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Abstract

In this paper we analyse the theoretical treatmentdelling and
applications of utility in the presence of uncertgi We start by examining the
limitations of the predominarExpected Utility theoryaddressing the observed
evidence for consistent violations of its assum#ioNe then explore alternative
methods for modelling utility, discussing their méeatures and predictions.

We proceed to introduce a new model of utility undacertainty. The
Combined Risk Attitudenodel aims to provide another way of representing
economic agents’ decision-making, using intuitivajypealing assumptions. We
discuss the applications of our theory, explorihg tresults predicted by the
model in certain situations. Our model is finallgngpared to other alternative
models of utility under uncertainty, highlightindsi relative strengths and

limitations, along with any scope for expansion deglelopment.

The Combined Risk Attitudenodel does not aim to replace existing
models of utility; it builds upon their foundatignsffering a view of the topic
from a slightly different angle. It is appropridi@ complementing the existing
models while arguably being more suitable for djpedypes of analysis —
especially where the variable of interest is thgmniade of risk-aversion or risk-

seeking associated with a simple prospect.
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1. Introduction

The concept of utility is a fairly controversialgic in economic theory. Its
highly abstract nature, as well as the inherertiilitea to measure it directly, have
led to disagreement as to whether it is a usetjestifor analysis, and — if so — to
what extent. Nevertheless, a large amount of tieearevolves around the use of
utility to explore, justify and predict human befaw — a branch of economics
called *“utility theory”. Contemporary applicatiom$ utility theory can be found
in many areas that are related to both economidgaychology, such as finance,

insurance, management and marketing.

In its most basic definition, utility is a measudd “pleasure” or
“satisfaction” gained by economic agents from tlsumption of goods or
services. It is also often connected with the maryeamounts used by the agents
to obtain those goods or services; thus, we canalabut the utility of money.
Given that almost all contingencies — perhaps @y those involving human
mortality or disability — can be directly transldten terms of monetary value,
utility of money can generally subsume any otheetgf utility in a given state of
the world. In this paper we focus our analysis @ity of monetary outcomes,
keeping in mind that — in reality — utility is deed from the ultimate use of the

monetary value in question.

In situations of risk and uncertainty, where induals are faced with
uncertain contingencies of differing outcomes, giredominant utility theory
analysing human behaviour and choice is the “Exquethtility” theory. First used
by Bernoulli (1738), this theory has seen widespraae since the important

contributions by the economists von Neumann andgelostern (1947), whose



names often accompany the corresponding modelildf.uAlthough based on a
set of seemingly self-evident axioms, then Neumann — Morgenstern Expected
Utility Model has bred a multitude of paradoxes that contratBcassumptions
and predictions. As a result of this, there havenbgeveral attempts to present
alternative theories of utility under uncertaingych asProspect Theoryby
Kahneman and Tversky (1979) and modelRRefyret(Bell, 1982; Loomes and
Sugden, 1982) andisappointmen{Bell, 1985; Loomes and Sugden, 1986).

In this paper we will analyse the theoretical tneeit, modelling and
applications of utility in the presence of uncertgj focusing on the phenomenon
of risk attitude reversal — frorRisk Averseao Risk Seekingnd vice versa — in
certain situations. We will start by critically eraing the limitations of the
currently predominantvon Neumann - Morgenstern Expected Ultility function
method, by showing how its assumptions are comdlgteviolated in actual
observed human behaviour under uncertainty. Wetheth analyse the alternative
methods of modelling utility mentioned above, explg their assumptions and

discussing their main features and results.

We will further proceed to introduce a new alterweat method of
modelling utility under uncertainty, which featurdse cumulative effects of
different factors on risk attitudes. Th@ombined Risk Attitudéhenceforth
referred to by the acrony@RA) model aims to provide another way of accurately
representing economic agents’ decision-making @m®ceusing intuitively
appealing assumptions. We will discuss and anahsapplications of our theory
in several areas, exploring the results predictethb model in certain real world
situations. Th&CRAmodel will finally be discussed in relation to ethalternative
models of utility under uncertainty; its strengtrsd limitations, along with any
potential for further development, will be highligh.



2. Why not Expected Utility?

In analysis of individual choice under uncertaintshere the concept of
utility is often considered central to optimal d@oh making, the standard
methodology is to consider the utility associatathveach possible contingency.
According to the Expected Utility theory, each itilvalue is multiplied by the
ex-ante probability that the corresponding contimyetakes place, and summed
up. This gives us the von Neumann-Morgenstern Bepddtility function shown
below. For each contingenagy p; refers to probabilitiesw; refers to levels of

wealth andu(w;) is the utility function of wealth:
EU=)" puw)
i=1

The main attractiveness of Expected Utility thebeg in its simplicity.
Besides knowledge of the probabilities of the ddfe contingencies or states of
the world, it relies only on the utility functionf ovealth. This function is
commonly assumed to be globally concave, for mudividuals, leading to risk
averse attitudes for any level of wealth. In eseetiis means that people would
be willing to pay a premium for certainty, explaigithe demand for insurance.
Other individuals are considered to be risk seekprgferring to take gambles
such as investing in high risk/high reward projeats participating in lotteries at
actuarially unfair odds. An example set of utilafrwealth functions is displayed

in Graph 1:
Graph 1
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In their influential axiomatisation of Expected ld#$, von Neumann and
Morgenstern (1947) justified their theory by prayithat a utility function over
lotteries constructed on the basis of a set of emtttical axioms, would have the
Expected Utility structure and properties. Thesar faxioms of preferencere:
completeness, transitivity, continu{tyften referred to as th&rchimedearaxiom)
andindependencehese are comparable with similar arguments ftaited on the

basis of choice under certainty.

“Ever since the formulation by John von Neumann a@dkar
Morgenstern of a set of axioms of rational choioeler uncertainty, a number of
situations have been identified in which there aignificant and repeated
violations of one or more of those basic axionfsbomes and Sugden, 1983:
pp.428). These situations — ‘Btaradoxes” — have since been a common subject
of analysis. The St. Petersburg Paradox motivateaid) Bernoulli (1738) to first
introduce the Expected Utility function, featurinige property of diminishing
utility of wealth. This was later on shown to belwarsatisfactory solution; for any
unbounded utility function, there can exist a prbpeonstructed game of chance
offering the infinite expected utility predicted ligje Paradox. Apparently, an
upward bound in the utility function of wealth —tnthe most realistic of
assumptions — would be necessary to explain theedersburg Paradox under an

Expected Utility framework.

Another violation of the Expected Utility axiomsawanalysed by Coombs
(1975). The Archimedean axiom — in combination vittinsitivity of preferences
— implies that, given two lotteries A and B, anymgmund lottery providing a
weighted mixture of A and B would give a level dility somewhere in between
the two original lotteries. Thigri-betweennessproperty is shown to be violated
by almost half the test subjects in an experimenére lottery A gave a 50-50



chance at 3 dollars and B gave a 50-50 chancedatl&s. In this situation, the
violation consisted of a third lottery C - which sva 40-60 mixture of A and B -
being ranked first or last in preference in comgxari to the original lotteries.
Although the very small amount of money at stakeg lead someone to question
the robustness of these findings, this experimeavertheless contributed

evidence against the Expected Utility theory.

