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Abstract

Biological psychiatry, like many other scientific fields, is grappling with the challenge of
revising its practices with an eye towards promoting diversity, equity, and inclusivity (DEI). One
arena in which much of this work will have significant impact is in developmental science
generally, and the study of adolescence specifically. Adolescence is a critical period during
human development during which important social, neural, and cognitive maturation processes
take place. It is also a time marked by risky behaviors and the onset of a range of mental
disorders. Social and developmental research has provided insight into the cognitive and neural
processes by which perceptions of identity-related differences emerge. Clinical research aimed at
understanding how individuals from diverse backgrounds navigate the transition period of
adolescence is critical for identifying the unique factors underlying risk and resilience in
minoritized populations. Taking a developmental perspective, we review processes by which the
brain understands group differences and how the developmental timing of this can influence
antecedents of psychological distress. We close with a call to action, pointing to important
understudied areas within the field of biological psychiatry that are critical for supporting mental

health among diverse adolescent populations.



Cognitive and neural processes by which perceptions of identity-related group differences
emerge

At what point during childhood do we begin to notice differences between ourselves and
others? How does the development of social preferences, biases and behaviors impact well-being
throughout the lifespan? These are important questions that have challenged developmental,
social, and clinical scientists for as long as there has been active research on these topics. Social
determinants of health comprise environmental conditions reflecting people’s day-to-day lived
experiences, and as such can affect a range of health, functioning, and quality-of-life-outcomes
and risks (1). These conditions may impact youth from before birth (2). An extensive literature
focuses on how systemic inequities based on racial differences contribute to health disparities
(3). Our focus in this selective review is to highlight the developmental period of adolescence
within this broader discussion.

Adolescence is a developmental period during which peer relationships take on a
heightened importance; it has been said that teens are “sensitized to social evaluation” (4). The
confluence of the increased attention to social evaluation and the neurobiological changes
affecting social and affective brain circuitry that accompany the adolescent developmental period
creates unique challenges for individuals who are visible minorities navigating the turbulent
social landscape of the teen years. Here we focus on developmental considerations for
understanding impacts of identity-related differences as they emerge during adolescence, with an
emphasis on the development of in-group/out-group bias, social neuroscience of prejudice, and
antecedents of identity-related distress. As the majority of this literature has focused on biases
related to racial and gender identity, we draw mainly from these studies in our selective

OVerview.
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In the wake of the racial justice movement that was reinvigorated in 2020, the fields of
developmental and social psychology and neuroscience have shown a renewed interest in
understanding the development of racial attitudes. Historically, four main questions have
dominated this discourse, namely 1) how and when do children learn to identify with some
people and differentiate from others? 2) how and when do children acquire racial attitudes and
begin to express them in behavior? 3) what conditions in the environment foster the development
of these attitudes and behaviors? and 4) how can the development and expression of negative
racial prejudices in children be prevented? (5,6). We focus our discussion here primarily on the
first two questions regarding perceptions of identity-related differences and the development of
racial attitudes.

The landmark “doll study” conducted by Kenneth and Mamie Clark in 1947
demonstrated that among 3-7 year old children, the vast majority understand racial difference -
an awareness of the relation between the physical characteristics of skin color and the racial
concepts of White and Black. In this study, both White and Black children were shown to prefer
a White doll and reject a Black doll (7). Since that initial groundbreaking study, the development
of perceptions of difference has been analyzed using a variety of approaches. In one framework
called the minimal group paradigm, children are told they are members of a group based on a
trivial feature such as shirt color. Dunham, Baron & Carey found that children as young as five
years of age are susceptible to the minimal group paradigm and display in-group/out-group
biases. Even when explicit categorical labels are not applied to groups, 5 year olds can exhibit in-
group/out-group biases as measured by explicitly recorded attitudes, implicit attitudes, resource
allocation, expectations of reciprocity, and information distortion to favor the in-group (8). Even

at this young age, children appear to act in accordance with social identity theory, which posits
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that they are motivated to see in-groups as positive and distinct from out-groups (9). While these
studies were mostly conducted in the United States, experiments evaluating social identity theory
in other countries and minority groups have also produced similar findings (10-12).

