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HOW DO YOU MAKE DECISION UNDER RISK? 

 

 

B E H A V I OR A L  F I N A N C E  U S E S  P S Y C H O L O G I CA L  I N S I G H TS  TO  I N F OR M  F I N A N CI A L  TH E OR Y .  B E H A V I OR A L  F I N A N C E  

H OL D S  TH A T  W E  D O  N O T  B E H A V E  L I K E  TH E  R A TI ON A L  A N D  S E L F - I N TE R E S T E D  A G E N T  OF  E C ON O M I C TH E OR I E S .  

H OM O  SA P I E N S  I S  N OT  H OM O  E C ON OM I CU S .  WE  H A V E  E M O TI O N S .  W E  A R E  I N F L U E N C E D  B Y  TH E  O TH E R S .  

WE  H A V E  C O G N I TI V E  B I A S .  TH I S  P A P E R S  A I M S  T O  H E L P  Y OU  B E T TE R  U N D E R S T A N D  H O W  TH E S E  

P S Y CH OL OG I C A L  F A C T OR S  A F F E CT  Y OU R  F I N A N CI A L  D E CI S I ON S  U N D E R  R I S K .  

UN DE R ST AN DIN G THE  COGNI T IVE  ME CHANI SM 

OF FI N AN CI AL  DE CI SI ON S  

Daniel Kahneman, one of the most influential figures 

of behavioral finance, developed the powerful “two 

minds: System 1/System 2” framework to describe 

our decision-making process.  

System 2: Deliberate, slow and effortful. We use this 

system when solving analytically complex problems 

such as multiplying 47*89. Even if we can be quick, 

we are aware of the reasoning we use to solve the 

problem. We can explain and debate it.  

System 1: Intuitive, fast and effortless. We use this 

system when performing automatic tasks such as 

driving or solving 2+2. These automatic tasks can be 

however highly complex. A business angel may have 

a gut feeling for a start-up after a 1-minute pitch. An 

art expert can recognize in a fraction of seconds the 

author of a masterpiece. System 1 uses shortcuts, 

heuristics and automatisms rather than deliberation. 

This is a very powerful tool to make quick decisions 

in a complex environment. That’s why most of our 

decisions are made by System 1. 

However, they are prone to cognitive bias.  

WHAT I S  COGN IT IV E  B I AS?   

Which stick is the longest?  

 

Have a careful look! Measure them! This may be not 

the one you think...  

Optical illusion is an example of cognitive bias. Have 

a look again...you may still feel that the second stick 

is the longest, even if rationally you know they are 

the same length. Similarly, we often unconsciously 

use mental shortcuts to make quick decisions. These 

rules work well under most circumstances, but they 

can lead to systematic deviations from logic or 

reality. These deviations are called cognitive biases.  

Like optical illusions, even when we know we have a 

bias, it is not always easy to avoid being influenced 

by it. 
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B IAS  DE SCRIPTION  

Home Bias Preference for domestic equities even when it is not profitable 

Disposition effect Tendency to keep losing assets and sell winning assets. 

Herding effect 
Imitation of other’s behaviors. This can lead to market bubbles and overrreaction to 
market changes. 

Over-confidence Overestimation of one’s skills and judgments. 

Availability 
heuristics 

Overestimation of the likelihood of familiar, recent or emotionally charged events. 

Denomination 
effect 

The tendency to spend more money when it is denominated in small amounts rather 
than large amounts. 

Gambler’fallacy 

The tendency to think that future probabilities are altered by past events, when in 
reality they are unchanged. The fallacy arises from an erroneous conceptualization of 
the law of large numbers. For example, "I've flipped heads with this coin five times 
consecutively, so the chance of tails coming out on the sixth flip is much greater than 
heads." 

 

There are tons of cognitive biases. The table displays some common cognitive biases in financial decisions 

 
DE CI SI ON  UN DE R  R I SK :  GRE E D ,  FE AR  AN D 

PE SSI MI SM  

Let’s imagine you can invest in a bet with a 50% 

chance of getting either $100 or $0. How much are 

you willing to pay for this bet?  

