further contends that the intergenerational transmis-
sion of executive function from parent to child can be 
altered by contextual features of the home environment 
(e.g., low socioeconomic status, cultural factors, house-
hold chaos). For example, the disorderly environment of 
chaotic households undermines the practice of execu-
tive function in mothers, which is likely to result in poor 
executive function in adolescents. Moreover, for families 
with lower socioeconomic status, the overlap of cogni-
tive aptitude in parent–child dyads is more sensitive to 
environmental factors (Tucker-Drob et  al., 2013). We 
extend this research on the overlap of cognitive aptitude 
in low-income families, as moderated by environmental 
factors, to the intergenerational transmission of executive 
function in mother-adolescent dyads among low-income 
Mexican immigrant families.

As a group, low-income Mexican children of immi-
grants are more likely to have less-educated parents, 
live in poverty, and lag behind their peers on school out-
comes (Tienda & Haskins, 2011). Mexican immigrant 
families also experience foreigner stress (Kim, Hou, et al., 
2018a; Zou & Cheryan, 2017), which is the belief that 
others perceive them as foreigners due to factors such 
as their ethnic minority status, appearance, or having an 
accent while speaking English (Armenta et al., 2013). Col-
lectively, then, Mexican immigrants in the U.S. may be a 
cultural group particularly vulnerable to both economic 

and foreigner stress (Armenta et al., 2013; Kim, Schwartz, 
et al., 2018b). There is evidence to suggest that culturally 
relevant stressors can undermine cognitive abilities, such 
as executive function (Ozier et al., 2019).

We propose to test how culturally relevant stressors 
(i.e., economic and foreigner stress) in the environment 
influence the intergenerational transmission of execu-
tive function between mothers and adolescents in Mexi-
can immigrant families. Our focus is due to the paucity 
of research on executive function in adolescence spe-
cifically, and limited research on this topic as it pertains 
to adolescents from low-income and ethnic minority 
backgrounds. Adolescence is a developmental period 
that is susceptible to the effects of stress (Tottenham 
& Galván, 2016), and executive function continues to 
develop throughout adolescence and into young adult-
hood (e.g., Blakemore & Mills, 2014; Theodoraki et  al., 
2019). To address this gap in knowledge, our study exam-
ines the development of executive function components 
(i.e., inhibitory control, working memory and shifting) 
through mother-adolescent intergenerational transmis-
sion, and examines how perceived economic stress and 
perceived foreigner stress may influence adolescent execu-
tive function, and may also moderate (e.g., exacerbate or 
enhance) the intergenerational transmission of executive 
function.

Intergenerational transmission of executive function
Intergenerational transmission of executive function 
refers to the familial transmission of executive function 
from parent to child, which is manifested in the correla-
tion between parent and child executive function (Brieant 
et  al., 2017; Jester et  al., 2009). Such intergenerational 
transmission has been documented as a potential source 
of individual variability in children’s executive func-
tion (Bridgett et  al., 2015; Deater-Deckard, 2014), and 
the effect of intergenerational transmission of executive 
function persists into adolescence (Brieant et  al., 2017; 
Jester et al., 2009). Indeed, Jester et al. (2009) found that 
mothers’ executive function was positively associated 
with their adolescent children’s executive function, even 
after accounting for parental and child IQ. Parents influ-
ence their children’s executive function not only by the 
intergenerational transmission of genes, but also through 
the home environment in which their children are reared 
(Lewis & Carpendale, 2009; Sosic-Vasic et al., 2017). For 
example, parents can set household rules (e.g., discour-
age adolescents from using a mobile phone during family 
meal times) as a way for adolescents to practice inhibitory 
skills, and adolescents practice their memory and atten-
tion skills while communicating with parents. Moreover, 
given that mothers are often the primary caregivers, ado-
lescents may spend more time with their mothers. The 
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frequency of mother-adolescent interactions within the 
shared family environment may enable the intergenera-
tional transmission of executive function from mother to 
adolescent. To understand individual variability in ado-
lescent executive function, then, it is important to con-
sider the factors in the rearing environment which may 
affect adolescents’ executive function and the strength 
of intergenerational transmission of executive function 
from mother to child (Deater-Deckard, 2014).

In the current study, we focused on three specific exec-
utive functions: inhibitory control, working memory, 
and shifting ability. Lower inhibitory control is associ-
ated with higher likelihood of engaging in risky behaviors 
(e.g., substance use;Heitzeg et  al., 2015). Meanwhile, as 
adolescents are surrounded with distractions like media 
and online games, enhanced shifting ability may help 
them shift attention from external lures to academic 
tasks, and better working memory may enable them to 
store and manipulate information needed for academic 
work. In fact, previous studies have found that the ability 
to shift attention and possessing strong working memory 
are key executive function skills for academic success 
among adolescents (Li et  al., 2020; Rigoli et  al., 2012). 
Hence, understanding factors that are associated with 
heterogeneity in executive function is important, given 
that adolescence is a period with increased incidence of 
risk-taking behaviors (Tymula et al., 2012), and academic 
outcomes during this period predict long-term adult out-
comes (Lê-Scherban et al., 2014).