Explicit bias involves preferences, beliefs, and attitudes that people are generally
consciously aware of and can communicate to others, whereas implicit bias refers to
unconsciously held negative attitudes or feelings about a racial group (13,14). Explicit intergroup
attitudes are typically shared across parents and children throughout childhood and adolescence
(15). Explicit race biases have been shown to emerge in children as young as 3-4 years of age,
peaking in middle childhood before gradually declining (16,17). Of course, people are not
necessarily conscious of their biases. Implicit attitudes in children can be assessed using reaction
time paradigms to examine discrepancies between how quickly children associate their own
group with good things and out-groups with bad things. Some studies suggest that implicit
attitudes toward race may show a different developmental trajectory than explicit race biases. For
white North-American participants, implicit pro-White/anti-Black bias as measured by the
Implicit Association Task was evident in 6-year-olds, 10-year-olds, and adults. Self-reported
explicit race attitudes, on the other hand, were less biased in older children and absent in adults.
The authors suggest that from 6 years to adulthood, implicit biases or preferences do not decline
with age whereas explicit attitudes diverge around age 10 (18). A large study examining
children’s implicit racial attitudes found that both groups of younger White children (5-8 years)
and older White children (9-12 years) showed preference for White over Black target faces when
they were categorized by race. Interestingly, these authors also found that White children did not

show evidence of automatic negativity toward Black child exemplars, suggesting that implicit in-
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group positivity and out-group negative attitudes can follow distinct developmental trajectories
(19).

Understanding the development of bias is important for contextualizing mental health in
adolescence. As described by the social determinants of health framework, cumulative effects of
experiences with racism significantly impact mental health outcomes (20). Adolescence is a
sensitive developmental period during which youth are particularly vulnerable for the onset of
psychiatric conditions. Being a member of a minority group can exacerbate risk for developing
these conditions. For example, everyday racial discrimination predicts depressive symptoms
among Black young adults (mean age 25 years) (21). Some have suggested that the experience of
racism should be considered an adverse childhood experience (22). Stronger associations
between racism and depressive symptoms in childhood and adolescence than in young adulthood
have led some researchers to suggest that experiencing racism in early life may be particularly
harmful. For example, in one study, racism frequency and stress from racism before the age of
20 was related to risk of high depressive symptoms among Black women aged 23-34 (23).
Findings like these highlight the unique impact of racism on minoritized youth during
adolescence, a critical period for identity formation.

Another review in this special issue addresses the topic of the neuroscience of bias in
great detail, outlining neural underpinnings of different forms of bias and cognitive mechanisms
for challenging bias. Here we highlight a few major findings from the study of how the brain
understands group differences. Lieberman and colleagues were among the first to test the
hypothesis that the amygdala, a brain region responsive to emotionality, novelty, and arousing
stimuli, might be involved in race-related prejudice. Participants performed a perceptual

encoding task requiring them to choose a face from a pair presented at the bottom of a screen that
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was the same race as the target face at the top of a screen. Both Black and White participants
exhibited greater amygdala responses to Black target faces than to white target faces. The
authors interpreted these findings to indicate that amygdala activity associated with race-related
processing may reflect culturally-learned negative associations regarding Black individuals in the
United States (24).

The growing literature on the neuroscience of prejudice - negative preconceptions about
groups or individuals based on racial or other affiliations - has identified several brain regions
that are involved in this type of evaluative judgment. The social neuroscience of race-based
prejudice implicates the amygdala and anterior cingulate cortex (ACC) as critical players in this
process, with a role for the amygdala in rapid processing of social category cues in terms of
potential threat or reward as well as evaluative learning and expression, and a role for the ACC
in conflict processing (25). Additional brain areas that play a role in these biases include the
dorsomedial prefrontal cortex (involved in mentalizing and impression formation), the
orbitofrontal cortex and ventral striatum (involved in affective judgements and reward
processing), the dorsolateral prefrontal cortex (DLPFC, involved in executive functions) and the
ventrolateral prefrontal cortex (involved in emotional regulation); the DLPFC and ACC are
posited to work together during the motivated regulation of racial bias (26). Insular cortices are
also involved in expressions of prejudice, as they integrate sensory and evaluative information
and support visceral and subjective emotional responses towards social in-groups or out-groups
(25,206).

Most of this neuroimaging work has been conducted in adults for whom biases are
already formed. Very little work has attempted to explicitly characterize the neural basis of the

development of biases using neuroimaging approaches. However, there is a large literature that
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has examined development of the neural circuitry underlying social and affective behavior more
broadly - the same circuitry involving amygdala, ACC, and other brain areas listed above that
has been well-characterized in adults as being most relevant to the instantiation of biases. It is
thought that social and affective brain function, including responsivity of amygdala and striatum,
follows a nonlinear developmental trajectory relative to prefrontal cortices that can regulate
emotional responses (4,27). According to one influential model of adolescent brain development,
heightened emotional responsivity during adolescence may be attributed to differential
development of subcortical limbic systems that mature earlier than prefrontal control systems in
the brain (28). Adolescence is a time during which social evaluation is particularly intense,
salient, persistent and emotionally evocative; high social sensitivity during this developmental
period parallels heightened reactivity of socioaffective brain circuitry to social evaluation (4).
Compared with younger children, adolescents experience greater self-reported embarrassment
and heightened autonomic arousal and medial prefrontal activation when they believe that a peer
is actively watching them (29). Enhanced engagement of medial prefrontal cortex during
adolescence is thought to facilitate the development of identity by integrating the value of
potential actions and value-based choices (30). The impact of experiencing racial discrimination
during the adolescence period of heighted emotional reponsivity can manifest in complex ways
in minoritized youth, resulting in unique risk and protective factors for substance use, for
example (31).

