Appendix A: Experiment 1 Design and Planned Analyses

Finalized: February 16,2010

Qualtrics survey
1. Instructions.
Tell them about the 1MM ten-flip sets. (Order 1: 2-3-4-5 and Order 2: 4-5-2-3
are randomized.)

2. 275,
They first get these 20 questions:

a. 20 literally random questions where we show 5 of the 10 flips and ask
about one of the others, e.g., Which is more frequent, xxHHHTTxHx or
xxHHHTTxTx?

i. Address the problem that since both are equally likely neither

response could be wrong: Don’t have equal payoffs, but offer
(say 51 if they say H and they’re right but they get 49 if they
say T and they're right. These money amounts are randomly
chosen from the set 55/45, 53/47,51/49,49/51, 47/53, and
45/55 and are never equal (.50).

3. Head counts. Blocks (a - e) are presented in random order. The questions

within each block are also presented in random order.

a. Estimate the proportion of the 10-flip sets that have 0, 1, 2, 3,4, 5, 6, 7,
8,9, 10 heads. (1 question with 11 options. We reward them using
the squared distance of their answer from the truth for one Randomly
Selected Interval., aka STASI. The summed probability across the 11
options must equal 100.)

When we run STASI, we let them specify a distribution without
constraining it to sum to 100. If it doesn’t sum to 100, we
normalize it to 100 and give them the question again asking
them if it is acceptable. Also, instruct them to complete the
different options of the distribution in a (randomly) pre-
specified order. .)

b. Estimate the proportion of 10-flip sets that have 0-3 heads, 4, 5, 6, and
7-10 heads. (1 question with 5 options. Probabilities 17.2, 20.5, 24.6,
20.5, and 17.2 respectively. Score with STASI.)

c. Estimate the proportion of 10-flip sets that have 0-4, 5, and 6-10
heads. (1 question with 3 options. Probabilities 37.7, 24.6, and 37.7,
respectively. Score with STASI.)

d. 11 questions:

i. What proportion of sets have a head as the first flip?
ii. Among the sets where the 1st flip is a head, what fraction of
draws have the 2nd flip being a head?
iii. 3rd



iv. 4th

y. 5th
vi. 6th
vii., 7th
viii. 8th
ix. 9th

x. Among the sets where the first nine flips are heads, what
fraction of draws have the 10th flip being a head?
- For each of these 11, randomly pick the first sequence as being either H or
T.
- We reward them for accurately estimating these proportions according to
STASL
e. Estimate the proportion of the 10-flip sets that have 0, 1, 2, 3,4, 5, 6, 7,
8,9, 10 heads. (11 separate questions, not constrained to sum to
100%.)
4. Tell them about the 1MM thousand-flip sets.
They answer these questions in random order:

a. Estimate the proportion of the 1000-flip sets that have 0 to 50, 51 to
150, 151 to 250, 251 to 350, 351 to 450, 451 to 550, 551 to 650, 651
to 750, 751 to 850, 851 to 950, 950 to 1000 heads/tails. (1 question
with 11 options, whose summed probability must equal 100. Score
with STASIL.)

b. Estimate the proportion of 1000-flip sets that have 0 to 480, 481 to
520, and 521 to 1000 heads/tails. (1 question with 3 options.
Probabilities 31%, 38%, and 31% respectively. Score with STASI.)

c. Estimate the proportion of 1000-flip sets that have 0 to 450, 451 to
55%, 550 to 1000 heads/tails. (STASI)

d. Estimate the proportion of 1000-flip sets that have 0 to 50, 51 to 150,
151 to 250, 251 to 350, 351 to 480, 481 to 520, 521 to 650, 651 to
750,751 to 850, 851 to 950, 950 to 1000 heads/tails (1 question with
11 options, whose summed probability must equal 100. Score with
STASI)

6. Ask people how their statistics/math teacher would have answered:
a. Among the sets where the first nine flips are heads, what fraction of
draws have the 10th flip being a head?
b. One of the random questions from 3d., 3c, 2
7. Everyone answers demographic questions (age, gender, income)
8. Everyone takes Dan’s “2-min” math quiz

U

Debriefing
9. Email them the actual distribution we generated for them, along with
feedback on their performance.

Compensation
10. Winners determined by lottery. They are contacted by email and asked to
submit a signed receipt. Once we get the receipt, we mail them a check.



Specific Hypotheses: Comparisons with normative beliefs

1)

2)

3)

4)

Subjective sampling distributions will have “fat tails.”

a) Calculate sum of weightson 0,1, 2,3 and 7, 8,9, 10 in 3a.

b) Examine 0-3 and 7-10 in 3b.

c) Calculate sum of weights on 0-5%, 5-15%, 15-25%, 25-35% and 65-75%, 75-

85%, 85-95%, 95-100% in 5a.

Beliefs about sequences will exhibit GF (gambler’s fallacy).

a) The 11 Qs in 3d will show GF.

b) Every random question in 3e that has a majority of heads will have people
predicting a tail, and vice-versa.

