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teach-ins on the subject have had a short test inflicted upon them. This note
provides both a copy of the test (for you to try) and an analysis of the results from
our sample of 300 fund managers. I will say no more to avoid influencing your
answers. But my faith in behavioural finance is stronger than ever!
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Behaving badly
Before you go any further, if you haven’t already suffered at my hands, have a go at the
17 questions below. Spend no more than 10 minutes on them.

The test
1) Please write down the last four digits of your telephone number:
2) Is the number of physicians in London higher or lower than this number?
3) What is your best guess as to the number of physicians in London?
4) A bat and a ball together cost $1.10. The bat costs $1.00 more than the ball. How
much does the ball cost?
5) A health survey was conducted in a sample of adult males in New Jersey, of all ages
and occupations. Please give your best estimates of the following values:
What percentage of the men surveyed have had one or more heart attacks?
What percentage of the men surveyed are both over 55 and have had one or more heart
attacks?
6) Are you above average at your job?
7) Imagine these are four playing cards laid out in front of you. Each one has a letter on
one side and a number on the other. If a card has an E, it should have a 4. Which cards
do you need to turn over in order to see if I am telling the truth?

E

4

K

7

8) Suppose an unbiased coin is flipped three times, and each time the coin lands on
heads. If you had to bet $1000 on the next toss, what side would choose? Heads, tails or
no preference?
9) If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100
machines to make 100 widgets?
10) If John can drink one barrel of water in 6 days and Mary can drink one barrel of water
in 12 days, how long would it take them to drink one barrel of water together?
11) Imagine that the UK is preparing for the outbreak of an unusual disease, which is
expected to kill 600 people. Two alternative programs to combat the disease have been
proposed. Assume the exact scientific estimates of the consequences of the programs
are as follows:
If program A is adopted 200 people will be saved.
If program B is adopted there is a 1/3 probability that 600 people will be saved, and a 2/3
probability that no one will be saved.
Which program do you choose?
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12) You are offered the following bet. On the toss of a fair coin, if you lose you must pay
£100, what is the minimum amount that you need to win in order to make this bet
attractive to you?
13) In a lake, there is a patch of lily pads. Everyday, the patch doubles in size. If it takes
48 days for the patch to cover the entire lake, how long would it take for the patch to
cover half the lake?
14) The same disease from question 11 is back. Only this time the two programs now
have the following payoffs:
If program C is adopted 400 people will die.
If program D is adopted there is a 1/3 probability that nobody will die, and a 2/3
probability that 600 people will die.
Which program do you support?
15) A student at a university has a Grade Point Average (GPA) of 3.8 in her first
semester. The average GPA at the university is 3.1. What will be her GPA percentile
when she graduates as a senior? (The better she does the higher the percentile...i.e. 100
would be the top people in the year).
16) You are on a game show. You are offered a choice of one of three doors. Behind two
of the doors there is a goat. Behind one the doors there is a car. Upon you announcing
which door you chose, the host of the show opens one of the two doors not selected by
you, and reveals a goat. After he has done this, he offers you the opportunity to switch
your choice. What should you stick or switch?
17) You are now going to play a game against the others sitting in this room. The game is
simply this. Pick a number between 0 and 100. The winner of the game will be the person
who guesses the number closest to two thirds of the average number picked. Your guess
is:

The results
Nearly 300 professional fund managers have submitted themselves to the unpleasant
task of trying to answer these questions. My victims have come from all areas of the
globe. I’ve had the opportunity to administer this test to investors from the UK, US, Asia
and Europe. Interestingly, the results I’ve found don’t show any geographic distinguishing
features; Americans were no more likely to be over-optimistic than the Brits, for instance.
I have also been able to test managers at both large and small institutions, and across a
variety of asset classes and investment styles. However, there were few discernable
differences across different groups. So I will aggregate the answers to provide an
overview of the most common biases displayed by professional fund managers.

