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Overview of Neuroscience

“Scientists have learned more about the brain in
the last [few decades] than in all previous centu-
ries because of the accelerating pace of research
in neurological and behavioral science and the
development of new research techniques.”
(NINDS, 2014, Introduction section, para. 2).
The advances in our collective understanding of
neuroscience have direct relevance to consumer
finance as it relates to making financial decisions.
Other researchers have previously written sum-
mary articles to aid interested readers in better
understanding the application of neuroscience to
economics, commonly called neuroeconomics
(see Camerer, Loewenstein, & Prelec, 2004;
Goetz & James, 2008; James, 2011). To better
understand this line of research and its methods,
a brief overview of the brain is provided.
Although the brain is very complex, a simplified
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categorization of some of the main components
and their primary functions can provide some
helpful context.

A few of the main components of the brain are
the brain stem, the cerebellum, and the cerebrum
(Lundbeck Institute, 2011; NINDS, 2014). The
brain stem connects the spinal cord to the brain,
and the cerebellum is on the back of the brain
stem. The brain stem and cerebellum are primar-
ily responsible for vital functions of the body,
including breathing and circulation (Lundbeck
Institute, 2011; NINDS, 2014). However, these
functions are less involved in making financial
decisions. As such, most neuroscience research
related to financial decision making focuses on
components related to the cerebrum.

The cerebrum includes two hemispheres,
known as the right and left hemispheres. Each
hemispehere comprises four lobes, with each
lobe having a relatively greater involvement in
specific functions (Lundbeck Institute, 2011;
NINDS, 2014). The foremost lobe, just behind
the forehead, is the frontal lobe. Among other
functions, the frontal lobe is involved in plan-
ning, logic, and the integration of inputs from
other parts of the brain (NINDS, 2014). Just
behind the frontal lobe on the top of the head is
the parietal lobe, which is primarily involved in
sensory input, especially touch, movement, taste,
and smell (NINDS, 2014). On each side of the
brain, below the parietal lobes and behind the ears
are the temporal lobes. Among other functions,
the temporal lobes aid in auditory processing and
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memory formation (NINDS, 2014). The temporal
lobe is also involved in emotion (Lundbeck
Institute, 2011). The fourth lobe, the occipital
lobe, is located in the back of the cerebrum. The
occipital lobe is involved in visual processing
(NINDS, 2014).

The outermost layer of the cerebrum is a thin
layer of tissue known as the cerebral cortex or
gray matter (Lundbeck Institute, 2011; NINDS,
2014). The cerebral cortex is where most informa-
tion processing takes place (NINDS, 2014).
Information processing, therefore, largely takes
place on the surface of the brain. In order to
accommodate more surface area within the con-
fined space inside the skull, the cerebral cortex is
quite wrinkled (Lundbeck Institute, 201 1; NINDS,
2014). Not surprisingly, neuroscience research
related to financial decision making often focuses
on functions and processing performed in the
cerebral cortex of the frontal lobe. A common area
of focus in these studies is the prefrontal cortex
and its subcomponents within the frontal lobe.
For example, activation of the medial prefrontal
cortex (mPFC) is associated with high-level rea-
soning and a measure of strategic reasoning
(Coricelli & Nagel, 2009). Activation of the ven-
tromedial prefrontal cortex (vmPFC) is correlated
with making judgments about the values of goods
and services (De Martino, O’Doherty, Ray,
Bossaerts, & Camerer, 2013).

Near the center of the brain beneath the cere-
bral cortex, and still considered part of the tempo-
ral lobe, is the limbic system (Lundbeck Institute,
2011). The limbic system is involved in connect-
ing the cerebrum with the brain stem and other
parts of the brain. Although the limbic system
serves as a pathway among major components of
the brain, the limbic system is also involved in
memory formation and emotional responses and
processing (Lundbeck Institute, 2011; Phan,
Wager, Taylor, & Liberzon, 2002). Some of the
specific parts of the brain often included as part of
the limbic system include the orbitofrontal cortex
(O’Doherty, Kringelbach, Rolls, Hornak, &
Andrews, 2001), the amygdala, and the insula
(Dreher, 2007). These structures within the limbic
system are involved with emotion and are often
the subject of neuroscience research related to
financial decision making.
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Neuroscience Research Methods

Neuroscience research methods can vary depend-
ing on whether the researchers are focusing on
the structure or the function of neurological com-
ponents. They can also vary depending on their
degree of invasiveness. Modern neuroscience
research methods include a large variety of tech-
niques, most of which can be grouped into four
main types: case studies, descriptive studies,
manipulative studies, and screens (Carter &
Shieh, 2010). Case studies in neuroscience often
involved the intense study of an individual who
experienced an event that cannot, or should not,
be repeated (Carter & Shieh, 2010). A famous
neuroscience example of a case study is that of
Phineas Gage, who miraculously survived a trau-
matic lesion of his frontal lobe. Descriptive stud-
ies focus on observing neurological properties,
whereas manipulative studies examine the effect
of experimentation with neurological processes
(Carter & Shieh, 2010). Screens attempt to iden-
tify the role of various neurological components
on a particular process (Carter & Shieh, 2010). In
other words, screens are commonly employed
when focusing on the function of one or more
neurological components.