Environmental stressors and different types of executive 
function
Environmental stressors create differential opportunities 
for specific types of executive function to be more or less 
adaptive. For example, in highly stressful environments, 
inhibitory skills are undermined while shifting abilities 
are enhanced (Mittal et  al., 2015), suggesting that some 
types of executive function (i.e., shifting) are adaptive 
when faced with high levels of environmental stressors. 
Specifically, according to the adaptation-based approach 
to resilience (Ellis et al., 2017), living in a chaotic house-
hold, a source of environmental stress, amplifies shifting 
skills due to the need to detect threats and short-lived 
opportunities in an unpredictable environment. At the 
same time, a chaotic household may diminish inhibitory 
control due to a distracting environment diverting an 
individual’s attention, making it more difficult to suppress 
temptations for external stimuli (Diamond, 2013). Addi-
tionally, exposure to environmental stress disrupts work-
ing memory by impeding the ability to hold information 
in the short term in one’s mind (Luethi et  al., 2009). 
Overall, specific executive function may be strengthened 
or undermined by an environmental stressor in terms of 

whether the executive function is adaptive in the context 
of the stressor.

Environmental stressors and intergenerational 
transmission of executive function
Based on the premise of the transactional model of cogni-
tive development (Tucker-Drob et al., 2013), for children 
from families with enriched environments (as indexed 
by high socio-economic status), heritability accounts for 
most of the variance in intergenerational transmission 
of cognitive aptitude, with environmental factors show-
ing a minimal influence (Tucker-Drob et  al., 2013). In 
contrast, in lower socioeconomic status (SES) families, 
the intergenerational transmission of cognitive ability is 
demonstrated through a stronger influence of the envi-
ronment (i.e., socioeconomic disadvantages) repressing 
the genetic effect (Deater-Deckard et al., 2012). This sug-
gests that studies on low-SES families need to take into 
consideration the potential role of environmental stress-
ors in explicating the intergenerational transmission of 
parent–child executive function abilities. In fact, Brieant 
et al. (2017) demonstrated that household chaos, which is 
characteristic of low-income families, may increase inter-
generational transmission of pre-existing executive func-
tion ability from mother to child. Based on Brieant et al.’s 
(2017) study, then, in low- income families, children’s 
executive function may resemble that of parents because 
environmental stressors are salient in this context, shap-
ing how family members practice their executive func-
tion. However, the intergenerational transmission of 
executive function may not be uniform across different 
components of executive function.

One important factor yet to explore is whether spe-
cific executive function components (i.e., inhibitory 
control, working memory and shifting) may be differen-
tially transmitted across generations, and/or influenced 
by different environmental stressors. We expect the 
intergenerational transmission of each type of execu-
tive function to be distinct, depending on whether the 
specific executive function that is practiced is adaptive 
in a given environment. For example, when mothers 
encounter environmental stressors (e.g., foreigner stress 
or economic stress), the intergenerational transmis-
sion of working memory and inhibitory control may be 
undermined, given the obstacles to practicing working 
memory and inhibitory control abilities in the high-stress 
context. On the other hand, as enhanced shifting ability 
is adaptive in high-stress contexts, as it aids in adjusting 
to changing and uncertain environment (Mittal et  al., 
2015), the intergenerational transmission of shifting may 
be enhanced when mothers face environmental stressors.

We explore our research questions using a sample of 
adolescents, given the emergence of distinct executive 
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function components becoming more pronounced dur-
ing adolescence than they were earlier in childhood 
(Bardikoff & Sabbagh, 2017). This is likely due to lengthy 
maturation periods in brain structures that aid executive 
function, such as the prefrontal cortex, which matures in 
adolescence and early adulthood (Choudhury et al., 2006; 
Lee et al., 2013). We focus on Mexican immigrant fami-
lies because the only study on how familial stress may 
influence executive function transmission was based on 
mostly European American families and did not exam-
ine how each component of executive function transmits 
intergenerationally from mother to child (Brieant et  al., 
2017). Therefore, it remains unclear how stressors more 
relevant to culturally distinct groups, such as Mexican 
immigrant families, operate in mother-adolescent inter-
generational transmission of executive function.

Economic stress as a culturally relevant stressor in Mexican 
immigrant families
Mexican immigrant families in the U.S. often experi-
ence high rates of poverty (Lopez & Velasco, 2011), and 
economic stress may be a particularly relevant environ-
mental factor for this group. In fact, children from dis-
advantaged socioeconomic backgrounds often perform 
worse on executive function measures (Raver et al., 2013; 
Theodoraki et  al., 2019), and a meta-analysis revealed a 
small to moderate effect size between socioeconomic sta-
tus and child executive function (Lawson et al., 2018).

Based on the family stress model (Conger & Donnel-
lan, 2007), economic stress—from being unable to pay 
necessary expenses, having inadequate material means, 
or experiencing financial strain—can indirectly result 
in negative developmental outcomes for children due 
to effects on parental behavior and parenting strategies. 
Indeed, in low-income Mexican immigrant families, par-
ents’ subjective experience of economic hardship is a 
proximal predictor of family process and child develop-
mental outcomes (White et al., 2009). Given this premise, 
we focus on mothers’ perceived economic stress as a cul-
turally relevant factor that may be associated with, and/
or moderate, the intergenerational transmission of execu-
tive function, even after accounting for mothers’ socio-
economic status (as indicated by mothers’ educational 
attainment).

Foreigner stress as a culturally relevant stressor in Mexican 
immigrant families
In addition to economic stress, immigrant and ethnic 
minority families often experience stressors related to 
their daily experiences as minorities. Although Lati-
nos may identify themselves as Americans, much like 
their European American counterparts, a growing body 
of research has found that they are often viewed as less 

American due to their physical appearance and ethnic 
minority background, or because they speak English with 
an accent (Armenta et al., 2013). According to the racial 
position model (Zou & Cheryan, 2017), foreigner stress—
a cultural stereotype in which ethnic minorities are seen 
as foreigners (Armenta et  al., 2013)—is a more salient 
and distinct stressor for Latinos compared to other eth-
nic minority groups (e.g., African American). Mothers 
with more perceived foreigner stress may feel alienated 
in their environment, which may lead to a decrease in 
motivation and/or lessen their ability to recruit cognitive 
resources (e.g., working memory) when interacting with 
their children. No study thus far has examined the poten-
tial moderating role of mothers’ foreigner stress on ado-
lescents’ cognitive development (e.g., intergenerational 
transmission of executive function).  However, studies 
have shown that discriminatory experiences represent a 
salient stressor that may influence how one performs on 
executive function tasks (Ozier et  al., 2019). If so, for-
eigner stress as a form of discrimination may need to be 
considered in testing the intergenerational transmission 
of parent–child executive function.