Over-optimism
The most common bias we come across is over-optimism. That is people’s tendency to
exaggerate their own abilities. That is particularly likely when people suffer the illusion of
control (they think they can influence the outcome) or the illusion of knowledge (they
think they know more than everyone else). Both of these illusions seem to be writ large in
financial markets. Question 6 was obviously an attempt to see just how over-optimistic
fund managers were. The results show that some 74% of our sample thought
themselves above average at their jobs. Many wrote comments along the lines of “I
know everyone says they are, but I really am”! Of the remaining 26% most thought they
were average, but very few, if any, said they were below average!
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When presenting on behavioural finance I regularly ask the audience whether they are
above average drivers. However, the best response rate comes from the question as to
whether or not people are above average lovers. You can always count on one male
member of the audience putting up both arms and jumping up and down. Indeed, so far I
have found only one person who thinks he is a below average lover!
The illusion of control: the % of fund managers who believe they are...
80
70
60
50
40
30
20
10
0
Above average

Equal to or Below average

Source: DrKW Macro research

Confirmatory bias
An amazing 95% of those who took the test failed one question. It was question 7,
the four cards (E, 4, K, and 7) with each card having a number on one side and a letter
on the other. You are told if the card has an E it should have a four on the reverse, so
which card or cards do you need to turn over to see if you were told the truth or not?
The two most common answers are E and 4. However, the correct answer is that you
need to turn over the E and 7. The E is pretty obvious, since if you turn it over and there
isn’t a 4 on the reverse it is pretty obvious you were being told a lie. If you turn the 7 over
and it has an E on the back you have also proved you were lied to. However, 4 can’t tell
you anything. The rubric for the question states that an E should have a 4, not that a 4
should have an E. So turning the 4 over can’t tell you anything at all.
The habit of turning the 4 over is an example of confirmatory bias – the tendency to look
for information that agrees with us. When Karl Popper wrote his philosophy of science he
argued that the only way of testing a hypothesis was to form the view and then spend the
rest of the day looking for the evidence that proves you to be wrong. But that isn’t the
way we work, instead we form our views and then spend all the rest of the day finding all
the information that agrees with our view.
So instead of having meetings with those who agree with us, we should actually sit down
with those who disagree with us most. Not so we change our minds because the odds on
changing a mind through straight conversation are essentially zero, but rather so we are
aware of the opposite point of view. If we can’t identify the logical flaw in their argument
then we shouldn’t be so sure about out own view at all.

Representativeness
One of the other common heuristics (rules of thumb) is judging things by how they
appear rather than how statistically likely they are. The classic example comes from the
seminal paper by Tversky and Kahneman 1. It concerns Linda, a 31 year old who is

1

Tversky and Kahneman (1983) Extension versus intuitive reasoning: the conjunction fallacy in
probability judgement, Psychological Review, 90
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single, outspoken and very bright. She majored in philosophy. As a student, she was
deeply concerned with issues of discrimination and equality.
Which is more likely?
1)

Linda works in a bank

2)

Linda works in a bank and is active in the feminist movement

An alarming high percentage of people go for the second option. However, it can’t
possibly be true, as it represents a conjunction fallacy. That is there must always be more
people who work in banks than there are who work in banks and are active in the feminist
movement.
So why do so many people get this question wrong? The answer seems to be that the
description is biased, it sounds like someone who might plausibly be involved in the
feminist movement. People are driven by the narrative of the description rather than by
the logic of the analysis.
Our test contained several examples of various elements of representativeness. The first
was question 5. The question concerned estimating the percentage of men in New
Jersey who had one or more heart attacks, followed by the percentage of men over 55
who had one or more heart attacks. The second part of the question is a conjunction
fallacy in the same way as the Linda problem. There are always going to be more men
who had one or more heart attacks than there are men over 55 and one or more heart
attacks.
However, across our 300 fund managers the estimated average percentage of men
suffering one or more heart attacks was 12.5%, whilst the estimated percentage of men
over 55 and suffering one or more heart attacks was 16%.
Of course, averages can hide all sorts of things, so looking at the full data set reveals that
40% of the sample suffered from representativeness in as much as they had higher
estimates of the latter part of the question compared to the first section answer!
Two other questions also relate to the representativeness heuristic. The first was
question 8, the fair coin that has landed on heads for three successive times. You have
to bet $1000 on the next toss, what would you call?
The good news is that 81% of the survey correctly said they had no preference. 12.5%
displayed the gamblers fallacy – betting on a reversal when clearly the coin has no
memory so each outcome is equally likely. Presumably, these are the same people who
stand at roulette tables carefully watching the reds and blacks and betting against the
runs of random events. 6.5% suffered the hot hand fallacy. That is they saw the
sequence and took it as evidence that the coin was ‘hot’ and would thus keep coming up
heads.
The other question that is designed to tease out the representativeness heuristic is
question 15. This was a highly unpopular question; around 60% of people either couldn’t
or wouldn’t answer the question. It concerns the percentile prediction of a student when
she finally graduates using information from her first semester.
In fact, the performance of a student in the first semester is totally uncorrelated with the
outcome of a degree course nearly three years later. Given the information available that the student was above average in the first semester, but nothing else - the optimal
prediction is that she will simply perform in an average fashion at the end of her degree,
so a 50th percentile forecast would have been rational.
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Of the 40% of the fund managers who answered this question 86% displayed some form
of extreme prediction. That is to say they had a forecast of over 50. In fact the average
forecast was for a 74th percentile ranking. This is again a form of the representativeness
heuristic, since answers such as these represent the extrapolation of a single
(meaningless) data point into the indefinite future!

