


EXECUTIVE FUNCTIONS

EFs are top-down processes we recruit when it would be insufficient,
detrimental, or impossible to go on autopilot or rely on habitual or instinc-
tive reactions. EFs are also sometimes referred to as executive control or cogni-
tive control (Espy, 2004; E. K. Miller & Cohen, 2001). The three core EFs
{Diamond, 2013; Miyake et al., 2000) are inhibitory control (including self-
control and attentional control), working memory (WM), and cognitive flex-
ibility (also known as mental flexibility or set shifting). From those core EFs,
higher order EFs (c.g., planning, reasoning, problem solving) are built (e.g.,
Collins & Koechlin, 2012; Lunt et al., 2012). Because they make it possible
for us to think before we act, resist temptations, stay focused, mentally play
with ideas, reason, and quickly adapt to changed circumstances, EFs are
predictive of achicvement, health, wealth, and quality of life throughout
life, often more so than IQ or socioeconomic status {Moffict, 2012; Moffict
et al., 2011).

Inhibition

Inhibitory control (also called inhibition) involves resisting a strong
inclination to do one thing and instead doing what is most appropriate or
needed (Diamond, 2013). It includes the self-control to resist temptations
and not act impulsively (e.g., thinking before you speak or act so you don’tdo
something you'd regret or put your foot in your mouth; waiting before rush-
ing to judgment). It also includes the discipline to stay on task and complete
what you started, resisting the temptation to quit because you're frustrated,
bored, or more fun things are calling, and continuing to work even though
the reward may be a long time in coming. It also includes screening out dis-
tractions so that you are able to concentrate, pay attention, and stay focused.
Self-regulation overlaps largely, though not completely, with inhibitory con-
trol {Diamond, 2013).

Working Memory

WM refers to our ability to actively hold information in mind and work
with that information—for example, reordering a set of items you are holding
in mind, updating information, or doing mental arithmetic. WM is crucial
for making sense of anything that unfolds over time, for that always requires
holding in mind what happened earlier and relating that to what is happen-
ing now {e.g., keeping track of a conversation, relating what you are reading
now to what you read earlicr, understanding the relation between a later
effect and an earlier cause).
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2002; Rueda, Checa, & Combita, 2012). It would be unrealistic
to expect benefits to continue indefinitely once practice stops.
For example, with repeated practice you might work up to being
able to do 80 sit-ups at a time, but if you stop practicing, a year
from now it is unlikely that you could do 80 sit-ups all at once.

n Those with the weakest EFs benefit most. Children at risk start
school with worse EFs than their more economically advantaged
peers (Hackman & Farah, 2009; Sarsour etal., 2011) and fall pro-
gressively further behind each schoot year (O’Shaughnessy, Lane,
Gresham, & Beebe-Frankenberger, 2003). Improving EFs early
might nip that dynamic in the bud. In other words, early EF train-
ing is an excellent candidate for reducing inequality (because it
should improve the EFs of the most needy children most), thus
heading off gaps in achievement and health between more- and
less-advantaged children.

BRAIN REGIONS THAT UNDERLIE EFs

EFs begin developing during the first year of life (Cuevas, Swingler,
Bell, Marcovitch, & Calkins, 2012; Diamond, 1991} and continue devel-
oping for over 2 decades (Crone, Wendelken, Donohue, van Leijenhorst,
& Bunge, 2006; Davidson et al., 2006; Luna, 2009). EFs depend on neural
circuits that include prefrontal cortex as a prominent node. Prefrontal cortex
undergoes maturational changes even during infancy (e.g., Bell & Wolfe,
2007; Koenderink & Uylings, 1995) but takes over 2 decades to fully mature
(e.g., Gogtay et al., 2004; Tamnes et al., 2013).

Other brain regions that play prominent roles in EF neural networks are
the anterior cingulate cortex (Barber, Ursu, Stenger, & Carter, 2001; Milham,
Banich, Claus, & Cohen, 2003), the parietal cortex (Dodds, Morein-Zamir,
& Robbins, 2011; Olesen, Westerberg, & Klingberg, 2004), and the striatum
(Lewis, Dove, Robbins, Barker, & Owen, 2004; Robbins, 2007).

SENSITIVITY OF PREFRONTAL CORTEX AND EFs TO
EMOTIONAL, SOCIAL, AND PHYSICAL ASPECTS OF LIFE

Prefrontal cortex is the newest and most vulnerable region of the brain.
If you are sad or stressed, lonely or socially isolated, sleep deprived, or not
physically fit, prefrontal cortex and EFs suffer first and most. Conversely, you
show much better EFs when you feel emotionally and socially nourished and
your body is healthy.
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Friedmann, & Thomas, 2010; in their own homes/neighborhoods, Bryant,
1985; or general distress [e.g., bad dayl, McNicholas & Collis, 2001). Pets
(especially dogs) also act to mediate stress levels in children with insecure
attachment relationships (Beetz, Julius, Turner, & Kotrschal, 2012; Beetz
et al., 2011). There are indications that just having an animal in the room
reduces anxiety, allowing energy to be used more constructively for the tasks
at hand. An increasing body of evidence shows that HAIs have a positive
influence in the workplace. For example, dogs in the workplace have been
found to reduce employee stress and increase team cooperation (Barker,
Knisely, Barker, Cobb, & Schubert, 2012).

HAI IMPROVES MOOD AND GIVES JOY

Animals, especially dogs, express such exuberant joy on seeing their
owner or someone familiar that it cannot help but make the recipient, and
often observers, happy as well. Baby animals are so cute that they often bring
smiles to our faces. To see the joy of animals when they are playing or out-
doors running can also lift a person’s spirits. An animal will sometimes explic-
itly try to lift someone’s spirits by licking or nuzzling the person. HAI can help
us see ourselves as better people (“If Boxer is so happy to see me, maybe I'm
not so bad after all"), causing us to feel happier about ourselves. When we
give an animal joy (e.g., by petting his coat, rubbing his belly, or giving him
exercise), we get the great sense of pleasure that comes from making someone
else happy, and it seems to take so little to cause an animal joy.

The presence of a dog in the classcoom has been shown to help children
exercise better EFs and perform better academically. That effect is credited
to the dog reducing stress and improving the mood of the people in the class-
room (teacher and students), allowing energy to be used more constructively
for the tasks at hand. Preschoolers require fewer instructional prompts, are
better able to keep their attention focused on their work, make fewer errors,
and work more efficiently when there is adog in the classroom (Gee, Church,
& Altobelli, 2010; Gee, Crist, & Carr, 2010; Gee, Harris, & Johnson, 2007).
The presence of an animal has also been shown to help children with cogni-
tive impairments (Nathanson, 1989; Netting, Wilson, & New, 1987), perva-
sive developmental disorder (Martin & Farnum, 2002}, and Down syndrome
(Limond, Bradshaw, & Cormack, 1997) sustain focused attention longer.

Equine therapy (also known as hippotherapy) can provide children who
have physical challenges (e.g., who cannot walk unaided or are normally con-
fined to a wheelchair) with a sense of autonomy and accomplishment (“I can do
this!") and provide them with a sense of pride as they sit tall, heads above those
standing on the ground (All, Loving, & Crane, 1999; Granados & Agis, 2011).
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