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Human Response to Risk



Key Question

� Why do people differ in their risk aversion 
(tolerance, attitudes interchangeably)
� The focus of the current protocol

� Related questions that can be informed by 
answering the question above:
� Is risk aversion constant through life?
� What causes individual risk aversion to 

change?



Key Methodologies

� Experimental Economics

� Psychometric Instruments
� Other ‘paper and pencil’ questionnaires

� Functional Magnetic Resonance Imagery
� Molecular Genetics

� Endocrinology



What Risks are Interesting?

� Financial matters (obvious $ metrics)
� Insurance, Investing, Gambling

� Health behaviors
� Diet, High-risk food choice, Exercise
� Smoking, Medical treatment choice

� Lifestyle choices 
� Sex, Drugs and/or Rock ‘n Roll

� Physical safety
� Recreation 
� Driving behavior



Related Risk Research

� Who is willing to take risks?
� Demographic

� younger, male, unmarried, infrequent church attendance

� Economic 
� higher wealth, higher income, more educated, parents 

more educated

� Physical
� Taller (Persico et al. 2004)

� Dohmen et al. (IZA WP‘05); Donkers et al (JRU ‘01); 
Hartog et al. (Kyklos ‘02)

� Doesn’t discuss genesis of differences
� Merely correlates differences in risk 

aversion/tolerance w/ individual characteristics



Economists’ Understanding of 
Response to Risk
� Translate possible outcomes to income or wealth 

equivalents
� Difficult calculations for health and long-term risks
� May or may not be measured relative to a key 

reference point 
� e.g., gain/loss, peer group, counterfactual outcome

� Combine with subjective or objective probabilities
� May transform probabilities 

� e.g., rank order, prospect theory weighting

� Deliberative choice is rendered 
� based on calculations above



Neurology View of Decision Making 

Thinking Feeling
Controlled Processes
- serial, high effort, deliberate I II
- Introspective
Autonomous Processes
- parallel, effortless, reflexive III IV
- visceral, no introspection

I. Most Economic Models, Some Economic Behavior
II. Method Acting
III. Responses while driving
IV. The 4 F’s (food, flight, fight, & reproduction)



How do the quadrants interact?

� Most decisions invoke several quadrants

� Sometimes the systems collaborate
� Thinking reinforces instinctive response

� Run from snake on ground

� Sometimes the systems compete
� Falling asleep driving, Crimes of passion

� Quadrant I often rationalizes responses 
generated by Quadrants III & IV
� Takes credit for intuitive responses and 

constructs rational explanations



What about for risky decisions?

� When one possible outcome is ‘bad’
� Absolute bads – e.g., death, health, losses

� May also be generated by reference points

� Role of emotion/affect/feeling is obvious
� Too little ‘fear’ � suboptimal outcomes

� Iowa Gambling Task of patients with lesions 
on key areas of the brain that control emotion 

� Couldn’t learn to avoid bad options

� Too much fear � suboptimal outcomes
� Code any risk as too risky



A Brain Primer



A Brain Primer

Amygdala: 
•Evaluates the emotional significance of events (pain & pleasure)
•Influence perception via gauging emotional importance
•With the orbitofrontal cortex, can form new associations b/w cues & outcomes
•Conditions such as anxiety & depression thought to be linked to amygdala   



A Brain Primer

Nucleus Accumbens: 
•Play an important role in reward, pleasure and addiction.
•Gets inputs from the amygdala and other areas. 
•Addictive drugs increase dopamine levels in the nucleus accumbens.
•More sensitive when younger – suggests pathway for youth addiction 



A Brain Primer

Orbitofrontal Cortex: 
•Regulates planning behavior associated w/ sensitivity to reward/punishment 
•Important for reversal learning, e.g., breaking habits
•Lower activation among those who have difficulty controlling impulses like   
pathological gamblers



A Brain Primer

Hypothalamus Cortex: 
•Coordinating center for Endocrine System and circadian clock
•Produces hormones that cause the release of

• Cortisol
• Oxytosin
• And other hormones



Measuring Brain Activity

� Several methods available
� Positron Emission Topography (PET)
� Electro-encephalogram ( EEG)
� Functional Magnetic Resonance Imaging (fMRI)

� We will use fMRI
� Measures blood oxygen level dependent (BOLD) 

signal as a proxy of brain activity
� Takes measurements roughly every second every 3 

mm apart in the entire brain region
� Costs $500/hr to $1000/hr depending on resolution
� Stimuli projected onto screen in scanner
� Push-button box used to record responses



fMRI Output 

•Measure difference in BOLD signal in 1mm cubes throughout the brain
•Difference between a treatment and control stimulus
•Color indicates size of t-stat of difference for each coordinate 

•Location of differences identified several ways
•x, y, z coordinated from center of typical brain
•By medical region (e.g., dorsolateral prefrontal cortex)

Bottom to
top cross 
sections



fMRI Output II

Time series of BOLD
Signal differences at
particular x-y-z
coordinates that 
are ‘hot spots’