Our goal is to examine whether mothers’ foreigner 
stress is a moderator operating in the intergenerational 
transmission of Mexican-origin mothers’ executive func-
tion to their adolescents. We hypothesize that moth-
ers’ perceived foreigner stress, as a culturally relevant 
stressor, will moderate the mother-adolescent trans-
mission of executive function in Mexican immigrant 
families. The potential moderating effect of maternal for-
eigner stress is particularly important to explore, given 
that economic stress (mostly indexed as lower SES) is 
a well-studied ecological stressor related to cognitive 
development (Raver et al., 2013), but less is known about 
other culturally-relevant stressors beyond the impact of 
lower SES, and how they operate in immigrant and eth-
nic minority families.

The current study
The current study examined mother-adolescent inter-
generational transmission of executive function, and 
potential culturally relevant stressors that may moderate 
these processes among low-income immigrant Mexican 
families—a high-risk group that has not been the focus of 
study in the executive function literature. The first goal is 
to examine the strength of intergenerational transmission 
of different executive function components in mother-
adolescent dyads from Mexican immigrant families 
(Path A in Fig. 1). Our second goal is to examine whether 
mothers’ perceived economic stress and foreigner stress 
have a direct effect on adolescents’ executive function 
components (Path B in Fig. 1). Our third goal is to exam-
ine whether mothers’ perceived environmental stressors, 
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especially economic stress and foreigner stress, moder-
ate the intergenerational transmission of executive func-
tion (Path C in Fig. 1). Specifically, we examine whether 
mother-adolescent executive function transmission may 
be strengthened in environments in which mothers’ per-
ceived economic stress and foreigner stress are at low 
levels, reflecting the idea that low stress is more condu-
cive to the intergenerational transmission of cognitive 
aptitude from parents to children (Tucker-Drob et  al., 
2013). No specific hypothesis was made about whether 
mothers’ perceived economic stress and foreigner stress 
would differentially impact the intergenerational trans-
mission of different executive function components, due 
to insufficient evidence to make strong predictions.

Methods
Participants
A total of 179 Mexican American bilingual adolescents 
 (Mage = 17.03  years;  SDage = 0.83; age range = 16–19; 
75 males, 104 females) and their Mexico-born mothers 
 (Mage = 43.25 years;  SDage = 5.90; age range = 35–66) par-
ticipated in the research. Data collection and recruitment 
took place around a metropolitan city in central Texas 
between 2017 and 2018. Approximately 73.7% of the ado-
lescents (N = 132) were U.S.-born, while the rest were 
Mexico-born. The median and mode of mothers’ educa-
tion level was middle school or junior high school. The 
median and mean household family income for partici-
pants was in the range of $30,001 to $40,000 (see Table 1).

Materials backward digit span
This task measures individuals’ working memory 
(Wechsler, 1997), and materials from the Wechsler scale 
(Macnamara & Conway, 2016) were modified for com-
puter-based presentation. Participants were presented 
with sets of digit lists (3–9 digits in length, 6 trials per 

digit length) on the computer screen and were instructed 
to remember the previously presented digits, then type 
the digits in the reverse (i.e., backward) order of presen-
tation. For example, if a participant were presented with 
the digits “829”, then the participant would need to type 
in “928”. Trials began with a fixation cross (+) presented 
in the middle of the computer screen (x = 6 in., y = 3.38 
in.), for 3000 ms (ms). Digit span trials were presented on 
the screen for 1000 ms times the number of digits in the 
list (e.g., 3000 ms presentation for a 3-digit list, 4000 ms 
for a 4-digit list, etc.).

Digit span was calculated by taking the score of the last 
digit list item for which the participant answered four 
out of the six trials correctly. If the participant failed to 
meet this criterion at a given length, the score from the 
previous digit span length was used. Participants who did 
not complete the three-digit practice trials successfully 
did not receive a score for digit span (25% for mothers, 
6% for adolescents). Although some research suggests an 
accuracy cutoff of answering five out of the six trials cor-
rectly (Della Sala et  al., 2010), using this cutoff resulted 
in a large number of missing cases in the current low-
income immigrant sample. We therefore decided to use 
the four-out-of-six cutoff criterion to retain at least 70% 
of the data. Higher scores in the backward digit span task 
indicate better working memory.

Simon Task
The Simon Task measures inhibitory control via stimu-
lus–response reactions (Bialystok et  al., 2004; Simon & 
Rudell, 1967). Each participant completed 32 trials (16 
congruent trials, 16 incongruent trials) in a randomized 
order. Each trial began with an 800-ms fixation cross (+) 
at the screen center (x = 6 in., y = 3.38 in.), followed by a 
250-ms blank interval. Then, a stimulus appeared on the 
left (x = 3 in., y = 3.38 in.) or right (x = 9 in., y = 3.38 in.) 
side of the screen for 1,000  ms or until a response was 
made, followed by another 250-ms blank interval. Partici-
pants were instructed to press the keys on the keyboard 
that corresponded to the colors presented on the screen 
as quickly and as accurately as possible, using their 
index fingers. For congruent trials, the red/blue squares 
were presented to the same side as the corresponding 
keyboard key (e.g., the red square was presented on the 
left and the blue square was presented on the right). For 
incongruent trials, the stimuli were presented on the 
opposite side of the corresponding keyboard key.

