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Abstract

This  thesis  is  on  decisions  involving  risk.  In  particular,  it 

investigates  the  descriptive  validity  of  Prospect  Theory  in 

relation to Expected Utility Theory. Both theories are reviewed, 

together  with  the  most  prominent  critique  against  the  two 

theories.  A classroom  experiment  was  conducted  to  test  the 

fourfold pattern of risk attitudes according to Prospect Theory 

and the linear probability scale of Expected Utility Theory. The 

results  supports  Prospect  Theory,  and  suggest  that  Expected 

Utility Theory could be questioned as a descriptive theory of 

decisions involving risk.
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1  Introduction
Decisions involving risk and uncertainty is something we face in everyday economic 

life. Whether it is the choice of buying a lottery ticket, adapting that policy or making an 

investment, we have to make decisions involving risk and uncertainty. Because of this, 

it is of no surprise that this topic has been under investigation for a long time and by 

many disciplines, including economics. A better understanding of the decision process is 

in a lot of ways a key to understanding  microeconomic problems. 

Ever  since  Von  Neumann  and  Morgenstern  formulated  their  theory  of  decisions 

involving risk, the Expected Utility Theory (EUT) has become the standard theory of 

individual  decision  making  and  a  cornerstone  of  many  economic  theories,  both 

descriptively and normatively (Schoemaker 1982 p529; Starmer 2000 p332). However, 

the theory of Expected Utility and the axioms set up by Von Neumann and Morgenstern 

has been much criticized for being descriptively invalid and for promoting a simplified 

stereotype of decision makers as rational agents. Furthermore, the claim by EUT that 

individuals have stable and well-defined preferences has in a number of contexts been 

proven  invalid.   A lot  of  different  theories  have  emerged,  all  trying  to  explain  the 

complex process of decision making in a more realistic way. The most prominent of 

these alternative theories is Prospect Theory, formulated by two Israeli psychologists 

Daniel Kahneman and Amos Tversky. 

1.1  Purpose
The purpose of this thesis is to review Prospect Theory (PT), a theory of individual 

decision making involving risk. We will examine how PT explains individuals ordering 

of preferences, how they process information of probabilities and how they treat risk. 

Thereafter, as an application of this theory, a simple classroom experiment is performed. 

The aim of this experiment is to test whether EUT can explain and predict the individual 

decision making of university students or if PT is a better descriptive theory of decisions 

under risk.

However, it would be wrong not to start this thesis with a review of EUT, since the 

whole field of study of decision making in large started with the work of Von Neumann 
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and Morgenstern. Therefore, I will start this paper with a brief review of EUT and the 

critique of this theory, and thereafter examine the model of risky choices according to 

PT. After that,  my own experiment is performed, and the thesis is concluded with a 

summary and discussion of decision theory in general and PT in particular.

1.2  Limitation
In this thesis and in the relevant literature, risk is defined as a decision with more than 

one possible outcome, be it gains or losses, and where the probability of each outcome 

is known. However, the assumption that all probabilities are known is often not very 

realistic.  More  often,  we  estimate  the  probability  of  an  outcome  based  on  past 

experience or intuition, and in a more subjective manner. This is in the literature defined 

as uncertainty.  Due to the limited time and resources of this bachelor thesis,  I  have 

excluded theories that explicit  explain uncertainty,  such as Subjective Utility Theory 

(see  Fishburn  1981  and  Schoemaker  1982)  and  many  of  the  theories  in  the  the 

exceptional  book  Choices,  Values  and  Frames,  edited  by  Kahneman  and  Tversky 

(2000). However, these theories are in large based on EUT and PT and follow the same 

reasoning as these two latter theories. Thus, this thesis will focus on decisions involving 

risk, trying to give a more general explanation of individual decision making.
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2  Expected Utility theory
Here I will review the Expected Utility Theory. I start out with a brief background, and  

then introduce the underlying axioms, the processing of probabilities and risk aversion. 

Thereafter the most important critique against EUT is summarized.

2.1  Background
EUT has much of its origin in the research of Bernoulli and his solving of the famous St 

Petersburg paradox1, which concluded diminishing marginal utility of money and that 

individuals maximize expected utility rather than expected monetary value. But, even if 

Bernoulli was the first to formulate a hypothesis of expected utility, it was not until Von 

Neumann and Morgenstern that EUT was formally proven to be a theory of rational 

decision theory, derivable from a set of axioms (Schoemaker 1982 p531). However, the 

axioms as formulated by Von Neumann and Morgenstern are not very comprehensive, 

and  thus  have  been  re-formulated  by  several  authors  to  make  them  more  easily 

understood. Here I will use them as formulated by Starmer (2000 p334-335). For the 

original axioms, see VNM (1944 p26-27). 

2.2  Axioms
Starmer (2000 p334-335) lists  four axioms;  completeness,  transitivity,  continuity and 

independence. If  these axioms are satisfied, the decision maker is said to be rational in 

his preferences. Completeness imply that for all outcomes A and B, there is such a order 

that A>B, A<B or A~B. In other words, the decision maker can always order his or her 

preferences  over  the  outcomes.  Transitivity mean that  if  A>B and B>C,  then  A>C. 

Continuity requires that for two risky outcomes, there exist a probability p such that the 

value of obtaining A with probability p is equal to receiving B for certain. 

The fourth axiom, independence, asserts that if alternative A is preferred over B, then 

any probability mixture of  A is  preferred  over  the mixture of  B2.  This  implies  that 

1 A gamble of tossing a coin, where the pay-off depends on the number of  tosses required to get heads. 
If the number of tosses for getting heads is n, the pay-off will then be $2n, i.e. $2 for each toss. This 
gamble has an infinite expected monetary value, still most people only pay a limited sum of money 
for participating.