Interestingly, excitation of the medial prefrontal cortex using transcranial direct current
stimulation has been shown to decrease implicit biased attitudes toward out-group members (32).
This observation aligns with the general notion that control systems in the brain are utilized to

overcome negative biases towards members of social out-groups. Protracted development of
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prefrontal control systems relative to subcortical limbic systems during adolescence might
further impact perceptions of identity-related group differences during this developmental
period.

In adults, the neural systems involved in regulation of prejudice and bias are well-studied.
This work suggests that the ACC, involved in monitoring and detection of response conflict
more generally, exerts cognitive control in social contexts to curb the unwanted influence of
prejudices on behavior (25). Lateral prefrontal cortical areas that coordinate the control of action
and attention are also thought to be involved in regulating amygdala response during biased
behavior (25). The broader cognitive neuroscience literature describing brain networks important
for attention, cognitive control, and executive function (33) provides insight into the neural
mechanisms that work to override and guide responses away from those that are invoked by
learned prejudice and biases. The next big questions for developmental and social cognitive
neuroscience will involve further tracking the development of these neural systems as they
mature across adolescence and understanding the ways in which these brain changes accompany
cognitive and behavioral changes relevant to the emergence of bias.

The good news is, biases can be malleable. In the case of racial biases, changes in task
demands, internal goals and motivation, and other aspects of the stimuli can alter neural
responses in amygdala, ACC, and DLPFC in responses to out-group race faces (34). Importantly,
however, neuroimaging investigations have not typically attempted to show whether racially-
biased behavior changes alongside the observed neural response malleability. There have been
some intriguing results, however, attempting to change implicit biases by experimentally
changing the relationship between individuals and outgroups. When exposed to bodily illusions

inducing ownership over a body differing from their own with respect to gender, age, or race,
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individuals exhibited a reduction in implicit bias against that outgroup (35). It has been
suggested that changing the mental representation of one’s own body in a way that affects
perceived similarity between one’s own body and that of an outgroup may make social attitudes
more malleable. This emerging line of research represents one intriguing potential intervention to
reduce racial bias. We next consider the consequences of perceptions of difference as they
emerge in early life and begin to disproportionately affect specific groups of individuals who are
the target of prejudice.
Developmental timing influences antecedents of psychological distress

Early experiences with marginalization have long been known to impact
neurodevelopmental and overall health and well being. A very large corpus of empirical
literature documents the biological impact of socially-triggered adversity starting in childhood.
As examples, victims of childhood bullying show increased systemic inflammation from
childhood to young adulthood (36), and exposure to childhood bullying is associated with
increased risk for obesity in adulthood (37). Minority psychosocial stress has also been clearly
linked with a number of health outcomes. Adversity due to racial discrimination accelerates
physiologic weathering and health declines among Black Americans through its impact on DNA
telomeres (38).

Within the adolescent period, individuals are exposed to a host of environmental stressors
long known to contribute to the development and maintenance of psychosocial distress. A
particular form of stressor - aversive interactions with same-age peers - poses key risks because
these interactions typically contain elements that increase the likelihood of aversive or distress-
related reactions. These experiences contain a set of elements that humans perceive as generally

stressful, namely that they are often unpredictable, difficult to control, and result in exposure to


https://paperpile.com/c/jQFm3L/QG7t
https://paperpile.com/c/jQFm3L/1pfn
https://paperpile.com/c/jQFm3L/OHM9
https://paperpile.com/c/jQFm3L/nj9a

information that threatens key aspects of adolescents’ identities (for reviews, see (39—41)). For
instance, adolescents may be exposed to teasing on social media about their hobbies, socially
excluded because they do not engage in certain kinds of activities (e.g., substance use), or bullied
because of where they live (42,43). These kinds of social experiences profoundly impact all
adolescents, regardless of mental health status and groups or characteristics with which they
identify (44). In fact, adverse social experiences impact psychosocial functioning across multiple
domains including subjective experiences (e.g., self-perceived mood or arousal), unhealthy
behaviors (e.g., smoking, substance use), and/or maladaptive inflammatory and neural activity
(45—47). In these respects, we can characterize aversive peer relations as what some term
universal risk factors (48). An important consideration germane to this paper is that adolescents
with historically marginalized identities (e.g., minoritized racial/ethnic identities, and gender and
sexual identities) experience universal risks like aversive peer relations at far higher rates than
adolescents who do not share these identities (for reviews, see (49,50)).