Exact representativeness vs. 1/n

a) Exactrepresentativeness

i) People will overestimate the probability of exactly 5/10 heads when
asked 0-4, 5, 6-10 (3c).

ii) People will overestimate the probability of 48-52/100 heads when asked
0-47 heads, 48-52, and 52-100 heads (5b) - or will this go the other way
as “fat tails” predicts?

b) 1/n
i) The probability attached to 48-52% will be higher in 5b than 5d
ii) The probability attached to 45-55% will be higher in 5c¢ than 5a
Sample-size neglect: 10-flip distribution (3a) and 100-flip distribution (5a) will
be “constant in proportions” a la K&T.
a) NOTE: These distributions are not strictly comparable, but this is
nonetheless the comparison that K&T made.

Specific Hypotheses: Within-subject inconsistencies

5)

6)

Support theory / conjunction fallacy

a) When asked the frequency of an outcome separately (3e), people will put
higher weight than if asked to give a frequency distribution (3a).
Consequently, the probabilities in 3e will sum to more than 1.

b) The sum of weights on 0, 1, 2, 3 in 3a will exceed the weight on 0-3 in 3b.
Similarly for 7-10.

c) The weight on 48-52 heads in 5b will exceed the weight on 45-55% in 5a. -
this feels like the “Linda problem” / exact representativeness

d) Partitioning up the outcome space will spread out participants’ estimates of
proportion. (5a will have a flatter distribution than 5c. 5d will be flatter than
5b.)

People will have subjective sampling distributions that are too flat and put too

much weight in the tails, and yet believe in negative autocorrelation of signals.

a) Compare the subjective sampling distribution in 3a with GF in 2.



b) Compare the product of the probabilities in 3d with the probability of 10
heads reported in 3a and 3e.

Specific Hypotheses: Others

7) People will report more accurate beliefs when asked what their math/statistics
teacher would say (6ab).

8) People who are better at math (8) will be better on 6ab, but still exhibit the
other biases and inconsistencies.

Specific Hypotheses: Logistical
9) Fatigue: People will respond more noisily (but not systematically different in
expectation) when asked the same question late in the survey rather than early.

10)Do the results depend on the order? Specifically test whether the order of 3a
first or last matters.

Notes to remember for later:

e If the “statistics/math teacher would have answered” questions generates
different answers than the beliefs questions, maybe do a condition where we
ask the “teacher” question first.

e Do alab follow-up study where we actually have subjects implement a
distribution of 10-flip sequences at the end of the experiment.

e Ifwe get crappy data, don’t give up. Run a simpler study with more targeted
hypotheses that is less likely to exhaust participants.

Stakes: $50 prize for every 10 subjects.

Tentative Schedule

Program web page: by Mar 1
Fix, debug, test: by mid-March
Collect data late March

Dan volunteers to take first crack at data analysis.



Appendix B: Experiment 2 Design and Planned Analyses
(Preregistered)

Finalized: April 6, 2014

Subject sample: 300 UC-Berkeley undergrads

Incentives: For each question, the participant will earn some number of lottery
tickets between 0 and 100. The number of lottery tickets is determined as follows:

e For betting questions, participants choose between (A) and (B) and get the
number of lottery tickets specified for an option if the coin flips satisfy the
condition described in the chosen option.

e For histogram questions, one bin in the histogram is selected at random, and the
participant earns a number of lottery tickets that depends on the participant’s
reported frequency for that bin in the set of coin flips and the actual frequency for
that bin according to: # lottery tickets earned = 100 x [1 — (participant’s reported
frequency — actual frequency)?].

e For questions that directly elicit a frequency from the participant, the number of
lottery tickets will again be determined as per the formula in the previous bullet
point.

After the experiment is completed, the computer will randomly determine, for each
question, whether the participant won a prize. In any given question, the
probability of winning a prize will be (# lottery tickets won in that question) /
2,000. That s, the probability will be some percentage between 0% (which occurs if
the participant earns 0 lottery tickets in the question, the minimum possible) and
5% (which occurs if the participant earns 100 lottery tickets in the question, the
maximum possible).

If the participant wins n prizes, then the value of each prize will be $n. In
other words, the participant’s incentive payment will be $n2. (This procedure of
having the value of the prize for each question be increasing in the total number of
prizes won sharpens the incentives and was pioneered by McKelvey and Page
(1990).) In addition to this incentive payment, each participant will also be paid a
flat show-up of $5.

The following calculation guided our choice of the size of our incentive
payments. There are 74 questions in the experiment in which a participant could
win a prize, so the maximum possible incentive payoff is 74% = $5476, but this is
fantastically unlikely. To conservatively estimate the cost of the experiment, we
assume that all participants answer all questions with maximal accuracy, making
the probability of winning each prize 5% (the upper bound). In that case, the
expected value of $n2is $17.205. Adding the $5 show-up fee, the conservative
estimate of the cost per participant is $22.205. In addition, the incentive for the
math test is $.25 per item, and we’ll expect to pay $1 per person, on average. Given



our intention to recruit 300 participants, our conservative estimate of the cost of the
experiment is $23.205 x 300 = $6961.50.

