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Beliefs in Prospect Theory

The Creation of Decision Weights
From Probabilities



Beliefs in Prospect Theory

In Decision Theory beliefs are represented as
probabilities about the likelihood of states of the
world. These beliefs are gradually adjusted through

experience.

In Prospect theory the expressed beliefs or
probabilities of a person do not directly weight the
outcome of an action. Instead they are unconsciously
adjusted to become “decision weights” by means of

the 1t function



Decision Weights

Decision weights (the mt function) are not probabilities — they
do not sum to one

They are not the direct expression of a person’s belief — rather
mediate between the person’s belief and the person’s
decision

For example, if you ask a person the probability of getting a
head or a tail when tossing a fair coin they will say “50%”

But when betting on a fair coin the evidence suggests that a
decision weight of less than 50% is being used.

So decision weights represent the impact of events on the
desirability of prospects and not merely the perceived
likelihood of events



Hypothetical Probability
Weighting Function TT

1.0 ‘ -9
> 1. Discontinuity
(Certainty

Decision Effect)
Weight:
=(p)

2. Underwighting
- Intermediate

probabilities

|~ 3. Overweighting
Very small
probabilities

1.0

Stated Probability: p



Evidence

K & T asked many respondents how they would respond to a
variety of hypothetical choices

The respondents were asked to imagine that were actually
faced with the choice described and to indicate the choice
they would have made in such a case

The respondents were anonymous and were told that there
was no “right” answer to the problems

In most cases the problems were constructed in several forms
with different amounts where money was concerned

K & T are keenly aware of the difficulties of using hypothetical
evidence but suggest that “field” or naturalistic studies would
be too crude for their purposes



Non-linear Decision weights

[1] Consider the following choice put to N =
66 people:
A : R6000 at .45 chance [EV = 2700] (14% -
chose)
B : R3000 at .90 chance [EV = 2700] (86% —
chose)

[1’] Now consider the following problem -
put to N = 66 people
A : R6000 at .001 chance [EV = 6] (73% chose) —

B : R3000 at .002 chance [EV = 6] (277 —
chose)



Commentary on Problem [1]

In the first situation (Prob [1]) with larger -
probabilities most people choose the larger
probability, but when the probabilities
become so small as to be mere possibilities
(Prob [1’]) , most people choose the larger
amount

Clearly the decision weights are not “linear” e
one-to-one maps of perceived probabilities...



Overvaluing very low probabilities

[2] Consider the following choice put to N =
72 people:
A : 5 000 at .001 chance [EV = B] (72% chose) —
B:5at 1 (certainty) [EV = 5] (28% chose) —
[2'] Also consider the following choice put to
N = 72 people
A : -5 000 at .001 chance [EV = -5] (17% chose) —
B:-5at1(certainty) [EV = -5] (83% chose) —




Commentary on Problem [2]

In Problem [2] people prefer what is in effect a
lottery ticket over the expected value of that ticket.
In terms of the normal “risk aversion” seen in the
domain of gains, this amounts to overvaluing low
probabilities

The same conclusion arises from the preference for
insurance seen in Problem [2’], where the insurance
premium amounts to the same value as the EV of the
loss.

K & T suggest that part of the overweighting of very
small probabilities effect comes from the inability of
most people to comprehend very small probabilities.



Evidence for Certainty Effect

[3] Zeckhauser asked respondents to imagine that they
were forced to play Russian Roulette. However, in this
game they were given the opportunity to purchase one

bullet from the loaded gun. The respondents wsrg
aske

[A] How much they would be willing o pay for the chance to -
reduce the number of bullets from four to three

[B] How much they would be willing to pay for the chance to -
reduce the number of bullets from one to zero?

Most respondents were willing to pay much more for

[B] the reduction of the chance of death from 1/6 to

zero than for [A] the chance to reduce the probability

of death from 4/6 to 3/6



Commentary on Problem [3]

Standard Economic Theory suggests that one °
should be willing to pay more for [B] than for
[A] because in [B] the value of money is
reduced by the probability that one will not
live to enjoy it...

But this economic effect is overwhelmed by
the high value placed on certainty in situation

[B]



Evidence for Certainty Effect, ctd

[4] Consider the following two stage game put -
to N = 85 peop ple. In the first stage there is
an 757% chance to end the game without
winning anything, and a 25% chance to move
to the second stage. If you reach the second
stage, you have a choice between:

A : a sure win of $30 [EV = 30](74% chose) —
B : 80% chance to win $45 [EV = 36] (26% chose) —
Your choice must be made before the game -

starts, i.e., before the outcome of the first
stage is known.