One investment strategy is to calculate the expected 

value (EV) of the bet and invest only if the EV is 

greater than the price of the bet. Most of us 

however are risk-averse and are willing to gamble 

only if the EV is greater than $50. Moreover, the 

higher the outcome, the less sensitive we become to 

an outcome increase. Getting a $10 free gift coupon, 

this is a big deal. But winning $11k at casino instead 

of $10k may not make you so much happier… To 

account for this first psychological parameter, we 

can say that the utility we attribute to financial gains 

is often concave. We are rarely greedy. Instead we 

underestimate gains and our marginal utility is 

diminishing.  

Now, what if I asked you to choose between paying 

$50, and placing a bet where you have 50% chance 

of paying either $100 or nothing? In this case, most 

of us prefer to gamble. There is some hope not to 

lose. We try our chances. Even for $25, we may be 

ready to gamble. Most of us are afraid of losing. On 

average, we are twice more sensitive to losses than 

to gains. Moreover, we are much more sensitive to a 

change in small losses than in big losses. If you 

expected to pay $10 for your meal and get a $20 bill, 

you may become very upset. But if you finally buy 

your house $1.1M instead of $1M, it may not really 

https://en.wikipedia.org/wiki/Law_of_large_numbers
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matter.  In a nutshell, our valuation of losses is often 

convex. 

 Loss aversion is one of the most fundamental 

heuristics in our financial decisions.  It is also present 

among very young children and capuchin monkeys 

(Chen, 2006). We can speculate that this makes 

sense from an evolutionary point of views. Our hot-

headed and fearless ancestor may not have survived 

long in the savannah...  

Finally, you may not care about buying a pill with a 

90% or 90.5% chance of success. But you may 

strongly prefer a 100% safe pill over a pill with a 

0.5% risk. To sum things up, we tend to distort 

probabilities.  Small probabilities are over weighed. 

Large probabilities are underweighted. 30% is most 

of the time the limit. One of the most famous 

illustrations of probability distortion is the Allais 

paradox (1953). 

We are also more or less optimist or confident in our 

financial decisions. If you drive a car for the first time 

and are told that 1M+ people die each year on the 

road, you may be quite scared and over weigh the 

probability of crashing. If you are an experienced 

driver, you may on the contrary be overconfident 

and under weigh the risk. 

Prospect Theory is a decision-making model under 

risk which takes into account these psychological 

factors. Developed by the Nobel Prize winners Daniel 

Kahneman and Amos Tversky in 1979, Prospect 

Theory is at the heart of behavioral finance 

(Kahneman & Tversky, 1979; Wakker, 2011).  

 INTRODUC TION TO PROSPEC T THEORY  

Let’s take a bet, L, that pays x with a probability of 

either p or y. x and y can be positive or negative. 

How do people value this bet? As discussed above, 

the Expected Value does not take into account 

personal preferences and cognitive bias.  

 

We assume that each person has her own value 

function U to evaluate the bet L: 

U(L) = w(p)u(x) + (1 −w(p))u(y) 

With u her utility function:  

u(x) = xα, x > 0,  

u(x) =  − λ( − x)α, x < 0  

α is the concavity/convexity or “Greed” parameter. λ 

is the loss aversion or “Fear” parameter.  

 

 

 

w is the probability weighting function with two 

parameters:  

w(p) = (exp( − ( − ln p)σ))β 

with β>0 the elevation/pessimism parameter and 

σ>0 the curvature/likelihood insensitivity parameter. 

If 0<β<1, the probability weighting function captures 

optimism. If β > 1 the probability weighting function 

captures pessimism. If 0<σ<1, the function reflects 

inverse s-shape pattern where small probabilities are 



 

 

Neuroprofiler Copyright 2016 4 

 

 

over weighed and large probabilities are under 

weighed.  

 

Contrary to the classical framework, there is no one 

specific parameter for risk-taking in Prospect Theory. 

A risk-averse behavior results from the combination 

of loss aversion, concavity of the utility function, and 

pessimism and likelihood insensitivity of the 

probability function. 

 Most empirical studies show that we tend to exhibit 

a fourfold pattern with risk-aversion for large 

probabilities and risk-seeking for small probabilities 

in the gain domain, risk-aversion for small 

probabilities and risk-seeking for large-probabilities 

in the loss domain.  

