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Dedication

To Ken Arrow for his encouragement of our focus on secondary (know-
ledge-ahead-based) satisfactions through his early recognition of our demon-
strations that no rephrasing of expected utility theory can accommodate
them, and that these lead to deliberate violations of dominance.



Foreword

The joint work of Robin Pope, Johannes Leitner and Ulrike Leopold-
Wildburger presented in this little book makes a strong point for a new
approach to decision making under risk. It emphasizes aspects of risk
preferences largely neglected in the theoretical and experimental litera-
ture. Before the outcome of a risky decision is known a decision maker
may feel worries or thrills about what will happen at the end. It is con-
vincingly argued that the anticipation of such ”secondary satisfactions”
is, and should be, an important influence on the decision. The question-
naire data and the experiments support this view.

The answers of participants in the questionnaires about the reasons
for their decision are an important basis for the evaluation of the ex-
periment. The evaluation of these questionnaires has led to impressive
findings. Like other commonly used research techniques, the analysis
of introspective information in questionnaires is not absolutely reliable.
Nevertheless it is an extremely valuable source of insight into motiva-
tional forces, insufficiently exploited in economics.

It is not my task to give a preview of the book, but I would like to
encourage the reader to discover the remarkable results of an unusual
theoretical and experimental approach to decision making under risk.

Königswinter, Germany, August 2006

Reinhard Selten



Preface

In this book we break new ground on why and how people decide on in-
surance contracts, and offer a few insights on how the context of terrorism
may affect such demand. Our findings are suggestive also for decisions
under risk in other situations.

The book elucidates what is a risk, and what emotional, planning and
financial effects arise from deciding to take risks, rather than avoid them,
for instance by taking out insurance. It is for the interested lay person,
for government officials and private organizations considering providing
insurance. It is particularly designed for economics, business, psychology,
philosophy, statistics or operations research students in upper levels of
undergraduate study, or doing a Master of Business or Public Adminis-
tration, or in course-work or thesis stages of a doctoral degree. It is also
designed for those doing consulting in the public and private sectors, and
those with academic research on choice under risk.

The book provides a new approach to risk. It identifies the funda-
mental role of time in risk bearing. It identifies that what is distinctive
about risk is an anticipated change in knowledge ahead. For instance we
face a risk if we anticipate that there might or might not be an attack on
an asset that we possess. We anticipate going through a period of limited
knowledge ahead. This is while we do not know whether there will be an
attack and whether we shall lose all. We anticipate in the more distant
future, a change in our knowledge ahead, since at this later date we shall
have learned whether or not there was an attack.

In economics and other disciplines, the demand for insurance contracts
is typically estimated via standard rank dependent theories eg EUT, ax-
iomatised Expected Utility Theory, or CPT, Cumulative Prospect The-
ory. These theories have the characteristic of being widely used, but little
understood. We explain in the book these theories. We explain them in
ways that will be valuable for students and teachers at both the under-
graduate and graduate levels, as also for researchers, policy makers and
the interest general public. We trace confusing changes in terminology
that have occurred over the years. We elucidate numerous misconcep-
tions about what considerations such theories permit decision makers to
incorporate.
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We identify restrictions in these theories that tend to be ignored in
textbooks. As a consequence these restrictions are largely unknown to
academic researchers and government and business consultants employ-
ing these traditional ways of estimating insurance demand. One restric-
tion these theories impose on insurees is that the satisfaction a person de-
rives from each possible individual outcome is independent of knowledge
ahead. This is an extreme restriction when the essence of risk is an antic-
ipated change in knowledge ahead ! It requires these traditional theories
to exclude all knowledge-ahead-based positive and negative satisfactions.
Knowledge-ahead-based satisfactions include thrills, worry, blame, ability
(or inability) to commit and to efficiently inter-temporally allocate con-
sumption.

Omitted sources of satisfactions are of little concern if they are mi-
nor and thus rarely alter decisions in commonly encountered choice sets.
This book offers evidence that knowledge-ahead-based satisfactions are
non trivial, that they influence choices in the risk range commonly en-
countered in a decision whether to insure or to take the risk and stay
uninsured. Thus researchers and advisers on insurance employing tradi-
tional risk theories that ignore knowledge-ahead-based satisfactions, are
at a disadvantage in understanding well-being and people’s demand for
insurance.

To include these knowledge-ahead-based satisfactions we need to move
to a different type of theory, SKAT, the Stages of Knowledge Ahead The-
ory. This book explains the new theory. It also explains how SKAT solves
a famous contradiction that has bedeviled decision theory now for over
60 years - since first uncovered by von Neumann and Morgenstern in
the early 1940s. We invite readers into the adventure of moving beyond
traditional theories that are static with respect to knowledge ahead into
a theory that allows for the anticipated changes in knowledge ahead that
each of us face whenever we decide against the safety of insurance and
take a risky choice.

We warmly thank the faculty and students in our five sessions for the
information that they provided on how people decide on whether to take
out insurance. The book has benefited from suggestions and assistance
in the analysis given by Rafael Dreyer, Kjell Hausken, Andreas Orland,
Angela Meyer, Norman Roberts, Barkley Rosser, Reinhard Selten, Alex
Wearing and Bob Whyte. In the book’s preparation we warmly thank
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Jing Pan and Ali Zaidi for expert assistance.

Finally, we should like to express our sincere thanks to Vice Presi-
dent Dr. Werner A. Müller, to Katharina Wetzel-Vandai and Christiane
Beisel from Springer-Verlag for their continuous support and assistance.
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Chapter 1

Introduction

This book is in two parts. Part I explains SKAT, the Stages of Knowl-
edge Ahead Theory, why it is needed, and how it differs from EUT,
axiomatised expected utility theory, and most non-EUT theorising. It
also addresses potential objections to SKAT and other methodological
issues.

Part II offers evidence on the motivations for choice, and thus on
whether it is necessary to go beyond traditional EUT and non-EUT
theories to SKAT. It also affords evidence on the steps people take in
combining different motivations and considerations to arrive at a deci-
sion. The evidence is obtained from a probabilistically paid laboratory
experiment concerning a decision on whether to play safe and take out
insurance, or to play risky and not pay the cost of insurance.

The glossary / list of acronyms in Appendix D furnishes readers a
reminder of the denotation of terms that will be new to many readers.
The glossary also presents the meaning of terms long used in insurance
and the risky choice literature. This short glossary / list of acronyms is
also written so as to furnish the reader with an overview of the books’
content, and how to move to a more useful, practical and reasonable de-
cision theory.

Part I begins with Chapter 2. This chapter delineates the benefits of
specific serious scenarios, and introduces our experimental one. Chapter
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3 explains what EUT really is, limiting satisfactions from outcomes to
those evaluated ”as if certain”. It also traces the changes in terminology
that came about in 1950 in the meaning of the words ”risk aversion”.
It explains the counter-intuitive new meaning introduced in that year,
Marschak (1950), that has confused many scientists since, causing them
to misconstrue EUT as more general and more plausible and rational
than is the case.

Chapter 4 introduces with examples the terminology of primary and
secondary or knowledge-ahead-based satisfactions and identifies those ex-
cluded under EUT. Chapter 5 introduces the stages of knowledge frame-
work required to reach the higher level framework that von Neumann and
Morgenstern discerned was required to include secondary satisfactions.
Von Neumann and Morgenstern had wished themselves to include sec-
ondary satisfactions in their theory, but had been unable to discern the
required higher level stages of knowledge framework. They had discerned
that the higher level was required to demonstrate the pseudo nature of
the contradiction that they encountered within the static EUT frame-
work. Introducing the higher level of analysis advised by von Neumann
and Morgenstern increases the prescriptive and descriptive validity of our
findings. Chapter 6 explains material secondary satisfactions that EUT
also excludes, and related planning literature.

Chapter 7 addresses misconceptions about and objections to including
secondary satisfactions in a serious prescriptive decision theory. One ob-
jection is that consideration of secondary satisfactions violates the dom-
inance principle. A benefit of our specific serious application is that
it enables us to expose the dominance principle. Scientists have found
the dominance principle plausible and rational largely because they have
assessed it in an abstract contextless frame. Once the frame is made
specific enough, it can be seen to be implausible and irrational. In this
chapter we present and explain the dominance principle, within a serious
contextualised scenario that enables readers to understand how inappro-
priate that dominance principle is in any theory of decision making under
risk, but most especially in a theory concerning weighty personal or busi-
ness matters. The chapter also addresses other misconceptions, including
the mistaken conjectures that EUT can include emotional and planning
secondary (dis)satisfactions by suitably elaborating its outcomes or more
fully describing the decision situation. Chapter 8 explains the biases that
enter experimental set-ups that ignore secondary satisfactions. Chapter
9 presents SKAT, the Stages of Knowledge Ahead Theory.
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Chapter 10 concerns our scientific methodology and potential objec-
tions to the conclusions drawn from our use of participant’s self-reports.
Our discoveries derive from laboratory generated information on how
choices are made with a probabilistic receipt of the outcome of that de-
cision. But choices alone tell us nothing about why participants chose as
they did. To discern why, we require theories with which to analyse the
empirical evidence. For discovering pertinent choice theories, we employ
what we see as a more objective procedure in that we use participants’
self reports to supplement the normal procedure. Normal procedures by
contrast rely exclusively on experimenter’s own introspection or the in-
trospection of fellow scientists who constructed or advocated a particular
decision theory. Reliance on these normal forms of (typically unadmit-
ted) introspection is influenced by (and hence potentially biased by) that
scientists personal decision theoretic education. We address the various
objections to going beyond how we - the ”objective” scientists ”look-
ing down from above” - think the participants decided. We present the
case for using in addition to our ”ivory tower” insights, insights on what
factors participants themselves claim influenced their choices, and what
procedures they claim to have used in arriving at a conclusion. This
completes Part I.

Part II of the book concerns evidence from our experimental labo-
ratory investigative technique. We first invite participants to choose.
Then before they learn the outcome and payoff of their choice, we ask
them questions on factors behind both their decisions to avoid risks by
insuring, and their decisions in other circumstances, to take risks by not
insuring. Their answers offer us hints on how to model actual risky choice
procedures - and rather decisive evidence on the advantages of SKAT in
both descriptive and prescriptive risky choice modelling.

Chapter 11 gives the full details of the 6 alternative insurance situa-
tions faced by our participants, their probabilistic payoffs, their choices,
and the roles of context and risk order. Chapter 12 compares decision
under dictated choices and menu constructed ones (willingness to pay).
It shows how to use the technique devised by Ramsey (1926) and Neu-
mann & Morgenstern (1947) to deduce from these data the shape of the
utility function people would have if they obeyed EUT. We show that
the weird shapes so derived are incompatible with the widespread as-
sumptions of risk neutrality or constant relative risk aversion, or indeed
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for nearly over 80%, with any function that accords with the axioms of
EUT. Chapter 13 examines the ways in which nearly all participants are
influenced in choices by secondary satisfactions. Its findings demonstrate
the importance of employing the more rational stages of knowledge ahead
framework so as to avoid missing the role of secondary satisfactions in
descriptive as well as in prescriptive policy oriented analyses of choice
under uncertainty.

Chapter 14 presents our discoveries on how participants utilize infor-
mation on different sources of anticipated satisfactions to choose. The
principal ways are incompatible with EUT, and indeed incompatible with
any standard rank dependent approach. The principal ways are compat-
ible rather with the algorithmic ”production systems” approach of Cyert
& March (1963). In turn ”production systems” relate to the aspiration
adaptation approaches of Simon (1955), Sauermann & Selten (1962) and
Selten (1998), the ”take the best” approach of of Gigerenzer (2003) and
the priorities heuristics of Brandstätter et al. (2006). We find however
effects of framing and context that preclude a general algorithm appro-
priate for all risky choice situations.

Chapter 15 indicates how governments and firms may exploit our
findings, whether for their own benefit, that of potential insurees, or for
both contracting parties in terrorist and non-terrorist contexts. Chapter
16 summarises what we have discovered about the more rational SKAT,
Stages of Knowledge Ahead Theory, and offers directions for further re-
search for discerning and measuring secondary satisfactions in various
contexts.



Part I

Theory and Methodology



Chapter 2

A Serious Specific Scenario for a
Serious Risky Choice Theory

We always have to abstract and simplify in order to analyse, to theorise.
The issue is whether we make appropriate abstractions and simplifica-
tions in our analysing, theorising. Appropriate abstractions and simplifi-
cations capture the major cause-effect chains that decision makers do or
ought consider.

The choices we consider - the scenarios on which we focus - largely
determine how we analyse, theorise. Simple abstract choices are widely
perceived as denoting:

1. the universality of the conclusions drawn, and

2. the objectivity and scientific validity of the conclusions drawn.

Theorists and experimentalists alike have on the basis of 1 and 2
favoured being simple and abstract. We show below that perceptions 1
and 2 are erroneous, that usage of abstract choices has damaged theo-
retical, econometric and experimental work on risky choice. If we make
the frame serious, complex and concrete, this aids us in developing our
theory of risky choice for serious real world problems, in developing rel-
evant experiments, and in interpreting sensibly field and experimental
data, Pope (1983).

Friedman & Savage (1948) advocated that scientists concentrate on
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simple lotteries to analyse and to theorise about risky choices. Their
advice has been followed fulsomely in experimental work. In theoretical
work, their advice retains the frivolous social gambling focus out of which
EUT arose, namely puzzles in aristocrats playing social games of chance
and employing mathematicians to seek solutions to these, Pope (1996/7).

What have been the adverse consequences of the lottery ticket focus?
Only a limited number of theorists and experimentalists buy lottery tick-
ets, and even for those who do, it involves a trivial sum and doing an
embarrassing thing in the eyes of many colleagues. The net effect is that
few lottery ticket purchasing scientists dwell on the purchase for long
enough in an unembarrassed enough way to recognize their own spec-
trum of motivations. When logical positivists focused on trivial ethical
issues like posting a letter, they constructed nothing more profound or
useful than the boo-hoorah theory of ethics. We can better understand
the pros and cons of a decision theory and the implicit biases in an ex-
perimental set-up if instead we choose a decision scenario that grips our
scientific imagination. This happens when the scenario involves a seri-
ous more complex issue that most of us as scientists actually face (Pope,
1983, pp138-9,153).

To illustrate, Savage employed lottery tickets to examine whether he
had been mistaken about his own preferences when in 1952 Allais asked
him to assess the rationality of expected utility theory in light of Savage’s
strong preference for making a pair of choices that were incompatible with
that theory. Savage stated that although he never intuitively abandoned
his original pair of preferences, he had constructed a sure-thing principle
that led him to conclude that his intuition was wrong, and that he should
have altered his choices. But when the sure-thing principle’s procedure
for clarifying is examined, it turns out to involve an irrational truncation
of probability distributions that renders risky acts sure ones. It turns out
that the sure-thing principle can only ”clarify” in the designed way, for
people who disobey EUT and reap secondary satisfactions from having
full knowledge ahead - from being certain, Pope (1991a). It is rather
unlikely that Savage would have failed to see the inappropriateness of
substituting probability distributions with the risks truncated out, had
he stepped outside abstract lottery ticket scenarios and looked at the im-
plications of his sure-thing procedure for one of the serious risky decisions
he had faced in his own life. He robbed himself of this by choosing to
analyse the dilemma he faced in answering Allais’ original lottery ques-
tions with an alternative lottery ticket scenario.
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Another illustration of the importance for scientists of selecting serious
choices is the welter of discoveries in the early 1950s, that few advocates
of EUT consider it appropriate to use EUT in life and death situations.
This normative repudiation of EUT in life and death situations leads on
to the question, when does a situation cease to be sufficiently serious -
become sufficiently trivial - that EUT becomes plausible? But when the
decision is sufficiently trivial for EUT to be plausible, is not something
that has been investigated either normatively or descriptively by those
adhering to EUT. Quite a few EUT+ theories are also subject to the
problem of being implausible in life and death situations, and for the
same reason, developed without an adequate focus on serious complex
choices made by the theorists involved.

Widening the range of choices, to include ones that involve serious
issues has another advantage. It allows us to understand how seriousness
alters the relative importance of different instances of primary and sec-
ondary satisfactions, (Pope, 1983, p139), Albers et al. (2000). We shall
give examples of these alterations in Chapter 4. Furthermore, some of
the major determinants of serious choices play no role in trivial choices,
and thus get missed altogether when we confine our theorizing and ex-
periments to the trivial, Pope (1991b, 2001, 2004, 2005a,b).

Even when the monetary payoffs are identical, choices made, and thus
what determines choice, varies with framing and context. Thus Berg
(1970) found different decisions, based on a different notion of fairness,
when payoffs were framed as profits than when framed as net asset posi-
tion, even though both frames have identical profit, and thus identical net
asset position implications. Krzysztofowicz (1983) found that engineers
made more conservative choices with respect to risk when the risk con-
cerned others for whom they as water engineers were responsible, than
when it concerned their own assets. Albers et al. (2000) found that as-
set choices were more conservative choices with respect to risk when the
context was at exam time and students had an unattractively high level
of tension in their lives. Pope (2001) found that riskier or safer group
mountaineering ventures were classified as normatively desirable accord-
ing as the decision making was democratic or autocratic. Hausken (2004)
found safer choices in the context of terrorism than other risks involving
the same probability distribution. A range of other ways in which con-
text matters is in Harrison & List (2004). Dohmen et al. (2005) provide
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evidence that the best overall predictor for any specific behaviour is from
the corresponding context-specific measure, and that abstract lotteries
have limited predictive power for behaviour in specific contexts.

When in an experiment, the context is left blank (supposedly ab-
stract), participants imagine the closest specific context, which, as noted
in Conlisk (1993), for most is the frivolous one of lotteries and other so-
cial games of chance for teeny stakes. In actual decisions, there is ever
a context, and ever a frame. We are claiming false generality if we do
not state our frame and context. If we have left these blank, we should
therefore be cautious in claiming relevance beyond that of certain social
games of chance.

In light of the benefits of a serious actual scenario, the experimental
set-ups here employed adopt a reasonably serious decision in a reasonably
concrete context, namely as follows. An attack over the next X hours
would annihilate a $100 asset completely. The chooser discovers that he
has the opportunity to commit at time t = 0 to pay $15 for full protection
from attack of that asset over the next X hours. The insurance contract
guarantees the chooser to have an asset of $100 − $15=$85 after the X

hours.

Thus in our scenario there are three outcomes after the X hours. Af-
ter the X hours, the person has either $0 or $100, having decided against
the insurance contract, or the person has $85 having decided for an in-
surance contract. That is if Yi denotes the outcome after the X hours,
i= $0 or $85 or $100.



Chapter 3

What Expected Utility Theory
Really Is: What Its Notion of
Risk Aversion Excludes

In our scenario, after the X hours, the outcome Yi is i= $0 or $100 if
the person decides on the risky act of remaining uninsured, and $85 if
he decides on the sure act of taking out insurance. EUT has a two-step
procedure for determining the value of an act.

3.1 Restrictions on How Outcomes Map into

Utilities

Step 1 is to impute values Ui, to an act’s outcome(s), respectively U0

when the outcome is $0, U85 when the outcome is $85, and U100 when
the outcome is $100. The Ui’s must map into an inherently uni-variate
cardinal scale, unique apart from origin and scale. This means that even
if there are several dimensions to the value of an outcome, these must be
collapsible into a single dimension mappable into a real number.

Furthermore in arriving at the three Ui’s, the EUT chooser must be
independent of knowledge-ahead. Ie the chooser must exclude considera-
tion of how risky or sure he is at the point of choice about getting that
particular Yi. EUT thus constrains the chooser to put the identical util-
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ity number to a particular outcome Yi regardless of pi, its probability of
occurrence at the point of choice. Ie the outcome Yi itself ($0 or $85 or
$100) is the only determinant of each Ui,

U0 = U0($0) (3.1)

U85 = U85($85) (3.2)

U100 = U100($100) (3.3)

From equations (3.1) to (3.3), U0, U85 and U100, is each independent
of:

a) any relevant party’s knowledge of the choice set embedding them,
and thus independently of blame and ridicule (or praise and honour)
being entailed in having chosen to insure when one need not, or
having not insured when (ex post) it would have been profitable;

b) the chooser’s own degree of knowledge ahead of which outcome will
occur between t = 0 and X hours later when he will learn the
outcome, and thus independently of any worry or thrills he may feel,
or any considerations of ability to commit to repay or to efficiently
plan his consumption between the pre- and post-outcome periods.

The constraints of the utility mapping from outcomes into utilities be-
ing inherently uni-variate and knowledge-ahead independent as per equa-
tions (3.1) to (3.3) are imposed also by EUT+ theories.

In summary, step 1 for obtaining the three EUT utilities U0, U85 and
U100 involves three restrictions:

a) the reduction of multiple dimensions of the value of an outcome to
a single dimension;

b) the single value dimension being mappable into a real number;

c) the attribution of Ui’s to Yi’s independent of knowledge ahead of
the Yi’s, and thus for a given Yi identical no matter the probability
at the point of choice of that Yi occurring.

As we proceed, we shall discover from our experimental findings that
all three restrictions on the Ui’s are inappropriate.
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3.2 Ramsey Versus the Friedman-Savage
Version of EUT

There are two ways for an EUT chooser to keep knowledge-ahead and
thus probabilities out of U0 and U100 as required by equations (3.1) to
(3.3). One is EUT as in Ramsey (1926). Such an EUT chooser evaluates
each outcome independently of probabilities. The other way is that of
Friedman & Savage (1948). This is to ignore the actual probability and
thus riskiness of an outcome, and always evaluate it as if it were certain.
In the absence of illusory or actual certainty effects, as discussed in the
next chapter, the Ramsey and the Friedman and Savage versions of EUT
yield identical evaluations and choices. Illusory and actual certainty ef-
fects cause the two to differ in the utilities attributed, and in some cases
this will alter the choice.1

3.3 The Changed Meaning of ”Risk Attitude”

From equations (3.1) to (3.3), restriction c) above, what is called ”risk at-
titude” in EUT is, in the language of Friedman & Savage (1948), whether:

(i) the as if certain utility function is linear, so called ”risk neutral”,

(ii) the as if certain utility function is concave, so called ”risk averse”,
and

(iii) the as if certain utility function is convex, so called ”risk loving”.

To appreciate the implications of (i) to (iii), note that choosers do not
know the outcome, and have only a limited degree of knowledge ahead
whenever they have merely probabilistic knowledge of the outcomes -
whenever the outcomes have non-degenerated probabilities. The charac-
terisation of (i) to (iii) as risk attitude under EUT therefore has nothing
to do with a chooser’s attitude to differential degrees of knowledge ahead,
and the impact of having full (as against limited eg probabilistic) knowl-
edge ahead. What EUT denotes by the term ”risk attitude” is thus a
utility mapping that excludes all sources of satisfaction pertaining to the
chooser’s degree of knowledge ahead.
What EUT denotes by the term ”risk attitude” thus excludes many con-
siderations in risk taking that scientists might intuitively and incorrectly

1An example of its altering choice is in Pope (2004).
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infer it includes. What EUT denotes by the term ”risk attitude” may
nevertheless be useful within EUT. But its EUT denotation detracts
from scientists’ understanding that other essential aspects of risk are
now excluded from the words risk attitude. Prior to about 1950 and the
widespread adoption of EUT, many other considerations in risk taking
were included or includable in the denotation of the term ”risk attitude”.

The EUT terminology changing the denotation of ”risk attitude” to a
concave ”as if certain” EUT utility mapping was introduced by Marschak
(1950), and taken up by Arrow and Pratt in what are now known as the
Arrow-Pratt measures of risk aversion. For further details, see Pope
(1996/7).

Choice is not between the Ui’s, the utilities of the outcomes Ui, but
between acts. We therefore need to proceed to step 2 and look at the re-
strictions that EUT imposes on how an act’s Ui’s convert into act values.