Ellsberg (1961) with his commonly quoted paradoansexample of the
effects of certainty versus uncertainty in indiatludecision-making. His
experiment consisted of an urn A filled with a SD4&roportion of red and black
balls, and a second urn B filled with red and bldzMls, in a proportion
undisclosed to the test subjects. According to Etque Utility theory, an
individual would form a subjective evaluation oétbdds for red or black balls in
the “uncertain” urn B. When offered a monetary @rizpon picking a red ball
from a selected urn, a large majority of test sctigjgreferred the known 50-50
odds of urn A. When they were subsequently offerathilar prize upon picking
a black ball from a selected urn, they still persistedselecting urn A. This
evidence suggests that some kind of psychologieatséon to uncertainty is

affecting individuals’ choices, something not madel@élby Expected Utility.

Probably the most well-known Paradox of choice undeertainty is the
Allais Paradox. Formulated by the French econoMatirice Allais (1953), this
experiment — and others of similar content thdbfeéd it in subsequent studies —
provided strong evidence against the validity ¢ thdependence axiom of von
Neumann and Morgenstern. When comparing a certaitcome A with a lottery
B in one situation, and two lotteries C and D iother, the preferences in each
situation varied among test subjects. The paradas; Wwowever, that the lotteries
C and D were constructed in a way that they wecembination between A and



B respectively, with another lottery E. Hence, thdependence axiom would
predict that a preference of A over B would necelysiead to a preference of C
over D, and vice versa. The experiment uncoverésbeacalled certainty effect,
according to which outcomes obtained with certaildgm disproportionately
larger than those that are uncertaifSchoemaker, 1982: pp.542).

The evidence discussed above encouraged, in thefelasdecades, a
considerable amount of economic literature challepghe Expected Ultility
model. According to Schoemaker (1982: pp.53@ereas the simplicity of EU
theory, especially its mathematical tractabilityaynmake it a very attractive
model for purposes of social aggregation, its dinel validity at the individual
level is questionable. The critique of Kahneman and Tversky (1979: pp.265)
supports thatif people are reasonably accurate in predictingethchoices, the
presence of common and systematic violations otateg utility theory in
hypothetical problems provides presumptive evideagainst that theory.”
Although the Expected Utility theory will alwaysmain a simple and useful
model, giving reasonably accurate predictions mage situations, its limitations

produce a need for alternative ways of modellinigtyitinder uncertainty.
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3. The Alternative Path

3.1. A Review of Prospect Theory

In the previous section, we have seen the arguntieatgrovide evidence
against the validity and accuracy of the Expectatitymodel as a representation
of human choice under uncertainty. A number of pajpave presented variants
of the Expected Utility model, in a way that cardiaass some of the observed
behaviour that contradicts the original model. éman and Savage (1948)
present a model where the utility function of weatthifts from concave to
convex, and again concave, as wealth increaseskavide (1952) presents a
utility function with three points of inflection,n@ of which lies at the “status
quo” level of wealth — thus separating risk attésdoetween losses and gains.

lllustrations of these two models are given in Grap

Graph 2
Friedman & Savage Markowitz

E(W)

E(W)
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W

Karmarkar (1978) introduces subjective weightingadbabilities in risky
choice, formulating the Subjective Weighted Utilityodel. Kahneman and
Tversky (1979) use a similar concept in their folation of the most influential
departure from Expected Utility. Their model, cdllerospect Theory, introduces
several new concepts in utility analysis, and hasyrproperties that successfully

describe preferences in cases where the Expeciigg biodel fails to do so.
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In most previous models of utility, the carrier \@dlue is the wealth of
each individual. Some models incorporated shiftiefgrence points of wealth -
this enables a differentiation in utility of a givéevel of wealth, according to its
position in relation to the reference point. In $prect Theory, this concept is
taken one step further — the use of wealth as #mgec of value is rendered
obsolete and, instead, we talk about the utilityaiihs and lossesTherefore, a
value function in the domain of gains and lossesnfia given reference point —
usually the status quo level of wealth — replacémtwused to be the utility
function in the Expected Utility model. This valdfienction is assumed to be
concave for gains and convex for losses. The cdnuiefpss aversion suggests
that a loss causes disutility that is greater thanutility obtained by a gain of the
same magnitude — thus the value function is ste&pelosses than for gains.

Graph 3 shows an example value function, as gindétrespect Theory.

Value

Graph 3

Losses Gains

A second major feature of Prospect Theory is tleeaislecision weights
in choice under uncertainty. In a manner similatht® Subjective Weighting of
utility used in Karmarkar (1978), the probabilitieseach outcome in a prospect
are weighted by a non-linear decision function,alihis taken into consideration
along with the value function for the correspondiugcome. The decision weight
is typically lower than the probability associateith it, except in the case of very

low probabilities, where it is higher. The decisikumction z(p) is discontinuous

12



at the boundaries, havimg0) = Oandz(1 )= 1L An example of a decision weight

function, found in Kahneman and Tversky (1979pii®n in Graph 4:

Graph 4

Decision Weight z(p)

' ' ' 1 Probabilityp

0 0.5

Additionally, the concept of amditing phaseis introduced. Prospect

Theory suggests that individuals first edit thegmects under consideration, and
then evaluate the edited prospects to make theisidas. One operation of the
editing phase is to ignore extremely low probalesit and treat extremely high
probabilities as certainty. paraphrasing from Kahae and Tversky (1979:
pp.283),“indivuduals are limited in their ability to evaldua extreme probabilities;
thus, highly unlikely events are either ignored @verweighted, while the
difference between highly likely events and certaiants is either neglected or
exaggerated.’Additionally, some prospects can be separatecskiass and risky
components during the editing phase: for exampie,pgrospect (100, 0.4; 500,
0.6) can be seen as a certain gain of 100 poundisa&0% chance for a 400
pounds gain.The reference point separating losses and gainbeaeadjusted to
differ from the status quo in some situations, adicq to the framing of the

uncertain scenario and the expectations of theviahaial.
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In the Prospect Theory formulation, the utility &ion is equal to the
weighted average of the value functions — the waighbeing done by the
decision weight function on the basis of the prolggiof each contingency. Thus,
for a prospecA (X, p; Y, 1-p)we have: U(A) = d(p)v(X) + d(1-p)v(Y.)Given
the shape of the value functions, in most situatiBrospect Theory predicts risk
aversion in the domain of gains and risk seekinghan domain of losses. This
means that both insurance and gambling requiraseeamption of overweighting
of low probabilities. The concept of loss aversgives us the realistic prediction
that in the case of a mixed prospect (offering bosses and gains with some
probability) the individual will put greater weigbh losses — which explains the

observed unwillingness to take 50-50 win-lose ga&ashbinder most circumstances.