2 For example; if A>B then A+C>B+C

3



shared outcomes are ignored and that only the differences between outcomes has to be 

examined (Starmer 2000 p334-335). For example faced with two gambles, and with 

shared outcomes in italic:

Gamble 1: (A) a 89% chance of winning $1000 and a 11% chance of winning $1000

  (B) a 89% chance of winning $1000, a 10% chance of winning $5000 

and a 1% chance of winning nothing

Gamble 2: (C) a 11% chance of winning $1000 and a 89% chance of winning 

nothing 

(D) a 10% chance of winning $5000, a 89% chance of winning nothing 

and a 1% chance of winning nothing

if one ignore the shared outcomes of these alternatives, in this case the 89% chance of 

winning $1000 in (A) and (B), and the 89% chance of winning nothing in (C) and (D), 

then both alternatives are identical. Thus, if one choose A>B in the first gamble, then 

one should rationally choose C>D in the second.

Also, Tversky and Kahneman (1986 p253) interpret a fifth axiom3 according to VNM, 

invariance,  that states that different formulations and wordings of the same problem 

should yield the  same ordering  of  preferences.  In  other  words,  a  decision  maker  is 

always rational when he or she evaluates the different outcomes. 

If all these axioms are satisfied, the decision maker's preferences can be described by a 

monotonic utility function that has certain restrictions concerning probabilities and risk 

aversion  to  be  defined  below.  The  utility  U  of  outcome  A with  probability  p  and 

outcome B with probability q is given by the function 

U A , p A , B , p B=A∗ p AB∗ p B

One should note that it is the underlying axioms and the shape of the utility function 

implied by them that distinguishes EUT from other utility functions (Varian 1992 p174).

3 KT call the other axioms cancellation instead of independence and dominance instead of 
completeness. Transitivity and continuity is called the same as Starmer (1986 s252-254)
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2.3  Probabilities
In  EUT,  the  utilities  of  prospects  are  weighted  by  their  probability  (Kahneman  & 

Tversky  1979  p265).  A prospect  is  defined  as  a  list  of  outcomes  with  associated 

probabilities. For example, the combination of the two outcomes: a 10% chance to win 

100 SEK and a 15% chance of winning 50 SEK, is together one prospect4. The decision 

maker is assumed to always choose the prospect that yield a better chance of getting the 

higher-valued utility.  That  is,  he or  she always  chose the prospect  with the highest 

expected utility, hence the name of the theory. Because of this, preferences increase with 

probability (Gravelle and Rees p450-454). For example, a gamble with 10% chance of 

winning 100 SEK has twice the utility of a gamble with 5% chance of winning the same 

amount (Rabin 1997 p4).

In EUT, when faced with two prospects such as

A. 85% chance to win 1000 SEK

B. 800 SEK for certain

the rational decision maker chooses alternative B if and only if the utility of gaining 800 

SEK with certainty is more than 85% of the utility of gaining 1000 SEK. Thus, when 

evaluating outcomes, it is the magnitude of the gain times the possibility of getting that 

gain that matters (Kahneman & Tversky 2000 s1-4). 

EUT also assumes that the probability scale is linear. For example, in the gamble above, 

if all probabilities are divided by a factor of five so that

C. 17% chance of winning 1000 SEK

D. 20% chance of winning 800 SEK

the  preference  ordering  between  the  two  prospects  remain  unchanged.  If  one  has 

preferences such as A>B, then according to EUT, one will also rank C>D. This implies 

that the change in probabilities from a certain win to a 98% chance of winning has the 

same impact as a change from 5% to 3% (Kahneman & Tversky 2000 p1-4, preface xi).

4 Here, the 75% chance of winning nothing is implied by the other two outcomes.
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2.4  Risk aversion
An important feature of EUT is risk aversion. If a prospect is less preferred than the 

expected monetary value of that prospect, that individual is said to be risk averse. As for 

the earlier mentioned example, a risk averse individual might choose a certain win of 

800 SEK over a 85% chance of winning 1000 SEK even though the latter has a higher 

expected monetary value. The reverse goes for risk seeking (Schoemaker 1982 p532). 

The assumption of risk aversion being the most common feature of risk attitudes is 

largely based on how people value a fair bet, i.e. 50% chance of winning $100 and 50% 

of losing $100. Faced with this choice between prospects, a majority refuse to play, and 

thus most individuals are argued to be risk averse (Gravelle och Rees p460). To show 

risk aversion, EUT uses a concave utility function that implies diminishing marginal 

utility for gambles5. Also, implied by the nature of risk attitudes under EUT, are the 

assumptions that preferences are invariant for linear transformations of the outcomes, 

meaning  that  preferences  of  risk  are  not  affected  by changes  in  individuals  wealth 

positions (Schoemaker 1982 p532).

2.5  Summary of EUT
VNM argued that with their axioms, they "practically defined numerical utility as being 

that thing for which a calculus of expectations is legitimate" (VNM 1944, p28). The 

basic idea of EUT is that the decision maker assigns a probability to each outcome, and 

then  rationally  chooses  the  prospect  that  yield  the  highest  expected  value.  The 

simplicity and intuition of this simple reasoning is a big reason why the EUT has been 

so popular and almost reached a paradigmatic status (Starmer 2000 p336). 

2.6  Criticism of EUT
In the beginning of the 50's, a vast number of research emerged, raising doubts of the 

validity of EUT as a descriptive model of decision making. Even though this critique 

has been substantial, it has resulted in a number of complementary ideas and alternative 

theories, most notably Prospect Theory (Schoemaker 1982 p556). In this section, I will 

present one of the most cited critiques; the Allais paradox, and I will also introduce the 

critique of Kahneman and Tversky.

5 U '0,U ' '0

6



Allais Paradox
Even  if  the  axioms  of  invariance  and  completeness  have  been  argued  by  most 

economics to be fairly plausible axioms, transitivity has been questioned and the axiom 

of independence has been rejected by many scholars. One famous example of violation 

of the independence axiom is the much-cited Allais paradox (Allais 1953), that shows 

how people constantly violate the rationality of EUT (Tversky 1975 p168). As for the 

example of the independence axiom listed above, Allais found that a majority choose 

A>B but D>C, violating this axiom (Schoemaker 1982 p542).