3.4 Restrictions on the Aggregation of Utilities

Let us use V to denote the evaluation or utility of an act. To the sure
act of insuring, the EUT chooser gives the value Vinsured = U($85). To
get Vuninsured, the value or utility the risky act of staying uninsured, the
EUT chooser employs an atemporal rule for aggregating the value of the
two possible outcomes. He gives U($100) and U($0) each a weight, w100

and w0 respectively, and then adds them up:

Vuninsured =
∑

i=0,100

wiU(Yi) = w0U0($0) + w100U100($100) (3.4)

What sort of weights should an EUT chooser use? Should he simply give
equal weight to these two mutually exclusive possible utilities U($100)
or U($0)? As we shall see later, our experimental results suggest that
exceedingly few people use any such weights. There are many weighting
rules proposed, with decumulative probability weights (rank dependent
theories) frequently advocated. Under EUT, the simplest rank dependent
theory, the chooser is constrained to add up U($100) and U($0) each
weighted by its probability.
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Vuninsured =
∑

i=0,100

piU(Yi) = p0U0($0) + p100U100($100) (3.5)

pi atemporal aggregation weight for U(Yi), outside time,
U(Yi) anticipated utility of outcome Yi in real time.

This restriction prevents him from being more conservative than the
probability of the bad outcome would indicate, and thus deprives him of
this consideration in seeking insurance. It also prevents him from being
more attracted to the good outcome and giving it a higher weighting
than its probability would indicate, and thus deprives him of this con-
sideration in avoiding insurance.

Under EUT, he sees if from (3.5) the risky act has a higher utility
than the sure act of taking out insurance, and selects it if this is the
case, is indifferent if both have an identical V , and selects the sure act of
insurance otherwise.

In reading EUT’s equation (3.5) for the risky act, do not mix up the
pi and the (Yi) terms. The words written below them are designed to
help readers distinguish:

a) the atemporal role of probabilities p0 and p100 as weights in aggre-
gating the mutually exclusive possible utilities U($0) and U($100)
with

b) how each outcome Yi, respectively $100 and $0, maps into its utility
number U(Yi), respectively U0 and U100, namely as per equations
(3.1) to (3.3), ie independently of knowledge ahead, of probabilities.



Chapter 4

Primary and Secondary
Satisfactions

It was partly to help alleviate confusions on what satisfactions EUT
excludes, that Pope (2001) introduced the terminology of secondary sat-
isfactions, mentioned in the introduction and its counterpart, primary
satisfactions, here explained for the scenario of this book’s experiment.
For simplicity, we shall start at the point of having to decide whether
to insure. In choosing whether to take the insurance offered, experiences
after choice cannot influence choice, even though they may affect ac-
tual welfare. Choice between these acts depends rather on satisfactions
under that insurance contract as compared to staying uninsured, as an-
ticipated at the time of choice. A chooser may anticipate what positive
and negative satisfactions may eventuate if each act were chosen. Deci-
sion theories differ in part according to what sources of satisfactions they
permit a chooser to consider.

4.1 Primary Satisfactions

Primary satisfactions can be positive or negative (dissatisfactions). They
stem from knowledge ahead independent sources of satisfactions as an-
ticipated at the time of choice. Some primary satisfactions, namely those
primary satisfactions occurring after the risk is passed, are included in
EUT.1 These do not include all satisfactions obtained from using the

1This is because, as Samuelson (1952a) notes, the EUT outcome flows must begin after
all risk is passed. On the inconsistencies this would give rise to in axiomatisations were the
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funds remaining after the attack, either the $0 or the $100 if uninsured,
or the $85, the amount remaining after insured if insurance were chosen.
They include only those satisfactions reaped from the outcome indepen-
dently of what the person knew at the point of choice about what would
be his future outcome. Ie they include only those independent of his
knowing at the point of choice whether that outcome is guaranteed or
merely possible.

If as EUT and EUT+ theories do, we limit ourselves to:

(i) the sub-set of primary satisfactions that will be reaped after all risk
is passed,

(ii) cases where the utility scale and post risk outcomes are both inher-
ently univariate - not with irreducible multiple dimensions, and

then utility from this sub-set of primary satisfactions is itself univariate
and can be mapped in a plane against these particular univariate sorts
of post-risk outcomes. The utility shape is concave if there is diminish-
ing marginal utility from primary satisfactions, linear if there is linear
marginal utility from primary satisfactions, and convex if there is increas-
ing marginal utility from primary satisfactions. This was perhaps first so
depicted in the famous Friedman & Savage (1948) diagrams. In that pa-
per, primary satisfactions are what Friedman and Savage term the EUT
utilities, being unaware that there might be certainty effects captured
by their version of EUT, and recognizing that EUT excludes from its
utilities sources of satisfactions based on a limited degree of knowledge
ahead.

4.2 Secondary Satisfactions

Secondary satisfactions are the counterpart to primary satisfactions, the
complementary class of satisfactions from primary ones. Secondary sat-
isfactions can be positive or negative. They stem from knowledge ahead
based sources of satisfactions as anticipated at the time of choice. They
are termed secondary since they derive from primary satisfactions, not
because they are necessarily less important in insurance and other de-
cisions. Since in the case of secondary satisfactions, utility derives not

flow to start earlier, see Pope (2005b).
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simply from the outcome, but on its riskiness or certainty, it is infeasible
to trace out the secondary satisfactions function on a plane with out-
comes on the other axis. Multiple other dimensions (axes) will in general
be needed to capture the various aspects of risk whose bound at one end
is certainty.

Secondary satisfactions stemming from a limited degree of knowledge
ahead are excluded under EUT, and EUT+. Whether secondary satis-
factions stemming from certainty - full knowledge ahead - are excluded
from EUT, depends on the version of EUT. These are excluded under
the Ramsey version, included (also illusory ones) under the Friedman
and Savage version.

4.3 Earlier Terminologies

There have been many prior terminologies for primary and secondary
satisfactions. For an extensive account, see Pope (1996/7), of which a
few are listed in Table 4.1.

Table 4.1: A Bird’s Eye History of Terms for Primary and Secondary
Satisfactions

Date Author Primary Satisfactions Secondary Satisfactions
(from outcome Yi) (from the uncertainty)

1920 Marshall utility of money utility of gambling
1926 Ramsey ethically neutral propositions ethically non-neutral propositions
1947 Neumann-

Morgen-
stern

utility utility of the mere act of taking a
chance

1950 Marschak risk neutral, risk averse, risk
loving, each as a shape of the
EUT ”utility function [map-
ping Yi into Ui] of sure
prospects”∗

no names because excluded under
EUT as inappropriate, ones that ”We
treat in the same way [as] ... mistakes
of arithmetic ... [and] logic”∗

1952 Allais psychological distortion of the
monetary values

inherent liking or disliking of risk

1972 Marschak-
Radner

ones independent of beliefs ones dependent on beliefs

1978 Harsanyi utility process utility
1988 Hammond consequentialist utility utility from irrational sources
1995 Pope utility of the outcome utility of chance
1998 Pope utility of the outcome attractions to and repulsions from

chance
∗ words in quotation marks are from (Marschak, 1950, pp120, 139-140)
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Each prior term for secondary satisfactions had disadvantages. In the
case of Marshall’s ”utility of gambling”, these are as three.

1. It has enticed researchers to focus on addictive gambling instances
and miss the overall significance of this class of satisfactions: sub-
stituting ”chance” for ”gambling” as in Pope (1995) mitigates but
does not eliminate this misleadingly frivolous and largely negative
connotation.

2. The word utility connotes the index of axiomatised expected utility
theory which in fact is constructed excluding secondary satisfac-
tions.

3. It is too easily mistakenly construed as meaning something else,
namely the effect of simple probability weights of outcomes on
act choice in the case of people with diminishing marginal utility.
Indeed Friedman & Savage (1948) proposed that its meaning be
changed from the Marshallian usage to mean precisely this, and the
change in terminology has partially taken place as they proposed.2

Ramsey’s terms for primary and secondary satisfactions are easily
misconstrued as a distinction between moral and immoral satisfactions.
In von Neumann and Morgenstern’s utility of the mere act of taking a
chance, readers tend to miss the significance of the word ”mere”, and
since there is no corresponding phrase for the class of primary satisfac-
tions, and misconstrue it as including all satisfactions.

From Marschak’s 1950 terminology discussed in section 3.3 - there
has been widespread confusion with many scientists falsely believing that
the three words ”risk neutral”, ”risk averse” and ”risk loving” refer to
secondary satisfactions. But in fact, under Marschak’s change in termi-
nology, these three words refer exclusively to a sub-set of primary sat-
isfactions. Because of this confusion, we shall largely refrain from using
these three words in the rest of the book.

In Marschak and Radner’s 1972 terminology, some readers mistak-
enly think that tastes dependent on beliefs just means that the decision
maker uses atemporal probabilities as weights in aggregating the mutu-
ally exclusive utilities as in EUT’s equation (3.5) of chapter 3. Harsanyi’s

2On the distinction between risk avoidance because of (i) diminishing marginal utility,
(ii) conservative probability weightings of outcomes, and (iii) secondary dissatisfactions, see
Pope (1995).
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coinage of process utilities for secondary satisfactions gets confused with
satisfactions from the act itself which are independent of the outcomes
set and their associated likelihoods.3 Indeed the word process is cur-
rently used both to denote such act satisfactions as well as what are here
termed secondary satisfactions, eg in Menstrel (1999).4 Hammond’s term
consequentialist for primary satisfactions is misleading. Secondary satis-
factions also have consequences for people. Denying this readily leads to
Hammond’s position that considering anything other than primary sat-
isfactions is irrational because one is going beyond consequences.5 The
new terminology of primary and secondary satisfactions is designed to
generate a clearer grasp of how the class of satisfactions partition, and
aid understanding of the import of secondary satisfactions in serious rea-
sonable / rational decision making. This has been an uphill battle since
the whole class of secondary satisfactions is besmirched with a negative,
frivolous name.

4.4 Emotional Secondary Satisfactions in

Insurance

Vickrey (1945) claimed that insurance for items of moderate but not
huge worth (such as jewellery) to avoid a negative secondary satisfac-
tion, worry. In related contexts evidence of the importance of worry
and anxiety in choices taken is provided from introspective data eg Bell
(1981), and from experimental and epidemiological data, eg Sunstein
(2003), Schade et al. (2004), Mellers et al. (1997, 1999, 2001). In other
contexts, people fail to take precautions (to insure) in order to have an-
ticipated thrills. They prefer a risky fair bet over the safe amount to
add tension, Albers et al. (2000). If a person fails to be daring, runs for
insurance, he may anticipate a risk of the negative secondary satisfaction
of being blamed for timidity (see Canaan (1926, reprinted 1963)). Indeed
Hagen (1985) reports a case of a chief executive office being fired for not

3For what is perhaps the first axiomatised model of what are here termed satisfactions
from the act, see Luce & Marley (forthcoming). For a recent axiomatisation of what are here
termed secondary satisfactions, see Diecidue et al. (1999).

4The sources of many such satisfactions from the act itself can be included in an extended
notion of an outcome without destroying the axiomatic basis of the expected utility procedure
since they can be specified independently of the likelihoods of the outcomes. This is not
the case with attempts to include secondary satisfactions through an extended notion of an
outcome. See chapter 7.

5For critiques of the unduly narrow interpretation of consequences found in defences of
expected utility theory such as Hammond’s, see eg McClennen (1988, 1990), Pope (1991b,
1995), Munier (1996).
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taking a related risk, namely to develop a North Sea oil field offered him
by the Norwegian government. Later the stockholders discovered what
could not be known at the point of choice with limited knowledge ahead,
that it would have been an extraordinarily profitable oil field to develop.
Hagen argues that the chief executive officer erred in not anticipating
this risk of the negative secondary satisfaction of being blamed.

4.5 Emotional Secondary Satisfactions in Other
Contexts

There are also numerous observations of emotional secondary satisfac-
tions in non-insurance contexts. We shall mention here only a few - to
help readers relate this class of satisfactions to other literature. The
philosopher Plato in explaining scholarship (1967), the Adam Smith in
his inquiry into the origins of scientific discoveries (1778), Charles Dar-
win in his observations of animals (1876), the trade theorist Edward
Canaan (1926), all give a leading role to curiosity, a positive secondary
satisfaction from limited knowledge ahead allowing discoveries. Pascal
(1670) describes people being bored if they knew how much they would
win at the beginning of a day of social gambling, ie describes a negative
satisfaction from full knowledge ahead, a positive secondary satisfaction
from limited knowledge ahead. Ramsey (1926) describes love and hatred
of excitement, positive and negative secondary satisfactions from limited
knowledge ahead. Von Neumann, Savage (in his pre EUT days), and
more recently Bell (1981) and Loomes & Sugden (1982) describe and
model regret, a negative secondary satisfaction at having chosen the act
from limited knowledge ahead if later the chosen act turns out badly. Bell
(1981, 1985) describes and models disappointment, a negative secondary
satisfaction, from limited knowledge ahead that the chosen act’s outcome
was worse than it might have been. Hart (1930) describes a cleaning
lady buying a lottery ticket to buy hope, for dreaming until the ticket
was drawn, so that limited knowledge ahead allowing hope, gave her a
positive secondary satisfaction. Caplin & Leahy (2001) describe the op-
posite, anxiety of what will happen, the negative secondary satisfaction
from limited knowledge ahead, and how its anticipation alters choice. In
a related vein, Bosman & Winden (2005) identified anxiety as a cause
of reduced investment in risky projects in situations where neither EUT
nor cumulative prospect theory could explain the lower investment levels.
Loewenstein (1987) provided evidence of situations in which having full
knowledge ahead (certainty) for a longer period of time is attractive, a
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positive secondary satisfaction. Dufwenberg (2002) offers as an instance
of a negative secondary satisfaction guilt at the spouse’s trust in a case of
limited knowledge ahead turned out to be trust misplaced. Janis & Mann
(1977), Lazarus (2000), Somerfield & McCrae (2000) and Hardie (2002)
analyse stress in choosing, mainly instances of this being unpleasant, ie
of negative secondary satisfactions from limited knowledge ahead of what
would be a good decision. Grant et al. (1998), Hoel et al. (forthcoming)
describe people who prefer to be ignorant on whether they may contact
a disease, ie a positive secondary satisfaction from having limited knowl-
edge ahead in this respect, and Wu (1991) related preferences of some
for ignorance. Markowitz (1959), (chapter 10) and Berns et al. (2001)
analyse the pleasures of surprise, a positive secondary satisfaction from
previously having had limited knowledge ahead.

Scitovsky (1976) amassed evidence from animal and human experi-
ments on people needing to find situations in which they have limited
knowledge ahead, the possibility of achieving something, of undertaking
challenges and enjoying a tiny bit of fear. If everything they do is known
ahead, he showed, people get bored. When lacking such challenges, they
engage in activities like watching a horror movies or on roller coasters
that yield them this missing and desired whiff of fear. He advocated edu-
cation to help people see and undertake productive challenges and avoid
boredom.



Chapter 5

The von Neumann-Morgenstern
Contradiction When Including
Secondary Satisfactions Solved
with Stages of Knowledge

Von Neumann and Morgenstern added in the 1947 edition of their fa-
mous book axiomatising EUT an appendix to deflect criticism that they
had omitted secondary satisfactions and thereby kept to an excessively
narrow risky choice theory. In this appendix they explained that their
original intent had been to construct a broader decision model than EUT,
but pointed out (using the language of quantum physics) that secondary
satisfactions involve a complementarity (or as we would say an interde-
pendence) between mutually exclusive outcomes. For instance a positive
secondary satisfaction such as an enjoyable thrill is happily feeling the
tension between the two or more possible outcomes. But how can there
be this tension, this interdependence, von Neumann and Morgenstern
asked, when the outcomes are mutually exclusive? Such interdependence
they said is a ”contradiction” on the ”level” of our theoretical framework.
Von Neumann and Morgenstern stated that it was such a ”deep” problem
to solve the contradiction and include the ”elusive” secondary satisfac-
tions, that they had to leave the task to future researchers (Neumann
& Morgenstern, 1947, pp628-32). Near the end of his life Morgenstern
reiterated this joint desire of him and von Neumann, and their regret
that the task had still not been accomplished (see Morgenstern (1974,
1979)).
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Von Neumann and Morgenstern were correct in discerning that the
contradiction was one of perception only, a problem of their framework
not being at the right level for risky choice. What is required for risky
choice is a minimum of a two period future at t = 0, the time of contract
choice. The future must be divided at t = 0 into (i) a period before it
is anticipated that the risk will be resolved, and (ii) a period after it is
anticipated that the risk will be resolved. Ie for a choice to be risky, the
future from t = 0 must be divided at least into (i) and (ii). Term (i)
a pre-outcome period, namely a period of limited (merely probabilistic)
knowledge ahead that lasts from t = 0 until the time t = k. At time
t = k, k > 0, the risk about the outcome will be dissolved. Term the
time from time t = k, the post-outcome period of full knowledge ahead,
of no uncertainty about the outcome, Pope (1983). Von Neumann and
Morgenstern had sought only to axiomatise and model the simplest risky
choice problems. But even for these there must be this minimum two pe-
riod future. Without the pre-outcome period with the anticipated change
in knowledge ahead at time t = k, there can be no risk.

The error in their framework had been to overlook this pre-outcome
period, and thus include a false simultaneity postulate in their axioms.
This error introduces the contradiction that the outcomes of sure con-
tracts (those with the outcome known at t = 0), and risky contracts,
those with the outcome unknown at this time, had their outcomes known
simultaneously, Pope (1985). The error of omitting the pre-outcome pe-
riod creates a corresponding timing fallacy in the definition of risky acts
in EUT under which as in eg Harsanyi (1978), these are inconsistently
defined as ”probability mixes of sure acts”. See Figure 5.1.

What therefore is missing from EUT and most theories is this division
of the future into a risky immediate pre-outcome period of merely prob-
abilistic knowledge ahead. All that EUT includes implicitly is the right
hand side of Figure 5.1, that is the more distant future of the part of the
future, the post-outcome period when all the risk will be past, when both
will have full knowledge ahead. As von Neumann and Morgenstern had
noted and Samuelson (1952a) reiterated, EUT is for a situation when the
risk is resolved in the very near future, and took it for granted that the
intervening instant beginning with choice before that resolution of risk is
irrelevant to the chooser.

Great advances have been made in the realm of generalising or of-
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Figure 5.1: EUT’s Jump Through of the Period of Risk to Certainty
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fering alternative non-nested more realistic substitutes for EUT. This
experiment addresses a factor omitted in nearly all of these, the risky
pre-outcome period, during which the chooser anticipates having only
limited knowledge ahead of the outcome. The chooser has leapt over the
risk and landed in certainty, eg the moments theory of Coombs & Huang
(1970), the prospect theories of Kahneman & Tversky (1979); Kahne-
man et al. (1993), the disappointment and regret theories of Bell (1981,
1985), Loomes & Sugden (1982), the anticipated utility of Quiggin (1982,
1993), the aspiration-rank dependent theory of Lopes (1984), the promi-
nence theory of Albers (2001), the priorities theory of Brandstätter et al.
(2006).

To consistently include secondary satisfactions free of contradiction,
decision theories - even non EUT ones - must shift to a minimum of a
two-period future, with the second more distant period in the future be-
ginning when at least one (and often each) party anticipates experiencing
a change in knowledge ahead from merely probabilistic to full knowledge.
Figure 5.1 illustrates the pseudo contradiction created by leaving out the
pre-outcome period. In more complicated situations, limited knowledge
ahead may not be in the form of numerical probabilities, there may be
multiple anticipated changes in the degree of knowledge ahead, and thus
multiple pre-outcome periods, and changes in degree of knowledge ahead
may precede rather than coincide with changes in some of money that
the parties receive.

Further some forms of secondary satisfactions involve earlier changes
in knowledge ahead in the decision process. In this case we need to con-
sider a series of time points t = . . . − 1, 0, k at which there is a change
in knowledge ahead. For instance, to suffer regret, or to get blamed or
ridiculed for a bad outcome (such as having no money after a terrorist
attack) is a consequence of an even earlier change in knowledge ahead.
It is a consequence of the fact that there used to be the alternative for
such persons of paying for protection, and that they chose not to do so.
Such negative secondary satisfactions as blame (which as Hagen (1985)
observed causes chief executive officers to be fired), arises out of there
having been an earlier change in knowledge ahead, that from the pre-
contract decision situation, to a choice made on whether or not to buy
insurance. Sauermann & Selten (1962), Simon (1991b), Selten (1998)
emphasise implicitly even earlier changes in knowledge ahead. These are
from not knowing any available contracts to having negotiated or dis-
covered one, and then if the search continues, from having negotiated or
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discovered only one, to having discovered or negotiated a second, and so
forth. Such changes as more is learned about the choice set will also be
relevant to our policy advice, namely the issue of the time and expen-
diture that governments and other insurers should expend in exploring
and negotiating to create situations and associated contracts.

In Figure 5.2 and Tables 5.1 and 5.2 we illustrate for our scenario
and the case of common knowledge and thus a shared epistemic division
of the future, meaning a shared division of the future demarcated by
stages of knowledge ahead. We include three epistemic periods that von
Neumann and Morgenstern (and EUT and even virtually every disap-
pointment, and regret theory) omitted:

Period 1 the period prior to identifying the choice set,
Period 2 the period prior to choosing an act within the choice set, and
Period 3 the period prior to learning the outcome of the chosen act.

Each of these periods ends with a change in knowledge ahead about
a different matter. All that von Neumann and Morgenstern and EUT
include is period 4, the period that begins upon learning the outcome
of the chosen act (and that lasts indefinitely in our simple scenario, not
being followed by any other change in knowledge ahead).

In Table 5.1, period 1 is when the parties explore and negotiate on
contracts are feasible. It ends with a discovery, ie the first change in
knowledge ahead, ∆K1. This first change is caused by acquisition of
the knowledge of the choice set, as comprising only two acts, commit to
an insurance contract, or decide on no contract. Period 2 begins with
the second change in knowledge ahead, ∆K2, and occurs at time point
t = 0 when potential insurees decide whether to commit themselves to
this contract, as a consequence now know their chosen act. If they chose
the risky act of no contract, they face a period 3, the pre-outcome pe-
riod of limited degree of knowledge ahead of the outcome until their third
change in knowledge ahead, ∆K3, the time when they learn the outcome
and enter the post-outcome period of full knowledge ahead, period 4.

Including these three earlier periods that von Neumann and Mor-
genstern and EUT omit does two things. First, it dissolves the von
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Figure 5.2: The Future Divided Epistemically - by Changes in Knowledge
Ahead
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Neumann and Morgenstern contradiction which arose from omitting the
pre-outcome period, Figure 5.1. Second, it dissolves related contradic-
tions concerning secondary satisfactions during a succession of epistemic
periods that is during a succession of periods each demarcated from the
earlier one by an anticipated change in knowledge ahead.

In evaluating a choice of not committing to pay for protection, po-
tential insurees anticipate facing a pre-outcome period during which the
mutually exclusive outcomes (of no attack or an attack) interact in their
brains. They may anticipate that during this pre-outcome period, this
limited degree of knowledge ahead of the outcome will create negative sec-
ondary satisfactions of a) worrying whether or not an attack will occur,
and b) being unable to commit to spend the money on things desired
during this pre-outcome period. That is the von Neumann and Mor-
genstern contradiction arose from confusing mental events in the earlier
omitted pre-outcome period with the later post-outcome period, when in-
deed only one of the two mutually exclusive outcomes will have occurred.

Even in the more distant part of the future, the post-outcome period
when they will know whether there was an attack or not, potential in-
surees may anticipate secondary satisfactions from the historical legacies
from prior anticipated changes in knowledge ahead. Eg potential insurees
may anticipate that if they do not insure and later an attack occurs they
may suffer from negative secondary satisfactions in the post-outcome pe-
riod. These negative secondary satisfactions arise from the fact that there
used to be a pre-outcome period and indeed a pre-contract decision period
when they could have chosen protection. They may thus anticipate that
after the attack occurs in the post-outcome period, accusers can look back
to the contract option and pour blame and ridicule on the person who
earlier could have taken out insurance because of the previously possible
mutually exclusive outcomes of choosing and not choosing a contract.
Such ridicule and blame is infeasible, in contradiction with the facts, if
there never was such a choice, never was such a pre-choice period in
which to choose.

What the insurance decision does is to render all such negative sat-
isfactions infeasible to anticipate. For what insurance does is alter by
X hours the timing of when all risk is resolved, from X hours later, to
the moment when the decision to insure is taken. Thereby insurance
eliminates the pre-outcome period and all the positive and negative sec-
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ondary satisfactions of X hours of limited knowledge ahead arising out of
the decision not to insure.