As a descriptive model of choice, Prospect Thesryighly successful in
that its assumptions permit most types of obsededations from the expected
utility predictions. Its recent extension by themma of Cumulative Prospect
Theory (Tversky and Kahneman, 1992) works with cumulatragher than
individual probabilities of contingencies to givdamulation that is better suited
to modelling complicated — even continuous — prospeHowever, Prospect
Theory suffers from the fact that its predictioe$yron the arbitrary and highly
abstract concept of overweighting/underweightingoadbabilities. To deal with
this fact, several other theories have attemptadddel the properties of Prospect
Theory by using a more intuitive and realistic exytion for departures from
expected utility. The use of effects such as ovdidence and skill signalling has
seen some use in contemporary theories, but thewndsly known models make
use of Regret and Disappointment as additional cesunf utility beyond the

monetary gains and losses given by a prospect.
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3.2. Regret and Disappointment Models

“Expected utility appears to fail because the sengutcome descriptor —
money — is not sufficient. After making a decisimiler uncertainty, a person
may discover, on learning the relevant outcomest #mother alternative would
have been preferable. This knowledge may impagnhaesof loss, or regret(Bell,
1982: pp.961)Decision Regrets seen as the disutility caused by learning that
one’s decision under uncertainty was sub-optimaimared to alternative options,
after the uncertainty is resolved. A correspondiogitive utility effect, called
“Rejoicing”, occurs upon learning that your decision was ogitigiven the
alternatives. Loomes and Sugden (1982) formulategk® Theory, a descriptive
theory of choice which models the ex-ante antiogmabf Regret/Rejoicing in the
utility function. A model of Regret with slightly iffierent formulation but

comparable results was independently created by(B&82).

In Regret Theory, we have a separation betw€hniceless Utility—
which occurs when a change in wealth did not refsaih a choice taken by the
individual — andModified Utility which includes regret or rejoicing effects. This
makes use of aegret-rejoice function R(.) that gives the regret or rejoice
associated with the action taken in comparison veliernative actions. An
increasing, convex functio®(.) is defined such thad(x) = x + R(x) — R(-x)to
give the net utility after regret and rejoice etfeare added in the equation. For

example, Regret Theory predicts that an individualild weakly prefer actiod;

to actionAy if and only if: D p, [Q(qj -G )] 20, wherej = 1..n refers to
j=1

different possible states of the world occurringmmprobability;, andCj is the

choiceless utility corresponding to the outcomadaifonA, in statg.

15



Regret Theory has some interesting propertiesresults. It is consistent
with all the experiments presented in Kahneman awersky (1979), but in
comparison it is simpler and uses a smaller nummbassumptions. Loomes and
Sugden (1982: pp.817) support thagainst the complex and somewhat ad hoc
array of assumptions required by prospect thedrg,grinciple of Occam’s Razor
strongly favours the straightforwardness of regie¢ory.” Regret Theory can
explain the Allais Paradox, as well as violatiofhsransitivity in preferences such
as in Coombs (1975). Assuming a linear choiceléiisydunction, it predicts the
reflection effect when we move from the domain aing to the domain of losses,
as well as the mixed risk attitudes phenomenon &hee can observe

simultaneous gambling and insurance by the samedtocl.

Regret Theory is not, of course, without its laibns. Loomes and
Sugden (1986) admit thé&because regret theory makes comparisons across
actions but within states of the world, it can pog¢diolations of the transitivity
axiom but not violations of the sure-thing prineipl Lacking the sort of editing
phase used in Prospect Theory, it cannot modeinifrg” and “context” effects
(Tversky and Kahneman, 1981; Hershey and SchoemaR80) that can affect
behaviour according to how the prospect is presentgome of its assumptions
are also rather strong for several scenarios otcehander uncertainty: it requires
that the uncertainty of foregone actions is resblamd their result, ex-post,
known. Thus, it is unsuitable for gambling scenmarimless you get to know

whether you would have won or lost - even if yom'tactually participate.

As a follow-up to their respective models of Reégt®momes and Sugden
(1986) and Bell (1985) introduced models that regaround the utility effect of
Disappointment. Unlike Regret, which occurs by cangon of the result you
would have gotten if you had taken another actiothe case of Disappointment

16



the comparison is done across states. The basimption of these models is that
individuals form expectations about the results théir choices, and then
experienceDisappointment— or its positive equivalenglation — according to
whether the actual result is better or worse thareeted. As in the case of Regret,
the ex-ante anticipation by individuals of the pgsylogical effects of
disappointment/elation gives rise to observed bieliavhat is predicted by this

model, but is inconsistent with Expected Utility.

Bell's model of Disappointment adopts a gain-ldsamework with
constant marginal utility of money. Thus, risk tatties are dependent on the
effects of disappointment or elation associatech wlite prospect. For example,
consider the simple prospdd000, 5000, p)where you get 1000 with probability
p and 5000 with probability 1-p. The disappointmessociated with the low
result of 1000 increases when p decreases; sigmilatation associated with
gaining 5000 increases when 1-p decreases. Thiglngad be extended to cases
where no intrinsic money gains are involved. Faregle, you can be watching a
football match where you don’t have any intrinsgé@son to support either team.
In this scenario, Bell (1985: pp.16-17) suggesé ‘thncommitted people tend to
support the underdog, the team thought less likelwin... Supporting a cause
with little chance of success offers only the gmoki of elation and eliminates

the possibility of sizable disappointment”.

In Bell (1985) he also presents an extended mededre disappointment
and elation are proportional to tbddsagainst the state occurring, instead of the
corresponding probabilities. Thus, winning an amaxirat odds 6 to 1 induces
double the elation effect as winning the same amatindds 3 to 1. This model
has an effect that is remarkably similar to the iBlea Weighting assumption of
Prospect Theory: small probability, high gains eabggh elation and thus are

17



preferred to large probability, low gains of comglale expected value. This
explains the observed risk seeking behaviour aasatiwith low stakes, high
gains gambles such as national lotteries. Thisimersf Disappointment model
can be presented in a way that isolates a funeifphthat plays a similar role to
that of the Decision Weight function in Prospectedty. A graph of a typical
functionz(p) deduced from a disappointment model is displayecbimrast with
Prospect Theory, in Graph 5:
Graph 5

Prospect Theory

n(p) . .
Disappointment

Theory

| ! ! Probabilityp
0 0.5 1
The general results of Disappointment models amalasi to those of

Regret models, explaining many of the paradoxiaaviours of risky choice
that occur when the odds for winning or losing asgmmetric. The theory of
Disappointment provides an alternative approadheédecision Weighting effect
of Prospect Theory, which is more intuitively redet to human psychology - and
not as arbitrary. It does not seek to replace Rexgehe sole psychological effect
of interest to the individual decision-maker, bather it is a complementary
effect. Both Regret and Disappointment can co-arishany situations, and their
combined effects can give an explanation for huitvelmaviour that departs from

the von Neumann-Morgenstern assumptions.
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4. The Combined Risk Attitude M odel

4.1. Overview

The Combined Risk Attitude Model, which is introédcby this paper, is
a new descriptive model of utility under uncertginkt incorporates elements
from several of the aforementioned models, in a@ngdt to extend the scope of
alternative utility analysis and modelling. It sa@pis the ongoing process of
replacing the traditional Expected Utility framewdpy more accurate models,
which has arguably begun in earnest since theduatition of Prospect Theory
and its variants. It also includes psychologicééd@t that involve some sort of
trade-off with the standard utility-of-money effeeh a manner similar to the

various Regret and Disappointment models that baea recently developed.