Color‑Shape Task
The Color-Shape Task measures cognitive shifting via 
stimulus–response reactions (Mittal et al., 2015; Miyake 
et al., 2004). A total of 48 trials (24 stay trials, 24 switch 
trials) were randomized and presented to participants 

Fig. 1 Conceptual model of the moderated intergenerational 
transmission of executive function. A path indicates the 
intergenerational transmission of executive function. B paths 
indicate the main effects of maternal stressors. C paths indicate the 
moderating effect of maternal stressors. Each executive function 
component (i.e., working memory, inhibitory control, and shifting) 
was tested in a separate model
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in the same order. At the beginning of each trial, the tar-
get word “COLOR” or “SHAPE” appeared first on the 
screen for 200 ms in black at the top of the white screen 
(h = 0.357-in., font style Courier in size 14). Next, an 
image of a triangle (h = 2.93 in., w = 3 in.) or circle (d = 3 
in.) appeared, with the same target word on the top of 
the screen. The stimulus word and image remained on 
the screen until the participant selected a response key. 
A 600-ms blank slide was presented between trials. Using 
their index fingers, participants categorized the images 
according to the given target word, as quickly and as 
accurately as possible, by pressing keys on the keyboard. 
For a stay trial, the given categorization word was con-
sistent with the previous trial (i.e., “SHAPE” to “SHAPE”, 
“COLOR” to “COLOR”). For a switch trial, the given cat-
egorization word was different from the previous trial 
(i.e., “SHAPE” to “COLOR”, “COLOR” to “SHAPE”).

For both the Simon and Color-Shape tasks, response 
accuracy and reaction time in milliseconds were 
recorded. For both adolescents and mothers, the accu-
racy of the congruent (adolescent: Mean = 97.5%, 
mother: Mean = 98.7%) trials in the Simon Task were 
almost at ceiling, as was the accuracy of the stay (adoles-
cent: Mean = 94.6%, mother: Mean = 85.6%) trials in the 
Color-Shape Task. Therefore, we elected to use only the 
reaction time as the indicator of performance for both 
tasks (Weintraub et al., 2013). The Simon effect was cal-
culated for each participant by subtracting their mean 
reaction time for congruent trials from their mean reac-
tion time for incongruent trials, with shorter time indi-
cating better inhibitory control. The switch cost was 
calculated for each participant by subtracting their mean 
reaction time for stay trials from their mean reaction 
time for switch trials, with shorter time denoting better 
shifting.

Measures
Mother foreigner stress
Foreigner stress was assessed using a four-item scale vali-
dated among Mexican-origin adolescents (e.g., “Because 
of how I speak, people sometimes assume I am not a U.S. 
American”, Kim, Hou, et al., 2018a). Mothers rated each 
item on a 5-point scale, ranging from 1 = strongly disa-
gree to 5 = strongly agree. Scores were averaged across the 
four items so that higher scores indicate greater foreigner 
stress (Cronbach’s alpha = 0.80).

Economic stress
Economic stress was measured with nine dichoto-
mized items adapted from Conger et  al. (2002). Moth-
ers reported whether or not the family experienced any 
of the specified situations because of financial needs 
(e.g., “fell far behind in paying bills” and “sold some 

possessions because you needed the money even though 
you really wanted to keep them”). Answers (1 = No, 
2 = Yes) were averaged across the nine items so that 
higher mean scores indicate greater economic stress 
(Cronbach’s alpha = 0.68).

Covariates
Studies have found evidence that age, gender, immi-
grant status, and language proficiency have an influence 
on individuals’ executive function. For example, execu-
tive control undergoes a maturation process during the 
course of adolescence, and demonstrates different kinds 
of gender differences depending on the specific task (e.g., 
Malagoli & Usai, 2018). Adolescents of later immigrant 
generations have demonstrated better shifting ability 
(e.g., Williams et al., 2019), and bilingualism can under-
mine as well as benefit an individual’s executive control 
(Bialystok, 2011; Hilchey & Klein, 2011). Therefore, we 
included adolescents’ self-reported age, gender, nativity 
(i.e., foreign-born or U.S.-born), and Spanish and English 
proficiency as covariates in our study. Specifically, ado-
lescents’ proficiency in reading, writing, speaking, and 
understanding Spanish and English was assessed using 
a five-point scale validated for use with Mexican-origin 
adolescents (Kim et al., 2020), ranging from 1 = not well 
to 5 = extremely well (Cronbach’s alphas = 0.81 for Span-
ish and 0.82 for English). Past studies have found that 
self-report measures of language proficiency are cor-
related with objective measures of language proficiency 
(Dunn & Fox Tree, 2009). We also controlled for mothers’ 
highest education level, which was found to be positively 
correlated with child cognitive functioning (Bernier et al., 
2010). Mothers’ highest education level was assessed on 
a 11-point scale ranging from 1 = no formal schooling to 
11 = finished graduate degree.

Procedure
Participants (both adolescents and mothers) were tested 
individually during a home visit, using laptops brought 
by research assistants. All executive function tasks were 
presented on a laptop (Dell Latitude 3480 14 in.) using 
the software package E-Prime 2.0 (Schneider et al., 2002). 
Participants first completed the Backward Digit Span, 
followed by the Simon Task and Color-Shape Task. For 
the Simon Task and Color-Shape Task, participants com-
pleted four practice trials prior to the experimental trials. 
After completing the executive function tasks, partici-
pants completed online questionnaires about their lan-
guage background and experiences. All materials were 
prepared in both English and Spanish. The question-
naires were originally designed in English. A team of 
bilingual and bicultural research assistants first translated 
the materials to Spanish and then back-translated them 
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to English. Participants chose which language they pre-
ferred to use for the interview and cognitive tasks. Fami-
lies were compensated $60 for participating in the study.