In evaluating the alternative choice, the sure act of committing to pay
for protection, worry in the pre-outcome period is impossible, a contra-
diction in terms, as there never will be a pre-outcome period, of positive
duration. Instead the post-outcome period of full knowledge ahead begins
at t = k precluding the anticipated negative secondary satisfactions listed
in Table 5.2 under the risky act of not committing to pay for protection.
Under the choice of the sure act, of committing to pay for protection,
the chooser can anticipate positive secondary satisfactions of being able
to commit to repay a loan and of planning efficiently, including knowing
that there will be sufficient funds at the point of choice, t = 0 to taking
a friend out to dinner.

From Table 5.2, it can also be seen, that when the chooser has to
discover relevant available acts, eg having to nominate what amount she
would be willing to commit to pay for protection, she may be in a differ-
ent mindset with the stress and challenge of needing to nominate, than
in a situation in which artificially, the choice set is handed to her ”on
a plate” as a take-it or leave-it ultimatum from the experimenter. The
ultimatum deprives her of the activities with associated costs and bene-
fits of the pre-choice set period. It deprives her of having to explore and
negotiate, activities that as Simon (1991b) noted, use up a large propor-
tion of the time of businessmen.

Consider now the effects of knowledge and anticipated changes in
knowledge stemming from the uncertainties prevailing prior to the point
of choice. If the chooser decides against the available protection con-
tract, she can anticipate being blamed and ridiculed if an attack occurs.
Being blamed and ridiculed are adverse events that he cannot anticipate
if there never was a pre-decision period containing the opportunity to
commit to pay for protection. In the pre-decision period he may also
experience a great deal of stress in determining the appropriate decision,
Janis & Mann (1977), information and complexity overload, Omodei et
al. (forthcoming), Pope et al. (forthcoming). Decision making stress, in-
formation and complexity overload are impossible if there never were a
period before the decision is made.
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Chapter 6

Material Secondary Satisfactions
and Planning

From Figure 5.1 and Table 5.1 it can be seen that during the pre-outcome
period, the chooser of a risky act may also have material consequences
of having only a limited degree of knowledge ahead of whether his whole
$100 asset will be annihilated, consequences that EUT excludes. He
might for instance feel that he could not borrow money for an evening
meal during this uncertain interim if he could only repay in the absence
of an attack. He would also have other planning problems on how to
allocate his consumption over the next X hours and the more distant
part of his future when he will know the outcome, which we may term
the outcome period. He may have enough cash to invite now a friend
for dinner and would like this very much. But if after X hours have
passed, he learned that there had been an attack, then he would be so
poor that he would rather not have issued the invitation. Recognising
this possibility, he decides to refrain. He decides to refrain from issuing
the invitation, even though he realises that if it later turns out that there
was no attack, his decision will have been inter-temporally suboptimal.
He will have excess funds in the later period when it is too late to issue
the invitation.

These material negative secondary satisfactions of inability to commit
and suboptimal inter-temporal resource allocation - and indeed all other
planning difficulties - are non-existent unless there is a pre-outcome pe-
riod. The impossibility of EUT including them springs from its ignoring
the pre-outcome period as depicted in Figure 5.1. That is the impossi-
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bility springs from EUT’s limitation that its outcomes streams (to which
choosers attach utilities) begin only in the post-outcome period - be-
gin after all risk is passed, as Samuelson (1952b) observed. When this
axiomatic constraint on when the outcome flow begins under EUT is for-
gotten, there is introduced the contradiction of acts being simultaneously
sure and risky.1

6.1 The Flawed ”Primitive” Re-definition of the
EUT Outcomes Space

When scientists overlook the axiomatic constraint that the EUT out-
comes flow must begin after all risk is passed, they begin what they
mistakenly construe as an EUT outcome flow that begins in the pre-
outcome period. Some notice the obviously implausible decisions under
EUT in the face of consumption planning problems with risky income
(asset, endowment streams). Some of these have proposed redefining or
elaborating outcomes (or equivalently giving a fuller description of the
decision situation) to enable EUT to give sensible answers - to include
material secondary satisfactions. They have proposed switching the def-
inition of outcomes from one over income (endowment or assets), to one
over ”end-point” consumption bundles. This is termed redefining the
space from one over ”induced” to one over ”primitive” preferences, or
equivalently, giving a ”fuller description of the whole decision situation”.

On inspection these re-definition proposals turn out to be as invalid,
as fraught with contradictions, as the proposals to include emotional
secondary satisfactions by redefining EUT outcomes. There are two se-
quential versions of the re-definition proposal. Under version 1 in the
sequence, we take a risky act’s outcomes space in terms of an income
stream, see what would be the (best) stream of ”primitives” - of what
ultimately matters to the chooser, typically simplified to a consumption
stream - that could be attained from this risky act given all we know
from a ”full description of the decision situation” under each of its possi-

1For an example of how this contradiction can play out, see the contingent loans examples
in a decision context, Pope (1991b) and in a game theoretic context, (Pope, 2005b, pp308-
320). Contingent loans are received by the borrower before she or the lender know whether
they will be repaid, ie in the pre-outcome period. Within EUT, treating these as either part
of an outcome stream that begins in the pre-outcome period, or in other ways seeking to take
them into account, is infeasible.
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ble outcomes, and re-define that act in terms of a probability distribution
over these derived consumption streams. Then, a ”correct” value is put
on this risky act, correct in the sense that the planning difficulties under
the act with all the information of a ”full description of the decision sit-
uation” have been addressed.

This is sensible, but is it within the axioms of EUT? The answer is no.
Axioms yielding the EUT property of equation (3.5) are very strong, ie
exclude much. While, various alternative axiom sets yield equation (3.5),
all have the characteristic that they directly or by logical implication re-
quire rankings of a pair of acts to be invariant when the preferred act is
replaced by a probability mix of itself and the less preferred act. This
condition will not hold generally for our redefined outcomes space for
so-called ”primitive preferences” any more than it held for the outcomes
space for so-called ”induced preferences”. It will not hold because for
some act pairs and some technological / financial inter-temporal transfer
options over consumption streams, the mix will yield a reverse preference.
Wold’s famous Econometrica exchange illustrates the sensible consumer’s
use of his consumer durables to inter-temporally improve his resource al-
location under risk by violating EUT, Wold (1952). Previously, the virtue
of EUT had been seen in its repeated use, (Marschak, 1950, p139). The
rejoinders to Wold, Savage (1952a, 1952b) and Samuelson (1952b) argued
the reverse, that EUT should only be applied to one decision in a whole
lifetime, admitting that it gave implausible answers for planning under
risk if there were multiple decisions over a life. But Pope (1991b) and
(Pope, 2005b, p310) furnishes examples demonstrating that the problem
for EUT recurs even within the constraint of a person who only makes
one decision in the whole of his life.

Confronted with such demonstrations that the induced to primitive
redefinitions render the axioms false even for a single lifetime decision,
there is a robust oral tradition that the re-definition has been misunder-
stood. The second version of the redefinition / elaborations proposal is
to allege that it is illegitimate for the chooser to consider the primitive
consumption streams as inter-temporally malleable. It is asserted that
these are end-point consumption bundles, end-point meaning that earlier
consumption bundles in the stream are unable to be stored / saved / lent
and that later consumption bundles are unable to be used as collateral
to borrow etc. But this is a matter of trying to have one’s cake and eat it
too. If the outcome streams denoting outcomes in EUT axiomatisations
are inter-temporally non-malleable, then EUT straightforwardly excludes
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planning difficulties. There is no scope to plan, let alone encounter plan-
ning difficulties (a sub-class of negative material secondary satisfactions)
if the axiomatic justification of EUT applies only to a world in which
nothing is inter-temporally transferable, the case if a non-inter-temporal
transferability restriction has to be imposed on its outcomes space!

In summary, regardless of whether we examine the first or the second
version of the proposal to redefine the outcomes space as concerning more
”primitive” preferences, the conclusion is the same. The redefinition de-
prives EUT of axioms that are plausible, that include material secondary
satisfactions. The almost universally shared view is that the proposed
”primitive” redefinition solves the problem theoretically, but not practi-
cally, since it is too cumbersome to go down to the primitive level. The
above reveals that this view of the ”primitive” redefinition proposal is, on
examination, false. Going down to a ”primitive” outcomes space, even
were it feasible, does nothing to retrieve for EUT an axiomatic base - a
set of plausible axioms implying equation (3.5) and the concomitant re-
strictions, where plausible here means taking into account planning costs
under risk and other instances of material secondary satisfactions.

6.2 Temporal EUT

The planning problem, the failure of EUT in the temporal context, was
long ago recognized. There have also been numerous efforts to avoid
EUT failing, with others noting explicitly or implicitly where these ef-
forts fell short of EUT furnishing sensible answers in the case of plan-
ning difficulties. Contributions include Wold (1952), Markowitz (1959),
Dreze & Modigliani (1966, 1972), Mossin (1969), Eden (1977), Munera
(1978), Rossman & Selden (1979), Kreps & Porteus (1978, 1979a,b),
De Neufville & McCord (1983b), De Neufville & McCord (1983a), Pope
(1983), De Neufville & Delquie (1988), De Neufville & Odoni (2002).
Keynes’ objections to Ramsey’s embryonic EUT and its non-axiomatised
forebears also relate to planning problems and uncertainty effects yield-
ing negative secondary satisfactions (Walsh, 1996, pp 56, 52-65).

The special contribution of Kreps & Porteus (1978) is to be one of a
small group who were time-wise careful about the EUT axioms. They
belong to the small group who recognise that atemporal EUT axioms
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cannot address planning problems. They extended the axioms of EUT
to distributions over outcomes with dated onset and expiry dates of non-
degenerated probabilities. It is invaluable and pathbreaking work to in-
vestigate, as Kreps and Porteus did, how far EUT might go when tempo-
ral axioms are devised to yield the expected utility property in relations
that date the onset and expiry of each probability.

But in so extending EUT they had to introduce new axioms that, as
they themselves note, will not in general be plausible or easy to check
whether they hold. Further these Kreps and Porteus set of extended EUT
axioms preclude many instances of secondary satisfactions. For instance
their set of extended EUT axioms requires a globally transitive ranking
and a between-ness substitution axiom, respectively axioms 2.1, 4.1 and
2.3, 4.3 in Kreps & Porteus (1978). But thresholds in loan default rates
for issuing loans introduce intransitivities into material secondary satis-
factions and preclude this between-ness substitution axiom being true.
If you cannot guarantee to repay, another may refuse to lend you money
for dinner so that you miss out on this material secondary satisfaction. If
you will miss out on the loan anyway, you may well prefer the very risky
alternative to a fairly risky alternative. This will often be the case even
though you prefer the safe to the very risky. In such cases you violate
both these axioms. In addition, other forms of secondary satisfactions
besides those from risk-based inter-temporal consumption transfers have
to be independent of these transfers. This is rarely the case: thrills,
worry, blame, ridicule are normally related to the consumption / asset
outcomes flow, virtually never independent of it.2

Kreps and Porteus concluded that such an extension of EUT might
be an acceptable (albeit imperfect) model of induced preference in a wide
variety of applications (Kreps & Porteus, 1979b, p 101). But this con-
clusion runs counter to their own observations on the peculiar utility
function to which it would restrict analysis. It also runs counter to their
own observations on the limited plausibility of their axioms for the rea-
sons to which they drew attention. Further it runs counter to a wider
look at secondary satisfactions, and the problem that large classes (in-
deed arguably most of them) are excluded under these actions.

2There is in addition a quite sizable literature that deals with borrower-lender issues
related to changing knowledge - under the assumption that this could be done within EUT,
eg Stiglitz & Weiss (1981), Gale & Hellwig (1985), Kiyotaki & Moore (1997). This literature
has extremely important results - but ones outside the axiomatic base, for the reasons shown
in eg Kreps & Porteus (1979b) and Pope (2005b).
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6.3 The Missed Connection of Temporal EUT
With the von Neumann-Morgenstern

Complementarities

Researchers investigating the planning problem did not notice that the
sub-optimal consumption-investment decisions under risk are, in the lan-
guage of von Neumann and Morgenstern, a negative complementarity.
The good and bad outcomes interact to cause the chooser to ex post
have consumed too little (on learning in the post-outcome period that
the good outcome has occurred), or too much (on learning that the bad
outcome has occurred). Thereby researchers investigating the planning
problem did not connect the planning problem with the von Neumann
and Morgenstern contradiction. Nor did they recognize that they were
not dealing with a special subset of risky acts - ones which they termed
temporal lotteries and contrasted with atemporal lotteries. Rather they
were dealing with the only sort of risky choices that exist, temporal ones.

Without a pre-outcome period, there is no risk, the outcome is sure.
All lotteries are temporal. Thinking of the planning problem as unusual
in involving temporal lotteries also limited the non-material instances
investigated and discussed. There was non-recognition of other material
satisfactions based on degree of knowledge ahead such as social security
eligibility, and ability to commit and obtain loans, jobs (Pope (1983,
1991b, 2004, 2005b)).



Chapter 7

Misconceptions About Secondary
Satisfactions

There have been six objections to including consideration of secondary
satisfactions in contract analyses.

7.1 Inappropriate Tests of Secondary

Satisfactions

The first objection is that the regret and rejoicing model of Loomes &
Sugden (1982) is not the best predictor of experimental evidence. This
is no argument against secondary satisfactions playing a crucial role in
choice. It is rather evidence against Loomes and Sugden’s: a) functional
form for two secondary satisfactions, namely regret and rejoicing, b) ex-
clusion of all the other secondary satisfactions that would normally con-
found identification of regret and rejoicing effects, and c) assumption that
regret and rejoicing are context and scale independent. It should also be
noted that the designs employed an inappropriate set-up for comparing
EUT’s relative predictive power. As noted in chapter 2, with inappropri-
ate cage set-ups of Skinnerian behaviourism, Darwin’s hypotheses on the
importance of secondary satisfactions could not be investigated. Likewise
sufficient time is essential in the laboratory set-up for detecting related
effects, eg Hassenzahl & Borcherding (2004).
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7.2 Misleadingly Denigratory Examples of
Secondary Satisfactions

A second objection to including secondary satisfactions is that they are
misperceived as exclusively pathological or frivolous or trivial or ab-
sent from serious choices, or even unethical, eg Ramsey (1926, 1950),
Marschak (1950). This misperception is partly a function of the social
gambling contexts many scientists used for understanding them. Once
more serious contexts are used, more serious examples of secondary sat-
isfactions come to light. These include secondary satisfactions like hope
and fear that many religious traditions deem must as a matter of ethics
be taken into account, Pope (1983). Good decisionmaking requires emo-
tional inputs from secondary satisfactions like fear (Damasio (1984)) and
regret (Camille et al. (2004)).

Once more serious examples are used it also becomes apparent that
quantities matter, and that we need to distinguish between descriptive
choice theory and prescriptive. For descriptive choice theory, we ought
consider what anticipated satisfactions matter to the person and drive
his choices, not what anticipated satisfactions we deem ought drive his
choices. For prescriptive theory, the ought enters.

A person unable to worry enough or feel enough regret may well be
a pathologically bad decision maker because too foolhardy, as Damasio
(1984) and Camille et al. (2004) found. There are also persons too wor-
ried or too regretful or too hopeless to make good decisions. Indeed there
are pathologically low and pathologically high levels of many, perhaps all,
emotional secondary satisfactions.

In the same way there are pathologically low and high levels of pri-
mary satisfactions. The person can have a pathologically low level of
primary satisfactions from eating (the anorexic) or a pathologically high
level of primary satisfactions from eating (the obese). Again, a person
can have a pathologically low level of primary satisfactions from water
(the dehydrated) or a pathologically high level of primary satisfactions
from alcohol (the drunk).

In short, people can have pathological levels of some primary satis-
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factions. But we do not conclude that all primary satisfactions are to be
ignored, excluded from prescriptive choice theory. For prescriptive choice
theory, we need to take the same attitude to secondary satisfactions. We
need to discriminate between levels that are normal, even desirable, and
levels that are pathological/irrational (according to our benchmark).

We should also bear in mind the observations of Bell (1981), that in
prescriptive theorizing, anticipated irrational reactions that cannot be
overcome, ought influence choice. Suppose a person knows that he can-
not restrain himself from becoming pathologically worried if he chooses
a risky act and that this will decrease his wellbeing in the pre-outcome
period. Then it may well be better for him to avoid that risky act - even
if he knows that a more rational / less pathological being would not suffer
any significant amount of the negative secondary satisfaction of worry in
the pre-outcome period.

As discussed in chapter 6, there are also material and financial sec-
ondary satisfactions such as access to pensions, Pope (1983), and effects
of ability to commit to repay a loan, Pope (1991b) and to commit to a
job, Pope (2004). No economist would describe these secondary satis-
factions as trivial. Their neglect is primarily that with a model of the
world like that of Figure 5.1 inspired by EUT, theorists simply lacked
a pre-outcome period in which to notice that there are major material
secondary satisfactions that cannot even be defined, let alone modelled
without incorporating knowledge ahead. There is for instance no such
thing as a loan, unless there is a commitment to repay. Commitment
is about the future, a knowledge-ahead phenomenon, whose modeling
in game theory violates its axiomatic justification, namely EUT, Pope
(2004, 2005b).

7.3 Multiple Choice Fallacies

An objection to modelling financial and material secondary satisfactions
is to allege that the modelling involves multiple acts, whereas EUT was
deemed in 1952 to require that choosers only make one decision, Savage
(1952a) and Savage (1952b). This line of reasoning became ensconced by
Savage (1954) with the assertion that it is irrational not to ”look before
you leap” and make more than one decision in the whole of life. You
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should make a single grand decision, amalgamating into this grand de-
cision all simultaneous and all sequential decisions you might make at
different times throughout your conceivable life. After this, you never
make another decision or you would be irrational - someone who had not
properly looked before you leapt!

This grand single decision is impractical as even Savage conceded.1

But to avoid distraction, the examples cited above in Pope (1983, 1991b,
2004) were explicitly and artificially such grand single decisions. But
these were theoretical papers. For a book reporting laboratory work, it
would be too patently contrary to the facts and against the experimental
method to invoke the single grand decision. To invoke it is to propose
that participants imagine and attempt to perform choices in our labora-
tories as if one out of their multiple hypothetical laboratory choices will
be the only choice in their whole future life.

Accordingly, we did not state that instead of making an insurance
decision and a decision on a loan and dinner out, these are combined
with decisions on how much to eat for breakfast tomorrow, ... whether
to catch the train or bicycle back from the office a week hence, ... how
many jars of coffee to buy in 2010, how many stocks to sell in the year
2015 if the price drops to z, and ... , in the form of a grand single decision
for the whole of life. Note however, that the problem could be so for-
mulated, and thus that the objection to multiple choices is never a valid
objection against including material and financial secondary satisfactions
in the decision procedure. The objection is as groundless as saying that a
rational choice theory cannot apply to whether to buy bread today since
it is to be applied to buying butter today. The problem can be formu-
lated on whether to buy bread only, butter only or bread and butter.
It can equivalently be formulated as whether to buy bread today given
that in the shop a decision will also be made at the same time or an
irrelevantly later time after, on whether to buy butter. Rational choice
requires the chooser to take into account foreseeable interconnected deci-
sions. The butter (and its price etc) can be rationally taken into account
in the bread decision, no matter whether the problem is formulated as
two distinct decisions or as a joint bread and butter decision. So it is also

1Savage sought a way out of the difficulty, pointed out to him by Wold (1952). See Savage
(1952a, 1952b) and Samuelson (1952b). In 1954, it still remained elusive. Savage proposed
a ”small worlds” assumption for cases not involving the intertemporal interdependencies of
secondary satisfactions, but even for these cases he could not work out the conditions under
which it would be valid but left this task to future researchers.
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with interconnected decisions such as insurance, and abilities to commit
and intertemporally plan.

7.4 Inconsistent Elaborations of EUT

A fourth objection to extending EUT to include emotional, material and
financial secondary satisfactions is the claim that there is no need to
extend it, that secondary satisfactions are already in EUT. There are
several different phrases used for saying how secondary satisfactions are
already included in EUT. One is to say that they are in EUT once the
outcomes (and hence acts) are properly elaborated / defined, eg Samuel-
son (1952a), Markowitz (1959), Caplin & Leahy (2001). Another is to
say that they are in EUT once the decision situation is fully described
including all its opportunity costs, eg Luce & Raiffa (1957), Stiglitz &
Weiss (1981), Gale & Hellwig (1985), Kiyotaki & Moore (1997). The
third is to pronounce that all satisfactions that should be in are already
included under EUT’s ”consistency requirements”, Savage (1954)2, or
even by ”definition”, eg Ellsberg (1954) quoted approvingly in Schoe-
maker (1982). Among scientists holding this view, some state explicitly
that von Neumann and Morgenstern erred in their interpretation of EUT,
eg Ellsberg, and some express puzzlement and disappointment that von
Neumann and Morgenstern disagree with them, eg Savage (1954). Most
younger scientists have never heard about the heated disputes of the early
1950s on whether EUT omits anything that matters, and thus have no
notion that their interpretation of EUT is the reverse of that held by von
Neumann and Morgenstern.

But as Bell (1981) and Loomes & Sugden (1982) implicitly assert,
and as explicitly addressed and proved in Pope (1983, 1984, 2000, 2004,
2005b), von Neumann and Morgenstern had the correct interpretation,
namely that EUT excludes secondary satisfactions. Including secondary
satisfactions in EUT destroys its axiomatic base. Secondary satisfactions
cannot be consistently included in EUT’s utility mapping. Including sec-
ondary satisfactions robs EUT of the scope to identify a unique act (or
unique set of best acts) in each given choice set.

2Savage had by then radically altered his interpretation of EUT from that in Friedman
& Savage (1948). This earlier piece states that EUT omits secondary satisfactions and that
this omission might be an empirical weakness.
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7.5 Violations of the Dominance Principle

The fifth objection to secondary satisfactions is that they can lead to vi-
olations of the dominance principle. The dominance principle is obeyed
by EUT and what we here term EUT+ theories, a much wider set of
theories. EUT+ includes cumulative prospect theory, Tversky & Kah-
neman (1992), Bleichrodt et al. (2001), the anticipated utility theory of
Quiggin (1982, 1993), the invariance theory of Allais (1988) and indeed
most rank dependent generalizations of EUT. EUT+ even includes even
some theories seeking to include particular secondary satisfactions, eg
the disappointment theory of Gul (1991) and the intrinsic preference for
information theory of Grant et al. (1998).

It is admitted informally by some that imposing the dominance prin-
ciple is unnaturally and implausibly confining when modeling secondary
satisfactions. Why then are there so few scientists interested in secondary
satisfactions ready to drop the dominance principle? Why is it that pro-
posals recur, such as the elaborated outcomes of Markowitz (1959), for
trying to avoid violations of the dominance principle and thus of EUT,
while admitting the importance of secondary satisfactions in their own
decision making - in Markowitz’s case his choice of acts that allow him
the pleasures of wondering and surprise?

The answer is that the dominance principle is almost universally
deemed to be (i) rational and (ii) something people never wish to vi-
olate in transparent situations, such as simple two act choice sets. This
creates cognitive dissonance for many scientists who recognize and wish
to model secondary satisfactions. For the few for whom there is no such
cognitive dissonance, there is another hurdle - getting their new models
accepted if they violate the dominance principle while it stands on such
a normative and descriptive pedestal.

What then is the esteemed dominance principle? The dominance
principle states that people should always prefer acts with the property
of FOSD. In turn FOSD is a a first order stochastically dominating dis-
tribution of outcomes. Outcomes are here defined and must be defined
independent of knowledge ahead, ie independent of the probabilities of
the outcomes. Otherwise we cannot compare two (de)cumulative distri-
butions and determine which dominates.
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To illustrate FOSD, consider two outcomes. One outcome is nice,
namely seeing good scenery and returning home. The other outcome is
horrid, seeing less good scenery and not return home, instead dying on
the mountain in an avalanche. Consider now choice between two climbs.
One climb is on Mount Pleasant that is a sure act. It guarantees the nice
outcome of seeing good scenery and returning home. The other climb is
on Mount Danger. It only almost guarantees the nice outcome. With it
there is a whiff of danger, a tiny risk of the horrid outcome with death.
Then Mount Pleasant has the FOSD property. Choosing it one cannot
get an inferior outcome and may get a better outcome than choosing
Mount Danger. Choosing it obeys the dominance principle.