A key element of Prospect Theory is the imporgatiat is given to the
assumption of overweighting and underweighting obbgbilities in human
choice. In and by itself, this concept seeks — artdally manages — to explain a
wide number of observed phenomena, such as risirgedehaviour in the
domain of gains and risk-averse behaviour in thealno of losses. The Combined
Risk Attitude Model seeks to present this concdpprobability weighting, in a
way that is more intuitively clear and based orisga assumptions. A lot of
focus is given on the phenomenon of risk attitudeersal — that is, the
circumstances under which an individual shifts frask-averse to risk-seeking,
or vice-versa. This phenomenon serves as a guloiago modelling the effects
that, when combined, can provide an accurate reptason of utility under
uncertainty. The process of combining differentepeindent effects, which serve

to shape an individual’s risk attitude, lends isne to our model.
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4.2. Theory and Analysis of Risk Attitude Reversal

The variability in observed risk attitudes was ttiadally explained by
classical economists in abstract terms that h#d ti do with the assumption of
utility maximisation commonly associated with riske choice. According to
Friedman and Savage (1948: pp.280) risk attitudere Wustified“by ignorance
of the odds or by the fact that “young men of ameadurous disposition are more
attracted by the prospects of a great success tihey are deterred by the fear of
failure” !, by “the overweening conceit which the greatertpafr men have of

n 3

their own abilities®, by “their absurd presumption in their own goodttme” 3,

or by some similar deus ex machina.”

According to the Bernoulli and von Neumann-Morgensttheories of
Expected Utility, an individual’s attitude towardsk was assumed to be fixed for
most levels of wealth — excluding extreme circumesés. The default assumption
of diminishing marginal utility of wealth would nessarily imply a risk-averse
attitude for individuals with “well-behaved” prefmces, something clearly in
sharp contrast with the wide evidence of risk-segliehaviour in the real world.
Risk-seeking was thus associated with a paraddyxicanhvex utility-of-wealth
function. As already mentioned earlier in this papeariants of the Expected
Utility model by Friedman and Savage (1948) and Rdaitz (1952) introduced
points of inflection to the utility function, in aattempt to model the reversal of
risk attitudes.

! Phrase originally quoted from A. Marshall (192645
2 Phrase originally quoted from A. Smith (1776: 107)
® Phrase originally quoted from A. Smith (1776: 107)

20



A closer look into the conditions that give risethe risk attitude reversal
phenomenon can provide useful insight for modellihg behaviour of utility
under uncertainty. Markowitz (1952) performs anlgsia of this sort, using the
example of a prospect offering a 10% probabilityaofjain of X, with a 90%
probability of no gain. This prospect is compareithva certain gain of 0.1X,
equal to the expected value — in monetary termktheouncertain prospect. This
expected value will be henceforth referred to as“gtake of the prospect, for
simplicity and clarity of argument. Markowitz argutat, for low stake prospects,
individuals reveal a risk-seeking preference; thmefer the gamble to its
expected value. As the stake becomes higher @iwalto the individual’'s level

of wealth) the preference shifts to risk-averse.

A similar analysis is done in the domain of lossebgere a reflection
effect is observed. That is, for low stakes of Jasdividuals prefer a certain loss
to a risky one, but as the stakes increase thal/tefavour the risky loss. Since
the shape of the utility function is still usedtas sole explanation behind risk
attitudes, the observations of Markowitz producedrstinctively shaped function

found in Graph 2.

An important consideration that is not addressedtly Markowitz
analysis is whether — and to what extent — theabiities of gains and losses in a
risky prospect affect risk attitudes. By using ataraple prospect with a fixed
probability of gain or loss of 10%, but varying tlaenount of the gain/loss,
Markowitz avoids having to tackle this problem iis lexperiment. However, if
we seek to get a more complete understanding of/étyerisk attitudes are formed

in risky choice, we have to consider this secoffielcef
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In order to do so, we can explore a similar scenaeeping the stakes
constant but varying the corresponding probabdlitieet’s take, for example, a
prospect offering a 1% chance of 10000 pounds; edvmdst individuals choose it
over a certain gain of 100 pounds? We can derivafarmative answer if we
look at real world evidence from gambling, natiolmdteries and other situations
involving low probabilities of gain. On the contyama 50-50 chance of winning
200 pounds is generally not preferred to the aegain of 100. In the domain of
losses, a reflection effect typically occurs; ataierloss of 100 pounds would be
generally preferred to a 1% chance of losing 10p60nds — in fact, people
sacrifice more than that in the form of insuranagenpums to insure their
properties against low-probability perils such s &nd earthquake. But for the
same stake of -100 pounds, they might prefer t@ l@90% chance of losing 110,
so that they can keep a chance of avoiding thedlbsgether.

The above results may seem familiar; they are ithdee same results
associated with Prospect Theory, and the Disappent and Regret models.
Different rationale is used in each case: the oward under-weighting of
probabilities in the first scenario, and the psyopral utility effects of
Disappointment/Elation and of Regret/Rejoice resipely in the latter models.
Whatever the reason may be for the observed belratle case seems to be that
probabilities do affect risk attitudes, especiallyen we face extreme odds, for or

against the gain/loss in question.

We can see a different picture of the effect ofyway probabilities in a
prospect, in the case where the stakes are vehy Tigically, if we had a choice
between a certain gain of 10000 and an uncertaimbfgawith an expected value
of 10000, we would always show an aversion to ngkwould choose the certain
gain. What if we had a choice between the riskyspectsA (11111, 0.90pndB
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(1000000, 0.01) As stakes increase, it becomes more likely theatgw for the
more probable gain, rather than risk it all on &vgamble. Thus, extreme odds
can have two opposing effects: inducing risk-seglar low probability gambles
as long as the stakes are modest, but also induiskigversion for high stakes;

as always, the reverse applies for losses.