Evidence for Certainty Effect, ctd 2

[5] Consider a problem put to N =81 -
people. Which of the following options
do you prefer?

C : 25% chance to win $30 [EV = 7.5] (42%) —
D : 20% chance to win $45 [EV = 9] (58%) —



Commentary on Problems [4] and [D]

If you consider both stages of Problem [4] you needto -
multiply the probabilities in the second stage by .25
(since there is only a 25% chance of making it to stage
2). That means the EV of A: =.25 * S30 = 7.5, and the
EV of B: =.25 * .8 * S45 =9,

But these are the same EVs as you find in problem [5], °
where most people chose differently.

So most people are being over influenced by the
“pseudo” certainty found in option A of problem [4].
(They forget the probabilistic nature of the first stage,
and then succumb to the “certainty” effect.



Non-monetary evidence of certainty
effect

[6] N=72 people asked to choose between -

A : 50% chance to win a three week tour of -
England, France and Italy (22% chose)

B : A one-week tour of England with certainty —
(780/0 ChOS@)

[6'] N=72 people asked to choose between -«

C : 5% chance to win a three week tour of England, —
France and Italy (67% chose)

D : A 10% chance of a one-week tour of England —
(33% chose)



Commentary on Problem 6

The reward in prospect A is much greater than
that in prospect B, but respondents are
influenced by the certainty of prospect B

When certainty is removed as in problem [6’] °
the greater value of the outcome exerts a
more rational influence.



Undervaluing intermediate
probabilities

[7] Suppose you are considering buying
insurance against Xlooding, but are hesitating
because of the high premiums. Your friendly
insurance agent comes with an alternative
offer. You can have the insurance at less than
half the premium and you will be fully covered
if the flood takes place on an even numbered
day, but not covered at all if the flood takes
place on an odd numbered day. Would you take
this revised offer?

Most people reject this offer of probabilistic
iInsurance



Commentary on Problem 7

This insurance agent’s offer is good (a bargain) -
because for less than half the premium you
are covered on half the days.

However most people undervalue °
intermediate probabilities (in this case .5 for
even days) so they undervalue the offer,
tending to turn it down.



Values in Prospect Theory

Gains, losses, the Status Quo, and
Frames



The "S"-curve and Framing effects

Turning from beliefs to values, Prospect Theory -
suggests that most people do not evaluate prospects
from the “total wealth” perspective suggested by
Decision Theory.

Instead they evaluate from the perspective of the
“status quo” suggested by the way the prospect is
stated, and think of each prospect as involving a gain,
a neutral outcome, or a loss.

The influence on decision making of the way in which
the problem is stated is called a “framing” effect, and
can lead to irrational decision making



The Hypothetical Value Function

Losses

Value

Convex in the
Domain of
Losses - So
Risk Seeking

Concave in the
Domain of gains -
So Risk Averse

Gains

Loss curve is
Steeper than
Gain curve -
So Losses
“Loom larger"
Than gains



Risk Aversion in The domain of
gains

Knowledge that people are risk averse in the e
domain of gains dates from the time of Daniel

Bernoulli

Subjectively a gain of R100 when the person °
possesses RO is experienced as greater than a
gain of R100 when the person possesses

R1000



Risk Seeking in the domain of
losses

Similarly knowledge that people become risk
seeking in the domain of losses is old

Subjectively a loss of R100 when the person
possesses R200 is experienced as greater than
a loss of R100 when the person possesses

R1000



Some Evidence

[8] N=68 people were asked to choose

between two bets:

A : $6000 at 25% chance (18% chose) —

B : $4000 at 25% chance and $2000 at 25% -
chance (82% chose)

[8°] N=64 people were asked to choose

between two befts:

A -$6000 at 25% chance (70% chose) —

B : -$4000 at 25% chance and -$2000 at 25% —
chance (30% chose)



Commentary on Problem [8]

Working out the expected values for problems [8] we
get:
n(.25)*v(6000)< m(.25)*v(4000)+ mt(.25)*v(2000) —
So a chance of a gain of 6000 is experienced as less —

valuable than a chance of two smaller gains that add up to
6000 — supporting concavity in domain of gains

Working out the expected values for problems [8']
we get:
1t(.25)*v(-6000)> 1t(.25)*v(-4000)+ 1t(.25)*v(-2000) —

So a chance of a loss of 6000 is experienced as better than —
a chance of two smaller losses that add up to 6000,
supporting convexity in domain of losses



Losses loom larger than gains

The S-curve is considerably steeper for losses
than for gains

This explains why people are reluctant to bet
on a fair coin for equal stakes
K& T found in a sample of undergraduates that —

most refused to stake S10 on a coin toss unless
they stood to gain at least $S30



What are "Frames"?