But is it wise for people and societies to invariably obey the domi-
nance principle? Has every mountaineer made an error every single time
she disobeyed it? Happiness and brain health requires brain activity -
avoiding boredom by taking appropriate risks. Aspects of this need for
stimulation from risks (ie from suspense, from wondering and then be-
ing surprised, from challenges), have been identified by Pascal (1670),
Darwin (1874), Hebb (1949), Samuelson (1952a), Markowitz (1959), Sc-
itovsky (1976). Everyone needs thrills, and needs to find socially and
individually appropriate ways of getting their needed amount of thrills.
Otherwise their brain become dull, ill.

It may well be desirable to encourage young lads into mountaineering
and away from car theft as a means of getting these thrills. Ie disobeying
the dominance principle and going up Mount Danger may be for such
youngsters the appropriate choice. Pope (2000) questioned faculty in
economics and the decision sciences and found that in such a situation
concerning serious matters of brain health and car theft, most would ad-
vise disobeying the dominance principle.

See Pope (1991b, 2005b) for financial secondary satisfactions pertain-
ing to loans generating rational violations of the dominance principle.
See Bernard (1966) for perhaps the first articulation of why the domi-
nance principle should be dropped in both prescriptive and descriptive
theorizing on risky choice. In short, the dominance principle only seems
sensible, something to be invariably obeyed, when the scenario is left ex-
cessively abstract. Then people lack the imagination to discern when
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knowledge-ahead-based sources of satisfactions like positive ones from
thrills, exploring, and negative ones like fear or loan ineligibility, are
ignored.

7.6 Introduction of Contradictions

The final objection to including secondary satisfactions is that secondary
satisfactions introduce a contradiction. This is the contradiction that
von Neumann and Morgenstern reported finding in their efforts to in-
clude them. (See Chapter 5 above.) The allegation is that secondary
satisfactions are akin to ”mistakes of arithmetic”, eg Marschak (1950).

There are three ways of tackling this objection. One is to tackle it
from first principles. Argue for the reasonableness of including consider-
ation of at least some of them in prescriptive and normative work. This
way is to be found in eg Bell (1981), Loomes & Sugden (1982), and Pope
(1983, 1984).

The second is to argue against the notion that every primary satis-
faction is rational, and every secondary satisfaction irrational. This can
be done by providing instances in which a normative theory might wish
to deem irrational some primary satisfactions like urges to overeat, over
drink and such like, and deem rational some secondary satisfactions like
thankfulness, and ability to commit, eg Pope (1991b, 1995). In short
these are demonstrations that there has been an irrational one-sided fo-
cus on the lure of compulsive gambling and other secondary satisfactions
that most of us would deem irrational, and a failure to focus on the many
primary satisfactions that most of us similarly deem irrational.

The third way of tackling the contradictions claim is to recognize,
like von Neumann and Morgenstern, that this as a pseudo contradiction,
awaiting the higher level of analysis that would dissolve it. As shown in
Chapter 5, that higher level is the evolving stages of knowledge ahead, a
distinguishing feature of the act being risky. In short, SKAT, the Stages
of Knowledge Ahead Theory dissolves the contradiction. The contra-
diction arises only from the imperfect transfer of choice under certainty
into choice under risk of traditional theories - an imperfect transfer that
excluded the fundamental feature of risk, an anticipated change in knowl-
edge ahead.



Chapter 8

Biases in Experimental Set-ups
That Ignore Secondary
Satisfactions

As the great Australian biologist Anthony Barnett observed, the exper-
imental set-up largely dictates the results observed and the conclusions
drawn. Eventually he and his co-researchers were able to overcome sci-
entific opposition and obtain national science foundation funding to go
beyond Skinnerian behaviourist cage set-ups for their rats, and inves-
tigate Charles Darwin’s hypotheses on animals’ positive secondary sat-
isfactions, ie satisfactions derived from discerning that they have only
a limited degree of knowledge ahead. He discerned the need of animals
for excitement, their love of exploration and curiosity. Such experiences
are excluded if the world seems certain, in which case as Darwin (1874)
noted, the animals suffer from boredom. Barnett’s set of studies, and
related ones by French scientists on cockroaches confirmed Darwin, and
discovered also the importance of negative satisfactions from having only
a limited degree of knowledge ahead, namely fear from too much risk. See
eg the retrospective in Barnett & Cowan (1976).

By and large experimental economics has the EUT Skinnerian touch,
viewing its participants and their decisions through theoretical lenses
bereft of knowledge-ahead-based effects, whether material or emotional.
Under the EUT Skinnerian knowledge ahead-independent framework it
does not matter how long is pre-outcome period, ie how long the choosers
anticipate waiting after choosing the risky act of no insurance making a
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decision for or against taking out insurance and learning whether the bad
outcome occurs.

Most experimental analyses of choice under risk are conducted as if
the duration of this risky pre-outcome period is irrelevant. They are con-
ducted as if it does not matter whether the choice of a risky act imposes
on the contracting parties an anticipation of limited knowledge ahead for
a decade, 24 hours, two hours, or a minute. When experimenters analyse
and construct models largely on the basis of hypothetical situations (eg
prospect theory), participants lack information on the duration of the
pre-outcome period of limited knowledge ahead.

Should participants answer anticipating that any risk will be almost
instantly resolved? Or should participants anticipate that as in so many
real life choices, they would wait years or even decades before learning
whether their investments were profitable? That is, should participants
answer for the case where k, the duration of the pre-outcome period of
limited knowledge ahead is ultra short or exceedingly long? At a mini-
mum, this ambiguity about the duration of k generates unnecessary noise
in the answers elicited, and unwarranted claims on the universality of the
findings to real world situations with differentially lengthed pre-outcome
periods.

In experiments actually played out in the laboratory, there is a re-
duction in such unnecessary noise from differently lengthed pre-outcome
periods entering choices in analyses and models constructed from data
in which participants (probabilistically) receive what they choose. Here
participants typically have a reasonable idea of the pre-outcome period
length, ie of when they will learn the outcome of their choice normally
within an hour or so at the end of the session. But since the experimenters
still ignore how long the pre-outcome period is, they inadvertently un-
warrantedly infer that the participant’s choice with a pre-outcome period
of the short duration of roughly an hour (in the average experimental set-
up) is the same as in other situations in which the pre-outcome period
can have very lengthy durations.

The problem is much deeper than one of ignoring how differentially
lengthed pre-outcome periods alter decisions. The problem is that sci-
entists, who ignore the impact of the length of the pre-outcome period,
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analyse and construct risky choice models as depicted in Figure 5.1. That
is, they analyse as if the pre-outcome period did not exist at all - as if peo-
ple who decide not to insure could jump with a zero time lapse from when
she chooses at t = 0 into the last day of their future. Experimenters anal-
yse decisions ignoring the set of material, financial and emotional sources
of secondary satisfactions.

Failure to recognise the very existence of the pre-outcome period, and
thus to give participants leads on its likely cause-effect ramifications,
hampers scientists in eliciting meaningful answers from participants and
distilling from them useful descriptive models. This causes the following
problems.

First, scientists are unable to recognise that their measurements are
contaminated by the omitted variables bias of having overlooked the en-
tire class of secondary satisfactions. Ie they have overlooked all cause ef-
fect chains that participants anticipate from going through a pre-outcome
period of limited knowledge ahead. The adverse consequences of overlook-
ing these cause-effect chains include the following:

a) Their measures of the utility of primary satisfactions exhibit sys-
tematic pronounced biases. To take one example, consider exper-
imental efforts at eliciting the shape of a participants’ EUT curve
of the utility from outcomes independent of knowledge ahead. If
the experimenter uses the expected utility theory standard gamble
elicitation procedures, these omitted variables effects give the curve
obtained an inflection from concave to convex under the proba-
bility equivalence method of Ramsey, and the reverse twist under
the certainty equivalent method of von Neumann and Morgenstern,
whereas under the assumptions of these two measures, the curves
should be identical, Pope (2004).

b) Scientists engage in counterproductive experimental set-ups because
they do not understand the sources of contamination in their data.
To take one example, scientists have wished to analyse ignoring the
concavity or convexity of participants’ EUT curve of the utility from
outcomes independent of knowledge ahead. They have assumed that
they can analyse ignoring it if the lotteries only have two outcomes.
After all, three outcomes are needed to detect concavity and convex-
ity. But because there are unrecognised knowledge-ahead-based ef-
fects contaminating the data, and these effects as measured by vari-
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ance become more pronounced under binary lotteries (constructed
eg with the same range and expected value but no middle outcome),
binary lotteries do even worse as regards the experimenters’ goals,
Abbink et al. (1999).

The second problem that arises from failing to recognize the existence of
the pre-outcome period is in the analysis made of participants. When
they do not recognize the pre-outcome period, experimenters misconstrue
as inconsistencies, irrationalities, contradictions, many choices made by
participants. Some are reasonably taking some account of the antici-
pated effects on them of going through this risky pre-outcome period.
Experimenters cannot distinguish between these and cases of genuine
irrationality. To take one example, participants’ responses to having
limited knowledge ahead in the pre-outcome period cause them to ratio-
nally choose (stochastically) dominated acts in some choice sets, Bernard
(1966, 1970), Pope (1984, 2001). The experimenter sees this as irrational
behaviour. But once knowledge-ahead-based satisfactions are taken into
account, it can be shown that EUT is irrational in that it forces the
chooser to take an act with a lower expected level of satisfaction in some
choice sets. Instances are in Pope (1991b, 2004).

Experimenters are good empiricists. They discern motivations miss-
ing in standard theory. But without a knowledge-ahead-based conceptual
framework with a division of the period following choice into a pre- and
post-outcome period, they will miss motivations, and lack an adequate
means of identifying choices that really are irrational and that generate
genuine contradictions as distinct from pseudo contradictions. They will
deem that participants in their experiments are contradicting themselves,
when such contradictions are pseudo, due to the limitations of analysts’
getting their own conceptual framework on the right level.



Chapter 9

SKAT, The Stages of Knowledge
Ahead Theory

We wish to analyse risky choice unbiasedly and consistently and with
sufficient breadth to allow all broad classes of secondary as well as pri-
mary satisfactions. To do so we need to go not merely beyond static
EUT and its atemporal generalizations such as standard rank dependent
theory. We also need to go beyond those models designed to approx-
imate aspects of secondary satisfactions without delineating changing
stages of knowledge ahead as is the case eg with most regret theories.
We need information of when risks are resolved, but not, as in eg Kreps
and Porteus, associated axiomatic constraints. As noted in Chapter 6,
such constraints irrationally exclude many secondary satisfactions, and
relegate the role of other secondary satisfactions to being, in effect, the
accidental outcome of a different maximization procedure - one that acci-
dentally approximates for some planning situations for some individuals.

We require a decision theory that gives balanced weight and appro-
priate prominence to secondary primary satisfactions, and thus does not
merely consider the subset of primary satisfactions reaped after risk is
in the passed. SKAT, the Stages of Knowledge Ahead Theory gives this
rational balance. This is presented briefly in Pope (1983) and in more
detail in Pope (1995, 1996/7). Its distinctive feature is its partitioning
of the future by changing stages of knowledge ahead as discussed already
in Chapter 5 in connection with the resolution of the von Neumann and
Morgenstern contradiction.
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In minimal form for the simplest risky choice scenarios, such as that
of the experiments analysed in this book, this epistemic partitioning in-
volves only one pre-outcome period (before he will know the outcome of
his chosen act), and only one post-outcome period (the more distant part
of his future) when he will have learned the outcome of his chosen act as
in Table 9.1:

Table 9.1: The Pre-Post Outcome Distinction

Pre-outcome period
Zero duration if chooses insurance since upon choice at t = 0

knows the outcome segment after X hours, $85
X hours duration if chooses to stay uninsured, risking

loss of $100 if there is an attack
Post-outcome period
Begins upon choice if chooses insurance, since upon choice at t = 0

knows the outcome segment after X hours, $85
Begins after X hours if chooses to stay uninsured, and

is $0 if there is an attack, otherwise $100

This epistemic partitioning allows the SKAT chooser to identify two
sorts of causal chains, namely:

(i) those with anticipated effects caused by each current segment of the
outcome flow, namely primary satisfactions, and

(ii) those with anticipated effects caused also by what seems possible or
used to seem possible, namely secondary satisfactions.

An illustrative list of secondary satisfactions anticipated in the pre-
and post-outcome periods is in Table 5.2 of Chapter 5 for the case of the
risky act of deciding to stay uninsured. The SKAT chooser augments
this list with a second list. This second list is of his anticipated primary
satisfactions from his current situation alone in both period 1 and period
2. Thereby the SKAT decision maker takes into account both the major
primary satisfactions Ppreh, h = 1, 2, . . . and the major secondary satis-
factions Sprej , j = 1, 2, . . . that he anticipates will simultaneously ensue
in the pre-outcome period.

Note the ”ands” of the pre-outcome period anticipated satisfactions
in Table 5.1, denoting this simultaneity. The SKAT decision maker also
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considers the major primary satisfactions Ppostmi, m = 1, 2, . . . and sec-
ondary satisfactions Spostni, n = 1, 2, . . . that he anticipates will ensue
in the post-outcome period. Some of these he anticipates will be simulta-
neously reaped, all those that hold for a given outcome i. Some pertain
to different outcomes i, and thus are mutually exclusive. Note the mix
of ”ands” and ”ors” of the post-outcome period anticipated satisfactions
in Table 5.2.

The SKAT decision maker then requires atemporal aggregation rules
for amalgamating all these satisfactions that he has listed into an overall
value. He needs the overall value either to assess whether that act is good
enough (if he is a satisficer), or to compare with those alternative acts
in the choice set that he considers warrant analysis. The SKAT decision
maker’s atemporal aggregation / amalgamation can be divided into the
following four steps:

Step 1 in the SKAT aggregation:
V pre Amalgamation into some value index of the different satisfactions
that are anticipated to be experienced simultaneously in the pre-outcome
period. Some of these will be primary satisfactions Ppreh, h = 1, 2, . . .

and some of them secondary satisfactions Sprej , j = 1, 2, . . ..

Eg if each such satisfaction mapped into a number, and if primary
and secondary satisfactions are additively separable, this could be their
weighted sum, with weights respectively wh and wj .

SKAT : V pre =
∑

h

whPpreh +
∑

j

wjSprej . (9.1)

wh atemporal aggregation weight for Ppreh, outside time
Ppreh anticipated primary satisfaction in the pre-outcome period, in real time
wj atemporal aggregation weight for Sprej , outside time
Sprej anticipated secondary satisfaction in the pre-outcome period, in real time.

Step 2 in the SKAT aggregation:
V posti Amalgamation into some value index of the different satisfac-
tions that are anticipated to be experienced simultaneously in the post-
outcome period under each mutually exclusive outcome i, i = 1, 2, . . ..
Some of these will be primary satisfactions Ppostmi, m = 1, 2, . . . and
some of them secondary satisfactions Spostni, n = 1, 2, . . ..

Eg if each mapped into a number, and if primary and secondary satis-
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factions are additively separable, this could be their weighted sum, with
weights respectively wm and wn,

SKAT : V posti =
∑

m

wmPpremi +
∑

n

wnSpostni. (9.2)

wm atemporal aggregation weight for Ppostmi, outside time
Ppostmi anticipated primary satisfaction in the post-outcome period, in real time
wn atemporal aggregation weight for Spostni, outside time
Spostni anticipated secondary satisfaction in the post-outcome period, in real time.

Step 3 in the SKAT aggregation:
V post aggregation into some value index of the mutually exclusive pri-
mary and secondary satisfactions anticipated in the post-outcome period
V posti.

Eg if each index mapped into a number to which the chooser attaches
a numerical probability, pi, i = 1, 2, . . ., this could be their probability
weighted sum,

SKAT : V post =
∑

i

piV posti (9.3)

pi atemporal aggregation weight for V posti, outside time
V posti anticipated summed primary and secondary satisfactions, in the post-outcome

period for outcome i, in real time.

Step 4 in the SKAT aggregation:
V aggregation into some value index of V pre and V post.

Eg if each mapped into a number, and if these are temporally linearly
separable, this could be their weighted sum with weights respectively
wpre, and wpost,

SKAT : V = wpreVpre + wpostVpost (9.4)

wpre atemporal aggregation weight for Vpre, outside time
Vpre anticipated summed primary and secondary satisfactions, in the pre-outcome

period, in real time
wpost atemporal aggregation weight for Vpost, outside time
Vpost anticipated summed primary and secondary satisfactions, in the pre-outcome

period, in real time.

These four steps can be quantitative as in the examples given above
for each and for the resultant overall value of the act V . When EUT is
stated in the terminology of primary and secondary satisfactions, each
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with multiple components, it limits consideration to the first weighted
sum in equation (9.2) entering equation (9.3), ie,

EUT : V = V posti =
∑

i

pi(
∑

m

wmPostmi) (9.5)

pi atemporal aggregation weights for Ppostmi, outside time
Ppostmi anticipated primary satisfaction in the post-outcome period, in real time.

The formulation of SKAT in equation (9.4) is used above to highlight
the distinctions from EUT in equation (9.5) even in the case of numerical
satisfactions and numerical weights and linearly separable satisfactions
and numerical probability weights for mutually exclusive satisfactions.
More plausibly in employing SKAT in virtually all problems, including
the insurance scenario investigated in this book (see Chapter 14), steps
1 to 4 are conducted qualitatively.1 This is because often the aggrega-
tion, like the satisfactions themselves, will be of a qualitative form, and
may follow algorithmic procedures of sequentially considering sources of
satisfactions, often with a satisficing component, choosing an act when it
yields enough satisfaction. The general form of SKAT is equation (9.6),

SKAT : V = V (wh, Ppreh, h = 1, 2, . . . , wjSprej , j = 1, 2, . . . , wi,

i = 1, 2, . . . , wm, Ppostmi, m = 1, 2, . . . , wn, Spostni, n = 1, 2, . . .)

(9.6)

This allows for interdependencies of different satisfactions and also for
the norm of non-quantitative satisfactions and weights, ie allows also :

(i) qualitative pre-outcome primary and secondary satisfactions and
associated weights, Ppreh, Sprej , wh and wj ,

(ii) qualitative post-outcome primary and secondary satisfactions and
associated weights, Ppostmi, Spostni, wm, wn and wi,

(iii) qualitative weights for aggregating the pre-and post-outcome satis-
factions, wpre, and wpost.

In many situations only a few of the primary and secondary satisfac-
tions are major enough or anticipatable enough to warrant attention and
get any sort of weight. What matters for reasonable choice in most situa-
tions is not how quantitative is the information used by a decision maker.

1Further as Simon (1955) proposes, of which an application is Sauermann & Selten (1962),
Selten (1998), there will normally be limited investigation of what enters the choice set, and
even of acts already identified as within the choice set. It will be frequently the case that the
sensible time to stop analyzing alternatives is when a satisficing act is located.
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What matters is that he has not overlooked a major source of positive
or negative satisfactions. Atemporal frames fail to pose the chronol-
ogy of an anticipated change in knowledge ahead which occurs for all
risky acts. Atemporal frames and inconsistent notions that there can be
atemporal lotteries, render it difficult for choosers to notice whether they
have overlooked a major source of positive or negative satisfactions. Lay-
ing out the secondary satisfactions by changes in the stage of knowledge
ahead as illustrated in Table 5.2, with an extra column for the primary
satisfactions, reduces this problem of overlooking important secondary
satisfactions. It is moreover hard when secondary satisfactions all stem
from which particular stage of knowledge ahead the chooser will be in, to
notice secondary satisfactions without laying out the future formally or
informally in this epistemic (stages of knowledge ahead) manner.

The exactness of these anticipations of primary and secondary satis-
factions, and their nature will then largely determine the sorts of ways
in which it can be appropriate for the chooser to do the atemporal ag-
gregations. Different aggregation procedures related in part to different
degrees of interdependence between the different satisfactions, constitute
different models within SKAT, the Stages of Knowledge Ahead Theory.
Employing SKAT aids scientists in classifying when choosers seem fool-
ish, when rational. Without it, scientists can fall into the trap of not
recognizing when choices are sensibly guided by secondary satisfactions.

As we saw in Chapter 8, without SKAT for consistently discerning
secondary satisfactions, scientists can fall into the trap of thinking that
a preference of stochastically dominating distributions over outcomes is
rational and that to do otherwise foolish. To the contrary, the sensi-
ble decision maker taking into account issues of worry, thrills, blame,
ridicule, inability to commit, planning problems will violate this domi-
nance principle in certain choice sets. Ie, the dominance principle is a
principle that only primary satisfactions matter. It seems such a sensible
principle when we fail to notice the existence of the pre-outcome period
both in how we frame problems theoretically and describe decision sit-
uations to our participants. No secondary satisfactions are mentioned.
Only the primary satisfactions, the payoffs, with typically no mention of
when the payoff is to be reaped making it readily seem that no secondary
satisfactions could exist.



Chapter 10

Self Reports Versus Scientists’
Own Introspection and Related
Reliability Issues

We shall base our assessment on choosers’ decision procedures impor-
tantly on their self-reports of their grounds for choice. Self reports tend
to be denigrated by economists. Below we survey the various grounds for
objection, and show that from a scientific viewpoint, the objections are
flawed. Objectors often offer a variant of Alchian’s thought competitive-
ness experiment (Alchian (1950)) and consider that it does not matter
how the participant decided, that only those who use EUT survive, with
the rest eliminated by competition. The argument is a derivative of the
criticism of Cyert and March’s discovery that firms do not maximise prof-
its (Cyert & March (1963)). The proposal that there are no non-profit
maximising firms since competition eliminates all who do not accidentally
maximise profits has long since been shown to be false, even in a hypo-
thetical competitive world, once risk and uncertainty are systematically
modelled. Indeed once risk and uncertainty are systematically modelled,
the issue of identifying temporally what is the expected profit flow to
maximise has yet to be satisfactorily solved. Similar comments apply to
evolutionary models seeking to extend this assertion to EUT as distinct
from expected profits. As demonstrated in Pope (1991b) with respect to
loans, and with respect to jobs (Pope (2004)), using EUT can lead to
minimising not to maximising welfare and income, and thus cannot be
presumed to constitute the evolutionarily surviving strategy, not even in
the short run.
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Another common objection to using information from participants’
reports on why they chose is that these reports are fallible. Objectors
may point to psychological and neuronal experiments proving that some
decisions are made before choosers realise that they have decided and
giving implausible if not patently false accounts of why they chose. All
this is true. Reported reasons are not infallible. However the classic
examples cited in this regard are not too pertinent to the demand for
protection contracts. Nor indeed pertinent to most choices assumed to
be made under EUT and its generalisations.

Classic examples proffered of the participant’s reasons for choice being
unreliable stem from four factors:

1 There has been some considerable time lapse since they chose,

2 what people are asked to recall is complicated,

3 people wish to conceal their actual motives,

4 the decision was unconscious and so what determined it cannot be
unearthed by the conscious mind.

The first three factors will not be salient in our situation, except in so
far as they seek to report having used the principal methods taught at
universities, namely EUT or its simplification, expected value. Insofar as
this teaching entices them to report usage of EUT when participants do
not actually use it, the answers are biased toward (not away from) the
conclusion that EUT is relevant to the demand for contracts.

Consider now the claim that no participant knows anything about
how he chooses since this is all unconscious. There may indeed be un-
conscious elements in the procedure. But then the question arises how
has any choice theory been given any credibility in the decision sciences
if we reject self-reports as useless since so unreliable.

The actual situation is that those who repudiate self-reports believe
that some scientists (in particular those who advocate EUT) know how
decisions are made. But in neuronal science and psychological work on
the unconscious there are as yet extremely few findings in this area that
have achieved any sort of common consensus. Hence the only way these
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scientists know how people make decisions is by constructing choice the-
ories out of their own introspection.

This attitude is untenable. Except where we have objective grounds
for deeming participants’ introspection to be inferior to our own, we must
supplement our own introspection with that of others. In the words of
Simon (1991a), we need to be wary of arm-chair theorising, and get em-
pirical information such as self reports. This is particularly important for
any of us already wedded to a theory, in that it may bias our introspection
on how we ourselves decide to interpret our participants’ motivations.