A second set of elements, beyond those that typify universal risk factors, is that
adolescents who identify with historically marginalized groups also experience identity-related
risks at significantly high rates. When they come in the form of aversive peer relations, identity-
related risks might display similar forms as universal risks, such as bullying and social exclusion.
However, these risks function as targeted aversive relations that specifically stem from the
adolescent’s identifying with a particular group or intersecting groups (e.g., LGBTQIA+,
racial/ethnic identity). Importantly, these aversive experiences can manifest at multiple levels
from direct, interpersonal interactions with same-age peers, to more structural elements of the
environment, whereby key institutions germane to adolescent functioning (e.g., schools) display

policies and practices (or lack thereof) that threaten (rather than affirm) adolescents’
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marginalized identities (e.g., lack of anti-gay bullying policies or absence of a gay-straight
alliance organization (51)). Knowing the increased risk for psychological distress that
minoritized adolescents face, researchers can design studies that more carefully consider the
impact of identity-related risks on mental health.
Future directions and a call to action

Recent calls to action have summarized the impacts of discrimination on developing
minoritzed youth, highlighting potential adverse outcomes on children’s developmental
trajectories (52). Taken together, the extant biobehavioral research on the links between
developmental timing and antecedent effects on adolescents’ psychosocial distress highlight
important considerations for research on the neurobiology of perceived group differences. In
particular, researchers seeking to understand how neurobiology factors into these antecedent
experiences and antecedent-related outcomes must pay careful attention to four aspects of the
participants they recruit and their lived experiences. First, researchers must be sensitive to who
they recruit to address study aims and/or what stimuli they include in neurobiological
assessments. That is, to the degree that the study aims involve understanding the psychosocial
outcomes linked to neurobiological factors underlying perceived differences, researchers must
ensure that the study stimuli used and/or participants sampled include adolescents across a
variety of identities. In this way, the sampling approach captures individual differences that
validly reflect the social environment(s) germane to the phenomena under investigation.
Similarly, researchers must attend to what antecedents participants have been exposed.
Specifically, to the degree that adolescents who identify with historically marginalized groups
might experience significant levels of both universal and identity-related antecedents, each of

these kinds of antecedents must be sampled. In sum, these first two aspects of study design call
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for strategic sampling (i.e., of participants and/or study stimuli) that captures the rich diversity of
adolescents and their lived experiences.

The third and fourth aspects of research on these issues relate to the nature of outcomes
of antecedent-linked distress. By “antecedent-linked distress,” we mean that studies must
precisely and accurately focus on distress that one can clearly attribute to the antecedents being
examined. Specifically, studies on these issues require sensitivity to #zow adolescents experience
antecedent-linked distress. As mentioned previously, prior work indicates that adversities like
aversive peer relations produce effects at multiple levels of analysis (e.g., subjective, behavioral,
immune, neural). Thus, by construction, studies on these issues must take a holistic approach to
assessing antecedent-linked outcomes, using an approach akin to those recommended within
recent research initiatives involving assessment of multiple outcome domains and using multiple
modalities or units of analysis (e.g., Research Domain Criteria (47)). Otherwise, studies might
“miss” antecedent-linked outcomes if a given outcome domain (e.g., subjective, inflammation)
and/or unit of analysis (e.g., self-report, observed behavior, immunological assays,
neuroimaging) was not included in the measurement battery.

Lastly, studies must accurately detect why adolescents developed antecedent-linked
distress. In particular, we noted previously that adolescents who identify with historically
marginalized groups might experience universal and/or identity-related antecedents. Either one
or both of these antecedents might produce outcomes that interact with each other in complex
ways. As such, there exists the potential for researchers to misattribute an outcome to a universal
antecedent that actually resulted from an identity-related antecedent, or vice versa. For example,
if a research team classifies an adolescent’s bullying experiences as a universal antecedent when

in actuality it contained identity-related features, their study might underestimate the impact of
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antecedents on identity-related distress outcomes. In sum, we recommend that researchers
conducting work on these issues carefully consider the implications of their study designs on
accurately estimating links between antecedents and psychosocial distress.