The neurological study of financial decision
making builds upon previous research employing
methods in each of these four types. An under-
standing of the structure of the brain and the pri-
mary functions of its components is requisite to
have any hope of gaining additional insight about
the neurological processes involved in making
financial decisions. However, research investi-
gating financial decisions often employs a screen
method, where researchers attempt to identify
which areas of the brain are employed when per-
forming a particular financial task or decision.

Arguably the most common category of screen
methods used in neuroscience research related to
financial decision making is whole brain imag-
ing, where researchers attempt to capture images
of the entire brain in order to analyze what struc-
tures of the brain are used when making specific
decisions. James (2011) provides a helpful over-
view of some of the neuroscience methods com-
monly used in consumer finance, including the
electroencephalogram (EEG) and functional
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magnetic resonance imaging (fMRI). James
(2011) also highlights the advantages and disad-
vantages of these methods.

Presently, much neuroscience research related
to consumer finance employs fMRI methods.
When an area of the brain is used, neurons in that
area fire, and oxygen is burned. Subsequently,
the body increases the flow of blood to that
region, resulting in a rush of oxygenated blood.
Deoxygenated blood has a stronger attraction to
magnets than oxygenated blood. As such,
researchers can identify which areas of the brain
are being used at a particular time by noting the
fluctuations of the paramagnetic properties of
brain regions in the images. Different parts of the
brain are activated to process information
depending on the particular task being performed,
and researchers hope to gain insight about the
decision-making process by identifying which
regions are employed for a particular task (for a
lengthier discussion of fMRI research methods,
see Friston, 2003; James, 2011).

The Dual-Self Model

The dual-self model (Fudenberg & Levine, 2006)
can be a helpful framework to understanding
neuroscience research related to financial deci-
sion making. Similarities to the dual-self model
can be seen in the areas of the brain described
previously. Some parts of the brain focus more
on the rational, cognitive, higher-level process-
ing, and some parts of the brain are more involved
in emotional processing.

The dual-self model has been described in a
variety of ways, each emphasizing similar yet
different aspects of two selves within the mind.
Others have described the idea of two distinct
systems as the planner-doer model (Thaler &
Shefrin, 1981), the affective and deliberative
systems (Loewenstein & O’Donoghue, 2004),
the System 1 and System 2 model (Kahneman,
2011), the cognitive-experiential self-theory
(CEST) (Epstein, 1994), and the elephant-rider
analogy (Haidt, 2006; James, 2011). The CEST
theory and the elephant-rider analogy provide a
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good introduction to these models and are
described in more detail here.

CEST characterizes a dual system that com-
petes for control of consumer’s actions and infer-
ences. CEST emphasizes two interdependent
systems of information processing which are
defined as rational and experiential processing
(Epstein, 1994). The rational system is logical,
analytic, and involves a conscious appraisal of
events. The experiential system involves precon-
scious, impulsive processing. Processing in the
rational system is slower, and action is more
delayed, compared to the experiential system.
Although the rational system is described as
rational, decisions from the rational system are
not always rational. Optimal decisions may actu-
ally originate from the experiential system (e.g.,
consider “fight” or “flight” responses). The term
rational is used to capture the idea of higher-
level cognitive processing.

James (2011) provides a helpful overview of
the dual-self model by describing it as an ele-
phant and a rider. The elephant-rider model is an
analogy first introduced by Buddha that Haidt
(2006) also uses to describe the mind. They argue
that human cognition is less like a computer sys-
tem and more like a rider on an elephant’s back.
The rider represents the rational system. The
rider is slow, thoughtful, and has the perception
of control. However, the elephant, which repre-
sents the experiential system, is stronger, quick,
and reactive. If desired, the elephant has the
power to supersede the rider’s decisions.

The rational and emotional systems within our
brain are both beneficial and work in tandem with
one another. For example, the quick responses of the
emotional system can be helpful in finding quick
resolutions to unimportant decisions, like when to
schedule a meeting (Damasio, 1994). Damasio
(1996) expands on this idea as part of his somatic
marker hypothesis. The somatic marker hypothesis
states that emotional processes can guide reasoned
decisions (Bechara & Damasio, 2005), which may
or may not result in more advantageous decisions
(see Bechara, Damasio, Tranel, & Damasio, 1997,
Damasio, 1994; Shiv, Loewenstein, Bechara,
Damasio, & Damasio, 2005).
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Neuroscience Research Related
to Consumer Finance

What follows is a description of some of the
findings of neuroscience research that are related
to various aspects of consumer finance and finan-
cial decision making. Some of this research iden-
tifies specific areas in the brain that are used
when making various financial decisions. Other
times, the research identifies aspects related to
the cognition involved in making financial deci-
sions. In other words, the cited research may
focus on the structural use of the brain or the
functional use of the brain.

Purchase Decisions

Knutson, Rick, Wimmer, Prelec, and
Loewenstein (2007) investigate the areas of the
brain that are involved with purchase decisions.
While participants were lying in an fMRI
machine, they were shown a product, followed
by a price for that product. After the price was
displayed, they were presented with an option to
purchase the product for the specified price.
Product preference activated the nucleus accum-
bens (NAcc), which plays a role in learning,
reinforcement, rewards, and gain prediction.
Prices that were perceived to be excessive acti-
vated the insula and deactivated the mPFC prior
to the purchase decision. The insula is associ-
ated with the anticipation of physical pain, neg-
ative arousal, and loss prediction. The mPFC is
associated with perceptions of value, gain out-
comes, and gain prediction errors.