Further, even though neuronal science is in its infancy, progress has
been sufficient to identify two things consonant with the conclusions we
draw from self-reports. One is the role of secondary satisfactions in de-
cisions, eg Damasio (1984) discerned the role of a secondary satisfaction,
anticipations of fear, in making good decisions and Camille et al. (2004)
discerned the role of another secondary satisfaction, anticipations of re-
gret, in making good decisions. The other is that the complex calcula-
tions of multiplication and addition that we typically conceive as being
used to compute the value of acts under EUT and other rank dependent
procedures would need to be done in the conscious, so-called calculating,
sections of the brain. If participants fail to report doing such multi-
plication and additions, this is prima facie evidence that indeed these
operations did not enter their choices.

Some have proposed eg Duncan Luce (private email) that choosers
obey EUT (or a standard rank dependent generalisation thereof) without
doing these steps in equation (3.5). Eg wihtout doing any multiplication
of utilities by their probabilities and then adding them up to get the
value of an act. Instead it is proposed that they do it simply by obeying
all the axioms in a particular axiomatisation. But this is to forget that
the axioms are not operational in this sense. Most axiomatisations start
for instance by assuming that the individual already knows his prefer-
ence ranking of acts. This is Postulate 1 in the axiomatisation in Savage
(1954), and a pre-axiom postulate in Neumann & Morgenstern (1947,
1972). Taking into account this axiomatic beginning, EUT consists in
checking via all the other axioms (which put restrictions on this rank-
ing). This is because the axioms involve hypothetical reasoning of the
sort identified by Gilboa & Schmeidler (2001).
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”... to apply EUT ... one needs to engage in hypothetical reasoning,
namely to consider all possible states and the outcome that would result
from each act in each state” [(Gilboa & Schmeidler, 2001, p43)].

The matter of checking for conformity with EUT (while dodging any
operations of multiplication and addition) is, in an operational sense,
endless. Black (1986) skilfully illustrates this for a case where it was
only a ranking of books in a bookstore. At any time in doing the check
of being consistent with EUT the chooser can be astonished that he is
inconsistent with EUT. This was after all the astonishing dilemma of
Savage, when in his famous Paris encounter with Allais, he discovered
that his ranking disobeyed EUT. Savage did not know which pair of acts
he had ”wrongly” ranked, and after all he only had four pairs of ultra
simple acts to rank.1 But the axioms are strong. They have bite. It is
simple to believe like Savage that one is a good EUTer and then discover
an incompatibility on one’s preference ranking with an axiom.

Of course the reverse does not hold, axioms can readily be demon-
strated, using skilfully tiny choice sets, to be disobeyed by participants.
The purpose of this paper however, is not to ascertain procedures not
followed by participants. It is rather the positive one of ascertaining how
participants do choose.

But what does all this amount to in terms of choosers’ self-reports?
To argue that any standard rank dependent choice theory such as EUT is
obeyed because the chooser has obeyed all the axioms in a particular ax-
iomatisation involves far too many steps to be done in the conscious part
of the brain. To offer an exclusively axiomatic defence of any standard
rank dependent theory is to declare it empirically uncheckable given the
stupendous number of consistency checks required, in any experimental
or other empirical setting. It also makes it obscure whether this class of
theories can contribute to economic understanding and policy analysis.
How do economists, untrained in the unconscious, discover the cardinal
utility mapping unique apart from scale and origin, postulated as formed
in an identical way under all standard rank dependent theories? (The the-

1To work this preference ranking out, he constructed his, as he put it ”extralogical and
loose” sure-thing principal. As Savage noted he left his sure-thing principle unaxiomatised
because unlike EUT it was based on ”knowledge” and ”possibility”, Savage (1954). However
as shown in Pope (1991a), Savage’s own sure-thing principle to clarify his preferences has the
problem of irrationally truncating probability distributions. To rationally clarify preferences
requires, among other things, a stages-of-knowledge framework.



63

ories differ only in their decumulative probability weights in aggregating
these utilities.) It seems to leave it entirely a matter of faith that utilities
extracted from empirical data and assumed to be those of EUT reflect,
and it perhaps relates to the econometric observation that the utility
mapping is the worst estimated entity in economic theory). Indeed there
is an extreme amount of faith involved in believing that unconscious util-
ities guide choice in a manner according with EUT. Tversky’s conjoint
analysis (Tversky (1967)) reveals that no set of unconscious probabilities
and unconscious utilities employed in a manner compatible with EUT
could explain the choices of his participants.

This book has not denied that the unconscious enters our choices. Its
agenda is however that of Simon (1989) in his case for looking into the
reasoning process. While in the 1960s Tversky sought to explain the de-
viations of his participants from EUT by means of his own introspection
(on loss aversion) our agenda is to look at conscious choices, those in-
volving reasoning. Our agenda is to see how we might approach building
conscious choice models, and to see what theoretical entities should form
their basic building blocks. We see this as a promising approach for de-
veloping theories with reasonable explanatory and predictive power for
use in understanding market and social developments and advising on
government policies. To this end, we ignore the speculations associated
with exclusively unconscious brain level accounts of how some choosers
(those not discovered as disobeying its axioms) follow some decision pro-
cedure.

The final methodological objection to be addressed here, is our sup-
plementing self-reports on why actual choices were made with self-reports
on hypothetical choices. One line of defence is that three Nobel laure-
ates, Allais, Kahneman and Simon, based the empirical material under-
lying some of their choice theories on hypothetical choices. Allais (1988)
constructed his rank dependent theory from the answers to hypothetical
questions proffered by de Finetti, Malinvaud and other eminent scientists.
Kahneman (with Tversky) derived prospect theory (1979) from partici-
pants’ hypothetical choices. As Simon observed (conversation with one
of the authors), there are many situations in which one cannot (even
probabilistically) impose the dire consequences or reward the superlative
consequences on participants. They are dire because unethical, and su-
perlative since beyond the experimenters budget. Yet it is important to
get some handle on choices in these situations.
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In summary, we treat self-reports on actual and hypothetical choices
as fallible. But we deem it unwise for experimenters to rely solely on
their own introspection influenced as it is by the theories and culture of
their own scientific circle to pronounce on why choices are made, and
what should enter normative, prescriptive and descriptive choice mod-
els, and to pronounce on the range of different contexts to which their
experimental findings apply. We treat participants’ self-reports on their
own actual and hypothetical choices as a valuable supplement to our own
fallible introspection.



Part II

Experiments



Chapter 11

Participants and Their Choices

11.1 Particpants

Participants comprised predominantly graduate students and faculty.
They came from the University of Graz’s Faculty of Economics and So-
cial Sciences (located in Graz, Austria), and the University of Virginia’s
Darden Graduate School of Business Administration (located in Char-
lottesville, USA), and from its departments of Economics and Mathemat-
ics on the Charlottesville campus. Our first session was in May 2003 with
15 participants and some aspects of its findings are reported in Pope et
al. (2003). The four sequel sessions used very similar set-ups. For dates,
locations and the sex and academic status splits, see Tables 11.1 to 11.3.

Table 11.1: Experimental Sessions

Number of
Session Location Date

Participants
University of Graz,

1
Graz, Austria

May 2003 15

University of Graz
2

Graz, Austria
Nov. 2003 18

University of Virginia,
3

Charlottesville, USA
March 2004 42

University of Graz,
4

Graz, Austria
April 2004 20

University of Graz,
5

Graz, Austria
April 2004 18

All 113
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Table 11.2: Number of Participants by Sex and Academic Status

Female Male Total
Faculty 2 11 13
Doctoral Students 8 10 18
MBA students 4 36 40
Undergraduate students 18 23 41
Computer Manager∗ 0 1∗ 1∗

Total 32 81 113

∗ amalgamated into the category faculty plus in subsequent tables

Table 11.3: Percentage by Sex and Academic Status Structure in Each
of the Five Sessions

students total
Session female male total faculty doctoral MBA Under-

plus∗ graduate
1 27 73 100 60 0 40 0 100
2 44 56 100 0 100 0 0 100
3 7 93 100 12 0 88 0 100
4 55 45 100 0 0 0 100 100
5 33 67 100 0 0 0 100 100
all 28 72 100 12 16 35 36 100∗∗

∗ includes in session 1 also one computer manager participant
∗∗ rounding yields a sum of the items below the total

11.2 The Scenario: Potential Monetary Payoffs

Participants were handed a sheet on the context (for its wording in the
English language version see Appendix C). This asked them to state
whether they would take out protection insurance against an attack which
would annihilate a sum available to them later. Later was about 24 hours
later in the case of the first two Graz sessions (one at the end of a two-day
workshop, the other at the end of a two-day short course). In the case
of the Charlottesville Session, about two hours later (end of the lecture
which followed the experiment).

The sum subject to attack was fixed in each session, at e 80 (e :EUR)
in the case of the four Graz experiments, and $100 ($:USD) in the case
of the Charlottesville experiment. At the USD/EUR exchange rate of
March 2004, these amounts are roughly comparable. We know that ex-
change rates change without comparable changes in purchasing power.
In terms of the wealth, disposable income and going wage rate of faculty
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and students in Austria and the US, and in terms of the actual purchas-
ing power of the two currencies in respectively Graz and Charlottesville,
the comparability will therefore be rougher. We can merely state that
the amount at risk is more than a trifle, but well short of that which
would endanger the financial viability of participants.

The cost of protection insurance was fixed in each session, at a cost of
e 30 in the first two Graz sessions, at $15 in the Charlottesville session,
and at e 12 in the last two Graz sessions. In all sessions participants
were asked to indicate whether they would take out insurance at this
cost. They were asked to make their choice six times, for six different
alternative levels of risk, namely 0.1%, 0.2%, 1%, 5%, 10% and 20%. The
risks were first described in terms of the number of days in which there
had been an attack in the last 1,000. Then the corresponding percentages
were given.

In all sessions, prior to making any decisions, participants knew the
following. Each would place his or her name on a piece of paper in a
box. After the answers to all questions had been collected, the papers
containing the names would be shuffled in a box in front of the class by
one of the experimenters. In front of the group, one participant would
then select one paper from the shuffled box and read out the name of
the selected participant. The experimenters would then confirm from the
collected written answers for what risk levels the selected participant had
chosen to pay insurance money. If the one selected had chosen to pay in-
surance for all six risk levels, that participant already knew at the end of
the session the monetary sum to be received, ie, abstracting from doubts
on whether they would survive till tomorrow and the insurance contract
would be honoured, they had chosen to bring forward by 24 hours the
time when their risk concerning their asset was resolved. If instead the
selected participant had merely insured for some or none of the risk levels
he or she would write the six levels of risk on pieces of paper and place
them in a box. These six pieces of paper would then be shuffled by one of
the experimenters, after which the selected participant would draw one
paper out, give it to one of the experimenters who would then read out
its risk level in front of all participants. Later, at the end of the whole
experimental session, in the presence of all participants, the selected one
would discover from a random device whether an attack had occurred. In
the Graz sessions this random device took the form of selecting out of a
set of shuffled matches in a box either a marked one (denoting an attack),
or an unmarked one, with the number of marked matches corresponding
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to the risk. In the Charlottesville session the random device was that the
one selected would open his or her laptop. He or she would then call up
the random number generator programme that faculty member Matthias
Hild used in his MBA lectures, enter the level of risk, and allow this pro-
gramme to determine for the level of risk whether an attack occurred.

Our experimental method of analyzing responses to the risk of an
attack and loss of an asset is subject to three (standard) laboratory fea-
tures. First, participants may deem the probabilities smaller than those
stated because they both have a smaller chance of any particular risk level
being realized and a smaller probability of being the participant selected
to receive the monetary consequences of the choices made. Amongst
our participants, only 2% reported being subject to this effect, results
consonant with the decisions in control experiments not subject to these
probability diminutions reported in Starmer & Sugden (1991). A second
feature is that our design does not put participants who choose not to
commit to pay for insurance in the situation of walking out of the experi-
ment with less assets than on entering it, merely at risk of missing out on
an amount that they could have gained in the experiment. Amongst our
participants only 4% of participants reported that their decision would
have been different if subject to being at risk of losing pre-existing as-
sets as distinct from at risk of missing out on an increment in assets.
From Loewenstein & Adler (1995), they may have underestimated this.
A third feature is that participants may not be completely confident that
the experimenters will honour insurance contracts, nor completely confi-
dent of surviving to reap the benefit. However our experimental method
for discerning the motivators of choice and how distinct motivators are
employed in choosing among acts is substantially independent of the ab-
solute scale of the probabilities and the extent to which behaviour differs
with respect to the risk of missing out on potential gains versus incurring
losses.

11.3 Choices Made

Choices made and reasons given are itemised for each participant for
each risk level by session in Appendix A. In the text we confine ourselves
to summary statistics. Our choice set-up (which has the same cost of
protection for all six alternative risk levels), resulted in nearly all par-
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ticipants exhibiting a threshold risk level. Such threshold participants
bought protection at all risks higher than this threshold, at no risk level
below it. For 30% this threshold was never reached: they never insured.
For 10% this threshold was a lower risk than 0.1%: they insured for every
risk level. The remaining 6% (seven participants, one in session 1, one in
session 3, one in session 4, and four in session 5) displayed non-monotonic
behaviour of insuring at a lower risk level, but not at higher risk levels.
Six of these seven were undergraduates. Such decisions may be due to
capriciousness as reported in Abbink et al. (1999), namely participants
seeking to deviate sometimes from their general behaviour in the face of
risk, so that if they have been daring for a succession of possible eventu-
alities, for the next in the succession, they are cautious (and vice-versa).
While we did not include a question inquiring into capriciousness, none
spontaneously identified capriciousness as a reasons for choice. Hence this
non-monotonic behaviour may instead be due to misinterpreting how to
enter choices, or misinterpreting the choices available. We excluded from
the analysis therefore this 6% of our original sample, reducing it from
113 to 106.

Table 11.4 summarises the monotonic insurance decisions of the other
94% of participants. No systematic effects of sex or wealth as proxied by
academic status are discernible by eye or using Fisher’s exact tests. It
can be seen that the cost of insurance (roughly double in the first two
sessions compared to the latter three) had no obvious systematic impact
on insurance decisions. The inter-session differences in propensities to
pay appear to be related more to context.

11.4 Experiences of Terrorism and
Preoccupations With Violence

Participants in a Norwegian internet experiment had a much greater will-
ingness to buy protection for a given risk level in the case of terrorism
than other contexts like car accidents, Hausken (2004). Like results are
reported in US field questionnaires, Sunstein (2003), with the additonal
information that desire for costly protection was rather independent of
how small the risks were. These findings suggest that a terrorism con-
text might elicit a higher propensity to pay for insurance. In the Graz
sessions, no connection was made between the word ”attack” and terror-
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ism. But this connection was present in the pre-experiment advertising
to enlist enrolees for the Charlottesville session - which moreover turned
out to occur occurred a few days after the Madrid March 2004 terrorist
attack.

However the connotation of terrorism in the Charlottesville session is
not the only difference compared to the Graz sessions. Another major
difference is national experiences and preoccupations with violence. A
high proportion of Charlottesville participants came from countries that
frequently experience terrorist attacks such as Israel, India and South
America, and a few from the US whose citizens are rather preoccupied
about protecting themselves from violence in general and terrorism in
particular. By contrast, the Graz sessions comprised mainly Austrians
who seem much less concerned about attacks of either a terrorist or a
purely pecuniary motivation (and who have over the last 30 years expe-
rienced far fewer attacks on property than in those other countries).

The Charlottesville session’s experiences with and preoccupations with
violence can elicit two sorts of responses. One is for it to reduce the
propensity to insure, especially at ”unfair” odds. This can happen through
individuals becoming hardened in the face of danger and thus suffering
less secondary dissatisfactions like worry, anxiety, fear. It can also hap-
pen through individuals acquiring a determination ”not to give in to
terrorists” by paying protection money. This is how one participant in
the Charlottesville session said he reacted, writing that he experienced
regular terrorist attacks in his homeland and that not giving in to ter-
rorists underlay their decision in our set-up to stay uninsured. But our
findings suggest that he constitutes a minority of session 3 participants.

Our results, summarized in Table 11.4, suggest that for most in the
Charlottesville session 3, its context of terrorism combined with national
experiences and preoccupations with violence, dramatically increased the
propensity to insure relative to Graz sessions 1, 2, 4 and 5 that were de-
void of this set of national experiences and preoccupations. Thus the
much lower percentage uninsured at all levels for session 3 held in Char-
lottesville relative to sessions 1, 2, 4 and 5 held in Graz is statistically
significant lower percentage by many orders of magnitude below 1%. This
is true both when session 3 in Charlottesville is compared with sessions
4+5 in Graz for which the cost of insurance was roughly comparable, and
when the Charlottesville session is compared with all the Graz sessions,
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1+2+4+5. At this level of analysis, therefore, context combined with
national experiences and preoccupations is utterly decisive, overwhelm-
ing the determinants of choice in conventional theories such as EUT
and standard rank dependent theories. We shall however later introduce
other evidence on secondary satisfactions to suggest that context com-
bined with national experiences and preoccupations does not explain the
whole of this strikingly higher propensity of the Charlottesville session
to pay for protection.

11.5 The Ordering of the Risks

The order of the six risk levels was ascending in the case of session 2,
descending in sessions 1 and 3. There was a lower insurance charge and
inter-country differences in session 3, so that it is difficult to use it for
discerning order effects. For this reason we initially concentrated on dif-
ferences in the insurance propensity between sessions 1 and 2 that were
both held in Graz.

The ascending order of session 2 is correlated with a higher number
of participants choosing to insure for five of the six risk levels compared
to session 1, in which percentagewise and absolutely the cost of protec-
tion was identical. These two sessions differed in whether the risk levels
were rising or falling. This suggests that the order of alternatives may
play a temporal role, with participants envisaging a progressively safer or
riskier future depending on the order. They may then form their overall
impression on the need for improving their security by paying for pro-
tection at each risk level on the basis of the last risk level, that furthest
to the right. This may relate to findings of Fredrickson & Kahneman
(1993), Kahneman et al. (1993) and Kahneman (2000) that people pay
more heed to final levels in a sequence of connected actual past events.
There may be a like influence when, as in making choices, hypothetical
future happenings are involved.

But the session 2 participants were exclusively doctoral students,
whereas session 1 contained only faculty, MBA students, undergraduates
and a computer manager. This higher propensity to pay for protection in
session 2 relative to session 1 may therefore have stemmed from the differ-
ent character of the participants. However the results of this exploratory
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foray into the ordering of the risks indicates its possible significance in
the terrorism context on which we plan a separate set of experiments.

To check on this we conducted two additional experimental sessions
with comparable participants. They are comparable in the sense that
all were at a like academic level, third year undergraduates enrolled in a
game theory course, of a rather homogeneous Graz region cultural back-
ground also, and experimental participants on the same day (but in two
different rooms for the two different experimental set-ups). Session 4
was given risks with an ascending risk order, session 5 a descending risk
order. There was no discernible difference in their propensity to insure
at any risk level. At least therefore in this context, by itself the order in
which risk levels are presented does not appear to influence the decision
to seek protection.



Chapter 12

Willingness to Pay Compared
with Choices in a Dictated
Choice Set

There were relatively low proportions choosing insurance even at our
highest risk level of 20%. Further information on participants’ risk taking
propensities and whether participants conform with EUT, we obtained in
sessions 2, 4 and 5. We did this by asking how participants might decide
in choice sets offering a range of costs of insurance, or choice sets that
they themselves achieved via negotiation. Unfortunately not all partici-
pants understood that they should answer this question set, so that the
set of answers totals only 44, just under 80% of the 56 participants in
these three sessions.

As discussed in Chapter 5 above, and summarised in Table 5.1 above,
this relates to an earlier change in knowledge ahead, from not knowing
the choice set to discovering eg via negotiation, at least some elements in
it. After the initial set of answers had been handed in, we asked partic-
ipants in sessions 3, 4 and 5 to nominate the price at which they would
be willing to buy protection.

It is a logical error in reasoning on the part of us experimenters if we
treat discrepancies between choices with a dictated actual choice set and
those in which the participants must construct their own (counterfactual)
choice set as necessarily due logical inconsistencies and ignore the role of
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the different state of knowledge ahead in the two situations. To avoid this
logical fallacy, we here describe discrepancies in the decisions in two sit-
uations from what standard economic theory predicts a ”disaccord” (as
distinct from an ”inconsistency”), decisions that conform in this regard
as being in ”accord” (as distinct from being ”consistent”). See Table 12.1.

From Table 12.1 it can be seen that most participants were in ac-
cord with standard economic theory anticipations in the sense that these
participants nominated prices below or at the cost at which they had
rejected insurance as the price at which they would buy protection,1 and
nominated prices at or above the cost at which they had chosen insurance
as the price up to which they would buy protection. Those in disaccord
with standard economics anticipations may simply have made a conscious
(or unconscious) re-evaluation of what protection is worth to them after
answering the earlier questions.

In asking participants to nominate the amount that they are will-
ing to pay for protection, we are asking them in effect to nominate an
amount arbitrarily close to a certainty equivalent. This is the certainty
equivalent of staying uninsured and facing risk. We did not in eliciting
this amount offer participants the opportunity to indicate any range of
indifference or uncertainty with respect to indifference. Yet when given
this opportunity, participants typically state a wide range of indetermi-
nacy in nominating certainty equivalents to risky alternatives, Albers et
al. (2000). However, re-evaluations in a different mind-set and general
indeterminacy in certainty equivalent may not be the only two factors
underlying the 27% who deviated from our standard economics concep-
tion of the consistent answer.

1There is an ambiguity in how to classify those who choose not to purchase insurance at
a given risk level, yet nominate the exact cost as what they are willing to pay. In our sessions,
this concerned only two participants. The willingness to pay price is in disaccord with their
having not insured - unless we note the boundary condition of being indifferent. The boundary
can be included in both directions, insuring, not insuring, and note that 1) this indifference is
what is assumed to exist under standard gamble methods of eliciting EUT utilities, and 2) in
the case of continuity (assumed in EUT), is arbitrarily (infinitesimally) close to the certainty
equivalents (willingness to pay insurance costs). Given 1) and 2) in conjunction with the
principle of giving participants the benefits of the doubt as regards accord vis-à-vis ourselves,
we classified these two as in accord in Table 12.1.
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12.1 Choice Set Effects

More deviated in stating a lower willingness to pay for protection than the
price they had actually accepted. Other experimenters have also found
some discrepancies between the decision taken by participants when the
price is dictated (ie the choice set is presented to them as a fait accompli
and when asked to nominate their willingness to pay price, eg Coursey
et al. (1987), Harless (1989) and Brown (forthcoming). As in our results,
amongst participants exhibiting disaccord, there has been typically a
preponderance of participants buying at a higher price when the price is
dictated, than the willingness to pay price nominated. In our case, the
percentage offering a higher price was a mere 2%, those offering a lower
price a hefty 23%.

A propensity to buy a product depends in general on various factors.
Frequently EUT trained economists inadvertently and mistakenly think
that the number and type of act in the choice set is irrelevant. This in-
ference is not a matter of logic. Rather, as Black (1986) and Sen (1993,
2002) demonstrate, it is an empirical and implausible EUT assumption.
Similar comments hold as regards the EUT assumption that it is irrele-
vant whether the choice set is presented to participants as a fait accompli
- as choice with respect to a non-negotiable cost of protection - is logically
equivalent to a willingness to pay choice. They are logically equivalent
under EUT, but it is an error in reasoning to mistake EUT assumptions
for logical truths.

There are many factors, not mutually exclusive, that may contribute
to a lower willingness to pay amount being nominated than that at which
a participant took out insurance. A major factor is likely to be the dif-
ferent mindset in which participants are placed when having to construct
their own cut off price at which the cost of protection is too high. This
may induce the mindset involved in searching for the choice set by means
of negotiations, and deciding when to stop negotiating, discussed in con-
nection with Simon (1991b) in Chapter 5 above. Such a mindset may
induce a negotiating stance in which the participant does not indicate the
highest price at which he or she would buy (in our context insurance).
Instead in a negotiation frame of mind, the participant may be indicat-
ing the price at which he or she would like to get the protection. Any
such reframing of our willingness to pay as a wish price we may deem an
ambiguity in how we put the question.
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There is no evidence that whether the order of risks is ascending or
descending influences the degree of discord. There is however a greater
propensity for accord of males relative to females, and of undergraduates
relative to doctoral students. This may indicate more thoughtfulness and
readiness to re-think on the part of females and higher level students. The
lesser disaccord might also relate to some difference in the oral presen-
tation. Session 2 of doctoral students was conducted by a different co
author from that of sessions 4 and 5 of undergraduates. The difference
in oral presentation may have caused more of the undergraduates to mis-
construe and think some or all of the willingness to pay questions were
not applicable to them. But the difference in oral presentation may also
be what caused most undergraduates who believed that the willingness
to pay questions were applicable to them to infer that this question was
not to be interpreted as what did as a ”good” or ”fair” or ”desirable”
price. On a two-tail Fisher exact test, the greater accord of the under-
graduates is significant at a level decidely more stringent than 1%. The
greater accord of males compared to females is significant only at the
10% level (regardless of whether a 1- or a 2-tail test is used, the right
p-value being .08 and the 2-tail p-value .09).