Analytical strategy
Missing data rates ranged from 0 to 1% for all variables 
collected via survey. Indicators of executive function 
had missing rates ranging from 0 to 25% (see Table 1 for 
details). Little’s test of missing completely at random (Lit-
tle, 1998) was conducted in SPSS, demonstrating that any 
missing data was completely at random (χ2(62) = 61.86, 
p = 0.48). The following path analyses were conducted 
in Mplus 7.3 using maximum likelihood estimation with 
robust standard errors (Muthén & Muthén, 1998–2012) 
to test the study’s questions. For each participant in the 
Simon task or the color-shape task, trials with reaction 
times outside three standard deviations from each per-
son’s mean for each condition (i.e., congruent and incon-
gruent conditions for the Simon task; switch and stay 
conditions for the color-shape task) were excluded from 
analysis. As shown in the conceptual model (Fig.  1), a 
set of baseline models linking mothers’ executive func-
tion to adolescents’ executive function were tested for 
each executive function separately (i.e., working mem-
ory, inhibitory control/Simon effect, and shifting/switch 
cost). We then tested a set of main effect models where 
the main effects of mothers’ foreigner stress and moth-
ers’ economic stress to adolescents’ executive function 
were added to the baseline model. Building upon the 
main effect models, two moderation paths were added 
to examine whether mothers’ perceived foreigner stress 
and economic stress moderated the intergenerational 
transmission of executive function. Missing data were 
handled using Full Information Maximum Likelihood 
(FIML). Covariates included mothers’ highest education 
level, adolescents’ age, gender, nativity, Spanish profi-
ciency, and English proficiency. Effects of covariates on 
all study variables were controlled in the model. Table 1 
presents descriptive information on the study’s variables 
and demographics. Additional file 1: Figures S1 to S3 are 
violin plots showing the distribution of adolescents’ and 
mothers’ performances on each executive function task.

Results
Path model results
The baseline models with covariates were saturated 
models. As shown in Table 2, only the working memory 
model showed that mothers’ digit span was positively 
associated with adolescents’ digit span with a signifi-
cant r-square in explaining the variability in adolescent 
digit span (b = 0.18, SE = 0.08, p = 0.03). All main effect 
models (i.e., when both economic and foreigner stress 
were added to the baseline model) had adequate model 

fit (Table  2). Specifically, the working memory model 
revealed a significant positive main effect of mothers’ 
digit span on adolescents’ digit span (b = 0.18, SE = 0.08, 
p = 0.03), while no direct effects of economic stress or 
foreigner stress on adolescents’ digit span were found. 
For the switch cost model, no significant main effect of 
any predictor on adolescents’ switch cost reaction time 
was found (Table  2). For the inhibitory control model, 
there was a positive main effect of mothers’ economic 
stress on adolescents’ Simon effect (b = 38.71, SE = 18.00, 
p = 0.03), indicating that higher economic stress was 
associated with worse inhibitory control.

The moderation models fit the data well across the three 
executive function components (Table 2). In the working 
memory model, the positive main effect of mothers’ digit 
span (b = 0.18, SE = 0.08, p = 0.03) remained significant 
after adding the two moderating paths. There was also a 
significant interaction effect of mothers’ digit span and 
mothers’ foreigner stress (b = − 0.27, SE = 0.11, p = 0.01) 
on adolescents’ digit span. While no main effect of ado-
lescents’ switch cost was observed (Table  2), the model 
for shifting ability revealed a significant interaction term 
between switch cost reaction time (RT) and mothers’ 
foreigner stress (b = 12.97, SE = 6.44, p = 0.04) to ado-
lescents’ switch cost RT. In addition, similar to the main 
effect model (Table 2), the moderation model for inhibi-
tory control revealed a significant direct positive effect of 
mothers’ economic stress (b = 40.54, SE = 19.01, p = 0.02) 
on adolescents’ Simon effect. Neither foreigner stress nor 
economic stress showed a significant moderating effect in 
the inhibitory control model. In addition, it is also worth 
noting that maternal education level, as an indicator of 
socio-economic status, did not have a significant positive 
effect on adolescents’ executive function across the three 
models (b = − 0.12 to 0.04, SE = 0.04 to 1.32, p = 0.06 to 
0.98).

Simple slope analyses
Simple slope analyses were performed to probe the two 
significant interactions at the mean level, one standard 
deviation below the mean (low), and one standard devia-
tion above the mean (high) for each moderator. For the 
interaction of mothers’ digit span and mothers’ foreigner 
stress with adolescents’ digit span, the analysis (Fig. 2A) 
showed that a larger maternal digit span was significantly 
related to larger adolescent digit span only when moth-
ers reported low (− 1 SD) levels (b = 0.40, SE = 0.10, 
p < 0.001) or mean levels of foreigner stress (b = 0.18, 
SE = 0.08, p = 0.03) but not high (+ 1 SD) levels of for-
eigner stress. Probing the switch cost RT × mothers’ for-
eigner stress interaction (Fig.  2B) showed that mothers’ 
RT in switch cost was positively associated with adoles-
cents’ RT in switch cost only when mothers reported high 
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levels of foreigner stress (b = 0.16, SE = 0.06, p = 0.008) 
but not mean or low levels.

