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Executive functions in the brain, development and social context: Early contributions by

neuroscientist, Adele Diamond

A seminal moment in my academic career was in the late 1980s while
attending one of my first scientific meetings as a graduate student and
hearing a fascinating talk by a female neuroscientist, Adele Diamond.
She was describing prefrontal cognitive abilities in human and
nonhuman primate infants using the A-not-B task (Fig. 1; Diamond and
Goldman-Rakic, 1986; Diamond, 1990). This task measures executive
functions (e.g., working memory, inhibitory control and mental flexi-
bility) that enable us to focus our attention, remember, plan and juggle
multiple tasks. The A-not-B task itself requires the infant to uncover an
attractive toy hidden in one of two locations as the child watches, fol-
lowed by a short delay and then the child’s retrieval of the object by
uncovering 1 of the 2 locations (Piaget, 1952). The name of the task
comes from an error that infants under 8 months of age characteristi-
cally make. That is, after correctly finding a toy hidden in location A,
when the toy is then placed in location B in plain sight of the infant, the
infant nonetheless reaches back to the toy’s former location A.

Earlier studies in adult monkeys (Goldman and Rosvold, 1970) had
shown dependence of working memory on the dorsolateral prefrontal
cortex, a region thought to mature relatively late in development.
However, Diamond was showing a developmental progression in a
prefrontal function in 8-12 month olds. Specifically, she showed that the
necessary length of delay for producing the A-not-B error, between the
experimenter hiding the toy and the infant finding it, increased from 2 to
55 by 8 moths to over 10 s by 12 months. Adult monkeys with lesions of
the dorsolateral prefrontal cortex performed like the human infants
under 8 months of age suggesting that maturation of the prefrontal
cortex supported developmental improvement in this executive function
(Diamond and Goldman-Rakic, 1989).

I was fascinated by these findings because my graduate work focused
on cognitive development in infants. A recurring question I had was
what was going on inside the child’s brain to explain the different
looking behaviors to familiar and novel objects during the simple
cognitive tasks I was using. My postdoctoral fellowship at the National
Institutes of Health (NIH) in the 1990 s provided an opportunity for me
to begin to address this question. At the time of my arrival, we could see
with exquisite detail the structure of the human brain with noninvasive
imaging tools like magnetic resonance imaging (MRI). However, we
could not see brain activity with the same level of detail without the
injection of invasive radioactive isotopes. Within 2 years of my arrival,
exciting advances in MRI were providing the ability to observe brain
activity noninvasively based on changes in blood oxygenation referred
to as functional MRI. This technological advance in human brain im-
aging opened a door to the investigation of the behaving developing
human brain in novel ways, facilitating the emergence of the field of
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developmental cognitive neuroscience.

Diamond’s influential work on executive function no doubt shaped
the first functional MRI study of typical human development which
examined dorsolateral prefrontal activity in young healthy children
during an executive function task (Casey et al., 1995). The task exam-
ined working memory and like adults, children activated the dorsolat-
eral prefrontal cortex more during a high memory load condition
relative to a low memory load condition. That study consisted of a
“whopping” six 9-11 year olds from relatively homogenous back-
grounds in race and ethnicity, education and income. Fast forward
almost three decades later and we now find numerous studies around the
world with 500 or more children for which there is brain imaging data
(Rosenberg et al., 2018). For example, the Adolescent Brain Cognitive
Development (ABCD) Study®, one of the largest studies of the human
brain and cognitive development in the U.S., is following nearly 12,000
9-10 year old children over a 10-year period. Although the ABCD
sample is not fully representative of the U.S. demographics, it approxi-
mates the population providing not only a large, but more diverse
sample than has historically been recruited for brain imaging studies.
Taking advantage of these available, open access ABCD imaging data
from children of a similar age and performing a similar working memory
task as our original 1995 study (Casey et al., 1995), we replicated our
early findings (Rosenberg et al., 2020). Moreover, we showed that
patterns in brain activity in prefrontal cortical networks during the
working memory task predicted individual differences in cognitive
performance on other similar executive functioning tasks involving
memory, providing a neural signature of working memory ability in
children (Rosenberg et al., 2020).