Views
Front and back

Right and left

Bottom and top 



Genetics

� What is a gene?
� Fundamental and functional unit of heredity 
� An ordered sequence of nucleotides 

� In a particular position on a particular chromosome 
� Encodes a specific functional product (e.g., protein)

� One gene carries the directions for making one protein
� Made of DNA

� Differentiated by one of four nitrogen bases 
� Adenine (A), Thymine (T), Guanine (G), Cytosine (C)

� A&T and G&C always paired in the double-helix

� Three-letter words (codons) are made from A,T,G&C





Genetics

� We have many genes
� 20,000 – 25,000

� Genes do not encode behavior
� They impact the way certain cells and 

molecules act/work
� Some genes have common variations

� Called Polymorphisms 
� Allelic variants and genotypes are more general but 

related terms

� Polymorphisms refer to common genetic variation 
� E.g., 30% have one version, 70% the other version 



Genetics

•Variation in one or more genes
•Leads to differences in cellular function
•Leads to differences in system response
•Leads to differences in behavior

•Many possible counterbalancing issues
•May be why many genetic studies 
fail to be replicated



Genetic Studies of Behavior

� Association Studies
� Simple correlation between genotype (usually 

polymorphism) and phenotype (behavior)
� Weaker results, often not replicated

� Linkage Studies
� Use genetic control groups (twins, parents)
� Stronger results, harder to get data

� We will pursue an association study



Genes as Switches, not Blueprints

� Common perception of genes as blueprints
� But genes do not produce (express) their 

protein all of the time
� Genes are switched on and off

� By chemical regulators
� By external stressors

� Leads to genetic ‘predisposition’
� Must be turned on/off
� Means analysis must be informed by 

individual’s past activities/stressors



Genetic Methodologies

� Identify polymorphisms thought to be related 
to behavior of interest
� E.g., polymorphism in a gene that is related to 

expression of a key neurotransmitter like 
dopamine

� Collect a biological specimen from subjects 

� Isolate DNA from each specimen
� Test DNA for the allelic variants (which flavor 

of the polymorphism) in the genes of interest



Endocrinology

� When body faced with a threat
� Endocrine and nervous systems respond to 

ensure survival
� Stressors induce production of hormones

� Epinephrine (immediate)
� Norepinephrine (immediate)
� Cortisol (prolonged response ~ 30 minutes)

� Triggers production of glucose

� Coordinated by the hypothalumus in brain



Methods

� Gather biological specimen (blood, saliva) 
� That contains the hormone of interest

� At a baseline time
� After stress is experienced

� 30 minutes after in case of cortisol

� Much later to see how quickly it disperses

� Measure amount of hormone in each sample
� Look for differences in baseline
� Look for differences in time profile

� Peak – baseline
� Peak – ending measurement



Our Idea

� Combine existing protocol from
� Experimental economics
� Psychology
� Neurology
� Genetics
� Endocrinology

� To isolate differences between subjects with 
high and low risk aversion



Our Protocol

 

Session 1: All Subjects 
• Economic Experiments 

• Saliva Samples Collected 
•Surveys 

Choose Subjects for MRI Protocol 
Develop 13 matched pairs of high and low risk aversion subjects 

Screener  

Session 2: All Subjects 
Blood draw for genetic analysis 

Session 3: MRI Subjects 
Tasks featuring monetary stimuli 

Session 4: MRI Subjects 
Tasks featuring impulse control and emotive face matching 



Screener

� Recruit both general population and students

� Check for sample selection
� Before mention of MRI or blood draw

� Ask a few questions about risk attitudes

� Do the risk averse opt out of MRI studies?

� Identify eligibility/interest in MRI & blood draw

� If lots of subjects participate in screener
� Recruit only high and low risk aversion types 

to participate in sessions

� Use students only for sessions (cheaper)



Session I – Econ experiments

� Decisions among lotteries
� Follow Holt and Laury protocol (AER 2002)
� High (EV = $45) and low (EV = $13) stakes
� Gain and loss domains
� All get paid for low stakes
� One gets selected for high stakes



Session I – Econ experiments

A         BB would usually gain $39.45 more than A$98 if die is 1 - 9
$2.50 if die is 10

$50 if die is 1 - 9
$40 if die is 10

9

A         BB would usually gain $30.90 more than A$98 if die is 1 - 8
$2.50 if die is 9 -

10

$50 if die is 1 - 8
$40 if die is 9 - 10

8

A         BB would usually gain $22.35 more than A$98 if die is 1 - 7
$2.50 if die is 8 -

10

$50 if die is 1 - 7
$40 if die is 8 - 10

7

:::::

A         BA would usually gain $11.85 more than B$98 if die is 1 - 3
$2.50 if die is 4 -

10

$50 if die is 1 - 3
$40 if die is 4 - 10

3

A         BA would usually gain $20.40 more than B$98 if die is 1 - 2
$2.50 if die is 3 -

10

$50 if die is 1 - 2
$40 if die is 3 - 10

2

A         BA would usually gain $28.95 more than B$98 if die is 1
$2.50 if die is 2 -