Kahneman and Tversky
Two other prominent criticizers of EUT was the two psychologist Daniel Kahneman and 

Amos Tversky (KT). KT argued that the reality was nowhere like what EUT proposed, 

and  that  the  violations  of  EUT axioms,  not  just  independence  but  also  invariance, 

completeness  and  the  linearity  of  the  probability  scale,  were  too  systematic  to  be 

explained as random errors. Instead of the perfectly rational actor proposed by EUT, 

Kahneman proposed that bounded rationality, as formulated by Herbert Simon, might be 

a  better  approximation  of  the  reality  of  decision  making  (Kahneman  2003  p1). 

Therefore, EUT is not valid as a descriptive theory of choice under risk (Tversky & 

Kahneman 1986 p254). 

3  Prospect theory
When KT in 1979 published their  soon-to-be-important article Prospect Theory: An  

analysis of Decisions Under Risk with their alternative theory of decision under risk, it  

was presented as a better descriptive theory of decision under risk. Here I will present a 

summary of their model, and introduce the underlying properties of Prospect theory,  

namely the weighting function and the value function. I will also present some critique 

against Prospect theory and experimental economics in general.

Psychology and economics
PT was first and foremost thought to be an addition to psychology, and to economics in 
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second hand.  However,  the research  of  KT soon had  the attention of  the  economic 

society,  and  Kahneman was in  2002 rewarded with the  Sveriges  Riksbank  Prize in 

Economic Sciences in Memory of Alfred Nobel for "for having integrated insights from 

psychological research into economic science, especially concerning human judgment 

and decision-making under  uncertainty" (The  Sveriges  Riksbank Prize  in  Economic 

Sciences  in  Memory  of  Alfred  Nobel  2002  Nobelprize.org  25  Dec  2010 

http://nobelprize.org/nobel_prizes/economics/laureates/2002/ ).

3.1  Weighting function 
According to PT, the decision process is divided into two phases. First the outcomes in 

every prospect are weighted using a toolbox of heuristics and rules of thumb. In the 

second phase, each edited outcome is valued in a certain manner to be explained below. 

Both these phases can be affected by the formulation of the prospect, and also by the 

decision makers' expectations (Starmer 2000 p352-353). The weighting function w(p) is 

an increasing function of probability. That is, the higher the probability of an outcome, 

the bigger weight is associated with that outcome. Also, the function satisfies w(0) = 0 

and  w(1)  =  1,  which  imply  that  impossible  outcomes  are  ignored  and  that  certain 

outcomes is indeed treated as certain (Kahneman & Tversky 1979 p280-284). However, 

the weighting of probabilities between these extreme points are a bit more complicated.

Non-linear transformations
One important feature of the weighting function is the non-linear transformation of the 

probability scale. For example, raising the probability of winning from 90% to 100% 

(i.e. certainty) has bigger impact on the weighting than raising the chance of winning 

from 30% to 40% . Thus,  an increase in w(p) by adding a probability Δp to p is greater 

when p + Δp = 1 then for p + Δp < 1 (Prelec 2000 p70-72). These above mentioned 

conditions  give  the  weighting  function  its  inverted  s-shape  (see  Figure  1.  below); 

concave for small probabilities and convex for high probabilities, with probability p on 

the x-axis and the weight associated with that probability on the y-axis (Prelec 2000 

p67). Wu and Gonzalez (1996 p1679) has in experiments found that the inflection point 

is close to p = 0.40. 
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Over and under weighting of probabilities
As  implied  by  the  shape  of  the  weighting  function,  small  probabilities  are  often 

overweighted, and large probabilities are under weighted. For example, if faced with a 

choice between a sure win of 10 and a 0.001 probability of winning 5000, most people 

choose the gamble even though the probability of winning is very small and that the 

expected value of the gamble is dominated by the certain gain (Kahneman & Tversky 

1979  p281).  However,  KT  has  found  that  probabilities  near  zero  not  only  are 

overweighted but sometimes also completely neglected (Kahneman & Tversky 2000 

p8). This imply that the weighting function is rather unstable in this region (Kahneman 

& Tversky 1979 p283).
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Figure  1:  Weighting  function.  With  probabilities  on  the  x-axis  and  
decision weights on the y-axis, the inverted-s-shaped function show how 
individuals treat probabilities. Small probabilities are overweighted and 
large probabilities are under weighted



3.2  Value function 

Carriers of utility
In the second step of the decision process, each weighted outcome is transformed by a 

value function (Tversky & Kahneman 1986 p258). The PT value function is defined for 

changes; gains and losses, relative to a reference point. This reference point is defined 

as initial endowment. This seems intuitive appealing, since in many other situations we 

evaluate  changes  and  differences  rather  than  absolute  magnitudes.  Temperature, 

brightness, the past and the present is all perceived as changes relative to a reference 

point.  With PT, KT argue that the same goes for wealth,  utility and other attributes 

relevant for decision theory (Kahneman & Tversky 1979 p277).

Concave and convex
When individuals value these gains and losses, initial endowment matters. That is, the 

value function is characterized by diminishing sensitivity which means that the marginal 

utility  of  gains  and  losses  decreases  with  their  size  relative  to  the  reference  point 

(Tversky & Kahneman 1991 p1039-1040). For example, the difference in value for a 

gain of $100 compared to a gain $200 is greater than the difference between a gain 

$1100 and a gain $1200 (Kahneman & Tversky 1979 p277-278). This gives the value 

function  its  concave  shape  above  the  reference  point.  The  same  goes  for  losses, 

implying  a  convex shape  below this  reference  point.  Thus,  the  value  function  is  s-

shaped. 
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Shift of reference point
Worth noting is that  shifts of reference point can cause alterations of the preference 

ordering. For example, assume an individual that just lost $2000 and is now faced with 

a gamble with two alternatives; a sure gain of $1000 and a 50% chance of winning 

$2000. If this individual has not yet adapted to his recent loss, he might as well code 

this gamble as a choice between a sure loss of $1000 and a 50% chance to lose $2000. 

As stated with the shape of the weighting function and the value function, a negative 

translation from gains to losses has a big impact on preferences. This example implies 

that  the  reference  point  can  be quite  hard  to  measure  (Kahneman & Tversky 1979 

p286).