“Frames” refer to the way in which a problem is formulated.
Cognitively speaking they are mental structures we create to
help us interpret meaning

Consider a story (from Steven Robbins) about two young
Catholic priests who were both smokers and who both asked
their Bishop for permission to smoke whilst praying

The first asked, "Would it be permissible for me o smoke
whilst praying to the Lord?" and was given a resounding
"No" in reply from the Bishop

The second asked, "During those moments of weakness
when I smoke, would it be permissible for me to say a
prayer to the Lord?" and he received the reply, "Yes, of
course, my son



The effects of framing prospects

as losses or gains

[9] (N = 152). Imagine that the US 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 exact scientific estimates of the
consequences of the programs are as follows:

A : If program A is adopted 200 people will be saved (72%) —

B : If program B is adopted there is a one third probability —
that 600 people will be saved and a two-thirds probability
that no people will be saved. (28%)

Which of the two programs would you favour? -



Commentary on Problem [9]

The implicit reference point of the problem [9] -
is that if no program is adopted 600 people
will die

The outcomes of the two programs are stated -
in gains, and as expected most respondents
were risk averse in the domain of gains —

respondents tend to prefer to take the certain
outcome rather than the gamble



Now consider ...

[10] (N = 155). Imagine that the US 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 exact scientific estimates of the
consequences of the programs are as follows:
C : If program C is adopted 400 people wi(llzgciye) —
D : If program D is adopted there is a one third —

probability that nobody will die and a two-thirds
probability that 600 people will die. (787%)

Which of the two programs would you favour? -



Commentary on problem [10]

It is easy to see that options Cand D in problem [10] are in real
terms the same as options A and B in problem [9]

However in problem [10] the options are stated in terms of
losses, and people become risk seeking in the domain of losses

This means that respondents will tend to prefer the gamble
over the certainty of losses

Together problems [9] and [10] demonstrate a failure Decision
theory’s “invariance” assumption — that decisions should
depend on the real value of the outcomes, not the way the

prospects are worded



Framing Effects are like Illusions

“The failure of invariance is both pervasive and robust. It is as
common among sophisticated respondents as among naive
ones, and it is not eliminated even when the respondents
answer both questions within a few minutes. Respondents
confronted wit their conflicting answers are typically puzzled.
Even after reading the problems, they still wish to be risk
averse in the "lives saved" version; they wish to be risk seeking
in the "lives lost" version; and they also wish to obey
invariance and give consistent answers in the two versions. In
their stubborn appeal, framing effects resemble perceptual
illusions more than computational errors.” K & T, (2000, p. 5)



Failure of Dominance

[11] (N = 86). Choose between -

A : 25% chance to win $240 and 75% -
chance to lose $760 (0%)

B : 25% chance to win $250 and 75% —
chance to lose $750 (100%)
In Problem [11] it is easy to see that option B
dominates A, and all respondents chose
accordingly.



Failure of Dominance, ctd

[12] (N = 150). Imagine that you face the -

following pair of concurrent decisions. First
examine both decisions, then indicate the
options you prefer:
Decision (i). Choose between: —

C: A sure gain of $240 (84%) -

D: 25% chance to gain $1000 and 75% chance to gain -«

nothing (16%)

Decision (ii). Choose between: —

E: A sure loss of $750 (13%) -

F: 75% chance to lose $1000 and 25% chance to lose
nothing (87%)



Commentary on Problem [12]

A majority of respondents make a risk averse choice
for the sure gain over the positive gamble in decision
(i)

An even larger majority of Ss make a risk seeking
choice for the gamble over the sure loss in decision
(ii).

Effectively the majority of respondents expressed a
preference for Cand F over D and E

The same pattern emerged in modified versions of
this problem.