The significance of understanding executive functions, their neural
correlates and development are underscored by their disruption in many
neuropsychiatric, neurodevelopmental and neurodegenerative disor-
ders. Perhaps this is not surprising given that these functions are
essential in regulation of our actions, desires and fears as we adapt to our
ever-changing environments, especially early in development. Given the
importance of executive functions in everyday life, there have been
several attempts to improve these abilities in children with training.
Many of these studies have provided evidence of cognitive skill training
improving executive functions (Scionti et al., 2020) with those children
with the worse performance on executive function tasks showing the
most benefit. These training benefits are observed early in childhood,
suggesting that early executive-function training may help to prevent
widening achievement gaps later in life (Diamond and Lee, 2011).
However, cognitive skill training alone, without consideration and
support of the emotional, social and physical needs of the child are likely
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Fig. 1. Comparison of performance of a monkey infant, a human infant and an adult monkey with ablated prefrontal cortex on the A-not-B task. All succeed in
finding an object hidden at location A, but when the object is then hidden at location B, both reach back to location A, even though they both observed the object

being hidden at location B. From Diamond (1990).

less successful in improving executive functions. In fact, Diamond has
advocated for building executive functions through interactive activ-
ities, sports and the arts as opposed to instructional teaching alone,
suggesting several pathways to increasing cognitive abilities important
for everyday life (Diamond and Lee, 2011).

The view that social and emotional needs are important for the
development of executive functions is supported by numerous studies
showing that impoverished, violent and stressful environments and
conditions can diminish the very cognitive (executive) functions and
underlying prefrontal networks that we may need to adapt and function
in our expanding worlds as we develop (Noble et al., 2015; Rahdar and
Galvan, 2014). A recent developmental human imaging study conducted
at Yale where Diamond’s nonhuman primate studies began over 30
years ago examined the influence of diverse environments on executive
function in the large sample of ABCD youth. That study focused on as-
sociations between perceived threats in the home, school, and neigh-
borhood on executive function and associated prefrontal brain
networks. Youth who perceived threats such as violence and crime in
their neighborhoods had the most diminished executive function per-
formance and brain network activity relative to youth who perceived
threats in their families or at school (Conley et al., 2023). That is not to
say to say that executive functions were compromised long-term. The
brain is plastic and has the potential for change throughout the life
course, especially during the first few decades of life (Simmons et al.,
2021). With opportunities and different experiences (i.e., less stressful)
we see changes in executive functions and adaptability to our changing
world (Liston et al., 2009).

It is important to keep the broader socioemotional context in which
cognitive development is occurring in mind. Development and deploy-
ment of cognitive abilities in different environments reflect an interac-
tive process of the child’s changing biology in a changing environment
at different developmental phases and social contexts. Behavior in one
environment may be favorable or unfavorable in another environment
depending on the child’s past and current situation (Nketia et al., 2021;
Simmons and Conley et al., 2021). For example, in violent and stressful
environments, rapid reactions (flight or fight) may be more adaptive for
the child’s survival than executive functions like inhibitory control.

Considering these important environmental factors may enhance in-
terpretations and mitigate potentially harmful deterministic narratives
about cognitive ability for children from impoverished or vio-
lent/stressful environments.

This summer I have the wonderful opportunity to speak at a cele-
bration of Adele Diamond’s life work and of work that that she has
inspired and that has inspired her (see https://tinyurl.com/msvzy7hw
for live streaming details). The speakers (http://www.devcogneuro.
com/Conf2023/schedule.html) represent a broad community of distin-
guished neuroscientists, psychologists, educators, and artists because in
Diamond’s view, all are important in the development of executive
functions.
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