Discussion
The link from parent executive function to child execu-
tive function has been demonstrated mainly in early 
childhood (Deater-Deckard, 2014). More recently, stud-
ies have found that the intergenerational transmission of 
executive function could persist into early adolescence 
(i.e., ages 12–14; Brieant et al., 2017; Jester et al., 2009). 
Our study extends previous findings by observing inter-
generational transmission of executive function compo-
nents (i.e., shifting, working memory) in late adolescence 
(i.e., ages 16–19), suggesting that executive function 

development in late adolescence may still be affected 
by familial influences in Mexican immigrant families. 
Intergenerational transmission was the most salient for 
working memory among the three executive functions 
assessed. We also found distinct patterns of influence 
for different executive function abilities in the context of 
maternal stressors; these stressors were related to ado-
lescents’ executive function, either by altering the inter-
generational transmission process or directly influencing 
adolescent executive function, depending on the type of 
executive function. Specifically, we found that low for-
eigner stress was related to stronger associations between 
mothers’ and adolescents’ working memory. In contrast, 
more adverse contexts (i.e., high foreigner stress) related 

Table 2 Unstandardized coefficients of baseline models, main effect models, and moderation models

All models controlled for six covariates, including mothers’ highest education level, adolescents’ age, gender, nativity, Spanish proficiency, and English proficiency. All 
significant results are bolded. FS, foreigner stress; ES, Economic stress

Model 1: Baseline model Model 2: Main effect 
model

Model 3: Moderation 
model

b SE p b SE p b SE p

Working memory model: adolescent digit span ON

Mother digit span 0.18 0.08 .03 0.18 0.08 .03 0.18 0.08 .03
Mother foreigner stress – – –  − 0.159 0.10 .10  − 0.16 0.09 .09

Mother economic stress – – – 0.70 0.41 .09  − 0.51 0.39 .19

Mother digit span × FS – – – – – –  − 0.27 0.11 .01
Mother digit span × ES – – – – – – 0.65 0.46 .15

R-Square 0.11 0.05 .00 0.06 0.03 .06 0.20 0.06 .001
Chi-square test – χ2(3) = 0.24, p = .97 χ2(9) = 6.72, p = .67

CFI – 1.00 1.00

RMSEA [90% CI] - .00 [90% CI: 0.00, 0.00] .00 [90% CI: 0.00, 0.07]

Shifting model: adolescent reaction time of switch cost ON

Mother RT in switch cost 0.08 0.06 .16 0.08 0.06 .17 0.05 0.06 .44

Mother foreigner stress – – –  − 18.58 15.56 .23  − 21.41 15.64 .17

Mother economic stress – – –  − 27.44 74.20 .71  − 30.96 71.90 .67

Mother RT in switch cost × FS – – – – – – 12.97 6.44 .04
Mother RT in switch cost × ES – – – – – – 32.85 28.07 .24

R-Square 0.06 0.03 .09 0.06 0.03 .06 0.08 0.04 .03
Chi-square test – χ2(3) = 1.07, p = .78 χ2(9) = 10.28, p = .33

CFI – 1.000 0.96

RMSEA [90% CI] – .00 [90% CI: 0.00, 0.08] .03 [90% CI: 0.00, 0.09]

Inhibitory control model: adolescent reaction time of Simon effect ON

Mother RT in Simon effect  − 0.03 0.06 .65  − 0.04 0.06 .51  − 0.04 0.06 .56

Mother foreigner stress – – –  − 4.12 3.33 .22  − 4.48 3.40 .19

Mother economic stress – – – 38.71 18.00 .03 40.54 18.02 .02
Mother RT in Simon effect × FS – – – – – – 0.10 0.07 .18

Mother RT in Simon effect × ES – – – – – – 0.12 0.33 .73

R-Square 0.03 0.03 .25 0.07 0.04 .10 0.08 0.05 .09

Chi-square test – χ2(3) = 1.57, p = .67 χ2(9) = 4.31, p = .89

CFI – 1.00 1.00

RMSEA [90% CI] – .00 [90% CI: 0.00, 0.10] .00 [90% CI: 0.00, 0.04]
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to strengthened intergenerational transmission of shift-
ing ability. Instead of moderating the intergenerational 
transmission of executive function, higher maternal eco-
nomic stress was directly associated with worse adoles-
cent inhibitory control.

While it has been shown that the development of exec-
utive function could continue into young adulthood (e.g., 
Blakemore & Mills, 2014), little is known about the famil-
ial factors that may influence the development of execu-
tive function in late adolescence. The current study is one 
of the first to demonstrate that maternal executive func-
tion may still contribute to adolescents’ executive func-
tion, particularly working memory, in late adolescence. 
We found that intergenerational transmission could 
explain a fair amount of variation (11%) in adolescents’ 
working memory, even after controlling for factors such 
as adolescents’ age and mothers’ education. However, our 
study found no evidence for a main effect in the intergen-
erational transmission of inhibitory control or shifting in 
the baseline models. The significant maternal influence 
on adolescent working memory, but not the other two 
cognitive functions, may be attributed to the fundamen-
tal role of working memory in a variety of higher-order 
cognitive tasks, such as language comprehension, reason-
ing, learning, and ability to maintain and pursue goals, 
which are all common in people’s day-to-day interactions 
(Engle, 2002; Ericsson & Delaney, 1999). As parents’ exec-
utive function can be transmitted to their children via 
parent–child interactions (Deater-Deckard, 2014), being 
engaged in a common cognitive task during daily par-
ent–child interactions may mean the intergenerational 

transmission of maternal working memory is particularly 
strong. As there is insufficient evidence in the current 
study to draw definitive conclusions, we encourage future 
researchers to undertake a deeper examination of the 
reason why certain types of executive function are more 
likely to be transmitted from parent to child.