10

$50 if die is 1
$40 if die is 2 - 10

1

My Prefer red
Option

(mark one)

I f both options were played 100 times…Possible Gains if
Option B is 

chosen

Possible Gains if
Option A is 

chosen



Session I – psychology 

� Two psychometric constructs 
� Novelty Seeking
� Harm Avoidance

� Part of ‘personality inventory’ research
� Used in studies linking genetics to risk attitudes
� Involves a list of 100+ statements

� E.g., “I think twice before doing something”

� Respondents rate each statement
� 1- very inaccurate, …., 5 – very accurate

� Separate scores generated for each construct



Session I - Endocrine

� Collect saliva samples via Q-tips
� Shortly after arrival
� 30 minutes post rolling the dice (stressor)
� Upon exit

� Materials and testing done gratis by NIH 
funded center on OSU campus

� Van Honk et al (2003) find low cortisol levels 
� correlate to disadvantageous gambling 

decisions



Session I – Other Stuff

� Event History Calendar
� Retrospective approach to recording stressful 

life events over the past several years

� Medical History
� Gambling, Alcohol, Drug Use instruments

� Ratings of different classes of risky activities
� Demographic questionnaire

� Income, debt load, credit card use, parents’
jobs



Session II

� Go to a central medical facility for blood draw

� Done gratis by NIH funded center on campus
� Comings et al (2003) measure for association

� 63 different forms of genetic variation 
� ‘Novelty Seeking’ and ‘Risk Avoidance’
� Association is present for 

� Variation in several genes thought to affect 
expression of various neurotransmitters and 
hormones



Session III – fMRI Task 1

� Emotive facial matching task
� Push button that matches bottom with top

� Engages amygdala
� Used in Influential Hariri et al. (2002) Science 

article linking genetics to amygdala activation

Figure 3. Visual for Affect Matching Task and Control TaskFigure 3. Visual for Affect Matching Task and Control Task



Session III – fMRI Task 2

� Show a series of letters – 1 every 2 seconds
� Must push button as soon as the next letter 

appears
� Unless it is the letter ‘V’
� Called Impulse Control or Go/No Go task

� Engages Orbitofrontal Cortex
� Required when suppressing activity that 

previously provided a reward
� Potenza et al. (2003) found differences 

between pathological gamblers and normals



Session III – fMRI Task 3

� Wheel of Fortune
� Several possible 

wheels
� Subject selects 

preferred color 
� Wheel ‘spins’
� If $ amounts equal

� Predicting correct 
color yields larger $

� Incorrect choice 
yields smaller $

$4 $4

$4

$0.5

-$4-$4

$1$2

$4
$0.5

$4

$0.5



Session III – fMRI Task 3

� Ernst et al. (2005) show
� Adolescents have stronger activation of 

nucleus accumbens than adults when they 
‘win’

� Adults have a stronger activation of the 
amygdala when they fail to win

� Adolescents are more stimulated by winning

� Adults more negatively stimulated by losing



Hypotheses – Neural

� Amygdala activation is greater for risk-averse 
subjects when anticipating and processing 
negatively emotive stimuli (losses and faces).

� Orbitofrontal cortex activation is greater for 
than more risk-averse subjects when 
anticipating and experiencing monetary gains 
and implementing impulse control. 



Hypotheses - Genetic

� Subjects’ risk-aversion is associated with 
polymorphisms in genes functionally related to 
the expression of 
� serotonin 
� dopamine 
� norepinephrine
� opioid
� gamma-aminobutyric acid (GABA) 
� sexual hormone 
� non-sexual hormone regulation 



Hypotheses – Genetic x Neural

� Subjects’ amygdala activation during 
anticipation and processing of negatively 
emotive stimuli is associated with 
� polymorphisms in genes functionally related to 

the expression of
� Serotonin, dopamine, norepinephrine, opioids, 

gamma-aminobutyric acid (GABA), sexual 
hormones, non-sexual hormone regulation 

� And conditioned on historic environmental 
stressors such as divorce, loss of family 
members, etc.



Hypotheses – Genetic x Neural

� Subjects’ orbitofrontal cortex activation during 
impulse control tasks is associated with 
� polymorphisms in genes functionally related to 

the expression of
� Serotonin, dopamine, norepinephrine, opioids, 

gamma-aminobutyric acid (GABA), sexual 
hormones, non-sexual hormone regulation 

� And conditioned on historic environmental 
stressors such as divorce, loss of family 
members, etc.



Hypotheses - Endocrine

� Subjects exhibiting less risk-aversion will 
� Exhibit lower base-line levels of salivary cortisol
� Exhibit less elevation of salivary cortisol levels 

after casting decisions involving economic risk  



Summary

� Risk is fundamental to economics and life
� Economists models of risk are improving but remain 

simplistic
� No/little appreciation of emotional/affective elements 

that drive decision making
� Bringing to bear a broad range of methodologies

� Identify systematic differences
� Identify possible mechanisms response to risk
� Better understand how response to risk could change 

for individuals and society over time
� Understand how to manipulate risk taking/avoiding 

behavior during adolescence 