These statistically significant differences in degrees of accord may how-
ever be pseudo. Quite a number of undergraduates partially or wholly
failed to answer this counterfactual question set and thought it only ap-
plied to those who had chosen not to insure, or only to them in the cases
in which they had not insured. We can control for the extreme case of this
by augmenting the number in disaccord by the number who left answers
wholly or partially empty, and thus imputing disaccord to all who left a
blank for any risk level. When we do this there are no obvious differences
as regards of whether the risks are presented in ascending order (sessions
2 and 4) or descending order (session 5), as regards whether participants
are doctoral students or undergraduates, nor as regards whether partici-
pants are male of female.

12.2 EUT’s Technique for Deducing Utility

Shapes

A willingness to pay amount for protection is a statement of a certainty
equivalent to that risk of retaining the asset. We can use the von Neu-
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mann & Morgenstern (1947, 1972) standard gamble technique. This
allows us to infer from the boundary of participants’ certainty equiva-
lents (the price of insurance subtracted from the amount at stake), to
the gamble of staying uninsured. This gamble has:

(i) a chance of retaining the full amount (1 minus the probability of an
attack), and

(ii) a chance of losing it all (the probability of the attack).

If our participants use EUT to choose, we can therefore deduce the
shape of their EUT utility mappings as follows. Participants asked this
willingness to pay set of questions were from Graz. For them the full
amount is e 80, and losing it all is e 0. The EUT scale is fixed apart
from scale and origin. Set this scale to have a utility of zero for the min-
imum outcome, e 0, and a utility of 1 for the maximum outcome, e 80.

Then ”utilities” deduced from EUT are on the vertical axis, and the
outcomes on the horizontal axis as follows. From the EUT equation (3.5)
of chapter 3 above, if there is a 0.2 chance of an attack, there is a 0.8
chance of getting a utility of 1 (from the e 80), so it has a utility of 0.8,
and the willingness to pay sum of eWTP for the 0.2 attack risk, yields a
certainty equivalent of e 80 - eWTP for a 0.2 attack risk. This gives an
internal point on the EUT implied ”utility” function that we may term
point A. This is additional to our lower bound origin of (0, e 0) and up-
per bound of (1, e 80) set by construction under EUT and independent
of the data.

We get additional internal points in the same way using the data from
the participant. Thus from equation (3.5), if there is a 0.1 chance of an
attack, there is a 0.9 chance of getting a utility of 1 (from the e 80), so it
has a utility of 0.9, and the willingness to pay sum of eWTP for the 0.1
attack risk. This yields an internal point we may denote B, namely the
point at the coordinate on the x-axis of outcomes of a certainty equivalent
of e 80 - eWTP for the 0.1 attack risk which has on the y-axis of utility
the value 0.9. To infer the utility function, we use linear extrapolation
between points.
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12.3 EUT’s Modal Double Twist ”Utility
Function” Deduction

To illustrate computation of the internal points, let us take participant
5 in session 4. He has the most popular shape of a utility function. His
EUT implied ”utility” function is depicted in Figure 12.1.

Figure 12.1: The Modal Double Inflected EUT deduced ”Utility” Func-
tion, a Primarily Convex Case in the Data Interval - Participant 5 in
Session 4
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It can be seen that it has two inflections, from at lower outcomes being
convex, to then becoming concave, to then reverting to being convex -
and so sharply convex that the curve is vertical. How does this shape ap-
pear out of the assumption that he obeys EUT? Consider first the point
A which has a ”utility” of 0.8 since from how we set the origin and scale,
under the EUT assumptions, this risky act has a utility of 0.8 times 1
which is 0.8. To find the coordinate on the horizontal outcomes scale, we
need to know the certainty equivalent. (Remember back to Chapter 3
where it is explained that EUT evaluates each outcomes ”as if certain”,
Friedman & Savage (1948).

The certainty equivalent is the amount the person deems would give
him enough utility to be willing to take that sum for sure instead of the
risk of staying uninsured. Under the continuity assumption of EUT, this
is arbitrarily close to the amount he would pay for the sure act of insur-
ance instead of a 0.8 chance of e 80. From the table beneath the graph
in Figure 12.2, it can be seen this participant said he would pay e 12 for
insurance in these circumstances. This means that (e 80-e 12)=e 68 is
for him the certainty equivalent of a 0.8 chance of e 80. This is the point
A on Figure 12.2.

The point B on his EUT implied ”utility” function is obtained by
doing a like calculation for how much he is willing to pay for insur-
ance if the risk is 0.1. This is e 5. Then the coordinate on the util-
ity axis is 1 − 0.1 = 0.9, and the coordinate on the outcomes axis is
(e 80−e 5)=e 75.

The point C on his on his EUT implied ”utility” function is obtained
by doing a like calculation for how much he is willing to pay for insur-
ance if the risk is only 0.05. This is e 3. Then the coordinate on the
utility axis is 1-0.05=0.95, and the coordinate on the outcomes axis is
(e 80−e 4) = e 76.

Like calculations yield the utility coordinates for D, E F, the other
three positive risk of attack levels of respectively 0.01, 0.002 and 0.001.
These correspond respectively to utilities of 0.99, 0.998 and 0.999 for
which his willingness to pay was respectively e 2, e 1 and e 0 so that
their associated outcomes axis coordinates were respectively e 78, e 79,
and e 80. His utility function is the thick black line mapped out in Figure
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12.2, while the linear EUT mapping, the ”fair bet choice” for a bench-
mark is the dashed line.

Our data points range over low probabilities of loss from 0.2 to 0.001.
This is because insurance contracts seldom involve probabilities of risk in
excess of 0.2 and indeed often rare events, ones with probabilities much
smaller than our smallest. The complements of these probabilities are
the internal utilities on the graph. In reading the graphs note the non-
linear scales chosen given that we lack internal points below a utility of
1−0.2 = 0.8 - otherwise the plots would be unreadable - the space mainly
occupied by the dataless interval of utilities between 0 to 0.8.

This most popular shape of convex then concave then so extremely
convex as to be vertical, has multiple forms. In Figure 12.1, the partic-
ipant’s EUT implied ”utility” function is primarily convex, convex until
a utility of 0.998, and then tilts to be concave and then convex-vertical.
In other cases of this shape, there is a greater concave range. Such is the
case for participant 9 in session 2 depicted in Figure 12.2. This partici-
pant’s EUT implied ”utility” function is also convex then concave then
convex-vertical. But it shifts from convex to concave at a lower utility,
at a utility of 0.95 and remains concave until a utility of 0.999, and so is
concave for about half the depicted utility points before tilting abruptly
to convex-vertical.

12.4 EUT Implied Utility Shapes Classification

and Summary

Table 12.2 summarises the shapes of our participants. It provides total
statistics concerning concavity and verticality, and a total list of shapes
in terms of concavity, convexity, linearity and verticality.
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Figure 12.2: The Modal Double Inflected EUT deduced ”Utility” Func-
tion, a case with concavity for half the data interval - participant 9 in
session 2
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12.5 No Participant With Implied EUT
Constant Relative Risk Aversion

If our participants not only obey EUT, but also conform with the popu-
lar assumption of constant relative risk aversion, so-called - an isoelastic
concave mapping from ”as if certain” money into utilities - these utility
shapes should be everywhere concave. It can be seen that none is. Only
7% are approximately thus, approximately in the sense of remaining con-
cave until the risk level falls below 5%. Insurance decisions are normally
about small risks. Risks above 5% are very rarely insured. But even if we
consider those that are concave till after risks of 10%, we still only have
11% of participants classified as concave. As a representative agent or
typical potential insuree characterisation, then, Table 12.2 suggests that
constant relative risk aversion is an unwarranted assumption even for risk
levels larger than the norms for which insurance companies insure. Note
moreover, that absence of concavity everywhere is here demonstrated
not merely for high outcomes if present for small outcomes as in Rabin
(2000), but demonstrated here within a tiny range of small outcomes, in
the vicinity of e 50 to e 80.

12.6 Only 5% With Implied EUT Linear Utility

With respect to the other popular EUT assumption, especially in finance,
of a linear ”as if certain” mapping from money into utilities, the so-called
risk neutral case, Table 12.2 shows us that only 5% conform.

12.7 The Typical Multiple Inflection Points in
the EUT Implied ”Utility” Functions

In Table 12.2 we see that the modal shape Figures 12.1 and 12.2, is
shape #14, is the modal shape, namely convex then concave then convex-
vertical. Figure 12.3 is of participant 17 in session 2, a representative of
the second most popular shape, shape #2, namely concave then convex-
vertical. Figure 12.4 is the tie third most popular shape, shape #15,
namely convex-vertical then concave then convex-vertical. Figure 12.5 is
the other tie third most popular shape, shape #16, convex then concave
then convex-vertical then concave. This is illustrated for participant 1 in
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session 5. The implied utility functions for all the other participants in
the willingness to pay questions are in Appendix B.

Figures 12.1 to 12.5 illustrate, and the summary of all the figure shapes
in Table 12.2 reveal for nearly all participants a set of queerly scallopped
shapes. In viewing the twisting scallopped shapes of the EUT implied
utility mappings summarised in this table, bear in mind that our EUT
elicited utilities comprise only six interior points in the utility scale, those
corresponding to the six risk levels 20% to 0.1%. In between each of
these there could be many more scallops in each participants’ utility
map. Appendix B graphs the EUT implied utility for each participant
in the willingness to pay questions.

12.8 The Incompatibility of the Weird Implied

Shapes with EUT Axioms

Some may wish to argue that twists in the utility shape is no evidence
again EUT, merely against the simple shapes commonly assumed. Fried-
man & Savage (1948) after all postulated one twist. This however is
implausible when we nest these findings within other experimental in-
vestigations eliciting the utility shape under the EUT standard gamble
technique. When the full range in both the outcomes and the risks is
used and the elicitations begin in the vicinity of the 50% risk of either
the worst or the best outcomes, or a certain amount in the vicinity of
the middle of the domain, we have benchmark findings. These are in the
seminal meta studies of Hershey et al. (1982); Hershey & Schoemaker
(1985) which showed that overlying minor twists in the standard gam-
ble elicited utility mapping is an overarching twist from concave for low
outcomes to convex for high outcome under the probability equivalent
method, from a convex shape for low outcomes, to a concave shape for
higher outcomes under the certainty equivalent method. This overarching
twist is systematic and dramatic enough to discern even at the average
session level of analysis, ignoring individual differences. Yet under EUT
assumptions, the two implied utility shapes are identical since the two
elicitation methods are logically equivalent! Pope (2004) shows how this
overarching twist in the EUT utility mapping elicited arises from omitted
variables bias, from the omitted role of negative secondary dissatisfac-
tions from risk causing a bunching of probabilities away from the prob-
ability of death under the probability equivalence method. Conversely
Pope (2004) shows that under this EUT certainty equivalent method the
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Figure 12.3: The Popular Concave then Convex-Vertical EUT deduced
”Utility” Function illustrated with participant 17 in session 2
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Figure 12.4: The EUT deduced ”Utility” Function that is Double-
Twisted with Two Vertical Segments illustrated with participant 8 in
session 2
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Figure 12.5: The Triple Twisted EUT deduced ”Utility” Function illus-
trated with the case of participant 1 in session 5
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reverse overarching twist arises from omitted variables bias, from the
omitted role of negative secondary dissatisfactions from risk causing a
bunching in the certainty equivalents (willingness to pay) proffered for
all sizable risks of death away from full health.

Our elicitations of utilities under the von Neumann and Morgenstern
standard gamble technique for the three Graz sessions are within a nar-
row range of outcomes. The worst is to miss out on an asset increment
of e 80, not to lose one’s life or entire possessions and so forth. Further
the risks we use to elicit utilities in this range are also concentrated, from
80% to 99.9% chance of the good outcome (from 20% to 0.1% of the bad
outcome). For the very confined range of interior outcomes and interior
risk levels investigated in this paper, such predominant twists may not
occur. The limited degree of risk and amount at risk renders the neg-
ative secondary dissatisfactions of a limited degree of knowledge ahead
less dire. It can even be limited enough to cause the positive secondary
satisfactions of thrills to dominate.

Furthermore, from Table 12.2, the vast majority of our participants,
68%, have more than two twists just in the small range of outcomes here
being investigated. It is hard to imagine, and even harder to construe as
plausible, that the real utilities of our participants wiggle around in the
manner that the EUT assumptions underlying Table 12.2 imply. The
multiple scallops, twists, wriggles are suggestive of omitted secondary
satisfactions, both positive and negative, depending on the level of risk,
suggestive that participants do not have a set of precise ”as if certain”
utilities for each outcome level, and that how they compare risky and
sure acts in order to choose between them differs from the EUT proce-
dure of adding up ”as if certain” utilities by their probability weights.

For most of our participants, the multiple twists of their EUT implied
utility mappings in this modest outcome range is not merely implausible,
but irreconcilable with any parameterisation of these twisting scalloping
EUT utility curve. This is because of the propensity of participants to
include vertical segments. A full 82% do this, something that theory’s
axioms exclude. The four most popular shapes illustrated in Figures 12.2
to 12.5 have these vertical segments. This is partly a matter of threshold
effects to which Allais (1952) drew attention when probabilities become
smaller than five percent. Only 18% have vertical segments earlier than
this. But the threshold effects cannot be incorporated in an EUT error
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theory such as Hey & Orme (1994) and Hey (2005), nor the Kahneman
& Tversky (1979) theory of underweighting small probabilities. These
vertical segments are a matter of participants treating sets of different
risk levels as identical, a matter of thresholds deliberately chosen by
participants perfectly capable of reading the decimal points distinctions.
Some verticality is in the Albers et al. (2000) prominence theory and
the Brandstätter et al. (2006) priorities theory, though not in the precise
form here detected.



Chapter 13

The Role of Secondary
Satisfactions

13.1 Method: Reported Reasons for Choice

By asking our participants why they chose, we hope thereby to obtain
more robust results, more useful in prediction, than those concerning
the protection cost individuals would choose in the very specific context
and outcomes range of our protection experiment. The main technique
employed has accordingly been to have participants explain why, for each
of the six risk levels, they chose to either avoid or assume the risk of an
attack. They had the opportunity to alter their choices while stating why
they chose. This is because their choices and the reasons they stated were
collected simultaneously (written respectively on the front and back of
a single sheet). In cases where they chose to insure, they were asked to
indicate if their reason was:

1 to avoid worry that in an attack they would lose it all and/or

2 $85 is far better than $0, but $100 is only a little better than $85
and/or

3 other reasons, with a please explain these.

In cases where they chose to bear the risk, they were asked to indicate if
their reason was:
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4 to enjoy the thrill that there might be an attack where I would lose
all and/or

5 $85 is only slightly better than $0, but $100 is far better than $85
and/or1

6 other reasons, with a please explain these.

In the Charlottesville session the following questions were asked after
the first set had been collected. Questions 7 and 9 entice them further to
indicate use a rank dependent method of evaluation of acts. Questions 8
and 10-12 are on hypothetical situations. The last three questions were
also asked in sessions 4 and 5, here too, after the first set of answers
had been collected. In those circumstances in which you chose to pay for
protection,

7 was a consideration behind your decision a greater weight than in-
dicated by the simple probability weight for the utility from the bad
outcome of an attack? If the answer is yes, explain how you weight
the alternative possible good and bad outcomes.

8 would you have paid the $15 for protection money if you had to pay
it up front, in which case you would receive $100 for sure later this
afternoon?

In those circumstances in which you chose to not pay for protection,

9 was a consideration behind your decision a greater weight than indi-
cated by the simple probability weight for the utility from the good
outcome of no attack ? If the answer is yes, explain how you weight
the alternative possible good and bad outcomes.

10 would you instead have paid for protection if tonight were the only
night when you could take a special friend out to dinner that would
mean a lot to you but which you could not afford to do unless you
knew that tomorrow you would be at least $85 richer than you are
today?

11 would you instead have paid for protection if you wished to borrow
money from a friend for a meal out tonight, and knew that this

1For the initial two sessions, the wording in the German-language version of question
3 allowed for a less dramatically convex, but nevertheless still exceedingly convex utility
function, namely that ”e 50 is slightly better than e 0, but e 80 is also slightly better than
e 50”.
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friend would not lend you any more money today unless you could
guarantee to repay it tomorrow?

12 would you instead have paid for protection if a friend or colleague
would ridicule or blame you if they discovered later that you had
not paid, that there was an attack and that you had missed out on
$85?

13.2 Findings on Motivations

These are summarised in Table 13.1 below. Around 20% of non-under-
graduates gave the secondary dissatisfaction of worry as a motivator for
choosing the protection contract, and of these the majority gave avoiding
this negative secondary satisfaction as their sole motivators for taking the
contract, in all three population groups. For only 3% of undergraduates
was this the case. The difference is weakly significant on Fisher’s exact
two-tailed test, at the 10% level, and for those who hold the prior hy-
pothesis of undergraduates being carefree, significant at the 5% level.

The positive secondary satisfaction of enjoyable excitement was a mo-
tivator for choosing the protection contract in the case of nearly 30% of
participants in the Graz sessions, with the majority of these giving this
positive secondary satisfaction as their sole motivators for not taking out
protection contracts. Perhaps because of reference to terrorism as the
context of the attack in the pre-advertisement of the Charlottesville ses-
sion, this attraction to chance in the terrorism context was not shared
by that group where less than 5% nominated enjoyable excitement as
a motivator for not paying for protection. This difference is significant
under a 2-tailed Fisher’s exact test well in excess of the 1% level.

Consider now the counterfactual questions 10, 11 and 12 asked in ses-
sions 3, 4 and 5, on three other secondary satisfactions. Questions 10
and 11 introduced the scope for two instances of negative secondary sat-
isfactions from being unable to commit and efficiently inter-temporally
allocate their consumption flow. The vast majority answered yes when
confronted with these consumption allocation inefficiencies: over 80%
when it was being unable to commit to taking a special friend out to
dinner, question 11, and over 70% when it was being unable to commit
to repay for a meal for oneself, question 10. Question 12 introduced the
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scope for the negative secondary satisfaction of ridicule or blame in the
event an attack and being uninsured. Over 20% stated that they would
pay for protection if they anticipated such ridicule or blame ensuing.

In all five sessions, those indicating secondary satisfactions as a moti-
vator for choice was nearly 80%. In all in the three sessions in which we
asked participants about not merely two, but five instances of secondary
satisfactions, over 95% gave secondary satisfactions from secondary sat-
isfactions as a motivator for choosing whether or not to take out a pro-
tection contract. This in turn meant that the 99% confidence limit for
the lower bound of the population proportion influenced by any of the
above secondary satisfactions is 0.85, calculated using the exact binomial
distribution. In turn, this lower bound will be an understatement of the
percentage ever influenced by any secondary satisfaction in their choice.
It is the lower bound for choice sets in which merely five distinct instances
of secondary satisfactions were listed.

13.3 EUT Disobeyed

Nearly 80% of our participants are found to be influenced by secondary
satisfactions and thereby disobey EUT, ie those who gave yes answers to
questions 1, 3, or (in the case of the latter three sessions) to questions 10,
11 and 12. For the about one fifth of our participants not detected to be
influenced by secondary satisfactions under our investigative methods,
there are other requirements that need to be met before we can con-
clude that this fifth makes choices predictable under EUT. There needs
to be a consistency with EUT of each such participant’s answers under
Questions 2 and / or 3 for any circumstances under which each such par-
ticipant decided on a protection contract, and a lack of discrepancy with
the implied utility function in their answers under Questions 5 and / or
6 for those circumstances in which such a participant decided against a
protection contract.

Two participants for instance checked both Questions 2 and 5. This is
reasonable if for each the satisfaction from each of the three asset levels
is based on the probability of that asset level occurring, ie on the par-
ticipant’s different degree of knowledge ahead that he would encounter
in the low and high risk circumstances associated with when he did and
did not choose the contract. But checking both these questions is incom-
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patible with EUT since it implies conflicting shapes for its independent
of knowledge ahead utility function.

Again, EUT is not simply a matter of looking only at the shape of
the utility function and ignoring the probability of occurrence of each
outcome. Consistency with EUT is therefore likewise violated by those
participants who checked Question 2 but did not check Question 3. To
conform with EUT, they needed to check question 3 and state either
their complete valuation formula, or at least mention that they formed
their overall valuation of the risky act not to take a protection contract
as inferior to the sure act of taking the insurance contract as follows.
They added up their mutually exclusive utilities under this rejected risky
alternative by multiplying the probability of no attack by the utility of
receiving the full sum and comparing this with the utility of the guaran-
teed amount under the sure act, commitment to pay for protection. (If
they did not impute to the zero outcome a zero utility, they also needed
to mention multiplying the zero outcome by its probability and adding
this on to get the overall value.) Yet no participant who checked Question
2 offered such an account in Question 3. Indeed nearly all who checked
Question 2 left Question 3 blank, suggesting rather that they employed
a single attribute procedure in choice.

Again, EUT is not simply a matter of paying for protection if proba-
bilities of attack are higher, not paying for it if the probabilities of attack
lie below some threshold. EUT involves the chooser comparing the prob-
ability weighted sum of utilities under higher and lower probabilities.
Those therefore who checked Question 2 as the ground for insurance,
should also have checked Question 3. In Question 3 they needed to ex-
plain either how the shape of their utility function was not so concave
as to cause them to choose the contract at low probabilities, or else how
they used all the individual axioms in an EUT axiomatisation to reach
their conclusion. None of them did this however.

There were only 3 out of 101 participants who conformed with EUT
in their answers. These were participants whose sole basis of choice was
expected value, the special case in which EUT’s independent of knowledge
ahead utility function is linear. It is reasonable to assert that rather few
of these three would conform in more complex realistic attack or terror
contexts with larger sums at stake. This is because our laboratory set-up
was specially designed to make EUT easy to obey.
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The set of monetary outcomes was known precisely, as was the set of
associated probabilities and each of these involved only one significant
digit. There was moreover for each act at most one outcome with a pos-
itive probability, and that outcome contained at most two digits.

This set-up does two things. One is to render it feasible for the even
fractionally arithmetically competent to compute expected values: only
one product in each case, and then only multiplying a single number
by at most a two digit one. (However we would not suggest that the
participating decision sciences faculty and graduate students were only
fractionally arithmetically competent, or lacking a pocket calculators or
laptops in the laboratory.)

The other and much more important thing that such a set-up does is
to relieve participants of needing to ponder how much they might have
at risk or the risk of attack. These we specified for them. In actuality the
numerical risks are missing from most marketplace insurance contracts.
Under EUT those choosing to accept a contract are assumed to have
estimated these numerical risks themselves.

The difficulty for even eminent businessmen and scientists to construct
a) their outcome space and b) a probability distribution over it may be
judged in three ways. First, the observations of that keen observer of
businessmen, Knight (1933) contended that business profits came from
the difficulty of judging both a) and b), Langlois & Cosgel (1993). Sec-
ond, experimental evidence supports Knight on the inability to formulate
consistent probability distributions over outcomes, Slovic et al. (1982),
and to furnish consistent utilities to individual outcomes, Borcherding &
Winterfeldt (1988); Borcherding et al. (1991, 1995). Third, even the em-
inent attempt of Savage (1954) to offer axioms consistent with chooser’s
judging a) and b) while obeying EUT failed. His axiomatisation yields
arbitrary results, so that it is only recently that success has been achieved
in offering a feasible means of doing so, Karni (2006), though whether
even Karni has succeeded is disputed by many. It is reasonable to say
therefore that in the actual more complex realm under which protection
contracts are offered, not even that three percent, will choose obeying
EUT.