As posited by prior research, the development of ado-
lescent executive function involves transactional pro-
cesses whereby parent executive function works in 
conjunction with environmental factors to shape ado-
lescent executive function (Bridgett et al., 2015; Tucker-
Drob et  al., 2013). The intergenerational transmission 
of executive function is particularly vulnerable to envi-
ronmental influences in less advantaged socioeconomic 
contexts (Tucker-Drob et al., 2013). The current findings 
suggest that maternal foreigner stress may be one salient 
environmental factor that modifies the intergenerational 
transmission of executive function among mother–child 
dyads from low-income Mexican immigrant families.

The intergenerational transmission of working memory 
and shifting can both be altered by the foreigner stress 
perceived by mothers, yet in different ways, underscor-
ing the importance of examining each executive function 
component on its own rather than considering executive 
function as a singular construct. The intergenerational 
link for working memory was augmented when moth-
ers reported low to mean levels of foreigner stress. The 
intergenerational transmission of shifting, on the other 
hand, emerged only when mothers perceived high levels 
of foreigner stress. This finding is consistent with past 
literature that identified the various types of executive 

Fig. 2 A Mothers’ working memory relating to adolescents’ working memory (as indexed by backward digit span, where a larger digit span 
represents better working memory) at low (− 1 SD), mean, and high (+ 1 SD) levels of maternal foreigner stress. B Mothers’ shifting ability (as 
indexed by the reaction time of switching cost in the Color-Shape task in milliseconds, where a shorter reaction time for shifting cost represents 
better shifting ability) relating to adolescents’ shifting ability at varying levels of maternal foreigner stress. The numbers in parentheses indicate 
unstandardized simple slopes and their p-value
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function as separate factors, especially during adoles-
cence (e.g., Friedman et  al., 2008; Miyake et  al., 2000; 
Schmeichel & Tang, 2015).

The distinct characteristics of each type of execu-
tive function may be key for the different moderating 
mechanisms we found for working memory transmis-
sion versus shifting transmission. Specifically, working 
memory involves short-term maintenance and manipula-
tion of information (Best & Miller, 2010). The extant lit-
erature on working memory and stress has consistently 
demonstrated that individuals’ working memory would 
be undermined and even impaired by acute or chronic 
stress (e.g., Evans & Fuller‐Rowell, 2013; Shields et  al., 
2016). Individual differences in the performance of work-
ing memory are likely to be attenuated in the presence of 
stress. In fact, a study based on laboratory experiments 
found that undergraduate students with high working 
memory adopted more sophisticated algorithms to solve 
math problems and had higher accuracy than those with 
low working memory only in low-stress contexts but not 
high-stress contexts (Beilock & DeCaro, 2007). Hence, 
one possibility is that mothers with low foreigner stress 
may be better positioned to fully utilize their working 
memory in their day-to-day activities, such that their 
working memory may be more likely to be transmitted 
to their children. Thus, there was a stronger positive link 
between mothers’ working memory and that of their chil-
dren when mothers perceived low foreigner stress.

A second type of executive function examined in the 
study, shifting, is a core component of cognitive flex-
ibility (Diamond, 2013). It is the ability to flexibly switch 
between behaviors, rules or mental states (Best & Miller, 
2010). As shifting helps individuals adapt to their chang-
ing situations, it may be that individual differences in 
shifting ability are more likely to manifest in contexts 
that require constant switching between rules or mind-
sets. Although no study has directly examined this 
speculation, one relevant study found that the shifting 
advantage of living in an unpredictable childhood envi-
ronment only emerged for undergraduate participants 
who had a sense of environmental uncertainty (Mit-
tal et  al., 2015). We surmise that Mexican immigrant 
mothers with higher foreigner stress are likely to face or 
perceive more challenges involving switching between 
languages and cultural rules, thereby using their shift-
ing skills more often. For example, a mother may need to 
make sense of a notice written by her landlord in English 
rather than Spanish, while also shifting attention to par-
enting her U.S.-born adolescents who possess stronger 
American cultural values relative to her stronger Mexi-
can cultural values. With more exposure to mothers’ uti-
lization of shifting ability, it is plausible that adolescents 
would resemble their mothers in terms of shifting ability. 

As such, it is likely that the intergenerational transmis-
sion of shifting was enhanced when mothers experienced 
higher levels of foreigner stress. More studies are needed 
to investigate this hypothesis.

In summary, we argue that an executive function skill 
tends to be transmitted from mothers to adolescents 
when the environment facilitates the emergence of indi-
vidual differences in that specific executive function for 
mothers. While low maternal foreigner stress may allow 
mothers to fully apply their working memory resources, 
high maternal foreigner stress may create more opportu-
nities for mothers to utilize their shifting ability. There-
fore, the intergenerational transmission of working 
memory was enhanced when mothers reported lower 
foreigner stress, whereas the intergenerational transmis-
sion of shifting was strengthened when mothers reported 
higher foreigner stress. The impact of foreigner stress on 
immigrant families may be more pronounced in the years 
to come, given the current socio-cultural climate and 
the rise of anti-immigrant sentiment in the U.S. Future 
research on the intergenerational transmission of execu-
tive function among ethnic minority populations should 
also consider factors that are culturally relevant, such as 
foreigner stress.