Noteworthy in this research is that excessive
prices activate the region of the brain that is also
involved in experiencing physical pain.
Individuals also activate the reward center of their
brain when they have a preference for a product,
suggesting that the anticipation of receiving a par-
ticular good is rewarding and that utility from
consumption can begin before a good is con-
sumed. Taken together, these findings suggest
that paying for goods activates the pain area of
the brain, while the anticipation of consumption
activates the reward center of the brain. In other
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words, these findings suggest that individuals
consider not just the satisfaction they might derive
from consuming a particular good, but they also
consider the pain they experience when the price
is excessive. Utility, therefore, may be viewed as
the net result of anticipated satisfaction from con-
sumption after accounting for the pain of paying.
For additional insight about the pleasure-seeking
reward system and the pain avoidance system in
the brain, see Peterson (2005).

The Framing Effect

The framing effect is a cognitive bias in which
consumers construct different representations
based on how situations are presented. A common
example of the framing effect is the tendency for
consumers to avoid uncertainty when it is framed
as a gain but seek uncertainty when it is framed as
a loss (Tversky & Kahneman, 1981). Greater cog-
nitive effort is expended when individuals select
an uncertain gain compared to a certain gain
(Gonzalez, Dana, Koshino, & Just, 2005).
However, there is no difference in the cognitive
effort expended when someone selects an uncer-
tain loss or a certain loss (Gonzalez et al., 2005).
Brain activation in the prefrontal and parietal cor-
tices during these decisions about uncertainty
suggests that working memory and imagery are
involved in the process (Gonzalez et al., 2005).
Activity in the orbital and medial prefrontal corti-
ces predicts a reduced susceptibility to the fram-
ing effect (De Martino, Kumaran, Seymour, &
Dolan, 2006; Kahneman & Frederick, 2007). In
other words, individuals with more activation in
the areas of the brains associated with higher-
level processing are less susceptible to the fram-
ing effect.

These findings provide support for a cognitive
explanation for the framing effect. In other
words, the framing effect appears to be more than
merely a mental game but rather the framing
effect can impact the cognitive processes
involved in making decisions. Further, individu-
als may be attempting to visualize the outcomes
of their choices, which may be difficult to do
when the outcomes are uncertain.
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Loss Aversion

Loss aversion is the tendency for individuals to
overweigh losses compared to similar gains, rela-
tive to an arbitrary reference point (Kahneman &
Tversky, 1979). The amygdala plays a key role in
processing losses (Bechara, Damasio, Damasio,
& Lee, 1999; Breiter, Aharon, Kahneman, Dale,
& Shizgal, 2001). Two individuals with focal
bilateral amygdala lesions displayed a dramatic
reduction in loss aversion during a series of mon-
etary gain and loss gambles (De Martino,
Camerer, & Adolphs, 2010). Loss aversion also
correlates with amygdala activity in response to
losses relative to gains under mixed gambles
(i.e., the outcome could be a gain or a loss)
(Sokol-Hessner, Camerer, & Phelps, 2013).
Trepel, Fox, and Poldrack (2005) propose that
the anticipation of a loss (e.g., selling a product)
evokes negative emotion whereas losing money
(e.g., buying a product) does not. The amygdala is
not active when consumers estimate purchase
prices; however, the amygdala activates when
consumers estimate sale prices, which may indi-
cate a stronger sense of loss aversion when selling
goods one already possesses (Reimann, Schilke,
Weber, Neuhaus, & Zaichkowsky, 2011). Since
consumers also experience a loss (i.e., money)
when they buy a product, these findings may seem
counterintuitive. However, consumers tend to
value items they possess more than similar items
they do not possess, which is known as the endow-
ment effect (Kahneman, Knetsch, & Thaler, 1991).
As a result, consumers who understand the ten-
dency to systematically overvalue items they pos-
sess can adjust their expectations accordingly.
Distinct neural mechanisms help consumers
anticipate gains as compared to losses
(Khoshnevisan, Nahavandi, Bhattacharya, &
Bakhtiary, 2008). More specifically, risk-seeking
decisions (e.g., gambling in a casino) and risk-
averse decisions (e.g., buying insurance) may be
driven by different neural systems. An anticipa-
tion of reward can lead to an increase in the like-
lihood of consumers switching from risk-averse
to risk-seeking behavior, which might explain
why casinos surround their guests with cues
such as inexpensive food, free alcohol, and
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advertisements for large jackpots (Khoshnevisan
et al., 2008).

Neuroscience also provides guidance on over-
coming loss aversion. When consumers perceived
their monetary choices as part of a holistic pro-
cess, instead of viewing it in isolation, they reduce
their loss aversion (Sokol-Hessner et al., 2009).
Sokol-Hessner et al. (2009) defined the holistic
approach as emphasizing choices in their greater
context, such as by creating a financial portfolio.
For a lengthier review of the neuroscience litera-
ture related to loss aversion, see Rick (2011).

Risk Tolerance

Many studies find that men tend to have higher
levels of risk propensity than women (Croson &
Gneezy, 2009; Dohmen et al., 2011; Powell &
Ansic, 1997), but the underlying reason is largely
unknown. Zhou et al. (2014) find evidence that
the resting-state neural correlates of risk propen-
sity may differ between men and women. These
findings provide a neural explanation for a well-
known gender difference. Understanding that
men and women neurologically process risky
decisions differently can impact the approach
taken to discuss risk and properly account for it in
financial decisions.

