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2 1 Neuroscience and Human Motivation
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Abstract

Recognizing the potential for interdisciplinary research in motivational neuroscience,
the goal of the present chapter is to show the relevance of neuroscience research
to human motivation researchers and to suggest ways to expand their programs

of research, methodological options, and theoretical conceptualizations of the
motivational constructs with which they work. To illustrate the neural bases of
human motivation, we highlight 13 key motivation-relevant brain structures, identify
the neural core of reward-based motivated action, and discuss a range of brain-
generated motivational states that extend from those that are relatively automatic
and stimulus dependent (e.g., pleasure from taste) to those that are relatively
intentional and context sensitive (2.9., goals). We then examine the following 10
well-researched concepts from the human motivation literature to suggest how
each might be enriched through neuroscientific Investigation: agency, volition,
value, Intrinsic motivation, extrinsic motivation, flow, expectancy, seif-efficacy,
self-regulation, and goals. We conclude with suggestions for future research.
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Introduction skepticism are in che air when human morivation
“The “and” in the chaprer ritle is importang, as it~ fesearchers sir down at the table with scuroscienrises
cefleces the conremparary view that human moriva to discuss collaborations and points of integration.
tion study and newroscience are two ditferent fields. A decade ago, Richard Mayer (1998) characier
That is, the people who study human modivation,  ized the relationship berween neuroscience and his

the journals they publish in, and che empirical  field cducatonzl psychology—rthrough the imag-
merhads they rely on are not generally populated by ey of dead-end, one way, and two-way stieets. e
a4 neuroscience focus, thuugh these same researchers characterized (and lamented) the rhen. present rela-
(and jousnale) recognize the potential conibution  tion berween neuruscicnce and his field as an inrel.
of neumscience 1o human motivation studyv, Neu-  lectwal landscape characterized by dead-cnd streets
roscicntists often study the samce content—the same  in which the two Liclds of study had lirrde in com

marivational constructs, though they routinely  mon and conrributed little to the ensichment of the
conceptualize these motivatiunal constructs more  other. He also observed (and again lamented) an

M,-mwl).. Nenroscientists also tend ro smudy hasic, intelleceual fandscape of ane-way strects o which
stimulus-driven motivacions, such as hunger, thist, — neuroscience rescarch was unidireccionally applied
plessure and reward, chough more complex moriva o educational psychology. For instance, newrosci-

tions (e.g., volition, self-regulation) arc also lnves-  cndists identified the limits ol hippocampal-based
tigated. Overall, exqual meususes of opimism and  short-ter memory (e.g.. cognitive ovedoad), and
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ducztional ;)s\'«.lz()ltrglsts revised their theories of
leurning and their recommendations for the design

of instruction accordingly (e.g., Ifaas, Tuevinen,

Tabbess, & Van Gerven, 2003).

The metaphor Mayer offered to enrich interdis-
ciplinary activity was that of a two-way sweet. In
this scenario, neurescicnce study influences mati-
vation research, while morivation study influcnces
neuroscience rescarch. Such a owo-way relationship
is only possible with the emergence and contribu-
tions of inrerdisciplinary rescarchers. Interdisci-
plinary rescarchers are those wha feel free and able
o rraverse nor only the landscape of their home
ficld of study bur alse the landscape of the allied
field. Several examples of such successful interdis-
ciplinary research have emerged, induding cogni-
tive neuwroscience {Gazzaniga, Ivrv, & Mangun,
2008), affecrive neurascience [Davidson & Sucton,
1995). sexial neuroscicace {Decery & Cacioppa,
2010), and neurosconomics {Loewenstein, Rick, &
Cohen, 2008).

Ihe goal of the present chapter is to embrace this
rwn way street imagery and, in doing so, embrace
the potential value in interdisciplinary motivationsal
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neuroscience. If interdisciplinary motivational neu-
roscientisrs are to become a critical mass of scholars,

rescaschers in both felds will need to consider

merits of reengineering thoe otherwise one-way
and dead-end streers into rwo way streets ol infor-
marion, methodology. 2nd theory development, To
lacilitate such progress in the present chapter, we hrst
overview the neuroscience rescarch thac is broadly
redevant to probably all contemporary  human
mortivation study as we illuminate the biological
auhstrates of human morivation, We then address
conceprual poinrs of convergenee and divergence
hetween neutoscience and human morivation study
acmss the following [0 [requenty studied moriva-
tiomal construcrs:
motivation, extrinsic motivation, Aow, expecrancy.

amency, volition, value, intrinsac

self-efficacy, self regulation, and goals.