Steeper for losses
The third property of the value function is that it has a steeper slope for losses then for 

gains6 (Kahneman & Tversky 1992 p302-304). The intuition behind this is that losing a 

sum of money has bigger impact on the utility of individuals than gaining the same 

amount.  For  the  same  reasoning,  people  generally  find  symmetric  bets  like  a  50% 

chance of winning $100 and 50% chance of losing $100 unattractive, and require bigger 

gains than losses to accept the gamble (Kahneman & Tversky 1979 p277-278).

6 v ' x v ' −x  for x0
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and  losses  are  valued,  relative  to  a  reference  point  (initial  
endowment)



3.3  Summary of Prospect theory
Together, the shapes of the weighting and the value function creates a fourfold pattern 

of individual decision preferences. The overweighting of small probabilities implies risk 

seeking  for  gains  and  risk  aversion  for  losses,  and  the  under  weighting  of  high 

probabilities implies risk aversion for gains and risk seeking for losses. Here, the value 

function  defines  the  cut-off  point  between  risk  seeking  and  risk  aversion,  i.e.  the 

reference point. 

For  example,  the  possible  win  of  a  low-probability  lottery  tickets  are  often 

overweighted, and thus risk seeking behaviour can explain the popularity of gambles. At 

the same time, the overweighting of low-probability losses creates risk aversion, since 

these losses are perceived to occur more often. This is a big reason why individuals buy 

insurances  for  low-frequency  accidents (Prelec  2000  p86).  Extended  to  include 

uncertainty, the fourfold pattern could also explain why there are smokers that are afraid 

of  nuclear  accidents.  This  individual  underweight  the  relatively  high  probability  of 

dying from lung cancer (risk seeking), and overweight the relatively small probability of 

a nuclear accident (risk averse).

To summarize this fourfold pattern, individuals are

• risk averse for high probabilities of gains

• risk averse for small probabilities of losses

• risk seeking for small probabilities of gains, and

• risk seeking for high probabilities of losses

In experiments by KT, the entire fourfold pattern was observed for as many as nearly 

90% of the respondents, indicating a relatively strong support of the theory (Kahneman 

&  Tversky 1992  p306-307).  This  result  has  also  been  largely  supported  in  other 

experiments, for example those performed by Harbauge et al. (2010) and by Wehrung 

(1989) where the decision behaviour of experienced oil executives showed support of 

PT. KT concludes that this fourfold pattern "emerges as a major empirical generalization 

about choice under risk" (Kahneman & Tversky 1992 p307).
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Worth noting is that the shape and the properties of the value function is in no way 

unique for PT. Rather, most utility functions in decision theory are concave for gains 

and  convex  for  losses,  including  EUT.  It  is  the  combination  of  this  value  function 

together with the inverse s-shaped weighting function and the non-linear transformation 

of the probability scale that distinguishes PT from other theories of decision under risk 

(Kahneman & Tversky 1979 p280). This imply that for a descriptive theory of decision 

under  risk,  it  is  the  weighting  function  that  is  most  important  when  studying 

determinants of risk attitudes (Prelec 2000 p89).

3.4  Critique of Prospect theory
Just like for EUT, there has been some substantial critique against PT. One could say 

that there are two main points of criticism. Firstly, some argue against the fact that the 

theory is based on experiments and that this method of research is invalid in general for 

theories  of  decision  making.  Secondly,  that  PT is  irrelevant  inasmuch as  it  fails  to 

capture  the  normative  or  predictive  purpose  of  a  theory.  Here  I  will  present  both, 

together  with  the  experimental  economics  defence  against  this  critique.  Somewhat 

suprisingly, there seems to be modest critique on the actual model of PT.

External validity and monetary incentives
Experiments  in  economics  are  a  controversial  topic,  and  are  related  with  several 

potential  problems.  One  of  the  major  problems  with  experiments  is  their  external 

validity,  or  lack  of  it.  If  the  researcher  is  unable  to  generalize  the  result  from the 

experiment to the target population, it is hard to see any benefit of the experiment for 

the field of study (Loewenstein 1999 p26). One of the most frequent arguments against 

external validity in experiments is that in the real world there are substantially higher 

stakes. This would imply higher profit maximizing motives for the decision maker to 

make rational choices. Even though monetary rewards, contingent on the behaviour, is 

frequently used in many experiments, these rewards are most time only a fraction of real 

world stakes. However, Kachelmeier and Shehata (1992 p1127-1130) conducted class 

room experiments with pay-offs three times the usual monthly revenue for a class of 

master students to examine the robustness of PT with high monetary incentives. Their 

results show support for PT, implying that at least in some decision situations, monetary 
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incentives has a limited impact on preferences of choices.

Feedback
Another critique against experiments is that in a real and competitive world, decision 

makers are able to learn by their mistakes through feedback and are able to improve 

their behaviour over time. Also, some people argue that since most economic research is 

concerned  with  markets,  only  individuals  acting  at  the  margin  need  to  be  EUT 

maximizers for the theory of expected utility to be valid.  Therefore,  experiments on 

individual  decision  behaviour  is  uninteresting  (Schoemaker  1982  p541).  Rubenstein 

(1998 p22) is of another opinion. If there are many individuals "calculating 1+1=3, then 

their mistakes may be economically relevant". Furthermore, in real world there are a lot 

of  situations  where  individuals  make  choices  in  unfamiliar  environments,  or  make 

repeated  choices  in  absence  of  appropriate  feedback.  Thus,  to  argue  that  EUT 

maximization only applies to familiar situations with feedback and where incentives are 

high would severely limit the scope of the theory (Starmer 1999 p12).

Predictive
Some economists  argue  that  experiments  are  uninteresting  inasmuch as  they fail  to 

examine the  purpose of some economic theories. In the case of EUT, many economists 

claim it to be a normative or predictive theory instead of descriptive, and thus should be 

tested  for  the  intended  objective.  One  prominent  advocate  of  the  predictive 

interpretation of EUT is Milton Friedman (1970 p9, 25-26). He argue that the purpose 

of a predictive theory is to predict behaviour and hence violations of the descriptive 

nature of EUT axioms are not that interesting. Instead, the question is whether it yields 

predictions that are sufficient for the intended topic and if the behaviour of the decision 

maker can be approximated as if he acts according to EUT (Schoemaker 1982 p539). 