Hyperbolic Discounting

McClure, Laibson, Loewenstein, and Cohen
(2004) provide a possible neural explanation for
hyperbolic discounting. They hypothesize that
“short-run impatience is driven by the limbic
system...whereas long-run patience is mediated
by the lateral prefrontal cortex...” (McClure
et al., 2004, p. 504). The ventral striatum (vStr),
medial orbitofrontal cortex (mOFC), medial pre-
frontal cortex (mPFC), posterior cingulated cor-
tex (PCC), and the left posterior hippocampus all
activate more in the presence of immediate
rewards. An interaction also exists between
choice and brain areas, where greater activation
in the limbic system is associated with choosing
early, while the limbic system has less activation



332

(relative to areas involved with all decisions)
when the delayed reward is chosen.

These results suggest that hyperbolic discount-
ing may merely be the manifestation of the dual-
self model within every consumer. Emotions
tend to dominate decisions in the near future,
whereas emotion plays less of a role in delayed
rewards. As a result, consumers may benefit from
making long-term decisions while those deci-
sions are still in the future. For example, the Save
More Tomorrow"™ savings program developed by
Thaler and Benartzi (2004) finds that individuals
are more willing to increase future savings rates
than they are to adjust current savings rates. They
use this finding to develop a program that allows
employees to commit to increase retirement con-
tributions in the future, often when they receive a
salary increase.

Home-Country Bias

Retail investors and fund managers tend to exhibit
a home-country bias (Strong & Xu, 2003; Uppal,
1992). Home-country bias occurs when an indi-
vidual invests more heavily in companies that
operate in the country in which he or she resides.
When analyzing brain activity while making port-
folio choices between funds of different national
origins, home-country investment selections were
correlated with amygdala activity (Kenning,
Mohr, Erk, Walter, & Plassmann, 2006).

These findings suggest that loss aversion may
have a role in the home-country bias. Investors
may be averse to the uncertainty of investing in
companies in foreign lands. This uncertainty
aversion supports other findings that suggest that
individuals tend to invest more in companies
familiar to them (Huberman, 2001).

Financial Market Bubbles

Neuroscience also plays a role in investment
decisions. For example, researchers in one
study had participants engage in a market-trad-
ing simulation game (De Martino et al., 2013).
In some of the trials, the experiment resulted in
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a boom-or-bust type of investment bubble, where
the share price of the hypothetical asset increased
far above its intrinsic value. In other sessions, the
share price stayed near its intrinsic value. In all of
the trials, participants were asked to imagine they
were participating in the market, in which they
were to invest part of their $60 endowment.
Some of the subjects participated in the boom
and bust trials, whereas others did not. Increased
activity in the vmPFC was correlated with a
greater likelihood of riding a bubble but not cor-
related with purchasing additional shares at
inflated prices. During financial bubbles, partici-
pants experienced an increase in dorsomedial
prefrontal cortex (dmPFC) activity, which is
where inferences about others’ mental states are
processed.

These findings suggest that during a market
bubble, investors may think about why others are
investing. Alternatively, investors may view
the entire market as one collective mental state
(De Martino et al., 2013). Although projecting
others’ intentions may be helpful in other situa-
tions, doing so in investment decisions may be a
contributing factor to financial market bubbles
and their ultimate decline.

Mortgage Default Decisions

After the housing bubble burst in the late 2000s,
many homeowners owed more on their mortgages
than the home was worth, resulting in a negative
equity position. Many homeowners in this situa-
tion made the calculated financial decision to stop
making payments on their mortgage. However,
some homeowners did not exercise this option
and continued to pay their mortgages, even when
it would have benefitted them financially. Seiler,
Walden, and Lane (2012) investigate a neurologi-
cal explanation for how individuals make this
mortgage default decision.

A negative equity position is the primary eco-
nomic determinant in the decision to strategically
default on a mortgage. Most homeowners focus
on a negative equity position rather than the
potential loss of a down payment (and the repay-
ment of any principal) when deciding whether or
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not to default on the mortgage (Seiler et al., 2012).
Homeowners who have a significant negative
equity position have higher activation in the ante-
rior cingulate cortex, which is associated with
cognitive dissonance (Seiler et al., 2012).
Activation in the left lingual gyrus, which is
associated with autobiographical thinking, was
greater for homeowners who were more willing
to default (Seiler et al., 2012).

These findings suggest that when homeowners
are severely underwater, they may experience a
conflict between a moral obligation to honor a
mortgage contract and a desire to strategically
default on a poor financial investment (Seiler et al.,
2012). Homeowners who decide to default likely
engage in a lot of thinking about what that will
entail, how their lives will be different as a result of
defaulting, and how they can reconcile the decision
with their moral compass. Conversely, homeown-
ers who decide not to default are able to maintain
the status quo, which requires significantly less
self-reflection and does not create a dissonance
with their moral compass (Seiler et al., 2012).

Age and Financial Decisions

Weierich et al. (2011) provides a review of fMRI
studies regarding age and its impact on financial
decision making. Their main hypothesis is that the
use of affect (i.e., relying on feelings to guide
decision-making; following your gut reactions)
increases with age and likely contributes to sub-
optimal financial outcomes. They also highlight
that the hippocampus has a role in imagining what
the future will be like by combining elements
from the past (i.e., memory). The hippocampus
reduces in size and function with age, leading
older adults to be more general (i.e., less detailed)
in their future forecasts. The insula in older adults
is also activated less when anticipating losses.
Further, older adults have less activation in the
amygdala in response to negative pictures.