There is however a high variability at the level of the 

individual.  

 
FAQ  ON THE TEST AND ON M Y INVESTOR 

PROFILE  

How does the test work?  

The test is based on Bayesian statistics. Roughly 

speaking, given all your choices and little prior 

information (i.e. how people behave on average 

based on previous empirical studies), the algorithm 

guesses "what is the most likely behavior that leads 

to these choices?”. As you may have noticed, while 

other people took the test, the questions you are 

asked depend on the previous answer. Indeed, after 

each question you take, the algorithm proposes the 

next "most informative question". If it was clear for 

our algorithm that you were loss averse in first three 

questions, it will not try to assess if you are loss 

seeking any more. Instead, it will focus on your other 

parameters.  

I’m biased . . .  is it serious?  

The basics of behavioral finance are that we don’t 

behave like the rational and self-interested agent of 

classical finance. Our decisions are strongly 

influenced by emotions, social pressure and 

cognitive fallacies. We prefer to use heuristics than 

deliberation. Such mental shortcuts are often 

presented as "bad things" which prevent us from 

rationality. However, heuristics is a wide term which 

covers many different cognitive mechanisms. Even 

what we mean by rationality is not always clear. Is it 

a deviation from individual profit maximization? 

From logics? From wisdom? From reality? From 

evolutionary optimum?  

For some bias, like logical fallacies, such as base rate 

fallacy (ignoring prior when calculating conditional 

probabilities), the answer is quite straightforward. 

They lead to mathematical error and we’d better get 

rid of them.  

For others, the answer is more complicated.  

Let’s consider the question of risk-taking. Risk-taking 

behavior depends on loss aversion, greed and 

optimism. In other words, it depends on how much 

risk we are willing to take to win more, to loose less 

and how we perceive the probabilities of outcomes. 

Loss aversion and greed are more a question of 

preference. You refuse to bet with your friend 

because, even if you are quite sure you are right, you 

know you hate losing.  You can make this choice 

deliberatively.  It is not rational or irrational to do so. 

Some preferences may be of course more 
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appropriate according to the situation. If you are a 

medical doctor, loss aversion is required. You deal 

with lives. If you are a wealth manager, you should 

adapt to your clients preferences. If you are a trader, 

neutrality may be effective if you want to maximize 

expected value. But this may be of course challenged 

by external constraints like corporate governance, 

bonus or competition. To cut it short, loss aversion 

and greed are more a question of personal 

preferences, personality or wisdom.  

For probability distortion, the question is trickier. We 

do not really choose to over weigh small 

probabilities and under weigh large probabilities. 

This is not a question of preference and we can’t 

help it so easily.  Are we irrational if we do so? Again, 

the answer is not straightforward. Yes we are, as we 

misperceive the reality. However, probability 

distortion can be useful in practice. If you are an 

entrepreneur, a bit of optimism can help inspire your 

team. The heuristics “If I am not sure, let’s say there 

is a 50% of chance” can be effective to make super-

quick decisions.  

What about memory, causality or social biases? Is it 

irrational to make generalizations considering our 

past experiences, to prefer to collaborate with 

people like us, to punish free-riders even if it is 

costly…? Such biases often make sense from an 

evolutionary perspective. Using our past experiences 

helps us make decisions when we lack information. 

Trusting our kin and punishing free-riders helps the 

tribe to survive.  

Many cognitive biases are heuristics or intuitions 

which can be very effective in making quick and 

result-oriented decisions in a complex and uncertain 

environment. But their solution is often 

approximate. When we have time and access to 

more information, a deliberative thought is often a 

better option.  

 

 

The optimal strategy is expected 

value maximization…  

First, in the test, there may be many situations 

where two bets are different with the same 

Expected Value (EV). For instance, a bet where we 

have a 50% chance of losing $50 or winning $100 

and a bet where we have 50% chance of winning $50 

or nothing. The strategy of EV maximization can thus 

lead to different profiles. You can in this case decide 

to gamble with the lowest variance. But this may not 

be always optimal. In the case of a “winner takes all” 

competition for instance, where the sole objective is 

to achieve the highest performance, choosing the 

bet with the larger outcomes may be more relevant.   