Commentary on Problem [12] ctd

Effectively the majority of respondents expressed a
preference for Cand F over D and E

The preferred conjunction, however, is dominated by
the rejected one
Adding the sure gain of $240 (option C) to option F yields —

25% chance to win $240 and 75% chance to lose $760 (=
option A in problem [11])

Adding the sure loss of $750 (option E) to option D yieldsa —
25% chance to win $250 and 75% chance to lose S750 (=
option B in problem [11])
So the framing effects in Problem [12] cause peopleto
choose the dominated option of Problem [11]



Moral of the story

Clearly Decision Theory is correct in the idea
that choosing in terms of a single measure of
overall wealth [a “canonical” representation of
the problem] will help avoid failures of

invariance and the irrational choosing of
dominated options

But people naturally think in terms of gains
and losses and achieving a canonical

representation of problems is demanding and
psychologically alien.



Mental Accounting

Applying Prospect Theory to
Mutiattribute Utility Problems



Organizing the Outcomes of
Transactions

Multiattribute utility theory (part of DT) is concerned
with identifying and analyzing multiple variables to
provide a common basis for arriving at a decision

Multiattribute DT is particularly widely used to
analyze transactions and trades

In Prospect Theory Multiattribute DT is replaced with
an easier “heuristic” called “mental accounting” —an
heuristic that can sometimes lead to irrational
decisions



Mental Accounting and Framing

To evaluate options with many attributes K & T
propose that a person sets up a “mental account”.

This mental account contains an implicit reference
standard against which the advantages and
disadvantages of the option can be evaluated.

An option is seen as acceptable if the balance of its
advantages exceeds its disadvantages.

The mental account includes other features of
prospect theory such as concavity of gains and loss
aversion



Three possible kinds of mental
account

Assessing two transactions that combines some advantages with ¢
some advantages could be done using one of three types of
mental account:

Minimal Accounts: A minimal account includes only the —
differences between the two options and disregards all the
features they share

A comprehensive account relates the relative advantages and —
disadvantages of the options to a person’s overall level of
wealth, or perhaps a person’s monthly expenses

A topical account relates the consequences of the possible —
choices to a reference level that is determined by the context
in which the choice arises

Prospect Theory believes that people actually use topical accounts
when assessing transactions and trades



Multiattribute Problem

[13] N=88. Imagine that you are about -
to purchase a jacket for $125 and a
calculator for $15. The calculator
salesman informs you that the
calculator that you wish to buy is on sale
for $10 at another branch of the store,
located 20 minutes drive away. Would
you make a trip to the other store?

68% said "Yes"



Accounting Representation of
Problem

If a minimal account were used in problem [13] the advantage
of going to the other store would be represented as a gain of
S5. The disadvantage would be represented as a loss of the
petrol and time used to get to the store.

In a topical account the advantage is framed as a reduction in
the price of the calculator, from $15 to $10. Because there is
no saving on the price of the jacket, the cost of the jacket is
not included in the topical account.

In a comprehensive account the saving on the calculator and
the cost of petrol etc would be evaluated in relation to a
person’s monthly expenses or budget



Testing the Prediction of Topical

Accounts

K & T reason that if people are using topical accounts the
willingness to travel to the other store for a saving of S5 in
problem [13] should be:

Inversely related to the price of the calculator —
Independent of the price of the jacket —

To test this they constructed a problem [13’] in which the
prices of the two items were interchanged (calculator given as
S125 in the first, and $120 in the second store; the jacket set
at S15 in both stores)

Only 29% of N=93 respondents were willing to drive to the
other store to save S5 on as $120 calculator

This supports “topical” accounting, because [13] and [13’] are
identical in both minimal and comprehensive accounts



The Implication of Topical

Accounting

People will exert the same degree of effort to save

S15 on a $150 purchase as to save S5 on a S50

purchase. It is not the absolute size of the saving, but

the relative proportion saved that matters

Surveys show that the standard deviation of prices of

t
r

ne same product in different stores in a city are
oughly proportional to the average price of the

Proc

uct. This must result from consumer’s effort to

find the best price, i.e., consumers exert effort in

pro
sa

portion to the average saving, not the absolute
ving on a product (Pratt, Wise and Zeckhauser)



Which Account?

[14] N = 200. Imagine that you have -
decided to see a play and paid the
admission price of $10 per ticket. As
you enter the theatre, you discover that
you have lost the ticket. The seat was
not marked and the ticket cannot be
recovered.

Would you pay $10 for another ticket? -
Yes (467%). No (54%) -



Which Account?, ctd

[14'] N = 183. Imagine that you have -
decided to see a play where admission is
$10 per ticket. As you enter the
theatre, you discover that you have lost

a $10 bill.

Would you still pay $10 for a ticket for -
the play?