The Cognitive Reflection Task (CRT)
Questions 4, 9 and 13 collectively form the cognitive reflection task (CRT). This test was
designed by Shane Frederick 2 of MIT. As regular readers will know, I often talk of the
brain having two different systems. Using the labels of Lieberman et al 3 we refer to these
as the X-system and the C-system. The X-system is the default option. It is an effortless,
fast, parallel processing system. The C-system requires a deliberate effort to use and is
slow but logical. The CRT was designed to see how easy people find it to interrupt their
X-system style automatic responses.
Each of the three questions has an obvious but incorrect answer and a less obvious but
correct response. For instance, in the bat and the ball question the answer that leaps to
mind is 10c. However, even a moments reflection reveals that the difference between
$1:00 and 10c is only 90c, not $1 as the question states.
The correct answer is, of course, 5c. Just writing down the problem should make this
transparent:
Bat + ball = 1.10
Bat - ball = 1
2 Bat = 2.10
Bat = 1.05 therefore ball = 0.05
The answer to question 9 is 5 minutes, but 100 minutes is the oft cited incorrect answer.
And the correct answer to question 13 is 47 days, not 24 days. The idea that the CRT
problems generate incorrect ‘intuitive’ answers is supported by the dominance of a
standard set of incorrect answers (i.e. the most common incorrect answers are 10c, 100
mins and 24 days).
Further support comes from Frederick’s observation that “Those who answered 10 cents
to the “bat and ball” problem estimated that 92 percent of people would correctly solve it,
whereas those who answered “5 cents” estimated that “only” 62 percent would”.
The table below shows a selection of the results that Frederick uncovered when
administering the CRT. I have also shown the overall average (including a long list of
studies not reported here) from Frederick’s work, plus the comparative line for our
sample of professional fund managers. Of the 300 hundred fund managers who have
taken the test only 40% managed to get all three questions right. Thus only a minority
managed to get the maximum score.

2

Frederick, Shane (2005) Cognitive reflection and decision making, Journal of Economic Perspectives,
Volume 19, No 4. My thanks to Daniel Read of Durham University for bringing Shanes’ work to my
attention.
3
Lieberman, Gaunt, Gilbert and Trope (2002) Reflexion and reflection: a social cognitive neuroscience
approach to attributional inference, in Zanna, Advances in experimental social psychology, Vol 34
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CRT scores
Location/institution

Mean CRT score

0 (%)

1 (%)

2 (%)

3 (%)