Moreover, expected value strategy has raised many 

paradoxes like the "St Petersburg" paradox:  

You are proposed the following deal: 

"I will toss a coin until it hits heads. If heads appears 

on the first time, you earn 1$. If the coin hits heads 

on the second time, you earn 2$, on the third time 

you earn 4$, fourth time 8$..." 

How much are you willing to pay to play this game? 

Perhaps not so much. Imagine you get heads on the 

first times, you come back home with only $1 or $2… 

not a good deal.  

However, the game can last for a long time. Hitting 

heads on the 10th toss would give you 1 024$, 

1 048 576$ on the 20th toss. On the 38th toss, you 
would be by far the richest man on earth. And it 

could keep going on. The expectation for this gamble 

is infinite. Nnevertheless, the gamble seems to be 

worth only a very small amount of money.  
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I  did the test  twice and I got 

different profiles. . .   

Our investor profile is not fixed. For instance, 

empirical studies have shown that people are more 

risk-taking after losses, with a higher level of 

testosterone, when they are upset and even when 

the temperature is lower! (Cao et al., 2005). Don’t 

hesitate to take several times the test to discover 

how your personal profile evolves over time. 

How can I  be neutral?  

Neutrality reflects the fact that your perceptions of 
probabilities, values are not biased at all. Therefore, 
as a neutral agent, your perception of the value of a 
gamble is its expected value.  

If you want to be risk neutral in our test, don't even 
look at the full description of the gambles, focus on 
their expectations and always pick the highest one. If 
you face two gambles with the same Expected Value, 
choose one randomly. 

However, if you follow this strategy, the test may not 

reveal absolute neutrality. Indeed, our algorithm 

starts from the principle that people are a priori 

biased based on previous empirical findings. 

What about time preferences?  

Time preferences highly impact our financial 

decisions. We tend to be risk-takers for the future 

and more conservative in the short-term. We 

strongly prefer to be rewarded now rather than 

tomorrow. We are indifferent to being rewarded in 

six or seven months. But we prefer to pay our debt 

tomorrow rather than today! 

You can test your time preferences on the website 

www.neurodecision.com  

Risk-taking at work and at  home?  

Risk-taking behaviors highly depend on the context 

(Fehr at al., 2015). You may be a highly risk-taking 

trader and very loss averse in your private life. It is 

thus important to take the test as if it was a real 

situation at work in order to get your investor profile 

as a professional.  

Risk-taking abroad and at home  

Our investment decisions highly depend on the 

source of uncertainty (Abdellaoui et al. 2011). If 

French people are asked to bet on the increase of 

the CAC40 or of the S&P on the next day, most of 

them will prefer to bet on the CAC40. Now, if they 

are asked to bet on the decrease of the CAC40 or of 

the S&P on the next day...they will also choose to 

bet on the CAC40! Americans will of course have the 

inverse pattern. This bias is known as home bias.  

More generally speaking, people are ambiguity 

averse. They avoid uncertainty as much as possible. 

Our risk preferences are said to be source-

dependent in the behavioral finance jargon.  It is 

important to keep it in mind when you take our test. 

You may be a risk-seeker when dealing with known 

probabilities but you may be conservative when 

facing more uncertainty. 

Overestimation of small 

probabi lities…what about the Black 

Swan effect? 

As discussed above, we do not behave in the same 

way when we know the probability of outcomes, and 

in situations of higher uncertainty, where we have 

no, or limited, knowledge about probabilities. 

When we have known probabilities, like in our test, 

we tend to overestimate small probabilities and 

underestimate moderate and high probabilities. Also 

we tend to over-rely on our personal experiences. 
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This leads to underestimating or ignoring rare events 

that we had no chance of experiencing. This 

phenomenon is known as the Black Swan effect 

(Taleb, 2007).  

This could explain, for instance, why in 2005 only 

half of the colossal damage caused by the North 

Atlantic hurricanes in the U.S. was covered by 

insurance or why some financial crises are so 

unexpected.  (DePalma and al., 2014). 
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