These findings suggest that the susceptibility
of making sub-optimal financial decisions
increases with age. As a result, consumers may
benefit from involving trusted children and/or
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other trusted family members in financial decisions
later in life. Also, consumers may benefit by
forming relationships with trusted financial pro-
fessionals earlier in life. By doing so, a consumer
can protect their future self from their future self
who may be more likely to make sub-optimal
financial decisions than their current self, family
members, or trusted professionals (with the
caveat that the trusted professional provides
quality financial advice).

Choosing a Financial Advisor

James (2013) investigated the role that profes-
sional financial designations have on an inves-
tor’s advisor selection decisions. Prior to
participating in a stock market simulation, par-
ticipants selected a financial advisor, some of
whom had the CFP® certification and others did
not. The simulation involved presenting a return
for the market (which could be a positive or neg-
ative return) and a corresponding return for the
participant’s investment portfolio. Depending on
the relation between the two returns, the impres-
sion was that the advisor may have underper-
formed or outperformed the market, or had a
return fairly similar to the market. At any point
during the simulation, participants were allowed
to change their advisor.

Changing financial advisors was more likely
to occur during periods of relative underperfor-
mance (James, 2013). When the selected advisor
did not have the CFP® certification, brain activa-
tion immediately prior to changing advisors was
greater in the dorsal anterior cingulate cortex,
which is associated with error detection, as well
as the inferior parietal and middle frontal gyri,
which are associated with number comparisons.
The findings suggest that individuals are more
likely to search for errors when their advisor does
not have a certification. They are also more likely
to make numerical comparisons of their advisor’s
returns to the market. Conversely, individuals
who select an advisor with a certification are
arguably more likely to trust their advisor and the
advisor’s abilities.
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Newest Research

Neuroscience research on consumer financial
decisions continues to move forward, and the new-
est research is yet to be published. For example,
Frydman (2014) uses neural predictors regarding
the role of the vStr in prediction errors. Using
these predictors, Frydman (2014) finds evidence
that social learning and relative wealth perceptions
play a role as peer effects in investing simulations,
providing neural evidence of the role of social
interactions in investment behavior.

Conclusion and Future Research

Developments in research methods have allowed
researchers to explore the neural aspects of mak-
ing various financial decisions. Much neurosci-
ence research on financial decisions uses fMRI
methods, largely to identify which parts of the
brain are being used when making a particular
financial decision, and to consider what functions
those regions of the brain tend to play. For exam-
ple, Knutson et al. (2007) finds that prices that
are perceived to be excessive activates the pain
region of the brain, whereas preferred goods acti-
vate the reward region of the brain. The results of
McClure et al. (2004) suggest that hyperbolic
discounting can be explained by the competing
priorities of the limbic system and the lateral pre-
frontal cortex. Other neuroscience research has
focused on investment decisions and the use of
professional financial advisors.

Neuroscience research has also analyzed
financial decisions involving risk and uncer-
tainty. For example, the results of Gonzalez et al.
(2005) suggest that individuals often try to visu-
alize the outcome of financial decisions, which is
hard to do when the outcomes are uncertain.
Sokol-Hessner et al. (2009) suggest that individ-
uals are less susceptible to loss aversion when
they view financial decisions in light of a greater
context, rather than focusing on the outcome of a
single financial decision. Zhou et al. (2014) find
evidence that gender differences in risk tolerance
may have a neural explanation.
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Despite all that has been discovered, the field
of neuroeconomics is still relatively new and
largely unexplored. Numerous new discoveries
are yet to be made. Ideas for neuroscience
research often spring from observing behavioral
anomalies and seeking a neurological explana-
tion for why individuals tend to exhibit behavior
that runs contrary to what would seem theoreti-
cally optimal. For example, insurance is a useful
financial tool, used to transfer the risk of cata-
strophic financial events, such as a premature
death, long-term disability, or substantial liability
claim. However, many individuals have limited
interest in insurance policies that provide protec-
tion from such catastrophic events (Kunreuther &
Pauly, 2004). Seeking a neural explanation for
this wide-spread underinsurance may be helpful
in identifying ways to improve the financial pro-
tection of consumers.

A similar situation exists regarding longevity
annuities. Many individuals would benefit from
having protection against outliving one’s assets,
yet relatively few people purchase longevity
annuities, or even have an interest in doing so in
the future (Guillemette, Martin, Cummings, &
James, 2016). A neural explanation analyzing
annuity purchase decisions may help financial
engineers design annuity products that are advan-
tageous yet more palatable to both the rational
and emotional systems in the brain.

Countless other research possibilities exist,
but one more is mentioned. Although researchers
may find neuroscience research fascinating and
intriguing, little is known about the efficacy of an
awareness of the workings of the mind. In other
words, does having an awareness of the existence
and functions of both the rational and emotional
systems within the brain help individuals make
more informed decisions? Exploring this ques-
tion would help neuroeconomic researchers bet-
ter understand the benefits of performing such
research.