MIT

2.18

7

16

30

48

Princeton

1.63

18

27

28

26

Boston fireworks display

1.53

24

24

26

26

Carnegie Mellon University

1.51

25

25

25

25

Harvard University

1.43

20

37

24

20

Overall

1.24

33

28

23

17

Professional fund managers

1.99

10

21

29

40

Source: Frederick (2005), and DrKW Macro research

This performance puts professional fund managers above Princeton students, but below
the best performing group – the MIT students. 10% of our sample didn’t manage to get
any of the CRT questions right. In terms of the individual questions 58% got question 4
correct, 68% correctly answered question 9 and 74% managed to figure out question 14.
Frederick finds that the number of the CRT questions passed is highly correlated with
several behavioural traits. Specifically he finds that those with a high CRT score are more
patient. For example consider the following choice: you can either have $3400 this month
or $3800 next month, which do you choose?
Of those who scored zero on the CRT, 65% went for the near term lower payout (which
implies an annual discount rate of 280%!). In contrast, of those with the highest CRT
score, 60% went for the further out higher payout.
A similar finding resulted from asking people how much they would be willing to pay for
overnight shipping of a chosen book. Those with a zero CRT score were willing to pay an
average $4.54, whilst those with the maximum score were willing to pay $2.18.
Frederick also found that the CRT was positively correlated with people’s attitudes to risk.
The table below shows the results when people were presented with various gambles.
When the gamble was framed in terms of gains, those with a high CRT score were far
more likely to select the riskier option. However, when framed in terms of losses, the high
CRT group were markedly less loss averse and selected to take the certain loss rather
than gamble.
Risk attitudes and the CRT
Percentage choosing riskier option
Gamble

Low CRT Score

High CRT Score

$100 for sure or a 75% chance of $250

19

38

Lose $100 for sure or a 75% chance to lose $250

54

31

8

21

63

28

$100 for sure or a 3% chance of $7000
Lose $100 for sure or a 3% chance to lose $7000
Source: Frederick (2005)

In many of the behaviour patterns we observe there is a marked difference between the
performance of those with high and low scores on the CRT. So in the sections below I
will show the average/overall results and then show the results obtained for the various
CRT groups.

Anchoring
The very first set of questions were designed to see if fund managers displayed any
tendency towards anchoring. Remember that anchoring is our tendency to grab hold of
irrelevant and often subliminal inputs in the face of uncertainty. The idea behind the
question is to see if people use their phone numbers as an input when trying to estimate
the number of Doctors in London.
Of course, if people were rational then there would be no difference between those who
happened to have high telephone numbers and those with low telephone numbers.
Unfortunately, as the chart below shows, those with telephone numbers above 7000
7
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believe there are on average just over 8000 doctors. Those with telephone numbers
below 3000 think they are around 4000 doctors. This represents a very clear difference of
opinion driven by the fact that investors are using their telephone numbers, albeit
subconsciously, as inputs into their forecast.
From the perspective of the CRT, all the groups except those with the maximum CRT
score exhibit noticeable anchoring effects. We don’t have that many managers in the
zero category (thankfully!) so we can’t be sure (statistically speaking) that there is a
meaningful difference, but in the other cases we certainly can.
Anchoring: Telephone numbers as an input
9000
8000
7000
6000
5000
4000
3000
2000
1000

>7000

<3000

Source: DrKW Macro research

Anchoring: by CRT group
12000

10000

8000

6000

4000

2000

0
0

1

2

3

Source: DrKW Macro research

Framing
Framing refers to a situation whereby we fail to see through the way in which information
is provided to us. In the test I essentially presented one question twice. Once framed in
terms of saving lives and once in terms of killing people (questions 11 and 14). Now there
is no attempt at trickery here – question 14 even refers to question 11. If people were
rational then it should make no difference whether the question is put in terms of saving
200 people or 400 people dying.
However, as the chart below shows, when the question is framed in terms of saving lives,
nearly 80% of respondents choose the certain option. However, when it is framed in
terms of people dying only 56% of people chose the certain option. This is a serious
preference reversal – a major problem for economics which claims that people’s
preferences should be stable.
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Equally as worrying from our perspective 20% of the population were indifferent between
options a and b or options c and d. This shows an alarming lack of understanding about
risk. Option A results in 200 lives saved for sure, whereas option B only has an expected
value of 200 lives saved. A certain value should always be preferred to an exactly equal
expected payoff! After all it is only expected whereas the certain value is guaranteed. The
indifference expressed means that the respondents fail to take into account the risk
involved. This lack of understanding of risk is slightly unsettling given our industry is
meant to be vaguely aware of the concept!
Framing: clear evidence of a preference reversal (%)
90
80
Certain

70

Risky

60
50
40
30
20
10
0

11

14

Source: DrKW Macro research

This represents a large preference reversal with 22% of people appearing to change their
minds between the two presentations of the problem – a far cry from rationality.
The chart below shows the percentage of participants showing a preference reversal
sorted into CRT groups. The scale of preference reversals is monotonically declining as
the success at the CRT increases. So nearly 40% of those who didn’t get any of the CRT
questions correct exhibited a preference switch. This drops to 16.5% by the time we work
our way up to the group with the highest CRT score.
Framing effects drop as CRT score rises (%)
40