Yes (88%). No (12%). *



Commentary of Problems [14], [14']

Why are so many people unwilling to spend $10 on goingto
the theatre after having lost a $10 ticket if they would readily
spend that sum if they had lost an equivalent amount of cash?

K & T think its is how the two problems are grouped into
mental accounts. Losing the ticket gets put into the account of
going to the theatre and “doubles” the cost of seeing the play.

Losing the $10 bill gets put into a separate account (money
used that day/week or month) so making the person feel only
slightly less affluent

These mental accounting choices are also influenced by
regret, feelings of frustration and self-satisfaction.



The "Endowment effect”

K & T propose that the “status quo” serves as the reference
level in making choices

Many choices involve making a decision between retaining the
status quo and accepting an alternative to it.

Because prospects are evaluated in relation to the status quo
gains will be evaluated cautiously from a risk averse point of
view, and losses will be evaluated in a risk seeking manner

Because losses tend to loom larger than gains, a decision maker
will be biased in favour of retaining the status quo

This is termed the “endowment effect” — it explains the
reluctance of people to part with assets that belong to their
“endowment”.



A Reluctance to Trade

[15] One group of respondents was told to imagine
that they had been offered and accepted a job in
Alaska (Very cold) at a a very good salarx\eéoosi
oney).

Another group of respondents was told that they had
been offered and accepted a job in Florida (Nice
Climate) at a moderate salary (Poor money).

After being asked to think about these situations for
a while both groups were asked if they would like to
swap (e.g., cold climate with good money for good
climate and poor money, and vice versa).

K & T observed a marked reluctance in both groups to
swap. They suggest that this illustfrates the
endowment effect in tha r'esfponden’rs become biased
in favour of the status quo.



Commentary

The endowment effect will favour stability over

change. T
t

ne fact that people fear losses more than
ney anticipate gains, gains will have to be

substantial

K&T

y greater than losses to induce people to
change.

note “Thus the instability of preferences

produces a preference for stability. In addition to

favouring

stability over change, the combination of

adaptation and loss aversion provides limited
protection against regret and envy by reducing the
attractiveness of foregone alternatives and of others’

endowments.”



Either a cost or a loss

[16] N = 132. Would you accept a gamble that -
offers a 10% chance to win $95 and a 90%
chance to lose $5?

<Filler problem> -

[16'] Would you pay $5 to participate ina
lottery that offers a 10% chance to win $100
and a 90% chance to win nothing?

55 respondents expressed different -
preferences, 42 rejected the gamble in [16]
but accepted the lottery in [16]



Commentary

This problem relates to decisions about buying insurance where
the premium can be framed either as a cost or a loss.

Richard Thaler notes the effect of such framing on a bill before
congress preventing stores from being compelled to charge the
same amount for cash and credit card use:

“When it appeared likely that some kind of bill would pass, the
credit card lobby turned its attention to form rather than
substance. Specifically, it preferred that any difference between
cash and credit card customers take the form of a cash discount
rather than a credit card surcharge. The preference makes sense if
consumers would view the cash discount as an opportunity cost
of using the credit card but the surcharge as an out-of-pocket

cost.”



The Dead-Loss Effect

This effect is also called the “sunk-costs” effect °
and (by ethologists) the “concorde effect”.

It concerns the reluctance of people to admit -
that some of their resources or investments
have been lost, with the consequent tendency
to throw good money (or resources) after the
bad/lost resources.



Tennis-Elbow Example

Thaler gives the example of a who develops tennis elbow
soon after paying the membership fee of a tennis club and
who then continues to play in agony rather than admit to
wasting his investment.

Playing in agony helps maintain the frame of the membership
fee as a “cost” rather than as a loss. Recognizing that the
membership fee was a dead loss is seen as more aversive than
enduring the agony of tennis elbow..

Similarly, the British and French governments didn’t want to
admit having wasted the money needed to develop the
Concorde, and so through in additional money to complete
the project which eventually only sold 13 aircraft.



Some Conclusions

Prospect Theory can be linked with a great many other
psychological and cognitive theories.

For example, a worker given a raise may be unhappy if his
raise is less than that given to others (social comparison
theory).

This suggests that Prospect Theory can be usefully developed
by exploring such links to other theories.

It does not break down the notion of action at all just like
decision theory. Essentially, it is an attempt to extend
psychophysics in the realm of values and beliefs.

It has uncovered many intriguing experimental findings and
has strong empirical support
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