Chapter 14

Algorithms Versus Global
Maximising Procedures

14.1 Choice Motivators

Our experimental evidence on reasons for choice accords with contracts
being decided upon by looking at a set of distinct factors anticipated
to yield positive or negative satisfactions. These factors and decision
procedures reported by our participants included:

1 expected net value,

2 the increment in value of the amount possibly receivable over that
guaranteed by paying for protection (ie those who checked questions
2 or 5),

3 specific secondary satisfactions, thrills, worry, planning inefficien-
cies, inability to commit, blame,

4 the probability of an attack,

5 the costs of protection,

6 the amount at risk,

7 comparisons of subsets of 4 to 6 (without mentioning whether these
involved subtractions or ratios when in like units).

8 whether the insurance premium must be paid up-front.
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There was considerable individual variation in the motivations and
procedures reported. For details by sex and academic status and situa-
tions of paying, not paying for protection, see Table 14.1.

14.2 The Minority Using Expected Net Value

When all the numbers are simple and at hand, as in our scenario, some
participants engaged in multiplication of primary satisfactions (measured
by net monetary outcomes) with their probabilities. They then compared
this magnitude with that of another operation, subtracting from the gain-
able sum the costs of protection. This expected net value calculation, was
performed by 9%, ie 15 of 101 participants. Of the 15 using expected
value, 12 were in session 3, the Charlottesville group comprising mainly
MBAs. This is about double that typically found in experiments com-
prising undergraduates.

Charlottesville was one of the three experimental sessions in which
the costs of protection was below the expected gross return on insuring.
Hence the propensity of this set of participants to use expected value may
account for the exceptionally high number of Charlottesville participants
insuring for at least one risk level. Participants Sessions 4 and 5, like the
Charlottesville session, had a low enough costs of protection to warrant
insuring at the 20% risk level according to the expected value criterion.
Yet not a single one in these two sessions of undergraduates used this
criterion. In turn this casts some doubt on whether the Charlottesville
session’s distinctive context of terror and participants experiencing vio-
lence was the only factor leading to the markedly higher percent insuring
compared to sessions 4 and 5. It suggests that an additional factor con-
tributing to a high propensity to insure was the MBA usage of the finance
expected value rule.

The 12 participants from Charlottesville in session 3 who reported
using a net value calculation, all reported being swayed, in many cases
decisively, by secondary satisfactions, ie reported disobeying EUT which
excludes decision making based on a mix of expected value and secondary
satisfactions considerations. This leaves the three participants of sessions
1 and 2 who used expected value and did not report being swayed also
by thrills in deciding not to insure, as the only participants acting in
accord with the standard finance assumption of EUT with linear utility
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enabling the expected value criterion. It was only in the later sessions 3,
4 and 5 that secondary satisfactions arising from planning and commit-
ment difficulties and blame potential were introduced. When these were
introduced, all those who calculated expected value criterion reported
that it was not their sole criterion. This leaves open the likelihood that
in more general scenarios these three participants from sessions 1 and 2
might also disobey the expected value criterion.

14.3 Non-usage of EUT With a Curved Utility

Function

In most economic theorising and empirical work, an EUT chooser with
an everywhere concave EUT utility function - indeed typically with a
constant relative risk aversion EUT function - is assumed. But not a sin-
gle participant reported using EUT with a non-linear utility function. Ie
none used a concave or convex or more complex non-linear EUT function
as their basis for contract choice. This is despite many participants be-
ing acquainted with EUT, including essentially all in the Charlottesville
group, session 3. Perhaps many were in the same position as a partici-
pating mathematics professor in the Charlottesville session. He reported
that he lacked the time to estimate the shape of his utility function and
use it in reaching a decision on protection contracts.

This non-usage of non-linear EUT functions also accords with the ev-
idence in the three sessions asked their willingness to pay for protection.
Translated into implied EUT ”utility” shapes, as explained in Chapter
12 above, only the linear shapes of 5% of participants could be said to be
simple or plausible. None of the implied shapes were all concave or all
convex, and over 80% outside any shape compatible with EUT. The in-
vestigation revealed in short, that the implications that people obey EUT
and thus have an EUT utility function (ie one independent of knowledge
ahead) leads to contradictions. It is thus unsurprising that when asked
about why they chose, no participant reported usage of EUT with a
curved utility function. Ie none reported multiplying his non-linear util-
ity function derived value of the asset by the probability of their not being
an attack and comparing it with his non-linear utility function derived
value of the asset minus its protection costs.
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Many reported considering the shape of their utility of money function
(ie those who checked questions 2 or 5). But none reported putting a
number on this value, and then doing a probability utility multiplication
as required if they are to use EUT.

14.4 Minimal Role for Rank Dependent

Generalisations of EUT

There is a notion that while EUT is disobeyed, all that is needed to
obtain a good descriptive and predictive theory is the generalisation of
its rule that mutually exclusive possible utilities be weighted by their
probabilities of occurrence. Instead, as proposed in Allais (1952), the
weights of utilities can be more general functions of their (de)cumulative
probabilities than is EUT. Standard rank dependent theories retain three
features of EUT.

First the atemporal (de)cumulative weights are assumed to be choice
set independent. Second values of outcomes are assumed to stem ex-
clusively from anticipated primary satisfactions, ignoring all anticipated
secondary satisfactions. In this regard the entire class of standard rank
dependent theories is disobeyed by some four fifths of our participants.
These are the four fifths who reported being influenced even by the nar-
row range of secondary satisfactions here introduced.1

Third such theories share with EUT its procedure of forming an over-
all valuation of each act by forming (decumulative) probability weighted
sums of the primary satisfactions obtained from the outcomes. None of
the answers proffered by our participants to the first set of questions
gave any indication of participants using even EUT’s simple probability
weights except when that theory is simplified down to linear primary
satisfactions in money. Such persons refuse unfair insurance contracts.
Those furnishing protection normally have costs and thus issue unfair
insurance contracts. If the demand for insurance were limited to those
with linear primary satisfactions in money, there could be no insurance
companies and long run financial nonviability for governments providing
terror protection or any other sort of insurance - unless potential insurees

1It might also be mentioned that insurers have to care about secondary satisfactions, the
dispersion of their earnings, in order to issue genuine insurance contracts. Yet such caring
conflicts with EUT and EUT+, Pope et al. (forthcoming).
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had subjectively such higher risk probabilities than the insurers that the
contracts unfair in the eyes of the insurers were fair in the eyes of the
insurees.

Nevertheless we deemed it desirable to investigate further whether the
demand for protection contracts at unfair rates might arise from protec-
tion purchasers computing (decumulative) probability weighted sums of
satisfactions from alternative possible utilities, ie whether simple EUT or
with a more complicated set of weights as in its rank dependent general-
isations applied. Questions 7 and 9, added to the Charlottesville session,
do this.

14.4.1 Minor Usage of Conservative Atemporal
Aggregation Weights

Question 7 (see 13.1 above) inquired if decisions to pay for protection
were influenced by giving a higher weight to the bad outcome of an
attack than that indicated by the probability of an attack. Such conser-
vatism of a greater atemporal aggregation weight on the bad outcome
is hypothesized to be the case in most rank dependent theories, includ-
ing the anticipated utility theory of Quiggin (1982, 1993), the invariance
theory of Allais (1988), and cumulative prospect theory as in Tversky
& Kahneman (1992) and Bleichrodt et al. (2001). A minority checked
this question box. But of the explanations given by each participant
for checking this box (see Tables A14 to A17 in Appendix A), only one
was broadly in accord with rank dependent theories. For the choice sets,
context and framing here investigated therefore, the evidence is of a tiny
minority who conservatively atemporally weight. It may well be as in a
footnote in Allais (1988), that such conservatism holds when the worst
outcome is very dire. But evidently such conservatism does not hold in
generality claimed by all these rank dependent theories, namely no mat-
ter what the worst outcome is.

Further the single participant unambiguously reporting such conser-
vatism did not obey any standard rank dependent theory. Obeying would
require also checking the conservative weighting box when reaching de-
cisions not to take out insurance for other risk levels, and this was not
the case. Further this participant reported being influenced by secondary
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satisfactions, something not permitted under these standard rank depen-
dent theories.

14.4.2 Minor Usage of Aspiring Atemporal
Aggregation Weights

Question 9 (see 13.1 above) inquired if decisions to take the risk and not
pay for protection were related to the aspiration rank dependent theory of
Lopes (1987), Lopes & Oden (1999). This theory allows some individuals
to be more aspiring and thus to place an atemporal aggregation weight
on the good outcome in excess of its probability. A minority ticked this
question box. However of their requested explanations (see Tables A14
to A17 in Appendix A), at most two could be interpreted as stating that
they put a higher atemporal aggregation weight on the good outcome.
For the choice sets, context and framing here investigated therefore, the
evidence is of a tiny minority who aspiringly atemporally weight. It may
well be that were the addition to assets from risk taking much more mas-
sive than in our experimental scenario, an aspiration weight plays a role
for a sizable proportion of the population. But such aspiring weighting is
apparently not choice set independent. Further, both participants who
unambiguously aspiringly weighted also reported being swayed by some-
thing excluded in the Lopes theory, namely being swayed by secondary
satisfactions.

In short the above evidence from our participants points to implant-
ing conservative or aspiring atemporal aggregation weights in decision
models that differ from the standard rank dependent theories. Instead
such weights need to be embedded in theories that (i) allow secondary
satisfactions; (ii) are context and choice set sensitive; and (as discussed
in the next section), are more heuristic, algorithmic.

14.5 Non-Numerical Treatment of Conflicting

Motivations

For the majority of our participants what integration there is of conflict-
ing motivations/goals is apparently less of a calculating procedure than
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the multiplication and addition of numbers found not only in EUT but
also in most of its rank dependent generalisations. The Albers et al.
(2000) prominence theory contributes handsomely on the role of choice
sets in how fine are the numerical distinctions that we introduce into our
decision processes. But it involves addition of numbers for which we find
little evidence.

Nearly all our participants seem to be non numerical in what integra-
tion they do of the distinct sources of primary and secondary satisfactions
arising out of the set of mutually exclusive possible outcomes of a risky
act. For nearly all our participants, any integration done of distinct
sources of satisfactions and of mutually exclusive possibilities is qualita-
tive not qualitative. Participants do not mention whether comparisons
take the form of subtractions or ratios.

When distinct satisfactions are not systematically integrated into over-
all indices of the valuation of whether or not to take out a contract, some
other rule is needed to reach a decision and stop searching further for the
best thing to do. That proposed by Simon (1955) in general terms has
been made more concrete in the aspiration adaptation models of Sauer-
mann & Selten (1962) and Selten (1998), and in the take-the-best models
of Gigerenzer & Todd (forthcoming) and Brandstätter et al. (2006). Our
experimental results suggest that these sequential non integrating ap-
proaches are promising.

14.6 Framing, Context and Choice Set Impacts

on Heuristics

The probability of an attack is a key factor determining whether to pay
for protection in our particular framings, contexts and choice sets. Our
experimental results pertain to modest, though not insignificant sums
at stake. This limits the proportion who sought a contract because of
worry. For larger sums at stake, the experimental work of Schade et
al. (2004) on the theft of valuables (not in a terrorist context) suggests
that the proportion in the population suffering from secondary dissatis-
factions such as worry would be higher than the 20% in our three sessions.
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Probabilities entered the reasoning of many of our participants. As
the probabilities of an attack were tiny, in the situations investigated, this
limited demand for very ”unfair” insurance. For risks including physical
injury, in both terrorism and non terrorism contexts, the epidemiological
and meta-experimental analyses of Sunstein (2003) indicate that where
physical injury is the issue, probabilities play a more minor role than in
our context where a financial asset is the issue.

The attack probabilities that deterred most of our participants from
paying for protection ranged from low to very low. This is not supportive
of Kahneman & Tversky (1979) and other studies used to infer that peo-
ple inflate low probabilities. Our participants’ reports hint at the theory
of over-weighting of low probabilities being choice set dependent in some
situations or non existent in others.

It might be thought instead that the decisions and reported decision
procedures of our participants support the potentially different role of
small probabilities in the priorities heuristic theory of Brandstätter et al.
(2006). This however is not the case either, as follows. Our participants
give a more prominent role to a), the probability of the bad outcome
(an attack and losing all) than to b), the outcome that is worse by more
than 10% relative to the next worst outcome (committing to insure and
paying the costs). Thus well over 25% list a), the probability of gaining
nothing as a grounds of choice, but none list b), the discrepancy between
the worst outcome of nil under the act of staying uninsured and the worst
(and only outcome) out of choosing to insure as a grounds of choice. Yet
since the difference in worst outcomes is more than 10%, b) should decide
the issue under the Brandstätter et al. (2006) priorities heuristics, and all
should insure under all risk levels. Instead very few insured under any
risk level, and not a single participant reported a procedure according
with this prioirites heuristic.

Our participants’ decisions and reports on why they chose support
the general priorities heuristics agenda, and in this sense the pathbreak-
ing work of the Austro-German Brandstätter-Gigerenzer team in demon-
strating that such heuristics predict better than other decision rules in
many choice sets, contexts and framings employed in economics and psy-
chology experiments. Our findings demonstrate however that economists
and psychologists, even those seeking new more realistic decision theories
such as Brandstätter et al. (2006), have concentrated, like their prede-
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cessors such as Kahneman & Tversky (1979), on rather too narrow a set
of choice sets, contexts and framing. This narrowness prevents scientists
discerning the lack of universality of any (practical) decision theory and
the readiness of decision makers to be swayed by factors drawn to their
attention.

Eduard Brandstätter suggested (private email) that this conflict with
the Brandstätter et al. (2006) priorities might due to the prominence of
six different risk levels in our particular attack choice sets. Now every
choice set involves framing and context with respect to the presence or
absence of numbers for outcomes and likelihoods, the abstractness or con-
creteness, the gravity or frivolity, and the emotionality of the scenario,
and the similarity or contrast in the alternatives available. It is infeasi-
ble to introduce choice without the scenario having all these dimensions.
Each scenario as regards framing and context renders some aspects more
prominent, not always those the experimenters anticipate!

Albers (2001) had demonstrated the choosers have rather less of the
fixed check list and set of priorities proposed in the Selten-Gigerenzer-
Brandstätter models in reaching choices. Our participants’ decisions and
reports corroborate such choice-set sensitivity. Indeed our findings are
limited in their domain of application - limited to broadly similar choice
sets, framings and contexts. Our book’s finding in this respect accords
with marketing techniques. These would be irrelevant if decision proce-
dures are rigid and fixed because people are so clear on their goals and
on their priorities within these goals!

Our book’s findings disconfirm claims of universal validity for the
algorithmic / heuristic procedures here analysed. Within SKAT our
book’s findings support the research agenda advocated by many scien-
tists, including Kliemt (2004) and Hogarth (2006) that psychologists and
economists investigate what we here term switching models. By switch-
ing models we mean models of the changes in people’s key motivations
and associated decision algorithms as choice set, framing and context
vary. A small contribution in this direction is as follows.

First, our findings likely understate the key role of the secondary dis-
satisfaction that worry plays in some situations. Our experimental results
pertain to modest, though not insignificant sums at stake. This limits
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the proportion that sought a contract because of worry. For larger sums
at stake, the experimental work of Schade et al. (2004) on the theft of
valuables (not in a terrorist context) suggests that the proportion in the
population suffering from secondary dissatisfactions such as worry would
be higher than the 20% in our five sessions.

Having a rather substantial sum at stake is not the only factor that
can convert worry from influencing only 20% of participants as in our
set of scenarios, to influencing high proportions to insure. Eg the his-
torical context of having been debriefed after an earlier bad event can
increase the amount of worry that people have. Thus dwelling on past
traumatic events by debriefing motor vehicle accident victims was found
in a controlled experiment on admissions to Radcliffe Hospital Oxford to
increase worry (and as a consequence decrease health), Del Mar (2002).
In turn this may increase their anticipations of being worried if they do
not insure and enhance their propensity to insure and generally choose
safer acts. Indeed we have hints of a related effect operating in session 3
where more insured and more reported doing so on account of worry, as
discussed in chapter 11.

Second, our findings likely overstate the role that probabilities play
in some situations. Probabilities entered the reasoning of many of our
participants. As the probabilities of an attack were tiny in the situations
investigated, this attention to how tiny the probabilities were, limited
demand for even ”fair” insurance.

However for situations involving physical injury, in both terrorism and
non terrorism contexts, for many people, the Blatt threshold probabil-
ity theory is false. The epidemiological and meta-experimental analy-
ses of Sunstein (2003) indicate that for many people probabilities, and
thus probability thresholds, play a more minor role once what is at risk
changes from assets to people’s health and lives. In some risk contexts,
the population can become so alarmed that the smallness of the proba-
bilities becomes in effect irrelevant. This irrelevance of their smallness is
not because, as proposed in numerical overweighting of small probabili-
ties theories, these probability numbers are inflated to other numbers by
a particular functional form. It is rather, as Sunstein (2003) discovered,
because in situations involving the risk of physical injury on a mass scale,
many people pay no attention whatsoever to the probability magnitudes.
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One of the reasons for people paying less attention to probabilities
is the typical: (i) lack of agreement on what is the probability of a bad
outcome; and (ii) lack of a shared understanding of what a probability
means. In our scenario, we took great care to use devices that allowed
all participants to (i) believe each probability number of the risk of an
attack, and (ii) have a shared understanding of what that number means.
In few real life choice sets is this the case. Care is required in inferring
that probabilities of attacks play as big a role in other situations as they
do in our particular insurance scenarios.

It must also be borne in mind the diversity of motivations: Table
14.1 reveals a diversity of algorithmic procedures used. This diversity
is present even for our participants facing identical choice sets, framings
and contexts. In this way, our participants’ decisions and reported pro-
cedures disconfirm the existence of a universal decision procedure, even
for a single situation.
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Chapter 15

Insurance Provision by
Governments and Firms

Since the demand for insurance is influenced by framing, context and
the choice set (chapter 14), notions of ”objective” demands and ”true”
welfare of people need articulation in terms of values and forms of evi-
dence, Putnam (2002). Ie insurance analysis and policy advice cannot
be mechanical and value free. We need to recognize the scope for:

1 benevolent leadership whereby the government or private insurers
manipulate perceptions or the situation facing insurees in ways that
aid the welfare of the insured; and

2 malevolent leadership whereby governments or private insurers gen-
erate pathologically high levels of demand for insurance.

A person’s demand for insurance is less likely to be pathologically high
- more likely to indicate where provision of insurance demanded would
aid his welfare - in times of normal levels of emotional tension. With
the partial exception of session 3 (held in the wake of the Madrid central
station bombing and with an overtone of terror in the pre-experiment
advertising), in our scenarios there was not an abnormally heightened
tension level. We may therefore interpret our participants’ decisions and
self reports as indicating the following.

When even modest financial sums are at stake, insurance provision
at very high premia (very ”unfair” rates) improves the welfare of a mi-
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nority. It does so by reducing their concern about asset loss (negative
primary satisfactions) and their worries about asset loss (negative sec-
ondary satisfactions). Where the amounts at stake are higher (or people
are poorer or the risks higher), being uninsured interferes with normal
abilities to plan and commit. In these situations our participants’ self
reports indicate that the negative secondary satisfactions arising from
planning inefficiencies and inabilities to commit, mean that insurance
provision even at very high premia (very ”unfair” rates) would benefit
most people.

In summary, insurance provision has primary and especially secondary
satisfactions benefits for citizens. In turn this means that governments
may be able to enhance the welfare of their citizens via insurance as-
sistance. It may assist by regulations enhancing the quality of private
provision, and by filling gaps where private insurance is unavailable.

The economics of private insurance provision is little understood. It is
often modeled as if it could be compatible with competitive markets and
with EUT. In fact, insurance provision, is incompatible with both perfect
competition and EUT. It comprises exclusively interstate costs, excluded
under perfect competition, Pope (forthcoming). Insurance, where gen-
uine (non-fraudulent), reduces downside dispersion of the insured, Pope
(forthcoming). But concern about reducing variance - or any other higher
moment or measure of downside dispersion - is incompatible with the firm
adhering to EUT, Schneeweiß (1968a,b, 1973a,b), Borch (1969), Feldstein
(1969).

Firms providing genuine insurance therefore are not perfectly compet-
itive and do not obey EUT - do not maximize expected (utility of) net
profits. Instead they employ heuristics or constrained expected profits
maximization. To render their insurance provision genuine, their heuris-
tics or constraints must be such as to keep their risk of dishonouring
contracts down to the level (implicit) in the insurance contracts.

Private insurance providers are subject to two temptations. One
temptation is to oversell insurance benefits. Governments seek to exercise
benevolent leadership by limiting this. Governments impose regulations
designed to avoid private insurers playing excessively on their potential
clients’ aspirations for primary satisfactions, such as money, and on their
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potential clients’ desire to avoid negative secondary satisfactions such as
worry and being unable to commit and plan. Such regulations include
”cooling off periods” before payment of the insurance premium becomes
binding, and rules against misleading advertising.

The other temptation of private insurers is to be non-genuine - to
offer fraudulent insurance contracts, ie ones for which their reserves are
inadequate. In this book’s insurance scenario, concern about insurance
contracts being dishonoured was not an issue. Our participants had faith
in us the experimenters honouring insurance contracts entered. In real
life, concern whether insurance contracts are fraudulent, is warranted.

There is a long history of failed private insurance companies - of in-
surers that did not honour their contracts. For a list of massive multina-
tional insurance companies who have failed in the last 15 years, see Chen
(2006). Citizens suffer the negative secondary satisfactions of worry and
inefficient planning when they are unsure whether the private insurance
company will have reserves to honour its insurance contracts.

To reduce such negative secondary satisfactions governments typically
exercise benevolent leadership by imposing reserves requirements on pri-
vate insurance firms. Such government imposed reserves requirements do
not merely pander to irrational negative secondary satisfactions arising
out of unwarranted irrational concern of insurees about the solvency of
insurers. They cater also for warranted concern arising out of the past
high frequency of dishonoured insurance contracts.

But economists trained in EUT cannot recognise such warranted con-
cern, such negative secondary satisfactions arising out of dishonoured
contracts. EUT trained economists perceive government imposed re-
serves requirements as simply undesirable constraints on international
insurance service supply. Such EUT policy advisers have ”liberalized”
conditions for insurance companies. Eg they have had the European
Union Commission reduce reserve requirements.

In the aftermath of this deregulation, the governments of France, Ger-
man and Great Britain have needed to use tax payers’ money to rescue
their nationally domiciled insurance companies that were deemed ”too
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big to fail”, Pope (forthcoming). Thus to alleviate the costs of risk bear-
ing that fraudulent insurance contracts impose on their citizens, govern-
ments need to seek policy advisers outside the EUT perspective. EUT’s
limit to a sub-set of primary satisfactions precludes EUT policy advis-
ers understanding the pertinence of knowledge ahead, the pertinence of
secondary satisfactions in the form of being able to rely on insurers hon-
ouring their contracts. EUT policy advisers’ lack understanding:

1 of negative secondary satisfactions from fraud and

2 of how insurers in ”liberalized” markets are enticed (even ”forced”
by competitive pressures) to behave more like EUT maximisers and
thus behave fraudulently keeping inadequate reserves.

These failures in the EUT policy lens have been partially responsible
for the wave of failed insurance companies operating in the European
Union.

Governments at times seek also to exercise benevolent leadership by
filling the breach when private insurance firms have found their past re-
serves inadequate and refuse to continue to accept particular forms of
insurance. Insurance provision, our book finds, can benefit people. Thus
discontinuance of private insurance can reduce their welfare.

This discontinuance of previously available private insurance has oc-
curred in some countries over the last couple of decades in the case of
risks from particular health conditions, adventure sports, natural catas-
trophes and terrorist attacks. Whether government insurance provision
to cover market failures is a provision that increases overall welfare de-
pends partly on its insurance provision costs.1 In the provision of in-
surance, the government has risk pooling advantages over many private
insurance suppliers in this provision, Samuelson (1964), Vickrey (1964)
and Pope (forthcoming). These need to be taken into account in any
assessment of the desirablility of governments filling particular insurance
gaps.

