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7. LEARNING AND REMEMBERING -
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1. INTRODUCTION

BOX 9.1 (cont'd)

FIGURE 9.1  The reconstruction of the damage to Phineas Gage’s head from the tamping iron. (A)

The actual skull of Phineas Cage is on display at the Warren Anatomical Museum at Harvard Medical
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9. DECISIONS, GOALS, AND ACTIONS

BOX 9.3

Mitror neurons. This fascinating discovery
by Rizzolatti et al. blazed into neuroscience
glory in the 1990s and has fueled revised
motor theories of mammalian cognition for
monkey and man ever since,

What is a mirror neuron and why is it so
captivating? Here is the description of the
mirtor mechanism in the scientists’ own words:

Mieror neurons are a distinct class of
neurons that discharge both when individuals
perform a given motor act and when in-
dividuals observe another person performing
& motor act with a similar goal. Mirror neu-
Tons were first discovered in the ventral pre-
motor cortex (PMv) of the macaque monkey
{area F5) (1, 2, 3). Neurons with mirror prop-
erties have subsequently been found in many
brain cortical areas of monkeys and other
species, including humans.

The discovery that a farge number of
cortical areas that are involved in the
production of certain motor behaviours
selectively respond to those behaviours

PMd,

IFG and P!\"lvI

PROBLEMS FOR THE MIRROR NEURON THEORY OF
ACTION UNDERSTANDING

FIGURE 9.23  The human grasping-observation network. A metaana
grasping-action observation fimction shows left (on the left side) and ri
activation in the inferior frontal gyrus {IFG), ventral premotor cortex
(PMd), the parietal area F (PF), intraparietal sulcus (IPS), sup
middle temporal gyrus (PMTG). Source: Rizzolatti and Sitigaglia (2016).

irrespective of whether they are being
performed or observed indicates that the
mirror mechanism, far from being a spe-
cific characteristic of the Premotor cortex,
is a basic principle of brain Functioning,
This statement becomes less surprising
once it Is acknowledged that the brain
acts, first and foremost, as a planning and
control system for organisms whose main
job is exploring their surrounding world
and facing its challenges and that are able
to catch positive opportunities and escape
threats. (4}, p. 757,

According to Rizzolatt et al., during action
observation, the mirror neurons encode not
just the actions themselves—finger and hand
movement, for example—but the action goals,
That is, these neurons encode the auttcome of
the action. In humans, brain areas involved in
the grasping-observation network of the
mirror neuron system include inferior frontal
gytus, dorsal premotor cortex, and parietal
and temporal lobe areas (Fig. 9.23).

Prid

- IFG and
PMv

lysis of many investigations of the
ght (on the right side) herisphere
(PMv), the dorsal premotor cortex
erior temporal sulcus (5TS), and posterior

W
New
forth
enori
studi
metl -
ing ¢
infere

On
wrot
probie
Linde
(2009
literat
again

cac
gef
the
exa
the
ron
Stal
evic
test
mal
(5),
Hic
with
studies
to the -
Here t
read tt
Higl
Theory
and Mt

1
mirp
2
viar



4. NEUROIMAGING THE EXECUTIVE BRAIN

309

BOX 9.3

(cont'd)

enormous outflow of interest,

inferences.

against the theory. In his words:

The discovery of mirror reurons in ma-
caque frontal cortex has sparked a resur-
gence of interest in  motor/embodied
theories of cognition. Thig critical review
examines the evidence in support of one of

rons provide the basis of action under-
standing. it is argued that there is no
evidence from monkey data that directly
tests this theory, and evidence from humans
makes a strong case against the position.
{5), p. 1229, ' .

read the entire review. If is an education.

and Humans:

1. There is no evidence in monkeys that
mirror neurons support action understanding

2. Action understanding can be achieved
via norunirror neuron mechanisms

e

While, as we stated above, the Mirror
Neuron Theory of Action Understanding put
forth by Rizzolatti et al. has sparked an
replication
studies, and new lines of research, it has also
met with some pushback by scientists look-
ing carefully at the observed data and their

One of these scientists, Greg Hickok,
wrote a critical review article entitled "Eight
problems for the Mirror Neuron Theory of Action
Understanding  in Monkeys and Humans”
(2009). As the title states, Hickok reviews the
literature and comes away with a strong case

these theories, namely that the mirror nen-

Hickok steps through those eight problems
with the theory, carefully citing  specific
studies and assessing the findings with respect
to the theory. What are those eight problems?
Here they are briefly; wie encourage you to

Eight problems for the Mirror Neuron
Theory of Action Understanding in Monkeys

3. Ml [primary motor cortex} contains
intrror neurons

4. The refation between macaque mirror
nheurons and the “mirror system” in humang
is either nonparallel or underdetermined.

5. Action understanding in human dis-
sociates from neurophysiological indices of
the human “mirror system.”

6. Action understanding and action
production dissociate

7. Damage to the inferior frontal gyrus is
not correlated with action understanding
deficits.

8. Generalization of the mirror system to
speech recognition fails on empirical grounds,

Hickok's review is not only a good read
but also an excellent example of a truly
careful approach to science. The explosion of
enthusiasm and support for the appealing
mirror neurons and the action observation
theory has distracted the field from under-
standing their actual function in cognition,
The lack of sufficient scientific rigor in data
analysis and interpretation has confounded
the problem.