To summarise our analysis of Risk Attitude Reverag form a set of
assumptions corresponding to the above generatteff§/e assume a simple
risky prospect ofA (X, p) and a certain gai€ = Xp. If we then compare the
utility given by A, with the utility given by the certain gain 6f we get a measure
of the risk aversion associated wAhOur three assumptions are given below, for

both gains and losses:

1. Holding the stakeXp constant at a low or moderagpesitive level, risk-
aversion associated with increases when we have an increageand a
corresponding decrease K, and vice versa. Holding the stak&p
constant at a low or moderateegative level, risk-aversion associated
with A decreases when we have an increasp amd a corresponding

decrease in the absolute valueXofand vice versa.

2. Holding the stakeXp constant at a higlpositive level, risk-aversion
associated withA decreases when we have an increase iand a
corresponding decrease K, and vice versa. Holding the stak&p
constant at a highlynegative level, risk-aversion associated with
increases when we have an increase amd a corresponding decrease in

the absolute value of, and vice versa.
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3. Holding p constant, risk-aversion associated wAtincreases as the stake
Xp increases, and vice versa. This effect also appier negative
prospects; as the stake goes down to negative sralg decreases, risk

aversion decreases.

We assume, of course, that when the measure chvisision becomes
negative it is equivalent to a measure of risk-seekAssumption 1 leads to the
so-called‘fourfold pattern” of risk attitudes predicted by Prospect theory.tTsia
risk-averse attitudes are consistent with prospeitesing high-probability gains
and low-probability losses, and risk-seeking atiétsi are consistent with
prospects offering low-probability gains and higieimbility losses. Assumption
2 provides a counter-argument to the above, prespra reverse “fourfold
pattern” in the special case of high stake prospegurther, Assumption 3
suggests that higher stakes lead to an overakaser in risk-aversion for gains,
and in risk-seeking for losses. These three fundémh@assumptions set the basic
framework for the Combined Risk Attitude model,adissed in more detail in the

following sections.
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4.3. The Riskless Utility Function

The riskless utility function measures the utildf monetary outcomes
under certainty, and forms the basis of our CRA ehddpon this base value, the
additional effects that arise from the presencerafertainty are accumulated to
give a final value of utility for a risky prospeetalong with the corresponding
risk-averse or risk-seeking attitude. This functays a similar role compared to
the value function found in Prospect Theory, asl sl the choiceless utility
function found in Regret Theory. As such, it opesabn a gains/losses framework,
rather than the — arguably obsolete — final wedidtmework upon which

Expected Utility theory was formulated.

It is obvious that the shape of the riskless tytiflunction should directly
reflect the way utility is derived from monetaryiggaand losses. Prospect Theory
presents a value function which is convex for gaind concave for losses — this
follows from the assumption of diminishing marginatility of wealth. The
resulting effect is a general bias towards riskrsiom in the domain of gains and
risk-seeking in the domain of losses. On the othand, in Regret and
Disappointment models a linear value function iemfassumed, in order to give
more focus to the respective psychological effextstility. Given the descriptive
nature of our model, two questions need to be adkethe utility of monetary
gains and losses subject to the economic law oingsimng marginal utility? If so,
is that a significant effect on the formation ckriattitudes?

The answer to the first question is rather amhigudhe wide evidence
supporting the law of diminishing marginal utiliseems to favour the Prospect
Theory treatment of the topic. However, a countgument would be that

diminishing marginal utility is derived from the mwept of satiation; as we
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consume more of a given good we become partlytedtithus additional units of
the good are less enjoyable. The unique qualitmwofey is that it is not directly
consumed, but instead substituted for other goddss inherent flexibility

enables consumers to split their monetary gains different goods, to avoid
satiation. This would serve to mitigate — or eliatin— the diminishing marginal

utility effect in the special case of monetary aues.

The second question has also been subject to eensyo Diminishing
marginal utility of money was originally introducégy classical economists as an
explanation to the observed phenomenon of risksamer People are risk-averse,
they claimed, because wealth is subject to thed@iminishing marginal utility.
However, Rabin (2000) argues against this commenragtion. He proves that
“any utility of wealth function that doesn’t prediabsurdly severe risk aversion
over very large stakes predicts negligible risk rai@n over moderate stakes”
(Rabin, 2000: pp.1). He concludes tHatersion to modest-stakes risk has

nothing to do with the diminishing marginal utiliof wealth” (Rabin, 2000: pp.4).

Keeping in mind the above, we will use a lineakless utility function.
We will, however, incorporate the concept of lossraion as given by Prospect
Theory — thus, the utility function is steeper fosses than for gains. According
to this, economic agents are generally risk-neutrahe absence of additional
effects on utility. Our riskless utility function(X) is illustrated in Graph 6:

V(X)

Graph 6

0 X - Monetary
Outcome
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4.4. The Long-Shot Effect: Modelling Disappointmeregret and
other psychological aspects

This section will revolve around the analysis anddelling of the effect
of probabilities on the utility gained by a riskyogpect. In general, it is observed
that very low probability gambles, such as a Natlobottery, tend to attract
people to participate even though the payoffs areowisly actuarially unfair. On
the other hand, high probability gambles are gdlyeuaattractive; even a 50-50
fair gamble is not something most people would pcéer stakes of money of
some significance. On the domain of losses, thkeawdn effect leads to the
willingness of most people to insure their assatsa premium, against low-
probability hazards. In this paper, this effectlvioié referred to as the “Long-
Shot” effect, since it operates mostly when thecomote in question is quite

improbable.

In Prospect Theory, this effect is explained by #nbitrary assumption of
“decision weighting”, operating on the probabilgtief a prospect. This works
quite well to enable the Prospect Theory modelctueately represent observed
preferences. For descriptive purposes, howevewyiWwseek an alternative way to
justify the Long-Shot effect in risky decision-magi Disappointment and Regret
Theory provide a solid basis for our analysis. lesinsituations where this
phenomenon is experienced, the individual is catledo make a choice — for
example, whether to participate in a gamble or sigimnsurance contract. In such
a case, the regret and disappointment effectsopirate in tandem to introduce

an additional utility effect on the low-probabiliutcome of a prospect.

For example, in a scenario featuring a 10% prolgtgkin in a gamble,

the agent anticipates a significant amount oftytii due to rejoice and elation —
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in the case when he wins. If he loses, the utibgs due to disappointment and
regret is negligible, given the 90% chance of Igsifhhe same argument operates
in the domain of losses; the small probability oluiy uninsured house destroyed
in an earthquake would mean an incredible amouwlisasfppointment and regret
if this actually occurs. Other psychological efeecsuch as a preference for
positive skewness in a prospect’s outcome disinbytogether with an aversion
to negative skewness, would be equivalent to tbeeafentioned tendencies. The
anticipation of these effects functions to shif¢ teix-ante utility of the prospect

towards the direction (positive or negative) of thest improbable outcome.