According  to  Friedman,  this  predictive  quality  cannot  be  tested  by  controlled 

experiments and instead has to rely on field studies and "experiments that happen to 

occur" (Friedman 1966 p10). However, Schoemaker (1982 p544-545) lists a number of 

field studies on earthquake and flood insurance that does not support the use of EUT as 

a valid predictive theory. These field studies question individuals ability to process and 

evaluate  information  on  low probability  and  high  loss  outcomes,  and  instead  show 

14



support for PT. 

Normative
As for the normative reading of EUT, human behaviour is assumed to be sub-optimal, 

and EUT is a way to improve this behaviour. The bounded rationality indicated by KTs 

research would at  first  glance support  the need for  supplementing decision making. 

However, even if it is hard to argue against a normative theory because of the subjective 

nature of such a theory, Schoemaker (1982 p554, 546) lists several arguments against 

the use of EUT as a way to improve decision making. For example, the violations of the 

axioms are so basic that the use of EUT as a normative theory must be questioned. 

Furthermore, with no concern of psychological aspects and cognitive limitations of the 

human brain, it would be hard to argue that EUT is the right tool for this, or at least not 

the whole toolbox.

3.5  In support of experiments
Arguments against experimental economics like those mentioned above is a big reason 

why experiments have played a very peripheral role in economics. However, in the last 

30  years  this  picture  has  changed  (Starmer  1999  p2).  Although  the  critics  have 

remained,  experimental  economics  has  grown  in  popularity  and  has  acquired  a 

recognition  as  a  legitimate  branch  in  economics,  in  much  thanks  to  experimental 

economists like Vernon L. Smith. In 2002 he was rewarded with the  Sveriges Riksbank 

Prize in  Economic Sciences  in  Memory  of  Alfred  Nobel  "for  having  established 

laboratory experiments as a tool in empirical economic analysis, especially in the study 

of alternative market mechanisms" (The Sveriges Riksbank Prize in Economic Sciences 

in  Memory  of  Alfred  Nobel  2002  Nobelprize.org  25  Dec  2010 

http://nobelprize.org/nobel_prizes/economics/laureates/2002/).   

High internal validity
Just as external validity is perhaps the biggest drawback of experiments in economics, 

internal  validity  is  one  of  its  biggest  advantage  (Loewenstein  1999  p26).  Internal 

validity imply that it is relatively straightforward to draw confident conclusions from 

experiments, and they are by design a precise way to measure for example risk aversion, 
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utility and probability weighting. By comparison, field studies can only provide rather 

crude tests of decision making parameters (Kahneman, D. & Tversky, A. 1979 p265). 

Thus,  sometimes  experiments  are  the  only  feasible  alternative  if  one  wants  to 

empirically evaluate  certain  economic phenomena,  even if  a  field  study might  be  a 

better alternative regarding the ability to generalize on the target population. Decision 

making is according to KT a good example of such a phenomena. Also, if we can make 

the somewhat controversial  assumption that individuals often know how they would 

behave  in  actual  situations  of  choice  and  have  no  motif  to  disguise  their  true 

preferences, experiments can be argued to have a rather high external validity as well. 

So why do we need to test a theory empirically? Or rather, why should we test some 

theories  empirically? According  to  Thaler  (2000  p138-139),  it  is  pretty  obvious;  a 

descriptive theory is by necessity driven by data and empirical findings.

4  Experiment
An experiment  was conducted to  apply the previous  presented Prospect  theory.  The 

purpose  of  this  simple  experiment  is  first  and  foremost  to  better  understand  the  

experimental nature of PT, but also to to test the validity of the theory in general and 

the fourfold pattern of risk attitudes in general. I will first present the questions and  

hypothesis  of  the experiment,  then describe the sampling method and thereafter  the 

results.

4.1  The questions
All of the questions in this experiment have been used in experiments performed by KT, 

even though they have been translated and somewhat re-formulated. These questions 

capture the important and interesting aspects of decision theory, at the same time as they 

are intuitive appealing. All of these questions are composed as pairs. Some pairs are 

formulated with one question on gains and one with identical probabilities for losses, 

other questions are a transformation of the probabilities from the first question to the 

second.  The questions were presented to the respondents in Swedish and in a mixed 

order to make the questions more independent of each other. Here they are presented in 

English and in the original order.
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For most questions,  they can be tested both against  the EUT hypothesis and the PT 

hypothesis. Since the treatment of probabilities are the largest difference between these 

two theories,  this is what I intend to focus my experiment on. For EUT, if one has 

preferences such as A>B for the first paired questions, then one should also have the 

same preferences for the second pair if the they are a transformation (from high to small 

probabilities) of the first one. To test this, I will perform a two proportion binomial test 

on a α=0.05 significance level, to see if the proportion p is identical for each pair of 

questions. Thus, the null hypothesis is that p(first question) = p(second question). The 

alternative  hypothesis  is  that  they differ,  and that  the  EUT hypothesis  of  the  linear 

probability scale is questionable.

The PT hypothesis  for the questions  are  that  they adhere to the fourfold pattern of 

decision  preferences.  Thus,  for  this  pattern  to  hold,  we  expect  a  majority  of  the 

respondents  to  show  risk  aversion  for  gains  of  high  probability  and  so  on.  The 

frequency's  are  tested  using  a  two-sided  binomial  test  with  α=0.05  to  see  if  the 

proportion of each of the answers significantly differs from 0.50. The null hypothesis is 

that the proportions are equal to 0.50, while the alternative hypothesis is that they differ 

from 0.50, as implied by PT. Significant results for this test are indicated with a star. 

Results from the EUT hypothesis are presented after each question. For all questions, 

the sample size N is listed, together with the frequency for each alternative in brackets. 

For a full Minitab output, see appendix. 