35
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Source: DrKW Macro research

Loss aversion
Loss aversion refers to our tendency to dislike losses far more than we like gains.
Question 12 represents a quick and easy way of measuring the scale of loss aversion.
On the toss of a fair coin, if you lose you have to pay me £100. What is the minimum you
need to win to make that bet attractive?
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The chart below shows the frequency of choices. The average is £190! That fits pretty
well with the vast majority of studies which show that generally people dislike losses
somewhere around 2-2½ times as much as they enjoy gains.
It is slightly worrying that we got answers below £100! Even I could make money out of
these guys.
Fund managers are just about as loss averse as everyone else (frequency %)
30
25
20
15
10
5

1000

600

500

400

300

250

210

200

200

150

120

110

105

101

100

100

66

60

51

0

Source: DrKW Macro research

The scale of reward needed to persuade people to accept the bet is also closely related
to the CRT. For instance, those who got only one of the CRT questions correct required
an average of £275, those with two CRT questions correct £229, those with the
maximum CRT score asked for only £165.
Those with zero score on the CRT only asked for £158 pounds. However, 60% of them
didn’t answer the question. It remains unclear whether they didn’t understand the
question (which seems unlikely) or whether they simply won’t bet at all (i.e. an infinite
required payoff). So I don’t read much into the low requested amount from the zeros.
Amount needed to play the gamble by CRT score (£)
300

250

200

150

100

50

0
0

1

2

3

Source: DrKW Macro research

Keynes’ beauty contest
When Keynes wrote the General Theory in Chapter 12 he likened professional investing
to a newspaper beauty contest. He opined:
The actual, private object of the most skilled investment to-day is “to beat the
gun”, to outwit the crowd, and to pass the bad, or depreciating, half-crown to
the other fellow.
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This battle of wits to anticipate the basis of conventional valuation a few
months hence, rather than the prospective yield of an investment over a long
term of years, does not even require gulls amongst the public to feed the
maws of the professional; — it can be played by professionals amongst
themselves. Nor is it necessary that anyone should keep his simple faith in
the conventional basis of valuation having any genuine long-term validity. For
it is, so to speak, a game of Snap, of Old Maid, of Musical Chairs — a
pastime in which he is victor who says Snap neither too soon nor too late,
who passes the Old Maid to his neighbour before the game is over, who
secures a chair for himself when the music stops. These games can be
played with zest and enjoyment, though all the players know that it is the Old
Maid which is circulating, or that when the music stops some of the players
will find themselves unseated.
Or, to change the metaphor slightly, professional investment may be likened
to those newspaper competitions in which the competitors have to pick out
the six prettiest faces from a hundred photographs, the prize being awarded
to the competitor whose choice most nearly corresponds to the average
preferences of the competitors as a whole; so that each competitor has to
pick, not those faces which he himself finds prettiest, but those which he
thinks likeliest to catch the fancy of the other competitors, all of whom are
looking at the problem from the same point of view. It is not a case of
choosing those which, to the best of one’s judgment, are really the prettiest,
nor even those which average opinion genuinely thinks the prettiest. We have
reached the third degree where we devote our intelligences to anticipating
what average opinion expects the average opinion to be. And there are
some, I believe, who practise the fourth, fifth and higher degrees.
John Maynard Keynes, General Theory of Employment, Interest and Money
(1936) p155-156
I have played this game before. Indeed for an in-depth discussion on the subject see
Global Equity Strategy, 17 February 2004. Question 17 represents a mathematical
version of the game. The aim of the task is to pick a number between 0 and 100, the
winner being the person who picks the number closest to 2/3rds of the average number
picked.
The game itself should be a simple one under the standard assumptions of economics.
i.e. rationality and common knowledge. Since all players want to choose 2/3rds of the
average, there is only one number that satisfies the equation x = 2/3*x, zero. So the only
equilibrium 4 answer to this question is zero (as many of you pointed out).
The game can be solved by a process known as “iterated dominance”. A dominated
strategy is one that yields a lower payoff than another, regardless of what other players
are doing. For example, choosing a number greater than 67 is a dominated strategy
because the highest possible solution to the game is 67 (i.e. if everyone else picks the
maximum number 100). However, if no-one violates dominance by choosing a number
above 67, then the highest outcome is 2/3rds of 67 and so on. Deleting dominated
strategies in this fashion will eventually lead you to zero 5.
Of course, this only works under the assumption that everyone you are playing against is
rational, and they know that you are rational as well. As soon as we start to see that at