To model the above effect, we introduce what we egall a “Long-shot
function” to be added to the riskless utility fuiloct, as a component of total
utility. This will depend on the probabilities ammaitcomes of the prospect in
guestion. In this paper, for simplicity, we will mly focus on simple prospects
offering a positive or negative payoff with a giverobability, the only other
contingency being a zero payoff. Thus, for a prospéX, p) we will have a

corresponding Long-shot function bfX, p).

For our modelling purposes, we make an assumpliahthere exists a
level of probabilityp*, 0 < p* < 1, for which the functiorL(X, p*) is always
equal to zero. That is, if we face a probabipityof gainingX, the anticipation of
positive and negative psychological effects caremth other out. Therefore,
given our linear riskless utility function, we waube indifferent between the
prospect ofA(X, p*) and its certainty equivalerXp* for modest stakes (the
additional effect that takes place when the stddezome high will be addressed
in the following section). In terms of a Prospebedry Decision Weight function,
we would haver(p*) = p*; this is where the Decision Weight graph crosses t
45-degree line. According to a study done by Prestod Baratta (1948), this
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point corresponds, for most individuals, to an appnate probability level of
25%. Tversky and Kahneman (1992) present a slighitiher probability level,
ranging between 30% and 45%.

For a prospect featuring an outcome X with a cpoading probability of
p < p* the functionL(X, p) is strictly increasing ag decreases. Whgn> p*, the
function L(X, p) is negative and decreases further as p increagesfunction
increases in magnitude as the outcome X increaseabsolute value. In
accordance with our fundamental assumptibnwe must also have that, when
keeping the stakes constant but varying the lewéls< and p in opposite
directions, the probability effect dominates thecome effect. We sketch an
example of this result in Graph 7:

Graph 7

L(X, p) L(X, 0.05)

/ L(X, 0.10)
//L(X, 0.15)

p< p* /

C L(X, p¥)
100 StakesXp

D
p> p* T—— (X, 050)

\L(X, 0.80)
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In the above example, the pofdtcorresponds to a zero level of long-shot
utility since it is associated with a probabilityy @*. For the same stakes of 100,
point A shows us the positive effect of utility asmted with a prospect offering
1000 with probability 10%. A 5% probability of gety 2000 is even more
attractive, as given by point B which is higherrtha. At point D, the 50-50
gamble offering 200 is associated with a negatiuétyu effect, as are all

prospects witlp > p*.

30



4.5. The High Stakes Effect: Risk Aversion revidite

As we have previously mentioned, our model assumésear riskless
utility of monetary gains/losses, which is not ®abjto the law of diminishing
marginal utility. We have explained why this asstiom is robust for prospects
with low and moderate stakes. However, there isicemable evidence that as
stakes increase, agents consistently tend to becskiaverse in the domain of
gains and risk-seeking in the domain of losses.s Tiki consistent to our
fundamental assumptio(8); we will include this “High Stakes” effect in our
model as an additional factor behind the formatibrisk attitudes.

For simplicity, we will set aside the wealth diaces of the agents and
concentrate on the gains/losses framework thatdasemelevant for modelling
utility of risky prospects. However, in accordamagh the analysis of Markowitz
(1952), we should keep in mind that the magnitudstakes is actually relative to
the wealth position of each individual. Thus, wisatonsidered to be a very high

stake for a poor individual would be only moderfaiesomeone wealthier.

We can explain this effect in several possible sydput perhaps the most
obvious is to reintroduce the classical notionisi-aversion, related to the law of
diminishing marginal utility. When stakes becomghhwe tend to become averse
to any uncertainty associated to obtaining the hugin, because most of our
important material needs would be satiated if we sacure it. Similarly, we
would often go to great lengths to avoid a certags, when that loss is so high
that it would mean a significant decline in ourriy standards. Therefore, after
the stakes exceed a certain threshold, the higesteffect kicks in, biasing our

decision-making towards ensuring great gains aoidawg great losses.
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An important point to examine is whether therany interaction between
the high stakes effect and the long-shot effecis Would be necessary for high-
stake prospects, according to our assump{@n Recall our example with the
risky prospectsA (11111, 0.90)and B (1000000, 0.01)The long-shot effect
would produce a bias favouring the risky prospecHBwever, in reality, it is
more likely that we would prefer the less risky gect A. Thus, it follows that
the high stakes effect can work to mitigate anched@minate the long-shot effect,
when the stakes become very high. This is a reshith the Prospect Theory
formulation fails to address, as it was mostly blagse empirical evidence from

choices made between low to moderate stake praspect

We continue our attempt at modelling utility bytroducing the High
Stakes functiotd(X, p), which has a weakly negative value for positivespects
and a weakly positive value for negative prospetisis, it gives a bias towards
risk aversion for gains and risk seeking for losséisis is an effect similar to that
given by a non-linear value function as in Prosplwotory, with the difference
that it only comes into effect as the stakes irmged&raph 8 demonstrates the
function H(X, p) for different levels of probability. We can seeathas
probabilities become smaller, the negative utiéffect of a high stake prospect

becomes more pronounced.

Graph 8
H(X, p)
0
StakesXp
H(X, 0.5
H(X, 0.3
H(X, 0.1)
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4.6. Combined Risk Attitude

The previous two sections have analysed the twdin neffects that
combine to produce an agent’s attitude to riskttiPlgp the two additional effects
against the expected value of our prospect (igesthkeXp) directly gives us the
direction and magnitude of the risk attitude assec with a given prospect. A
positive value signifies that the risky prospederd additional utility from these
effects compared to its certainty equivalent, thnesng consistent with risk-
seeking behaviour. A negative value is similarlgasated with risk-aversion.
The sum of the functionis (X, p) andH (X, p) is given in Graph 9, for a prospect
A (X, p) of positive nature and for various probabilityéés:

Graph 9
L(X, p)+ H(X, p)
p=0.05
p=0.10
0 ~ StakesXp
pP=p
p>p*

In the domain of losses, we have a mirror imagtefabove picture, with
the effects being opposite in sign - consistenhlite reflection effect. That is,
L(X, p) is negative for low probabilities, producing rigkersion, and positive for

high probabilities, producing risk seekingl(X, p) is weakly positive and
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increasing as stakes become high in absolute v&ugph 10 illustrates these

functions:

Graph 10

L(Y, p)+ H(Y, p)

Y<O0

StakesYp 0
p=0.10

p=0.05

To put everything together, we add the above effexour riskless utility

function. Thus, for a prospe&(X, p) we have:
U(X, p) = pV(X) + L (X, p) + H (X, p)
Given the linear nature &f(X), this is equivalent to:
U(X, p) = V(pX) + L (X, p) + H(X, p)
Therefore we can graph both the risky prospects thedr certainty
equivalents on the same graph, with stakes on tAaiX and total utility on the

Y-Axis. The vertical difference between the risldadility function and the total

utility function for a given stake shows the degoéeisk aversion or risk seeking
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associated with the corresponding prospect. An @iais given in Graph 11 for

negative and positive prospects, and differentltegprobability:

Graph 11

U(X, P)

p=1

p= p*
p>p*

0 StakesXp

The above diagram shows the formation of risk s for different
prospects as probabilities and stakes change.dwoptobability, low/moderate
stakes we have a strong long-shot effect and agilelgl high stakes effect. This
translates to a risk-seeking attitude for gains sidaversion for losses. It is no
coincidence that in this category we find most aittns where we observe
gambling and insurance contracts undertaken atcauramally unfair cost. For
high probability prospects we have the oppositeuatts; risk-aversion for gains
and risk-seeking for losses. As stakes increasehifjh stakes effect dominates
and we find that low-probability gains become lesttractive, while low-
probability losses become more attractive, in camspa with more probable
prospects of the same expected value.
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So far, we have focused our analysis on examisimgle prospects of the
form A(X, p). The introduction of an editing phase, where protgpare simplified
by decision makers before utilities are calculatealy allow our model to be
applied to an extended range of situations. Asrospect Theory, one operation
that takes place in the editing phase is the bngaéfown of prospects into risky
and riskless components. Thus if we have a prospettp; Y, 1-p), X>Y this
would be broken down to the certain gaimnd the risky prospeé(X-Y, p) the
utility associated with the latter can be analyaedording to our model. The case
of mixed prospects — including both negative anditp@ outcomes — is more
complicated, but can be treated in a similar wathatcost of some accuracy, if

we shift the reference point towards one of the divections.
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5. Applications of the M odel
5.1. General Insurance

Insurance has always been associated with deasaking under
uncertainty, as it provided evidence for the riskrae behaviour predicted by the
traditional Expected Utility model. According to pected Utility, a risk-averse
individual would always pursue full insurance agaiany risk, of any probability
or magnitude, as long as the premium is actuari@iy The phenomenon of
underinsurance is explained by the fact that premitend to be higher than their
fair level, to cover the costs and profit margirfsirtsurance companies. Our

model offers an alternative view of this issue.

The maximum level of premium that an insurance gamy can charge is
determined by the amount of risk-aversion of theividual policyholder,
associated with the hazard he faces. In our mosékaversion varies with the
probability and magnitude of the possible loss. &aiven probability level, the
level of risk-aversion increases, then decreasgestha@ magnitude of the loss
increases. Our model predicts that the highestanstsion is found in risks with
very low probability of loss, as long as the stakeslved are not too high. In
order to maximise their profit margin, insurers danus on particular types of
policies offering cover against hazards with prolitgtdevels and magnitudes that

are consistent with very high risk-aversion.
In Graph 12, we can see that the pdinthat maximises risk-aversion is

found where the gradient of the Total Utility furoet is equal to that of the linear

Riskless Utility function. The actuarially fair prégum for a corresponding
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insurance policy would be the expected IBssHowever, the policyholder would

be willing to pay a maximum df to insure himself against this loss.

Graph 12
U(X, P)
C B
StakesXp 0
X< 0
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0/.
A
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/
‘.
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~/.
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Another result of this model, which is also shavdth Prospect Theory
and other alternative utility models, is the risititade reversal towards risk-
seeking for high-probability prospects. In the casénsurance, this means that
there are only particular types of risks that amsurable by a risk-neutral
insurance company. Specifically, these risks mustabsociated with a loss
probability less thamp*; for those low probabilities of loss, our modekgicts
risk-aversion for low and moderate stakes. On trary, high probability risks
are associated with risk-seeking, and thus indaiglwould not be willing to

insure for a fair premium.
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A common, empirically observed phenomenon in iasoe is the
prevalence of underinsurance policies. This isinobnsistent with our model.
For a low-probability, insurable risk, as stakesdree high our model predicts a
reduction in risk-aversion. Once this risk-aversitmecomes too low to
compensate for the actuarially unfair premiums gédr by the insurance
company, an individual would prefer an underinsoeampolicy, for a lower
premium that is consistent with his level of riskession. The same effect also
means that insurers can limit the amount of cowethgy offer — especially for
insurable risks that have a relatively high probgbof loss — in order to increase
their profit margins. On the other hand, it hastotaken into account that the
underwriting and administrative costs of the insuaee mainly based on the
number of policies underwritten and not their typethis would need to be

balanced against the higher premium chargeabliénided coverage policies.
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5.2. Further Applications

In the previous section we have mentioned the chsesurance. A similar,
yet opposite in nature, application would be theecaf gambling and lottery
construction. The reflection effect predicts thataivapplies in the domain of
losses is mirrored in reverse in the domain of ga@asinos, sports-betting
bookers and other gambling institutions can inaeheir profits by taking into
consideration the conditions under which individuadxpress risk-seeking
attitudes. Additionally, this can be applied to k&ing strategies, where lottery-
type contests are offered to promote the salesgdfen product. Since gambling
institutions usually have a direct control over ghebabilities and outcomes that
they offer, they can customise them according t® tility functions of a
representative gambler. In that case, our modelldvpredict an enhanced long-
shot effect due to a higher elation/rejoice fadtom extreme odds. This would
lead to higher risk-seeking for low-probability gales over moderate stakes, as

well as a higher level qf*.

An important result found in our model, as well e analysis of
Markowitz, is the sensitivity of risk-attitudes ofdividuals to the magnitude of
stakes in relation to their level of wealth. Inswe, gambling and other services
are aimed at offsetting individuals’ risk-seeking fgains and risk-aversion for
losses, when it occurs. These attitudes are inflerneavily by the individual’s
wealth position. What is a high-stake prospectaforaverage individual would be
moderate-stake for a wealthy one — he would thyse®ance the desired risk
attitude. Our model predicts a possible opportufotytaking advantage of this
factor. This would, in practice, correspond to tlase of “V.I.P” services such as
“Executive” insurance policies and “Elite” casinoghere high stake risky

prospects are essentially traded at a premium:‘§theus symbol” factor involved
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with the exclusive nature of such institutions wbuhake them additionally

attractive to the target types of individuals.

Our model can also provide some insight to thea ast Finance and
Portfolio Management. So far, most financial modetsk on the basis of mean
and variance analysis. High mean returns are giyneatasirable, while high
variance is considered undesirable. The utilitynieavork of our model suggests
that this is not sufficient for a complete evaloatiof an uncertain future gain.
Specifically, higher moments — and especially tkensiess — of the distribution
of gains from different financial assets and inwemit opportunities should also
be taken into account in order to maximise stalagrsl utility. Although our
model does not address the type of complicated pskspects found in finance,
it does predict that positive skewness is genedglsirable for low and moderate
stake prospects — corresponding to the positiveg-&hot effect on utility.
Additionally, the gains/losses framework of our rabd shared with many other
alternative models of utility — could apply in Fir@ by using the risk-free rate of

interest as the “reference point” between the domaf gains and losses.
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5.3. Comparison with other Models of Utility

The Combined Risk Attitude model has been formdlaie the basis of
similar assumptions as Prospect Theory and otherempected utility models. It
seeks to explain the same observed behavioursky decision-making. Thus,
the important question is: what new does this mbdegk to offer to the subject of
modelling utility under uncertainty? How does ithbge in comparison to other

models, and what are its strengths and limitations?