4.2  Sampling and method
The experiment  was  conducted  in  December  2010 at  Umeå University.  In  total,  97 

students  from  Economics  and  Political  science  courses  were  asked  to  fill  in  a 

questionnaire. The only information told to them was that they were being part of a 

study of attitudes to gains, losses and risk. Of the 97 respondents, 51 were male (~52%), 

with an average age of approximately 22.  The big advantage of using a class room 

sample like this is convenience. At the university, a lot of students are available for 

experiments  like  these,  therefore  making  it  relatively  straightforward  to  conduct 

experiments like these even with the limited time of this thesis. 
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Of course, this has the implication that the sampling method is questionable and could 

be biased. Also, since the target population for a theory of decision under risk could be 

argued to be individuals in general, a sample of only students is of course of limited 

value.  I'm aware of  these implications,  and therefore have  to  limit  my inference  to 

students.  However,  KT  has  in  experiments  showed  that  results  from  classroom 

experiments  concerning  PT  do  not  differ  much  from  experiments  performed  at 

companies or where educated statisticians took part of their questions (Kahneman, D. & 

Tversky, A. 1992 p315). This implies that the result from my experiment might give a 

good hint of what to expect for the rest of the population. 

4.3  Experiment #1
This experiment was first published in Prospect Theory: An Analysis of Decision under  

Risk (Kahneman & Tversky 1979 p268-269). For this first set of questions, the purpose 

is to test risk attitudes for different probabilities of gain and losses. The probabilities in 

the second pair are a fifth of the probabilities of the first pair. Thus, in this two pair 

questions, we will test both for gains and losses and for transformations of probabilities. 

According to EUT, this should have no consequence on the ordering of preferences, and 

the respondents will have same preferences for both pair of questions. But, according to 

the fourfold pattern of PT, individuals are assumed to follow the fourfold pattern. In 

other words, individuals are assumed to answer alternative 2. in the first question, 1. in 

the second, 2 in the third and 1. in the fourth.

One. Assume a gamble7 with two alternatives. Which one do you choose? [N=97]

A. Win 3000 SEK with certainty [88] *

B. 80% chance to win 4000 SEK and 20% chance to not win anything at all  

[9] *

Two. Assume a gamble with two alternatives. Which one do you choose? [N=95]

C. Lose 3000 SEK with certainty [14] *

D. 80% chance to lose 4000 SEK and 20% chance to not loose anything at all 

[81] *

7 Each alternative is a prospect, but this formulation was used instead to make the question easier to 
understand
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Three. Assume a gamble with two alternatives. Which one do you choose? [N = 96]

E. 25% chance to win 3000 SEK and 75% chance to not win anything at all [39]

F. 20% chance to win 4000 SEK and 80% chance to not win anything at all [57]

Four. Assume a gamble with two alternatives. Which one do you choose? [N = 95]

G. 25% chance to lose 3000 SEK and 75% chance not to loose anything at all 

[35] *

H. 20% chance to lose 4000 SEK and 80% chance to not loose anything at all 

[60] *

For  the  three  significant  results,  all  of  them support  the  hypothesis  of  the  fourfold 

pattern. In question number one with high probabilities of winning, a majority is risk 

averse. For high probabilities of losses as in question number two, the hypothesis also 

holds. As for the third and the fourth question, it can be debated whether this is a high or 

small probabilities.  As mentioned earlier,  Wu and Gonzalez (1996 p1679) found the 

inflection point to be somewhere around 40%, and thus these probabilities should be 

treated as small and result in risk seeking behaviour. 

As for EUT, it is clear that the transformations of probabilities from the first pair of 

question to the second pair  have an impact  on the ordering of the alternatives.  The 

preferences differ significantly for both pairs, which suggest that the EUT hypothesis 

can be rejected.

4.4  Experiment #2
For the second two pair  of questions,  the purpose is  to test  the same hypothesis  as 

above, but with different probabilities, gains and losses. Here, the probabilities in the 

second pair of questions are the probabilities from the first pair divided by a factor of 

45. This set of questions is also intended to test decision preferences for very small 

probabilities close to zero.  KT asserted that the weighting function often is not very 

well-behaved  near  zero,  due  to  individuals  limited  ability  to  process  really  small 

probabilities, and these questions can hopefully capture some of this behaviour.  These 

questions were first published in Prospect Theory: An Analysis of Decision under Risk  
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(Kahneman & Tversky 1979 s283). 

Five. Assume a gamble with two alternatives. Which one do you choose? [N=96] 

A. 90% chance to win  3000 SEK and 10% chance not to win anything at all  

[81] * 

B. 45% chance  to win 6000 SEK and 55% chance not to win anything at all  

[15] *

Six. Assume a gamble with two alternatives. Which one do you choose? [N=95]

C. 90% chance to lose  3000 SEK and 10% chance not to lose anything at all  

[16] *

D. 45% chance to lose 6000 SEK and 55% chance not to lose anything at all  

[79] *

Seven. Assume a gamble with two alternatives. Which one do you choose?  [N=95]

E. 2% chance to win 3000 SEK and 98% chance not to win anything at all   [39]

F. 1% chance to win  6000 SEK and 99% chance not to win anything at all  [56]

Eight. Assume a gamble with two alternatives. Which one do you choose?  [N=96]

G. 2% chance to lose 3000 SEK and 98% chance not to lose anything at all [50]

H. 1% chance to lose 6000 SEK and 99% chance not to lose anything at all [46]

These  questions  yield  a  similar  result  as  experiment  #1.  For  high  probabilities,  the 

students are risk averse for gains and risk seeking for losses. And here, both results from 

the second pair of questions is insignificant. Together with the results from the earlier 

questions, this suggest that the ordering of preferences with smaller probabilities is not 

as straightforward for small  probabilities as with high probabilities,  supporting KT's 

thesis  of  the  problems  with  very  small  probabilities.  This  seems  reasonable,  albeit 

somewhat vague for a theory that claims to explain decision making. 