4
5

Technically, zero is the only fixed point Nash equilibrium
This process is also known as backward induction

11

Global Equity Strategy

2 February 2006

least some of the market is not fully rational then the problem becomes more and more
complex.
I originally played this game to show how hard it was to be just one step ahead of
everyone else. The findings from playing it again show that this is still a very valid
conclusion. The chart below shows the frequency of answers from our 300 fund
managers.
The average number picked was 30 giving a 2/3rds average of 20. Rather than using the
iterated dominance strategies outlined earlier, most players assume that the starting
point should be 50, i.e. the mean from a random draw. Hence level zero players chose
50 (15% of our total sample). Level one players chose the best reaction to the level zero
players i.e. they picked 2/3rds of 50, providing a spike at 33 (14% of our sample). Level
two players “best react” to a 33, yielding the massive spike at 22 (7% of our sample).
Level three players end up with 15 as their pick (2% of the sample). Once past level two
or three reasoning, players frequently slide down the slippery slope towards the infinite
iterations that produce zero (11% of our sample).
Keynes’ beauty contest (frequency, %)
16
14
12
10
8
6
4
2

100

95
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15

10

5

0

0
Source: DrKW Macro research

It is easy to measure the number of steps of strategic thinking that are being carried out
by the following formula (for choices less than 50) ln(x/50)/ln(2/3). So with an average of
30, the average level of thinking comes out at 1.3 steps!
People’s performance on the CRT was related to the degrees of thinking they displayed
when it came to the beauty contest game. Those with a zero score on the CRT selected
an average number of 47 in the beauty contest, whereas those with a score of 3 on the
CRT had an average selection of 22.
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Keynes’ beauty contest average choice by CRT group
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Source: DrKW Macro research

Monty Hall Problem
The final element examined by our test is the Monty Hall problem. This is one of the most
divisive problems that I have ever come across. It regularly leaves professors of maths
purple in the face from arguing about it. It is question 16, the game show with the three
doors, behind which are two goats and one car. I am assuming that you want to win the
car, as I played this with one person who was Greek and said he wanted to win the
goats!
You pick a door, then I will open one of the other doors and reveal a goat. I then offer you
the chance to switch from the door you chose to the other unopened door. Should you
switch?
% choosing each option in the Monty Hall problem
50
45
40
35
30
25
20
15
10
5
0

Stick

Switch

No preference

Source: DrKW Macro research

47% said they would stick with the door they original chose. 43% said they would switch
and 11% said they had no preference. The correct answer is that you should switch. Now
why?
Well consider the pictures below. Each row represents a version of the game. Let us
assume that you always choose door one (purely for pedagogical reasons). In the first
row I can then open either door 2 or 3, and if you switch you lose. However, in the other
two games switch is the optimal strategy. In row two you pick door one, and I will open
door three, if you switch you win. In row three you pick door one, and I will open door
two, if you switch you win. The hidden piece of information is that I am never going to
reveal the car. So the only time you win by sticking is when you pick the car straight off –
a one in three chance.
13
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An alternative way of thinking about it is to do the following. The door you pick obviously
has a 1/3 chance of being the correct door. When I open the door it very clearly has a
zero probability attached to it. Thus the other door must have a probability of 2/3. This
can be proved via Bayes’ Theorem but I will omit the proof for the sake of readability.

Conclusions
The purpose of this note was to illustrate that professional fund managers aren’t a breed
apart. They are just as likely as everyone else to suffer behaviour biases. The objective is
not to laugh at how foolish others are, but rather to show just how hard it is to avoid
falling into cognitive pitfalls.
Even those with the maximum CRT score still appeared to generate exaggerated
opinions of themselves, and to have a tendency to look for information that agreed with
them.
The challenge facing all of us is to learn to be more reflective rather than reflexive. Of
course, learning isn’t easy. So designing a framework that is relatively robust to
behavioural biases may actually be the easy path – I started down that road with the
Seven Sins of Fund Management (November 2005). Keep an eye out for more in this
vein a little later in the year.
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