Any new fidd of study {c.g,, motivational netrosci-
ence) necessarily beginswirh description and taxonomy.
In thar spirit. Figure 21,1 lises 15 key brain structures
icdentilied by ncuroscience research as mos

evant and illusrates the anatomic locadon for cach.

tion rel

Five structures reside within the nencortex: prefrontal
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prefruntal cortes, oebitofronzal cortex, and anreriorcin.
gu.l:nc corex. Six structures reside with the basil gan-
glia: dorsal striatum - cusdate nudews and putamen,
ventral sutatum—nucleus accumbens, globus pallidus,
venral regmental area, substantia aigra, and ventral
palladium. And four srucrures reside wathin the -
bic system: amygdala, hypothalamus, hippocampus,
and insular contex. It is with chese 15 brain sruc-
tures that we will illuserare the nourzl bases of human
maotivation.

When defined in the conrexr of behavioral sdi-
ence, mativation woncerns the study of all thase
processes thar give hehavior its encrgy and ditec-
ton (Reeve, 2009). In neuroscience, morivation
is generally conceptualized ax encegy for behaviors
telated to obraining rewarding srirmuli or situa-
rions (Mogenson, Jones, & Yim, 1980; Robbins &
Everitt, 1996). Thatr which energizes hebavior is
subscribed o a2 rather narrow set of ncural pro-
cesses, such as those in the mesolimbic dopamine
system, While rhese basic neural procasses energize
behavior, the sources chat activare these hasic neu-
ral processes are many (c.g., natural rewards, social
rewwds; Berridge, 2004; Berridge & Robinson,
2003; Wise, 2004 ). In the next section, we summa-
rize the basic subcortical neural core that encrgiacs
reward- relared acrion. Onee done, we overview the
more specific types of mativarion thar acrivate thow
basic subcorrical neural proceses.

Neural Corc of Reward-Based
Motivated Action

From a biolugical perspective, the role of rewand
in motivation is fundamental. It is undamental to
survival, to learning, to well-being, and to the gen
cration of gnal-directed eHort {Schwelie, 2000). ‘The
energization or gencration of goal-direcred efforr
(motivared acrion} follaws from and is dependent
on first extracting reward-1elated information fom
environmental objects, evenrs, and circumstances,
and this reward-related information consists largely
of the relcase of the neurorransmirter dopamine
(Rerridge & Kringcbucl:, 2008).' The reward-
related information thar people extract from ther
surroundings indudes the presence and availabiliry
ol reward, the value of the available reward, the pre-
dicrability of the reward, and the costs associared
with wying to obrain thar reward.

Tn addition. repanted experiences with objects
andd ¢venes allow people ro form mental zepre-
sentations in which these covironmenral stimuli
come to sipnal reward information in a prodictive
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fashion. In this way, past reward-refated information
belps cscablish an anticiparory morivational value
of objecrs and events. Reward receipt and reward
expectation both involve neural activarions thar oyp-
ically give rise to plesant feclings and 2 good wood
and, hence, to the subjecrive sxperiences of pleasure
ancd positive affect (at least in humans). This same
reward-related information also serves as the basis
of furure goals, which are mental representations ol
sought-alier (reward-eelated) environmental events.
In addition, when rhe reward values of mulaple
environmental cvents are compared, people show
preferences {in terms of choice and e amount ul
cllore expended) for different abjects and evenss.
Hence, hiologically experienued rewand serves as
the basis not only for reward hur for the additional
macivational construces of value, expectancy, plea-
surefaffect, zoal, and preference.

The neural substrates of this dopaminegic family
of reward-based motivational states appear in Figure
21.2. The nenral core of goal -dirccted mottvatad action
is the pathway from the mortivarion-generaring dop-
amine systemn to the moveanaat-preparation and
behavior-generating supplementary mortor area and
premacor cortex (see right side of Fig. 21.2). Widhin
the phrase “mortivared acrion,” the Dapamine axtan
box represents the fundamental core of “motivaced”™
while che Substansia nigr, glabus pallidis box rep
resents the fundamental e of “zcion.” Feeding
into this basic reward processing core are 2 nurnher
of brain arcas that process reward informarion by
releasing dopamine, such as responsiveness Lo naturad
rewards [hypothalamus), the particular characreris
tics of any one particular reward in the limbic regions
{¢.g.. amygdala), and the interoceptive informartion
of rewards in rhe limbic relaced regions {e.g., insular
cortex) as well as responsiveness to the values (and
relarive values) of various rewards {orbitolronal cor-
tex), the mental representation of reward as a goal
object {dorsolareral prefrontal cortex), and executive
control over goud-dirccied action (anterior cingu-
Lute cortex). In addirion, as depicred in the boldface
daublesided arrow on the lefi-hand side of the
fizure, reciprocal relarions connect the limbic regions
with the prefrontal cortex as limbic regions gener-
ally feed-forward projections into the prefronel
cortex while preftoatl regions generally feed-back
projections to the varions limbic regions. Lastly, as
depicted in the six double-sided arrows in cthe center
of the figure, reciprocal relations connect the dop-
arnine system with the limbic regions and prefrontal
COrex,