Just as for experiment #2, the transformation of probabilities causes a pronounced shift 

in references. Since this shift is significant, we can reject the EUT hypothesis of a linear 

probability scale.
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4.5  Experiment #3
The third pair of questions, first published in Kahneman and Tversky's Choices, values 

and frames (2000 p4-5) intend to test risk attitudes for non-monetary outcomes. Here, it 

is human life at stake instead of money. Notice that the outcomes are identical except 

for in formulations. In question number nine, the alternatives are in the form of saved 

life's (gains), whereas in question number ten they are formulated in terms of casualties 

(losses). With the same probabilities for both questions, the hypothesis here is that the 

reformulation  of  the  alternatives  will  be  accompanied  by  a  pronounced  shift  in 

preferences from a risk averse in the first formulation to risk seeking in the second. 

However, according to EUT and the invariance axiom, different representations of the 

same problem should yield the same ordering of preferences.

Nine. Imagine that the government is preparing for the outbreak of an unusual Asian 

disease, which is expected to kill 600 people. Two alternative programs to combat the 

disease  have  been  proposed.  Assume that  the  consequences  of  the  programs are  as 

follows. Which one do you choose? [N=94]

A. If program A is adopted, 200 people will be saved. [55]

B. If program B is adopted, there is a 33% chance that 600 people will be saved,

and a 66% chance that no people will be saved. [39]

Ten. Imagine that the government is preparing for the outbreak of an unusual Asian 

disease, which is expected to kill 600 people. Two alternative programs to combat the 

disease  have  been  proposed.  Assume that  the  consequences  of  the  programs are  as 

follows. Which one do you choose? [N=97]

C. If program C is adopted, 400 people will die [17] *

D. If program D is adopted, there is a 33% chance that nobody will die, and a 

66% chance that 600 people will die [80] *

Unfortunately,  the result  from question nine is insignificant and we therefore cannot 

draw any conclusions about risk aversion for this case. The result from question ten is 

significant,  and  shows  clearly  of  risk  seeking  for  non-monetary  losses  of  high 

probability. It is also clear and significant that the results from these two questions are 
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different from each other, despite the identical outcomes. This suggest that framing of 

alternatives do matter and that the EUT axiom of invariance is violated. 

4.6  Experiment #4
The questions below were first published in Kahneman and Tversky's article Prospect 

Theory: An Analysis of Decision under Risk (1979, s281). They are somewhat different 

in  formulations  from experiments  #1  and #2.  Here,  the  probability  of  winning  and 

losing is not specified explicit. Instead, the respondents themselves have to calculate the 

chance of drawing a white or red ball. The probabilities for this experiment are very 

small; one in a thousand, and the expected value of drawing a ball is the same as the 

certain gain and loss. Here, individuals are hypothesized to overestimate the probability 

of winning and underestimate the probability of loosing, all according to the fourfold 

pattern.

Eleven. Assume a urn with 1000 balls in it. One of these are white, the rest of them are 

black. You now got two choices. Either you draw a ball from the urn, and if this ball is 

white you win 5000 SEK. Your other choice is not to draw a ball from the urn, and then 

you win 5 SEK with certainty. What do you choose? [N=96]

1. To win 5 SEK with certainty [15] *

2. Draw a ball from the urn [81] *

Twelve. Assume a urn with 1000 balls in it. One of these are red, the rest of them are 

blue. You now got two choices. Either you draw a ball from the urn, and if this ball is 

white you loose 5000 SEK. Your other choice is not to draw a ball from the urn, and 

then you loose 5 SEK with certainty. What do you choose? [N=96]

1. To lose 5 SEK with certainty [53] 

2. Draw a ball from the urn [43]

For gains, the respondents clearly showed risk seeking behaviour. According to PT, this 

also shows that individuals tend to overestimate really small probabilities. Of course, 
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one could argue that a hypothetical gain of five Swedish kronor is a rather meaningless 

alternative, and maybe bigger magnitude of the sure gain or different probabilities had 

provided  a  more  realistic  alternative.  This  reveals  one  of  the  main  problems  with 

experiments; that we always have to assume that the respondents would have made the 

same choice in real life. Here, at least this could be questioned. Unfortunately, the result 

from the second question is insignificant. In retrospect, perhaps both these questions 

should maybe have been differently formulated which I think would have yielded better 

results for both of them.

5  Discussion
The purpose  of  this  thesis  was  to  review PT and how this  theory explain  decision 

making. I have presented EUT as the foundation of most theories in this field of study, 

including  PT,  and  showed  some  of  the  critique  against  the  proposed  rationality  of 

decision makers. Thereafter I have showed how PT offers a much more realistic model 

of  bounded  rationality,  although  the  experimental  nature  of  this  theory  has  been 

questioned.  Even  if  EUT still  is,  and  probably will  remain,  the  normative  standard 

theory of decision under risk, my experiments together with the vast research of KT and 

a number of field studies suggest that this paradigmatic status should be questioned, at 

least for some purposes. 

5.1  The Experiments

When  I  first  started  formulating  my experiments,  I  had  limited  experience  on  this 

subject.  Although I  realized  that  experiments  is  associated  with  several  problematic 

issues, it was not until I conducted one myself that these problems really showed. It is 

obvious that performing experiments require a lot of thought and effort. But even if my 

experiments for sure show some short-comings,  I  still  think that  many theories and 

fields of study has a lot to benefit by testing them empirically, be it by experiments or 

field studies.

The results from my experiments all show how the hypothesis of a linear probability 

scale  according  to  EUT  should  be  questioned.  With  the  transformations  of  the 

probabilities, the respondents preferences are clearly affected. With this result, one have 
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to question the validity of EUT as a descriptive theory. 

Of the twelve questions, only seven of them got a result that is significant for the PT 

hypothesis. This of course limit the inferential scope of these experiments. I see several 

possible explanations for this result. One could be that the students in these experiments 

have a hard time comprehend and analyse small probabilities. One other explanation 

could be that many of the insignificant results are quite similar,  and thus treated as 

approximately identical. With no ability to make follow-up questions to the respondents, 

further research on this matter is recommended. 