Interestingly, unlike maternal foreigner stress, mater-
nal economic stress did not demonstrate any moderat-
ing effect upon the intergenerational transmission of 
executive function. We assume that one possible reason 
for this finding is that the family’s financial responsibili-
ties are typically assumed by the father rather than the 
mother in traditional Mexican culture (Updegraff et  al., 
2014). Although the mothers who participated in the 
current study experienced economic stress, the burden 
of resolving the financial difficulties behind it may have 
fallen more upon fathers. Therefore, mothers’ economic 
stress may have interfered less with the transmission 
of executive function from mothers to adolescents. It 
should also be noted that the current study is based on a 
low-income sample. The moderating effect of economic 
stress may manifest when there is more variation in par-
ticipants’ family income.

Rather than moderating the intergenerational trans-
mission of executive function, mothers’ economic stress 
compromised the development of adolescents’ inhibitory 
control directly. This is consistent with past research, 
which found that children from less advantaged socio-
economic backgrounds tend to develop poorer executive 
function (e.g., Farah et al., 2006). To some extent, mater-
nal economic stress could reflect the family’s financial 
condition and social welfare. Mothers who perceived 
more economic stress may have experienced greater 
difficulty providing their adolescents with the rich, sta-
ble, and stimulating environment necessary for optimal 
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cognitive development. Lacking such an environment 
may be particularly harmful to the development of inhib-
itory control (Mittal et  al., 2015). Inhibitory control is 
adaptive in the pursuit of long-term goals, as it involves 
the ability to intentionally suppress dominant responses 
(Best & Miller, 2010). Families with stronger economic 
stress may not have consistent instrumental support for 
the children. Consequently, less inhibition may be an 
adaptive strategy that allows children to take advantage 
of fleeting opportunities and rewards in the short term 
(Mittal et al., 2015).

Limitations
The current study has several limitations that may com-
promise the generalizability of its findings. Firstly, it is 
important to note that the effects are essentially corre-
lational, as the analyses were based on concurrent data. 
It is unclear whether the concurrent associations would 
unfold across time in a similar way. Therefore, caution 
should be taken in making predictions based on the 
current findings. Future research should examine these 
associations using longitudinal data. Secondly, while 
our study has controlled for language proficiency and 
maternal education as a proxy for intelligence, we did 
not assess general intelligence (e.g., Barbey et al., 2012). 
Although there is evidence that the intergenerational 
transmission of executive function is independent of 
both parent intelligence (Jester et  al., 2009) and adoles-
cent intelligence (Brieant et al., 2017), it is still important 
to rule out possible confounding effects of intelligence 
in order to be more confident about the specific effects 
of executive function. Third, although executive func-
tion in our study was measured by well-developed para-
digms in experimental settings, future studies are needed 
to understand the ecological validity of our paradigms 
in predicting adolescents’ everyday executive function 
skills (Chaytor et al., 2006). Relatedly, future studies that 
incorporate multiple informants (e.g., parent and teacher 
reports) of adolescents’ executive function and/or adopt 
paradigms that can be applied in a naturalistic setting 
(e.g., using virtual reality) are needed to understand the 
ecological validity of our findings.

Finally, although the current study considers the role 
of economic stress and foreigner stress in the develop-
ment of adolescent executive functions among Mexi-
can immigrant families, other environmental factors 
are also worth noting and investigating. Factors related 
to immigrant status, physical appearance, and language 
barriers are likely to matter to individuals with a Mexi-
can immigrant background (Kim, Schwartz, et al., 2018b; 
Zou & Cheryan, 2017). We encourage future research to 
explore the development of adolescent executive func-
tion in contexts that are salient to the target population. 

For example, research focusing on immigrant adolescents 
may consider reception and immigration policies, which 
are increasingly salient cultural contexts for immigrants. 
In addition, given the heavily gendered family roles 
assumed by mothers and fathers in traditional Mexican 
culture (Updegraff et al., 2014), it is likely that the inter-
generational transmission of executive function operates 
differently for mother–child dyads versus father-child 
dyads. Also, the current sample was limited in terms of 
participants’ socio-economic background. As the impact 
of environmental factors on executive function’s inter-
generational transmission is likely to be stronger for low-
SES families (Tucker-Drob et al., 2013), the associations 
found in the current study may not be found for families 
with higher SES. Moreover, our research on environ-
mental factors that are culturally relevant for Mexican 
Americans, such as foreigner stress, was not tested for 
other cultural groups, which would have provided a 
useful contrast to the current findings on intergenera-
tional transmission of executive function. Future studies 
should include participants with more diverse ethnic and 
socioeconomic backgrounds for a more comprehensive 
understanding of the intergenerational transmission of 
executive function.

Conclusion
Our findings offer three major contributions to the exist-
ing literature. First, our study extends prior research, 
which has mainly focused on early childhood and data 
from middle-class White samples (e.g., Deater-Deckard, 
2014), by demonstrating the intergenerational transmis-
sion of executive function during late adolescence in a 
sample of low-income Mexican immigrant families. The 
intergenerational transmission of working memory could 
be particularly pronounced for the target population of 
the present study, possibly because working memory has 
greater vulnerability to the home environment shared 
by the mother-adolescent dyad. Second, our study sug-
gests that the development of adolescent executive func-
tion may be affected differently by maternal foreigner 
stress and economic stress. In moderating the intergen-
erational transmission of executive function, stressors 
that are more specific to ethnic minority groups, such as 
foreigner stress, may be more powerful than economic 
stress. Considering the current anti-immigrant senti-
ment in the U.S., these findings underscore the impor-
tance of studying culturally-specific factors in immigrant 
populations. Finally, our findings indicate that the pro-
cess of intergenerational transmission, in the context of 
culturally relevant stress experienced by mothers, oper-
ates differently according to the component of executive 
function being examined, which suggests that executive 
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function should be examined as a multi-dimensional 
construct rather than a uni-dimensional one.
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