A better understanding of the neuroscience
of financial decision making may help research-
ers and practitioners alike. Researchers can
arguably formulate more accurate frameworks
and models for their own analyses if they have a
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better understanding of how individuals make
financial decisions. Practitioners can apply
these principles in their work with clients by
educating their clients on their existence. When
making financial decisions, hired professionals
are often less emotionally involved in the deci-
sions and can help encourage more rational
arguments. Practitioners can also confront
unfounded emotional responses to financial
decisions. More directly, the reader may benefit
personally from having a better understanding
of how his or her own brain works as he or she
makes financial decisions.

About the Authors
Benjamin F. Cummings, Ph.D., CFP®, is an
assistant professor in the Finance Department at
Saint Joseph’s University in Philadelphia, PA,
where he teaches financial planning courses in
their CFP Board registered programs. He received
a B.S. in Psychology from Utah State University
and a Ph.D. in Personal Financial Planning from
Texas Tech University. While at Texas Tech, he
also volunteered as a Red to Black® financial
counselor. Benjamin has completed award-
winning research on the use and value of finan-
cial advice, and he has also worked on funded
projects related to the regulation of professional
financial advice. Previously, Benjamin was the
Scholar in Residence at CFP Board, and he also
worked briefly for FJY Financial, a fee-only
financial planning firm outside Washington, D.C.
Michael A. Guillemette, Ph.D., CFP®, is an
assistant professor in the Personal Financial
Planning Department at the University of Missouri.
His research focuses on risk assessment and
demand for insurance. Michael received a B.B.A.
in Risk Management & Insurance and a B.S. in
Education from the University of Georgia. He
earned an M.S. and Ph.D. in Personal Financial
Planning from Texas Tech University. Michael
will serve as a CFP Board Ambassador in 2015
and is currently a board member for the Society of
Financial Service Professionals in Columbia,
Missouri. Previously, Michael worked as a
Summer Associate for FJY Financial, a fee-only
financial planning firm based in Reston, Virginia.

335

Acknowledgements The authors are very grateful for
the ongoing guidance of Russell N. James, III, Ph.D., JD,
CFP®, at Texas Tech University who allowed us to
develop our interest in neuroscience research and who
taught us most of what we know on the subject.

References

Bechara, A., & Damasio, A. R. (2005). The somatic mar-
ket hypothesis: A neural theory of economic decision.
Games and Economic Behavior, 52, 336-372.

Bechara, A., Damasio, H., Damasio, A. R., & Lee, G. P.
(1999). Different contributions of the human amygdala
and ventromedial prefrontal cortex to decision-making.
The Journal of Neuroscience, 19(13), 5473-5481.

Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R.
(1997). Deciding advantageously before knowing the
advantageous strategy. Science, 274, 1293-1295.

Breiter, H. C., Aharon, 1., Kahneman, D., Dale, A., &
Shizgal, P. (2001). Functional imaging of neural
responses to expectancy and experience of monetary
gains and losses. Neuron, 30(2), 619-639.

Camerer, C. F,, Loewenstein, G., & Prelec, D. (2004).
Neuroeconomics: Why economics needs brains.
Scandinavian Journal of Economics, 106(3), 555-579.
doi:10.1111/5.1467-9442.2004.00378.x.

Carter, M., & Shieh, J. (2010). Guide to research tech-
niques in neuroscience. Burlington, MA: Academic.

Coricelli, G., & Nagel, R. (2009). Neural correlates of
depth of strategic reasoning in medial prefrontal cor-
tex. Proceedings of the National Academy of Sciences,
106(23), 9163-9168.

Croson, R., & Gneezy, U. (2009). Gender differences in
preferences. Journal of Economic Literature, 47(2),
448-474.

Damasio, A. R. (1994). Descartes’ error: Emotion, reason
and the human brain. New York: Putnam.

Damasio, A. R. (1996). The somatic marker hypothesis
and the possible functions of the prefrontal cortex.
Philosophical Transactions: Biological Sciences,
351(1346), 1413-1420.

De Martino, B., Camerer, C. F., & Adolphs, R. (2010).
Amygdala damage eliminates monetary loss aver-
sion. Proceedings of the National Academy of
Sciences, 107(8), 3788-3792. doi:10.1073/pnas.
0910230107.

De Martino, B., Kumaran, D., Seymour, B., & Dolan,
R. J. (2006). Frames, biases, and rational decision-
making in the human brain. Science, 313(5787),
684-687.

De Martino, B., O’Doherty, J. P, Ray, D., Bossaerts, P., &
Camerer, C. (2013). In the mind of the market: Theory
of mind biases value computation during financial
bubbles. Neuron, 79(6), 1222-1231.

Dohmen, T., Falk, A., Huffman, D., Sunde, U., Schupp, J.,
& Wagner, G. G. (2011). Individual risk attitudes:
Measurement, determinants, and behavioral conse-


http://dx.doi.org/10.1111/j.1467-9442.2004.00378.x
http://dx.doi.org/10.1073/pnas.0910230107
http://dx.doi.org/10.1073/pnas.0910230107

336

quences. Journal of the
Association, 9(3), 522-550.

Dreher, J. C. (2007). Sensitivity of the brain to loss
aversion during risky gambles. Trends in Cognitive
Sciences, 11(7), 270-272.

Epstein, S. (1994). Integration of the cognitive and the
psychodynamic unconscious. American Psychologist,
49(8), 709-724.