Again in Hickok’s own words:

Unfortunately, more than 10 years after
their {[mirror neurons) discovery, little
progress has been made in understanding
the function of mirror neurons. I submit that
this is a direct result of an overemphasis on
the action understanding theory, which has
distracted the field away from investigating
other possible (and potentially egually
important) functions. {5}, p. 1238,
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4.5 Rule Adoption

To navigate our way through our complex déily lives, it is critical to develop ways to
shortcut all the things that we need to plan for and carry out. Humans are wonderful rule
adopters; we develop and learn strategies for streamlining our busy lives. Like a strategic
plan or a schema, rules help us increase our efficiency. The Wisconsin Card Sorting test
(shown in Fig. 9.24) is a good example of the mental flexibility humans have in acquiring
rules and, importantly, in changing them when needed.

Neuroimaging studies of rule learning in PFC have shown that, in a manner similar to
attentional and working memory demands, neural activity in the frontal regions increases
with the complexity of the rule set to be learned or carried out (Fig. 9.25) (Bunge, 2004).

Neuroimaging studies have shed new light on the many and diverse operations carried
out—or directed—by the PFC, from paying attention to a stimulus in your environment,

monitoring how it is changing, to keeping something in mind, to complex decision-

making, Many of these processes are highly overlapping in time and neural regions, 50 we
are still elucidating which frontal lobe areas contribute to these processes. Although we are
still in the early stages of understanding just how and where executive processes are being
done in the PFC, converging evidence from neuroimaging studies are beginning to present
a clearer picture of PFC function.

We have discussed many functions of the frontal lobe, including voluntary attent'wl}
working memory, decision-making, and even your personality. What happens when this
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7. REWARDS AND MOTIVATION : 375

humans implicate the amygdala and the activation of B-adrenergic stress hormone Systems
during and after the emotional experience and memory formation. In a now-classic study,
Cahill and colleagues (Cahill, Prins, Weber, & McGaugh, 1994) investigated the memory
for an emotionally arousing story and an emotionally neutral story in human subjects who
were assigned randomly to one of two experimental groups: placebo—with ng medication
given, and propranolol—with a dege of propranolol hydroechioride given, which is a B-adren-
ergic receptor antagonist or B-blocker. Subjects in both roups viewed a slide show of either

well supported by more recent studies; however, a follow-up investigation by Cahill and
colleagues (Cahill, Uncapher, Kilpatrick, Alkire, & Turner, 2004) has shed new light on the

Brain Pathways for this reward-inducing experience include the ventral tegmental areg
(VTA), the NAc, and the PFC (Laviolette & van der Kooy, 2004) (Fig. 11.19). Doparnine
DA) neurons from the VTA project to the NAc and PFC: this is a main dopaminergic reward
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Sex-by-Hemisphere ANOVA

FIGURE 11.18 . Cahill and colleagues investigated the activation of the amygdala in a functional magnetic:
resonance imaging (IMRI) study of human subjects viewing pictures that varied in their emotional arousing ratings
from tranquil to highly arousing. The amygdala region was activated by the arousing pictures, as hypothesized, by
the ceniral finding of the study was a strong sex X fremisphere interaction. For men, the right hemisphere anmygdals was-
more activated for the emotional pictures however, for the women, the left hemisphere antygdala was more activated
{A) A coronal view of the brain activity in the amygdala for the men in the study (left panel) and the women in the
study (right panel). {B) Men and women showed a strong difference in amygdala activation. (C} Another view of
the hemisphere asymmetry for men versus women in this study. This view shows coronal slices of the brain pre-
senited in a horizontal presentation. Shown in the small boxes is (top panel) the difference in activation for Men versus -
~Women in the right amygdala and (bottom panel) the difference in activation for Women versus Men in the left
amygdala. This result has been replicated and reproduced by other experimenters, providing important new data 77
about sex differences in the brain bases of emotional processing. Source: Cahill et al. (2004). e

signaling pathway. DA neurons from the VTA project to the PFC: this is the mesocortical
pathway. They also project to the NAc: this is the mesolimbic pathway. Together, these two
reward pathways are called the mesocorticolimbic projection. DA meurons’ projections are
shown in Fig. 11.20. DA neurons also innervate the amygdala and the hippocampus.
GABA neurons can inhibit the DA projections. These DA and GABA pathways form a highly
complex circuitry underlying our feelings of reward, motivation, and craving,

In addition to the naturally occurring rewarding experiences that produce DA, there ate
many other DA inducers: they include nicotine found in cigarettes, alcohol, and many drugs
of abuse including cocaine. When these systems and pathways are functioning in a healthy
way, they provide the brain bases for motivation and reward that influences our behavior
in many positive ways. However, when these systems are altered or impaired, they can
lead to addiction and mood disorders, discussed later in this chapter.
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