REEVE, LEE 167

IVISI0LL 1232 25 AM

®©




@)

|
|

/' Limhic Regions
Hypodhabarny

Hogmind o rasard soware

AMYCDALA — .
Resganadoe o pastiealar soware dursaeroie Dopamine syecm \
[o— p— Vearal wpmencd arcs Wil Yoy
\ Reprovastans of n.--'-.:d wates of rewands. Redwy asharmsains of iraaih lnstianin é LRI
= - ﬁ’ : - Thoe banl pasphka wnarers projec
I Vi —- l— ot il e s guplrandal inadie s,
STRIATIM
- ¢ nppkexrral rmoece arcs asd e
/ Prefrontal Corsea '\ Barpocuens 1 wfoamainns of s aladiry o gasne WA A8 indens
Ovbitidivnsel Camies * Mcicea cuziacm s o oe ot
Kepeauive re the vabos of roamds: i Condeie Muikese
o prrbernars ledwven oA = Frssweens

=/

Demaluccral Pecfroawd Coerex
Nuresl mpecwarrten of nowasd ar 2 poal shyac.

Azcrwoe Cangalare Cortes l
!u‘nfc— wmnindl of goabdrecrd stae. )

L/

Fig. 21.2 Nevaral coee of rewsod-luows] sotivated action.

Sources of Reward-Based Motivation

It is important to understand the nature ol
various biological sources of motivation (depicted
on the lefr-hand side of Fig. 21.2) becuse dilfer-
ent sonrces of motivation lead 1o differenc types
of motvation. For instance, some sources of
motivation are implicit and objeccive (¢.g., cthirst,
hunger), while other sources are more conscious
and cognitive {e.g.. ultimate goals). As we will
see, the types of mortivation induced by relatively
implicit and objective sources tend to generare
rather automaric morivarional states, whereas die
types of motivation induced by more conscious
and cognitive sources tend ro be rather rational
motivational states. Accordingly, o classify and
o understand the different rypes of biologically
penerated morivarional states, we need o chink
carclully about (1} what che sources of rhe mori
vational stae are, (2) how much the source of the
morivational state is implicic and objective {versus
explicit and engnirive), and (3) huw much the var-
ious sources of morivarion conflice when sources
of morivarion are divergent. Bused on cthese con-
siderations, we present four secrions to illustrate
a range of brain-gencrated motivational staces
thac cxcend from those rthar are largely subcort-
cal, relacively automatic, and stimulus dependent
(c.g.. pleasuse from taste) to those rhar are largely
cortical. intentional, and context sensidve (e.z.,
personal scaivings).

Relasively Autamatic Motivational States

Neurescientific approaches o modvation do
a particularly good job of explaining relativey auto-
matic homeostatic mocivational processes chat are
driven by ingesribles {or consumables), such as tood
and water. [nguested subscances are naoural rewards
(e.g., food. water) that play a key role in energizing,
consumatory behaviors chac then lead to changes in
hameostatic amd hedonic motivational sees, These
mudvational states are closely monirored and regu-
lated by subcorticil limbic structuzes (Saper, Chou,
& Llmquist, 2002), as the hyparhalamus plays an
imporant role in relatively automaric consumarory
behavior while the dopamine-based mesolimbic sys
tem plays an importnd wle in leaaed instrumental
behaviors. Homeostatic mortivational stares such as
hunger {appesite} and satiery arise rather automati-
aally (and reliably) from cooperative networks dis-
wibuted throunghoue the body. induding those in
the bruin (hypothalunus, mesolimbic system) buc
also thase in the endocrine/hormonal and auto-
nomic systems (Powley, 2009).

Thirst is a brain-generated motivational state that
arises when people physiologically need to ingest
water to miintain adoguate Buid balance chrough-
out the body, Reduced warer generates thirst —the
Urge o ingest walet, and the bodys remarkable
constancy of intracellular and exeracellular water
is regulared by neural, hormonalfendocrine, and
behavioral mechanisms {McKinley, 2009}, Though
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