Friston, K.J. (2003). Experimental design and statistical
parametric mapping. In R. Frackowiak, et al. (Eds.),
Human Brain Function, (2nd ed). Retrieved from
http://www fil.ion.ucl.ac.uk/spm/doc/intro/.

Frydman, C. (2014). What drives peer effects in financial
decision-making? Neural and behavior evidence.
Working paper. Retrieved from https://www.aeaweb.
org/aea/2015conference/program/retrieve.
php?pdfid=1090.

Fudenberg, D., & Levine, D. K. (2006). A dual-self model
of impulse control. The American Economic Review,
96(5), 1449-1476.

Goetz, J., & James, R. N. (2008). Human choice and the
emerging field of neuroeconomics: A review of brain
science for the financial planner. Journal of Personal
Finance, 6(4), 13-36.

Gonzalez, C., Dana, J., Koshino, H., & Just, M. (2005).
The framing effect and risky decisions: Examining
cognitive functions with fMRI. Journal of Economic
Psychology, 26(1), 1-20.

Guillemette, M., Martin, T.K., Cummings, B.F., & James,
R. N. (2016). Determinants of the stated probability of
purchase for longevity insurance. The Geneva Papers
on Risk and Insurance — Issues and Practice, 41(1),
4-23.

Haidt, J. (2006). The happiness hypothesis: Finding modern
truth in ancient wisdom. New York: Basic Books.
Huberman, G. (2001). Familiarity breeds investment.

Review of Financial Studies, 14(3), 659-680.

James, R. (2011). Applying neuroscience to financial
planning practice: A framework and review. Journal
of Personal Finance, 10(2), 10-65.

James, R. (2013). Brain activity suggests planning desig-
nation helps calm investors. Journal of Financial
Planning, 26(2), 52-59.

Kahneman, D. (2011). Thinking, fast and slow. New York:
Farrar, Straus and Giroux.

Kahneman, D., & Frederick, S. (2007). Frames and
brains: Elicitation and control of response tendencies.
Trends in Cognitive Sciences, 11(2), 45—-46.

Kahneman, D., Knetsch, J. L., & Thaler, R. H. (1991).
The endowment effect, loss aversion, and status quo
bias. American Economic Review, 5(1), 193-206.

Kahneman, D., & Tversky, A. (1979). Prospect theory: An
analysis of decision under risk. Econometrica: Journal
of the Econometric Society, 42,263-291.

Kenning, P., Mohr, P, Erk, S., Walter, H., & Plassmann,
H. (2006). The role of fear in home-biased decision
making: First insights from neuroeconomics. Munich
Personal RePEc Archive. Retrieved from http://mpra.
ub.uni-muenchen.de/1076/1/MPRA _paper_1076.pdf.

European Economic

B.F. Cummings and M.A. Guillemette

Khoshnevisan, M., Nahavandi, S., Bhattacharya, S., &
Bakhtiary, M. (2008). fMRI studies in neuro-fuzzy and
behavioral finance: A case based approach. Investment
Management and Financial Innovations, 5(3), 111-120.

Knutson, B., Rick, S., Wimmer, G. E., Prelec, D., &
Loewenstein, G. (2007). Neural predictors of pur-
chases. Neuron, 53(1), 147-156. doi:10.1016/j.
neuron.2006.11.010.

Kunreuther, H., & Pauly, M. (2004). Neglecting disaster:
Why don’t people insure against large losses? Journal
of Risk and Uncertainty, 28(1), 5-21.

Loewenstein, G., & O’Donoghue, T. (2004). Animal spir-
its: Affective and deliberative processes in economic
behavior. Retrieved from http://papers.ssrn.com/sol3/
papers.cfm?abstract_id=539843.

Lundbeck Institute (2011). Brain atlas. Retrieved from
http://www.brainexplorer.org/brain_atlas/Brainatlas_
index.shtml.

McClure, S. M., Laibson, D. 1., Loewenstein, G., &
Cohen, J. D. (2004). Separate neural systems value
immediate and delayed monetary rewards. Science,
306(5695), 503-507. doi:10.1126/science.1100907.

NINDS (2014). Brain basics: Know your brain. National
Institutes of Health (NIH) Publication No. 11-3440a.
National Institute of Neurological Disorders and
Stroke: Bethesda, MD. Retrieved from http://www.
ninds.nih.gov/disorders/brain_basics/know_
your_brain.htm.

O’Dobherty, J., Kringelbach, M. L., Rolls, E. T., Hornak,
J., & Andrews, C. (2001). Abstract reward and punish-
ment representations in the human orbitofrontal cor-
tex. Nature Neuroscience, 4(1), 95-102.

Peterson, R. L. (2005). The neuroscience of investing: fMRI
of the reward system. Brain Research Bulletin, 67(5),
391-397. doi: 10.1016/j.brainresbull.2005.06.015.

Phan, K. L., Wager, T., Taylor, S. F., & Liberzon, I. (2002).
Functional neuroanatomy of emotion: A meta-analysis
of emotion activation studies in PET and fMRI
Neurolmage, 16(2), 331-348.

Powell, M., & Ansic, D. (1997). Gender differences in
risk behavior in financial decision-making: An experi-
mental analysis. Journal of Economic Psychology,
18(6), 605-628.

Reimann, M., Schilke, O., Weber, B., Neuhaus, C., &
Zaichkowsky, J. (2011). Functional magnetic resonance
imaging in consumer research: A review and applica-
tion. Psychology & Marketing, 28(6), 608—637.