The significant results from my experiments show support for PT and the hypothesis of 

the fourfold pattern. However, these results can only conclude that individuals seems to 

act according to PT, but not why. From my experiments, it is impossible to conclude 

that the respondents actually under- and overweight probabilities, and even if this is the 

case, I think this is hard or even impossible to measure in an experiment like mine. 

After all, decision theories are at best approximations of the reality.

An interesting follow-up on this thesis would be to examine if and how the decision 

making distinguishes between individuals and for example organisations or firms. The 

topic  of  this  thesis  has  been  individual  decision  making,  and  does  not  claim  to 

investigate anything else. However, it seems reasonable that with more decision makers 

involved, the decisions (or at least the process behind the decisions made) would differ 

in some way from those made by individuals. A simple way of testing this would be to 

split the respondents into groups and having them answer the questions together.

5.2  Bounded rationality

An important part of PT is the under- and overweighting of probabilities, and the fact 

that the decision maker is unaware of this behaviour. I argue that this show how the 

assumption of a perfectly rational actor is misleading. If individuals were rational, it can 

be questioned that they would make these non-linear weightings. Instead, I agree with 

Kahneman when he concludes that decision makers act in what Herbert Simon call a 

boundedly rational manner. 
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I argue that this bounded rationality tell against the use of EUT as both a descriptive and 

a normative theory.  If  I am unaware of my decision shortcomings,  do I really have 

incitements  for  improving  my behaviour?  I  doubt  it.  Instead,  I  argue that  only  by 

understanding the decision process we are able to improve it.  Thus, EUT should be 

viewed at best as a normative theory to be implemented together with the descriptive 

foundations of PT.

5.3  Conclusions

In many studies, including mine, the conventional model of decision making has been 

questioned, and in many situations it has been insufficient in explaining and predicting 

preferences for risky choices. By thinking outside the economic box, and including an 

interdisciplinary toolbox of psychological knowledge, we can gain more insight in the 

process of decision making. PT is a good example of this, and with the fourfold pattern 

of risk attitudes the theory have established itself as an important descriptive theory of 

decision under risk. 
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6  Appendix

Test and CI for One Proportion: one; two; three; four; five; six; seven; ... 

Test of p = 0,5 vs p not = 0,5

Event = 2

                                                    Exact
Variable   X   N  Sample p         95% CI         P-Value
one        9  97  0,092784  (0,043310; 0,168836)    0,000
two       81  95  0,852632  (0,765118; 0,917025)    0,000
three     57  96  0,593750  (0,488683; 0,692871)    0,082
four      60  95  0,631579  (0,526429; 0,728285)    0,013
five      15  96  0,156250  (0,090172; 0,244584)    0,000
six       79  95  0,831579  (0,740952; 0,900556)    0,000
seven     56  95  0,589474  (0,483808; 0,689405)    0,100
eight     46  96  0,479167  (0,376089; 0,583564)    0,760
nine      39  94  0,414894  (0,314141; 0,521159)    0,121
ten       80  97  0,824742  (0,734291; 0,894461)    0,000
eleven    81  96  0,843750  (0,755416; 0,909828)    0,000
twelve    43  96  0,447917  (0,346275; 0,552859)    0,358

Table 1: Minitab print for one proportion Binomial test. 

Test and CI for Two Proportions: one; three 

Event = 2

Variable   X   N  Sample p
one        9  97  0,092784
three     57  96  0,593750

Difference = p (one) - p (three)
Estimate for difference:  -0,500966
95% CI for difference:  (-0,614921; -0,387012)
Test for difference = 0 (vs not = 0):  Z = -8,62  P-Value = 0,000

Fisher's exact test: P-Value = 0,000

Table 2: Minitab print for two proportion Binomial test for question one and three.
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Test and CI for Two Proportions: two; four 

Event = 2

Variable   X   N  Sample p
two       81  95  0,852632
four      60  95  0,631579

Difference = p (two) - p (four)
Estimate for difference:  0,221053
95% CI for difference:  (0,100679; 0,341427)
Test for difference = 0 (vs not = 0):  Z = 3,60  P-Value = 0,000

Fisher's exact test: P-Value = 0,001

Table 3: Minitab print for two proportion Binomial test for question two and four.

Test and CI for Two Proportions: five; seven 

Event = 2

Variable   X   N  Sample p
five      15  96  0,156250
seven     56  95  0,589474

Difference = p (five) - p (seven)
Estimate for difference:  -0,433224
95% CI for difference:  (-0,555946; -0,310501)
Test for difference = 0 (vs not = 0):  Z = -6,92  P-Value = 0,000

Fisher's exact test: P-Value = 0,000

Table 4: Minitab print for two proportion Binomial test for question five and seven.

Test and CI for Two Proportions: six; eight 

Event = 2

Variable   X   N  Sample p
six       79  95  0,831579
eight     46  96  0,479167

Difference = p (six) - p (eight)
Estimate for difference:  0,352412
95% CI for difference:  (0,227313; 0,477511)
Test for difference = 0 (vs not = 0):  Z = 5,52  P-Value = 0,000

Fisher's exact test: P-Value = 0,000

Table 5: Minitab print for two proportion Binomial test for question six and eight.
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Test and CI for Two Proportions: nine; ten 

Event = 2

Variable   X   N  Sample p
nine      39  94  0,414894
ten       80  97  0,824742

Difference = p (nine) - p (ten)
Estimate for difference:  -0,409849
95% CI for difference:  (-0,534928; -0,284769)
Test for difference = 0 (vs not = 0):  Z = -6,42  P-Value = 0,000

Fisher's exact test: P-Value = 0,000

Table 6: Minitab print for two proportion Binomial test for question nine and ten.

Test and CI for Two Proportions: eleven; twelve 

Event = 2

Variable   X   N  Sample p
eleven    81  96  0,843750
twelve    43  96  0,447917

Difference = p (eleven) - p (twelve)
Estimate for difference:  0,395833
95% CI for difference:  (0,272664; 0,519003)
Test for difference = 0 (vs not = 0):  Z = 6,30  P-Value = 0,000

Fisher's exact test: P-Value = 0,000

Table 7: Minitab print for two proportion Binomial test for question eleven and twelve.
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