We anticipate that the next phase of research on these topics will leverage data collected
as part of large ongoing consortia that have been established for the study of adolescent brain and
cognitive development. Adolescent Brain Cognitive Development (ABCD) is a large
longitudinal cohort study of 11,880 children and their parents that is currently being conducted
across research sites in 21 metropolitan areas of the United States (53). The primary goal of the
ongoing nationwide ABCD study is to define factors predictive of variability in individual
developmental trajectories, with a particular focus on factors that influence the course or severity
of substance abuse (54). The baseline sample was ethnically diverse by design (51% White,
21.4% Hispanic, 15.2% African American, 2.3% Asian, 10.01% multiracial/other). Children are
followed annually for 10 years starting at approximately 9-10 years of age when they complete a
baseline visit consisting of clinical interviews, surveys, neurocognitive tests, and neuroimaging
(59).

Researchers are already urging for responsible use of these open access data, with the
cautionary note to consider the broader social context in which development occurs. One
particularly noteworthy recommendation is that researchers should be aware of the considerable
heterogeneity in youth’s experiences and environments, noting that no measure can fully capture
the relevant environment and experiences, including structural racism and other forms of
oppression and inequality, that can influence development (56).

At one-year follow-up assessment, children in the ABCD study completed the Perceived

Discrimination Scale, which asks about experiences of being treated unfairly or feeling
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unaccepted due to race, ethnicity, or color. Five percent of children reported discrimination due
to their race/ethnicity, with Black children reporting the highest prevalence of discrimination
(57). Understanding how perceived discrimination affects mental health, brain, and cognitive
development will be one of the most critical questions to address using ABCD data going
forward. Unfortunately, aside from this scale, ABCD does not include additional measures of
prejudice, racism, or perceived in-group/out-group belonging. In addition, the disproportionate
loss of participants of color during the COVID pandemic also affects researchers’ ability to
evaluate outcomes among minoritized populations.

While ABCD data will undoubtedly provide a wealth of information to explore the
complex links between identity-related risks and health outcomes, it is important to remember
that the study was not designed to study health disparities per se. As such, it is likely to be
underpowered to test hypotheses regarding outcomes for specific minoritized populations. In
addition, mistrust of the health care system among minoritized individuals is a barrier to research
participation that further precludes data collection from diverse and representative samples (58).
The ABCD uses strategies that have been developed in other biomedical research settings to
improve participation of minorities, including the creation of community advisory boards. In
addition, ABCD has assembled a justice, equity, diversity, and inclusion (JEDI) taskforce
comprising three workgroups: Equitable & Inclusive Methods, Diversity & Inclusion in ABCD,
and Responsible Use of ABCD Data. These three workgroups meet regularly to 1) ensure that all
measures used within consortium are fair to participants of all races, genders, sexual orientations,
abilities, socioeconomic status (SES), and cultural background, 2) understand and address
historical, cultural, and institutional barriers that disproportionaltey impact ABCD researchers,

staff, and participants who are person of color, and 3) promote principles of ethical condcut of
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research to prevent further stigmatization, marginalization and injustice toward indivisuald

because of racial, ethnic, or gender minority satus (https://abcdstudy.org/jedi-taskforce-

workgroups/?swefpc=1). Researchers planning to conduct analyses of ABCD data in ways that

explicitly consider participant race (59), sexual identity, or other identity-related variables, are
strongly encouraged to consult with ABCD JEDI workgroup 3 prior to or during data analysis
and dissemination of findings.

The Healthy Brain and Cognitive Development Study is another collaborative data
collection effort involving prospective examination of brain, cognitive, socioemotional, and
behavioral development beginning prenatally and extending into childhood. The goal of this
longitudinal, epidemiology observational cohort study is to enroll around 7500 pregnant women
at multiple sites across the United States and measure prenatal and postnatal exposure to
substances, family stress, medical history, socioeconomic status, nutrition, and assessments of
brain and cognitive development to inform how exposures in early life influence risk for negative
long-term psychological, behavioral, and neural developmental outcomes. A recent paper
highlighted special considerations to be noted in order to ensure inclusive and equitable practices
in the implementation of this study to align with the goal of avoiding perpetuation of narratives
supporting systemic injustice. Specifically, the authors caution against common scientific biases
including sampling bias, measurement and generalizability bias, and normativity bias (60). The
recommendations put forth in this work are a great example of how careful consideration is
necessary when interpreting data collected from marginalized communities to avoid causing

stigma and harm.
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Understanding the effects of biases and prejudice on cognitive and neural development in
youth is a critical component of addressing mental health outcomes in marginalized populations.

Researchers focusing on the adolescent period have an important role to play in this endeavor.
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