Rick, S. (2011). Losses, gains, and brains: Neuroeconomics
can help to answer open questions about loss aversion.
Journal of Consumer Psychology, 21, 453-463.

Seiler, M.J., Walden, E., & Lane, M. (2012). Strategic
mortgage default and the decision to follow the
herd: A neurological explanation. Working paper.
Retrieved from http://papers.ssrn.com/sol3/papers.
cfm?abstract_id=2194254.

Shiv, B., Loewenstein, G., Bechara, A., Damasio, H., &
Damasio, A. (2005). Investment behavior and the
negative side of emotion. Psychological Science, 16(6),
435-439.


http://www.fil.ion.ucl.ac.uk/spm/doc/intro/
https://www.aeaweb.org/aea/2015conference/program/retrieve.php?pdfid=1090
https://www.aeaweb.org/aea/2015conference/program/retrieve.php?pdfid=1090
https://www.aeaweb.org/aea/2015conference/program/retrieve.php?pdfid=1090
http://mpra.ub.uni-muenchen.de/1076/1/MPRA_paper_1076.pdf
http://mpra.ub.uni-muenchen.de/1076/1/MPRA_paper_1076.pdf
http://dx.doi.org/10.1016/j.neuron.2006.11.010
http://dx.doi.org/10.1016/j.neuron.2006.11.010
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=539843
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=539843
http://www.brainexplorer.org/brain_atlas/Brainatlas_index.shtml
http://www.brainexplorer.org/brain_atlas/Brainatlas_index.shtml
http://dx.doi.org/10.1126/science.1100907
http://www.ninds.nih.gov/disorders/brain_basics/know_your_brain.htm
http://www.ninds.nih.gov/disorders/brain_basics/know_your_brain.htm
http://www.ninds.nih.gov/disorders/brain_basics/know_your_brain.htm
http://dx.doi.org/10.1016/j.brainresbull.2005.06.015
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2194254
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2194254

27 Neuroscience and Consumer Finance

Sokol-Hessner, P., Camerer, C. E., & Phelps, E. A. (2013).
Emotion regulation reduces loss aversion and
decreases amygdala responses to losses. Social
Cognitive and Affective Neuroscience, 8(3), 341-350.

Sokol-Hessner, P., Hsu, M., Curley, N. G., Delgado, M. R.,
Camerer, C. F,, & Phelps, E. A. (2009). Thinking like a
trader selectively reduces individuals’ loss aversion.
Proceedings of the National Academy of Sciences,
106(13), 5035-5040. doi:10.1073/pnas.0806761106.

Strong, N., & Xu, X. (2003). Understanding the equity
home bias: Evidence from survey data. Review of
Economics and Statistics, 85(2), 307-312.

Thaler, R. H., & Shefrin, H. M. (1981). An economic
theory of self-control. The Journal of Political
Economy, 89(2), 392-406.

Thaler, R. H., & Benartzi, S. (2004). Save More
Tomorrow™: Using behavioral economics to increase
employee saving. Journal of Political Economy,
112(S1), S164-S187.

Trepel, C., Fox, C. R., & Poldrack, R. A. (2005). Prospect
theory on the brain? Toward a cognitive neuroscience

337

of decision under risk. Cognitive Brain Research,
23(1), 43-50.

Tversky, A., & Kahneman, D. (1981). The framing of
decisions and the psychology of choice. Science,
211(4481), 453-458.

Uppal, R. (1992). The economic determinants of the
home country bias in investors’ portfolios: A survey.
Journal of International Financial Management &
Accounting, 4(3), 171-189.

Weierich, M. R., Kensinger, E. A., Munnel, A. H., Sass,
S. A., Dickerson, B. C., Wright, C. L, et al. (2011).
Older and wiser? An affective science perspective on
age-related challenges in financial decision making.
Social Cognitive and Affective Neuroscience, 6(2),
195-206. doi:10.1093/scan/nsq056.

Zhou, Y., Li, S., Dunn, J., Li, H., Qin, W., Zhu, M.,
Rao, L., Song, M., Yu, C., & Jiang, T. (2014). The
neural correlates of risk propensity in males and
females using resting-state fMRI. Frontiers in
Behavioral Neuroscience, 8(2). doi:10.3389/fnbeh.
2014.00002.


http://dx.doi.org/10.1073/pnas.0806761106
http://dx.doi.org/10.1093/scan/nsq056
http://dx.doi.org/10.3389/fnbeh.2014.00002
http://dx.doi.org/10.3389/fnbeh.2014.00002

	27: Neuroscience and Consumer Finance
	 Neuroscience: Overview and Research Methods
	 Overview of Neuroscience
	 Neuroscience Research Methods

	 The Dual-Self Model
	 Neuroscience Research Related to Consumer Finance
	 Purchase Decisions
	 The Framing Effect
	 Loss Aversion
	 Risk Tolerance
	 Hyperbolic Discounting
	 Home-Country Bias
	 Financial Market Bubbles
	 Mortgage Default Decisions
	 Age and Financial Decisions
	 Choosing a Financial Advisor
	 Newest Research

	 Conclusion and Future Research
	Despite all that has been discovered, the field of neuroeconomics is still relatively new and largely unexplored. Numerous new discoveries are yet to be made. Ideas for neuroscience research often spring from observing behavioral anomalies and seeking

	References