A main feature of our model is that it places mestphasis on the
comparison between same-stake prospects. Sintteeatiain effects of our model
are graphically presented with the stakes on thixi$; we can directly see how
prospects with the same expected value offer d@iffevalues of utility depending
on the probability and levels of gain or loss tludfer. This comes at the cost of
making comparisons between different-stake prosgdess clear. However, it can
be argued that, under non-expected utility modgllinhe latter type of
comparison is not as significant. For example, % J0obability of winning X is
qualitatively different than a 60% probability ofinming X; according to our
model, the effects on the utility function are drnt in such a way that a direct

comparison would not be particularly informative.

Another important focus of our model is found ¢ tanalysis of risk
attitudes and the circumstances under which thaeychange. In Expected Utility
risk attitudes are fixed by the shape of the ytfiiinctions — a treatment that is too
rigid for the purposes of an analysis of this phmeanon. In Prospect Theory,
Regret and Disappointment models, we can see tigkides changing as we
move from the domain of gains to the domain ofdsssas well as when we are

dealing with extreme probabilities. Our model pearie the same kind of analysis,
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but it further combines it with a treatment of tway different stakes can also
affect risk attitudes — as featured in the modeMairkowitz. Combining these
different effects in our model shows how they camrkmogether or in opposite
directions, to form an individual’s attitude tokis

Our model takes a similar route as Regret anddpisiatment models in
the way it introduces separable effects, whichaalded on a basic utility function
— in our case, the “Riskless” utility. On the otheand, the Decision Weighting
effect of Prospect Theory and other models feagusnbjective probabilities
operate by altering the weight carried by the wytibf different outcomes in
decision making. It is yet unclear which treatmehton-standard utility effects
is the most appropriate; perhaps further researghtnprove that the effects
introduced by this model would fit observed choibester, if they are modelled

in an alternative way.

Furthermore, the model introduces another deparfuom Expected
Utility — risk attitudes are no longer produced &@yconvex or concave shaped
value function, as is usually the case in traddlartility analysis. Although some
other models — such as Bell's model of Disappoiminieinclude linear riskless
utility functions, this is mainly done for the pwge of simplicity. On the contrary,
our model follows the arguments of Rabin (2000) pratluces risk attitudes that
are separable from the way utility operates undeiamty. Once again, the extent
of the validity of this assumption can only be oWy empirical research which
is beyond the objectives of this paper.
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5.4. Scope for Research and Improvement

The subject of utility and decision-making undenditions of risk and
uncertainty is still at an early phase of developmblost models either provide a
limited analysis from a specific point of view, offer a generic overview of the
issue. Our model is not an exception; although phiser has built the framework
and basic foundations of an alternative theory @medtment of utility under
uncertainty, there is still plenty of scope for each, improvement and

refinement.

The obvious thing our model can make use of isnatfanal form for the
different functions and effects on utility. This wd require empirical studies
done by a survey or otherwise, to compare rishkualtis for simple prospects as
probabilities, outcomes and stakes vary. This waldt enable us to specify the
parameters which determine individual differencessk attitudes — and estimate
their approximate values. Such an analysis woulddsmore light on the
circumstances under which our model can provideentobust and accurate

results than other models of utility under unceittai

Another possible extension of our model would beafply similar
concepts and framework of analysis to the case evpsyspects are continuous,
offering a probability distribution on a range aftoomes. Such an improvement
would significantly increase the sophistication afr model and its ability to
represent a wide range of observed behaviours tiitudas. The introduction of
Cumulative Prospect Theory was a major step towaraking Prospect Theory
the predominant alternative to Expected Utility ®he our model cannot
possibly compete unless a similar extension is lopeel.
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Finally, a major step towards increasing the ratess of our model
would be to empirically examine and analyse whe#dwne of its assumptions
can be relaxed or modified to represent the desatbelcts on utility more
accurately. For example, we can examine the betawip* - the probability of
a prospect which corresponds to risk-neutral aktisufor low to moderate stakes.
We can see whether it is constant for a given iddiad and how it varies between
different people. Additionally, we can see whethere is sufficient interaction
between the different effects on utility; if soethtreatment as separable and
additive in our formulation could be altered in somway to represent that

interaction.
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6. Conclusion

This paper has undertaken the analysis of whatrgeiably the most
abstract of topics in economics and related disegl— utility under uncertainty.
As such, to a considerable extent we may find tane of our model’s
assumptions and predictions are rather arbitragyway. This is not a novelty; in
this area of research, most models share this conunawvback, whether it is
Prospect Theory with its non-linear decision wdightof probability and its
multitude of framing effects, or Regret Theory wiith focus on how choice itself

can alter the utility effects of the action thati®sen.

For the purposes of this paper, our model has taiagd an adequate
amount of simplicity and clarity of presentation bgvoiding rigorous
mathematical analysis and instead focusing on graphlepresentation of the
direction and relative magnitude of its effects amsults. This was done both due
to the inherent complexity in modelling non-lingfanctions and the lack of
appropriate data from which we would derive an eateufunctional form for our

equations.

In terms of context, we share a lot of elementsifbin Prospect Theory
and other alternative utility models. The reflentieffect, the loss aversion effect,
the four-fold pattern of risk attitudes and thetiali editing phase — all are
included in our framework of analysis. We replate tDecision Weighting
concept of Prospect theory with a non-linear additiong-shot effect on utility,
representing an accumulation of Regret, Disappa@ntnand other psychological
factors through which extreme odds may affect attkudes. We also include a
treatment of how varying stakes affect this pictunee adopt the view of
Markowitz in deriving a High Stakes effect on wyili This amalgamation of the
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most realistic assumptions and concepts found fierdnt alternative models of
utility serves to increase the descriptive poweroof model and make it less
arbitrary and more intuitively attractive than eaxflthe other models it is based

upon.

Throughout this paper, we keep in mind that our ehdd merely an
approximation of reality; it only claims that itseglictions are sufficiently robust
to represent the way utility is formed and decisi@ne made under uncertainty.
The Combined Risk Attitude model is not here toaeg the existing models of
utility; rather, it builds upon the foundations ¢®t these models, and offers a
view of the topic from a slightly different angl@s such, it is appropriate for
complementing the existing models while arguablyn@pemore suitable for
specific types of analysis — especially where tlaiable of interest is the
magnitude of risk-aversion or risk-seeking assedatvith a given prospect.
Expanding the model and establishing a functionainffor its effects, through
extensive empirical research on the formation &k rattitudes, can further
enhance both its descriptive and prescriptive ppwed make it more accurate

and robust.
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