1For perspectives on appropriate forms of insurance provision against terrorism, catastro-
phes and private-for-gain attacks, and whether such contracts should be private, public or a
mix, see eg Kunreuther (2002), Barker (2003), Lakdawalla & Zanjani (2005), Jaffee & Russell
(2006).
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Government policies alter citizens’ risks in various ways, and thus
the extent to which its citizens suffer negative secondary satisfactions
from perceiving themselves to be uninsured against risks. Governments
exercise their scope to alter these perceptions malevolently, when they
fail to reveal environmental, health and other risks associated with their
policies, or fan irrational, pathological fears. Governments exercise their
scope to alter these perceptions benevolently when they quell pathological
excessive worries such as those that have arisen from unhealthy reliving
of past terrorist attacks.

The US government might for instance consider achieving this by tax-
ing television stations for repeated showings of terrorist incidents beyond
that required for information and informed analysis. Or the US govern-
ment might consider advertising the comparatively minor nature of past
terrorism damage relative to other benchmarks of frequencies of bad do-
mestic outcomes. Benchmarks might be non-terrorist domestic insurance
property claims, domestic deaths from medical negligence or homicide,
or as suggested in Gigerenzer (2004), road deaths. A road’s death focus
might divert people’s ”worry quota” into a direction aiding them indi-
vidually into better decision making - that of safer driving.

Not all the secondary dissatisfactions about possible terrorist attacks
in the forms of worry and commitment and planning difficulties are ir-
rational / pathological, ones that a benevolent government should seek
to dispel by altering people’s perceptions and foci. The issue here is
which measures reduce the actual likelihood of terrorist attacks at a
reasonable cost in terms of money and civil liberties.2 Assessing which
policy mixes actually provide terrorism insurance warrants well-designed
empirical investigations. It warrants investigations of the quality advo-
cated and supported by Economists for Peace and Security. In short,
terrorism and other forms of warfare are applied branches of insurance
that merit more research attention from university departments in eco-
nomics and the other social sciences than has been the case. The primary
negative satisfactions from war damage and the secondary negative sat-
isfactions from fears, worries, and the planning inefficiencies of defensive
arms build-ups need to be documented, assessed.

2The Bush government has sought to reduce this by heightened national defence expen-
diture and reduced civil liberties. A complementary approach advocated eg in Roberts (2004)
and Webster (2004), is to address the injustices as perceived by the terrorists. For perspectives
on the causes of terrorism and means of reducing it, see, eg Bernholz (2004), Blomberg et al.
(2003), Brück & Wickström (2004), Chen & Siems (2004), Fitzgerald (2004), Jain & Mukand
(2004), Frey & Luechinger (2004), Nitsch & Schumacher (2004), Foster (2006).



Chapter 16

Summary and Directions for
Further Research

Our findings disconfirm two widespread assumptions. One is that favoured
in economics of EUT choosers with so-called constant relative risk aver-
sion (involving a concave ”as if certain” mapping from outcomes into
utilities). The other is that favoured in finance of EUT choosers with
so-called risk neutrality (involving a linear ”as if certain” mapping from
outcomes into utilities).

EUT and other standard rank dependent theories such as CPT, Cu-
mulative Prospect Theory, have here been shown to be undesirably nar-
row in considering only a sub-set of what are here termed primary satis-
factions, namely satisfactions that are independent of knowledge ahead.
Replacing the inherently static framework of these theories with an evolv-
ing stage of knowledge ahead framework would include decision makers’
reasonable desire to take into account secondary satisfactions pertaining
to the emotions and inter-temporal resource allocation both of which de-
pend on the anticipated evolution in knowledge ahead.

Thus it is desirable to move outside the knowledge-wise static frame-
work of EUT and other rank dependent theories. We have indicated
how an appreciation of the fundamental role of anticipating a change in
knowledge ahead can allow scientists to consistently investigate all major
sources of satisfactions, secondary as well as primary. We have indicated
how to frame and enrich theories and experimental set-ups so as to elicit
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the information required to develop an understanding of the range of sat-
isfactions that do and should enter the decision procedure for reasonable
people. Doing so may open the way for scientists to deepen the applica-
tions of these principles in insurance and other contexts. This may then
enable pertinent empirical work to identify the quantitative significance
of different primary and secondary satisfactions, and the popularity of dif-
ferent algorithmic decision procedure in each particular context. These
developments in turn may afford decision scientists insights for better
describing and predicting how people chose, and for a better grasp of
normative issues and thus of prescribing how people, governments, busi-
nesses, and other organizations, should choose.



Appendix A

Experimental Results in Detail
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Appendix B

Utility Shapes
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linear NM utility or fair bet price benchmark
participant 1 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 1: ”Utilities” deduced from EUT for participant 1 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x
WTP in e 16 8 4 0 0 0
Compared to linear NM utility

or fair bet
= = = < < <

Certainty equivalent: 80 - WTP 64 72 76 80 80 80
Classification Linear then Concave then Convex-Vertical

Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 2 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 2: ”Utilities” deduced from EUT for participant 2 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 16 8 4 0.8 0.16 0.08
Compared to linear NM utility

or fair bet
= = = = = =

Certainty equivalent: 80 - WTP 64 72 76 79.2 79.84 79.92
Classification Linear

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 3 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 3: ”Utilities” deduced from EUT for participant 3 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e 30 15 5 0 0 0
Compared to linear NM utility

or fair bet
> > > < < <

Certainty equivalent: 80 - WTP 50 65 75 80 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 4 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 4: ”Utilities” deduced from EUT for participant 4 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e 30 15 5 0 0 0
Compared to linear NM utility

or fair bet
> > > < < <

Certainty equivalent: 80 - WTP 50 65 75 80 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 5 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 5: ”Utilities” deduced from EUT for participant 5 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 16 8 4 0.8 0.16 0.08
Compared to linear NM utility

or fair bet
= = = = = =

Certainty equivalent: 80 - WTP 64 72 76 79.2 79.84 79.92
Classification Linear

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 6 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 6: ”Utilities” deduced from EUT for participant 6 in session 2.
”
u
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li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 10 3 1.5 0.2 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 70 77 78.5 79.8 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 7 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 7: ”Utilities” deduced from EUT for participant 7 in session 2.
”
u
ti
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ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 15 7 3.5 0.35 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 65 73 76.5 79.65 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 8 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 8: ”Utilities” deduced from EUT for participant 8 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e 40 40 0 0 0 0
Compared to linear NM utility

or fair bet
> > < < < <

Certainty equivalent: 80 - WTP 40 40 80 80 80 80
Classification Convex-Vertical then Concave then

Convex-Vertical
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains vertical sections, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 9 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 9: ”Utilities” deduced from EUT for participant 9 in session 2.
”
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ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e 30 25 20 15 10 0
Compared to linear NM utility

or fair bet
> > > > > <

Certainty equivalent: 80 - WTP 50 55 60 65 70 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 10 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 10: ”Utilities” deduced from EUT for participant 10 in session 2.
”
u
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ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x x x x
WTP in e 30 20 10 10 2 1
Compared to linear NM utility

or fair bet
> > > > > >

Certainty equivalent: 80 - WTP 50 60 70 70 78 79
Classification Concave then Convex-Vertical then

Concave then Linear
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 11 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 11: ”Utilities” deduced from EUT for participant 11 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x
WTP in e 20 15 10 5 0 0
Compared to linear NM utility

or fair bet
> > > > < <

Certainty equivalent: 80 - WTP 60 65 70 75 80 80
Classification Convex then Concave then Convex-Vertical

Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 12 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 12: ”Utilities” deduced from EUT for participant 12 in session 2.
”
u
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”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x x
WTP in e 30 20 10 5 0 0
Compared to linear NM utility

or fair bet
> > > > < <

Certainty equivalent: 80 - WTP 50 60 70 75 80 80
Classification Concave then Convex then Concave

then Convex-Vertical
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 13 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 13: ”Utilities” deduced from EUT for participant 13 in session 2.
”
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”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e 20 10 5 0 0 0
Compared to linear NM utility

or fair bet
> > > < < <

Certainty equivalent: 80 - WTP 60 70 75 80 80 80
Classification Concave then Linear then Concave then

Convex-Vertical.
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 14 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 14: ”Utilities” deduced from EUT for participant 14 in session 2.
”
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”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x x x x
WTP in e 15 10 9 4 1.6 0.8
Compared to linear NM utility

or fair bet
< > > > > >

Certainty equivalent: 80 - WTP 65 70 71 76 78.4 79.2
Classification Convex then Concave then Linear

Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 15 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 15: ”Utilities” deduced from EUT for participant 15 in session 2.
”
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”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x
WTP in e 30 20 10 5 5 0
Compared to linear NM utility

or fair bet
> > > > > <

Certainty equivalent: 80 - WTP 50 60 70 75 75 80
Classification Concave then Convex-Vertical then

Concave then Convex-Vertical
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains vertical sections, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 16 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 16: ”Utilities” deduced from EUT for participant 16 in session 2.
”
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”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x x x x
WTP in e 30 15 7.5 1.5 1 1
Compared to linear NM utility

or fair bet
> > > > > >

Certainty equivalent: 80 - WTP 50 65 72.5 78.5 79 79
Classification Concave then Linear then Convex-Vertical

then Concave
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 17 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 17: ”Utilities” deduced from EUT for participant 17 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e 30 20 0 0 0 0
Compared to linear NM utility

or fair bet
> > < < < <

Certainty equivalent: 80 - WTP 50 65 80 80 80 80
Classification Concave then Convex-Vertical

Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 18 in session 2’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 18: ”Utilities” deduced from EUT for participant 18 in session 2.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x
WTP in e 6 3 0.5 0.1 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 74 77 79.5 79.9 80 80
Classification Convex then Concave then Convex then

Concave then Convex-Vertical
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 1 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 19: ”Utilities” deduced from EUT for participant 1 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 0 0 0 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 80 80 80 80 80 80
Classification Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 3 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 20: ”Utilities” deduced from EUT for participant 3 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 2 1 0 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 78 79 80 80 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 4 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 21: ”Utilities” deduced from EUT for participant 4 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e E E 6 3 2 1
Compared to linear NM utility

or fair bet
E E > > > >

Certainty equivalent: 80 - WTP E E 74 77 78 79
Classification Concave then Linear

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 5 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 22: ”Utilities” deduced from EUT for participant 5 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e 12 5 3 2 1 0
Compared to linear NM utility

or fair bet
< < < > > <

Certainty equivalent: 80 - WTP 68 75 77 78 79 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 6 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 23: ”Utilities” deduced from EUT for participant 6 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 4 2 1 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 76 78 79 80 80 80
Classification Convex then Linear then Concave then

Convex-Vertical
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 7 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 24: ”Utilities” deduced from EUT for participant 7 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 8 6 4 2 1.5 1
Compared to linear NM utility

or fair bet
< < = > > >

Certainty equivalent: 80 - WTP 72 74 76 78 78.5 79
Classification Convex then Concave

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 8 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 25: ”Utilities” deduced from EUT for participant 8 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e E 5 2 1 0 0
Compared to linear NM utility

or fair bet
E < < > < <

Certainty equivalent: 80 - WTP E 75 78 79 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 10 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 26: ”Utilities” deduced from EUT for participant 10 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 10 0 0 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 70 80 80 80 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 11 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 27: ”Utilities” deduced from EUT for participant 11 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 5 5 0 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 75 75 80 80 80 80
Classification Convex-Vertical then Concave then

Convex-Vertical
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains vertical sections, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 13 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 28: ”Utilities” deduced from EUT for participant 13 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e E E 8 5 1 1
Compared to linear NM utility

or fair bet
E E > > > >

Certainty equivalent: 80 - WTP E E 72 75 79 79
Classification Concave then Convex-Vertical then Concave

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 14 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 29: ”Utilities” deduced from EUT for participant 14 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x x
WTP in e E E E 5 0 0
Compared to linear NM utility

or fair bet
E E E > < <

Certainty equivalent: 80 - WTP E E E 75 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 15 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 30: ”Utilities” deduced from EUT for participant 15 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 8 5 3 1 0 0
Compared to linear NM utility

or fair bet
< < < > < <

Certainty equivalent: 80 - WTP 72 75 77 79 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 18 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 31: ”Utilities” deduced from EUT for participant 18 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 5 5 3 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 75 75 77 80 80 80
Classification Convex-Vertical then Concave then

Convex-Vertical
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains vertical sections, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 19 in session 4’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 32: ”Utilities” deduced from EUT for participant 19 in session 4.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 12 0 0 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 68 80 80 80 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 1 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 33: ”Utilities” deduced from EUT for participant 1 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 12 8 2 1 1 1
Compared to linear NM utility

or fair bet
< = < > > >

Certainty equivalent: 80 - WTP 68 72 78 79 79 79
Classification Convex then Concave then

Convex-Vertical then Concave
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 2 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 34: ”Utilities” deduced from EUT for participant 2 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e E E 5 1 0 0
Compared to linear NM utility

or fair bet
E E > > < <

Certainty equivalent: 80 - WTP E E 75 79 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 3 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 35: ”Utilities” deduced from EUT for participant 3 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 17 15 5 2 2 2
Compared to linear NM utility

or fair bet
> > > > > >

Certainty equivalent: 80 - WTP 63 65 75 78 78 78
Classification Convex then Concave then Convex-Vertical

then Concave
Inconsistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 4 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 36: ”Utilities” deduced from EUT for participant 4 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e E 8 4 0.5 0.1 0.1
Compared to linear NM utility

or fair bet
E = = < < >

Certainty equivalent: 80 - WTP E 72 76 79.5 79.9 79.9
Classification Concave then Convex-Vertical then Concave

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 5 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 37: ”Utilities” deduced from EUT for participant 5 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 5 4 3 2 0 0
Compared to linear NM utility

or fair bet
< < < > < <

Certainty equivalent: 80 - WTP 75 76 77 78 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 6 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 38: ”Utilities” deduced from EUT for participant 6 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 5 2.5 1.25 0.5 0.1 0.05
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 75 77.5 78.75 79.5 79.9 79.95
Classification Convex then Linear then Convex then

Concave then Linear
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 8 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 39: ”Utilities” deduced from EUT for participant 8 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 8 5 3 2 1 0.5
Compared to linear NM utility

or fair bet
< < < > > >

Certainty equivalent: 80 - WTP 72 75 77 78 79 79.5
Classification Convex then Concave then Convex then

Concave then Linear
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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1

linear NM utility or fair bet price benchmark
participant 9 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 40: ”Utilities” deduced from EUT for participant 9 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 10 7 5 3 1 1
Compared to linear NM utility

or fair bet
< < > > > >

Certainty equivalent: 80 - WTP 70 73 75 77 79 79
Classification Convex then Concave then Convex-Vertical

then Concave
Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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1

linear NM utility or fair bet price benchmark
participant 11 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 41: ”Utilities” deduced from EUT for participant 11 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure

WTP in e 8 5 0 0 0 0
Compared to linear NM utility

or fair bet
< < < < < <

Certainty equivalent: 80 - WTP 72 75 80 80 80 80
Classification Convex then Concave then Convex-Vertical

Consistency of WTP and insurance decisions

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 12 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 42: ”Utilities” deduced from EUT for participant 12 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e E E 6 2 0 0
Compared to linear NM utility

or fair bet
E E > > < <

Certainty equivalent: 80 - WTP E E 74 78 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.
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linear NM utility or fair bet price benchmark
participant 13 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 43: ”Utilities” deduced from EUT for participant 13 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x
WTP in e E 7 2 1 0.2 0.1
Compared to linear NM utility

or fair bet
E < < > > >

Certainty equivalent: 80 - WTP E 73 78 79 79.8 79.9
Classification Concave then Convex then Concave

then Linear
Consistency of WTP and insurance decisions

E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant.
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linear NM utility or fair bet price benchmark
participant 14 in session 5’s EUT imputed ”utilities” with linear
interpolation between each imputed ”utility”.

Figure 44: ”Utilities” deduced from EUT for participant 14 in session 5.
”
u
ti
li
ty

”

Risk of attack 0.2 0.1 0.05 0.01 0.002 0.001

x denotes chose to insure x x
WTP in e E E 5 0 0 0
Compared to linear NM utility

or fair bet
E E > < < <

Certainty equivalent: 80 - WTP E E 75 80 80 80
Classification Concave then Convex-Vertical

Consistency of WTP and insurance decisions
E denotes that the participants left these fields empty in the questionnaire

1 The scales on the axes are non-linear, but chosen such that (subject to graph grid
limits), the fair bet choice benchmark denoting linear utility under EUT, is linear

2 The vertical axis shows the probability of obtaining e 80 without insurance. The
thick black line shows the connection of this probablity with a certainty equivalent
amount, namely e 80 minus the willingness to pay for insurance at this probability,
with linear interpolations between adjacent amounts (circles). Under the assumption
that the participant obeys the axioms of expected utility theory, one can normalize
the utilities of e 0 and e 80 as 0 and 1 and the vertical axis represents the utilities
and the thick black line denotes the utility function of the participant. But since the
thick black line contains a vertical section, the participant does not obey the axioms
of expected utility theory.



Appendix C

Questionnaire

These sheets were given Enrolees on Entering Experiment Advertised as
on Behaviour Under Terrorism. Darden Graduate School of Business
Administration, University of Virginia, 16 March 04.

One of you will be selected by random draw to gain $100 tomorrow
afternoon from me except that there could be an attack in the meantime,
with the attackers taking the $100. Should an attack take place, you gain
nothing unless you paid an insurance fee of $15 to ensure that your $100
was protected overnight from the attack.
We shall invite each of you to write your name on a piece of paper, and
put these in a box and shuffle them. Then we shall invite one of you to
draw out a paper from the box to determine who is the potential recipi-
ent of the $100
Before doing this draw to select one of you for the $100, we ask each of
you to indicate the circumstances under which you would pay the $15
protection money and thus receive $100 - $15 = $85 for sure. We ask
you to indicate whether you would pay under the following 6 different
circumstances of how frequently in the last 1000 days there has been an
attack.

200 100 50 10 2 1

Please put a cross in those frequencies for which you would pay the
protection money. We shall collect your decisions and your decision will
be binding in the event that you are selected as the potential recipient



200

of the $100.
Note that these numbers of days correspond to the below percentages of
days on which there was an attack in the last 1000 days.

20% 10% 5% 1% 0.2% 0.1%

The participant selected today as the potential recipient of the $100
will write each of the 6 numbers 200, 100, 50, 10, 2 and 1 on a separate
piece of paper placed in a bag. The papers will then be shuffled and the
selected participant will then draw one out. This determines the actual
likelihood of an attack in the next 24 hours, where likelihood is deter-
mined by marked matches in a bag as follows.
Tomorrow afternoon, the potential recipient receives the $85 if that per-
son had chosen paid the $15 protection money for the actual likelihood
of an attack. Otherwise the potential recipient draws a match out of a
box with a proportion of marked matches, the proportion corresponding
to the actual likelihood of an attack. If the potential recipient draws out
a marked match, that person receives nothing, if an unmarked match,
$100.
Before we proceed to determine the potential recipient of the $100, please
fill out the following questions on why you did or did not decide to pay
the protection money for each of the 6 likelihoods of attack.
Question Set A In those circumstances in which you chose to pay for
protection, which considerations led you to this decision:

1. To avoid worry that in an attack I would lose it all and/or

2. $85 is far better than $0. But $100 is only a little better than $85
and/or

3. Other reasons. Please explain these.

Question Set B In those circumstances in which you chose to not pay
for protection, which considerations led you to this decision:

1. To enjoy the thrill that there might be an attack where I would lose
all and/or

2. $85 is only slightly better than $0. But $100 is far better than $85
and/or

3. Other reasons. Please explain these.



Appendix D

Glossary / Acronyms

Dominance Principle: A preference for FOSD, first order stochasti-
cally dominant distributions over outcomes. This principle excludes
consideration of secondary satisfactions, limits the decision maker
to considering only primary satisfactions.

Elaborated or re-defined outcomes: a conjecture of Markowitz
(1959) and Samuelson (1952a) that EUT could include emotional
secondary satisfactions by elaborating or redefining the outcomes
space to include secondary satisfactions, a conjecture proven in Pope
(1991b) to destroy the axiomatic base of EUT and in Pope (2000)
to deprive EUT of a representation theorem in the normal sense.

FOSD: a First Order Stochastically Dominant distributions over out-
comes. Examples of FOSD are provided in chapters

EUT: axiomatised Expected Utility theory

EUT+: any decision theory that imposes the dominance principle

Primary satisfactions: positive or negative satisfactions reaped inde-
pendent of knowledge ahead. For primary satisfactions, it is irrel-
evant to the chooser what is his degree of knowledge ahead at any
stage, from the stage when a problem is first to discerned, through
the stage when a decision is taken, to the final stage beginning when
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he learns the outcome of his decision.

Post-outcome period: the period that begins when the chooser learns
the outcome of his chosen act, and thus his risk his passed, his en-
tire future with respect to that outcome is certain - he has in this
regard full knowledge ahead.

Pre-outcome period: the period that begins on choosing an act and
lasts until the chooser learns the outcome of his act, ie the period
during which he has risk, uncertainty. A limited degree of knowl-
edge ahead of the outcome of his act.

Process utility: the term used in Harsanyi (1978) for (emotional) sec-
ondary satisfactions.

Rank Dependent theory: a theory in which the chooser globally max-
imizes by selecting an act in his choice set whose value (number) is a
maximum. In turn he determines the value (number) of each act by
aggregating the mutually exclusive utilities / payoffs either by sim-
ple probability weights, or by functions of the (de)cumulative distri-
bution. Examples of rank dependent theories include expected (dis-
counted) net revenues, EUT, Quiggin’s anticipated utility theory
(Quiggin (1982, 1993)), Allais’ Invariance Theory (Allais (1988)),
and Tversky and Kahneman’s cumulative prospect theory (Tver-
sky & Kahneman (1992)). All these are standard rank dependent
theories in the sense that they impose the dominance principle, ie
exclude secondary satisfactions in how outcomes map into utilities.

Risk attitude: a term used in Luce & Raiffa (1957) for what are in fact
secondary satisfactions. But since by 1957 the words ”risk aversion”
had already been changed to have an EUT meaning, there has also
evolved a tradition of using risk attitude to denote the shape of an
EUT adherent’s ”as if certain” utility mapping. Many economists
inadvertently slip between meaning this shape and meaning sec-
ondary satisfactions by risk attitude, not realising that these are
distinct concepts.

Risk aversion: a term that prior to Marschak (1950) denoted a negative
secondary satisfaction, namely a dislike of dispersion in outcomes.
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After 1950 within EUT these words have denoted a concave ”as if
certain” mapping from outcomes into utilities, as in the Arrow-Pratt
risk aversion measures. The words ”risk aversion” continue to have
their original denotation in that branch of the finance literature
that employs models such as CAPM that are in general incompati-
ble with EUT. Many economists inadvertently slip between the two
meanings of the words. This robs them of understanding of what
EUT includes, and what EUT excludes.

Risk loving: a term whose meaning was changed in Marschak (1950) to
mean an ”as if certain” EUT mapping from money outcomes into
utilities that is convex

Risk neutrality: a term whose meaning was changed in Marschak (1950)
to mean an ”as if certain” EUT mapping from money outcomes into
utilities that is linear

Secondary satisfactions: positive or negative satisfactions affected by
the chooser’s degree of knowledge ahead at any stage. Secondary
satisfactions occur whenever the chooser is affected by his degree
of knowledge ahead at any stage, from the stage when a problem
is first to discerned, through the stage when a decision is taken, to
after the outcome of the decision is learned.

SKAT: Stages of Knowledge Ahead Theory. This theory divides the
chooser’s future by his degree of knowledge ahead. Initially on per-
ceiving a situation, he does not know his alternatives. Later he has
a change in knowledge ahead, having discovered at least two alter-
native acts (one of which may be doing nothing). Still he does not
know which act he will choose. Later he has a change in knowledge
ahead, having chosen an act. Still if the act is risky, he does not
know the outcome of his act. He is in his pre-outcome period. Later
he has a change in knowledge ahead, having learned the outcome of
his chosen act. He is in his post-outcome period. This division of
the future by evolving stages of knowledge ahead allows the chooser
to anticipate his secondary satisfactions, that is his satisfactions
based on his degree of knowledge ahead at each stage, and have
these affect his choice of an act.

Utility of gambling: a term sometimes prefaced with specific, denot-
ing emotional secondary satisfactions. The pejorative, frivolous
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even irrational connotations of the term stem from a focus on social
games of chance, not serious decisions.
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