Section order: We will keep together as blocks the questions regarding samples of
size 10, 1000, and 1 million coin flips, since there are common instructions for each
block, but we will randomize the order of the blocks. Within each block, we will
group together each type of question, but also randomize the order of the groups
within each block as well as the order of the questions within each group.

Note: In describing the questions below, we phrase them in terms of the number of
heads. However, for each participant and each block of questions, the computer
randomly varied whether the questions were framed in terms of heads or tails.

Note: In order to simplify the process of paying subjects, in places that called for
selecting a random flip number or a random flip outcome, we pre-computed a large
set of these random numbers and then selected at random from this set.

Note: If the journal in which this paper is eventually published is cooperative, we
will ask researchers who want to access the data to provide a brief paragraph on
their intended analyses. The description would not be vetted—we would give the
data automatically—but this procedure will hopefully make transparent which
hypotheses/research questions were of interest to them before they got a chance to
conduct any analyses. We will reserve the right to post or share these analysis
plans.

. Questions of Primary Interest

[.LA. 10-flip sets

[.LA.1. Betting questions (10 Questions)

In question q = 1,..,,10 (in a random order), flips 1, 2,..., g-1 are shown (and
determined randomly), and the participant must make a bet about whether the gth
flip is H or T. The participant is told that we will pick one sequence at random from
the million sets (matching the sequence shown), and they will be paid if the
sequence we draw matches what they picked. If the participant picks H, then the
payoffis x € {45, 47,49, 51, 53, 55} lottery tickets (the value of x is randomly
chosen), and if the participant picks T, then the payoff is the symmetric (around 50)
number of lottery tickets.

Planned analyses:



(a) Testing gambler’s fallacy (GF): For a given g, how the frequency of predicting H
varies with the prior number of heads.
i. t-test of each frequency of prediction’s difference from 50%.
ii. Linear regression (linear probability model) of prediction on number of
prior H's.

(b) How the frequency of predicting H varies with the payoff to H: Including payoffs
as regressors in the model from (a.ii) above.

(c) Consistency of GF across questions: Comparing people’s predictions to the
Rabin-Vayanos model as fitted on data from [.A.3 (streak questions): Both with
and without the payoff information included as an input to the model’s
predictions.

[.LA.2. Histogram questions (14 Questions)

(A) 11-bin elicitation (0, 1, 2, 3,4, 5, 6,7, 8,9, 10 heads) using SPIES (Subjective
Probability Interval EstimateS), in which subjects are asked to estimate the
probability of each of the entire set of mutually exclusive possible outcomes,
and these estimates must sum to 100%.

(True probabilities 0.1%, 1.0%, 4.4%, 11.7%, 20.5%, 24.6%, 20.5%, 11.7%,
4.4%, 1.0%, and 0.1%, respectively.)

(B) 5-bin equalized elicitation (0-3, 4, 5, 6, 7-10 heads) using SPIES.
(True probabilities 17.2%, 20.5%, 24.6%, 20.5%, 17.2%, respectively.)

(C) 3-bin elicitation (0-4, 5, 6-10 heads) using SPIES.
(True probabilities 37.7%, 24.6%, 37.7%, respectively.)

(D) 11 separate-screen questions (0, 1, 2, 3,4, 5, 6,7, 8,9, 10 heads), not
constrained to sum to 100% (each counted as a distinct question).

Planned analyses:

(a) Test for bin effects.
i. Compare the mean probability assigned to 0-3 in (B) with the sum of the
mean probabilities assigned to 0, 1, 2, 3 in (A); similarly, compare 7-10 with
the sum of 7, 8, 9, 10.

ii. Compare the mean probability assigned to 0-4 in (C) with the sum of the
mean probabilities assigned to 0, 1, 2, 3, 4 in (A); similarly, compare 6-10
with the sum of 6, 7, 8, 9, 10.



iii. Compare the mean probability assigned to 0-4 in (C) with the sum of the
mean probabilities assigned to 0-3, 4 in (B); similarly, compare 6-10 with the
sum of 6, 7-10.

iv. Compare the mean probabilities from (D) to those from (A).
(b) Testfor NBLLN in N = 10.
i. Examine whether (B) generates approximately equal mean elicited

probabilities across the five bins (which is close to normatively correct).

ii. Examine whether (C) generates overweighting of 5 heads (whereas
NBLLN + bin effects would predict underweighting of 5 heads).

(c) Test for the presence of exact representativeness.

i. Examine whether the Rabin-Vayanos model estimated in [.A.1.d falls short
of predicting respondents’ predictions about 5 heads out of 10 flips.

[.LA.3. Streak questions (10 Questions)

10 sequence questions in a random order:
“Some of the sets of 10 flips had Heads come up on the [firstj flips]. For all of these,
please estimate the percentage that also came up Heads on the next flip.”

Planned analyses:

(a) Test for GF: How the predicted frequency of H varies with the number of prior
H’s.

i. t-test of each predicted frequency’s difference from 50%.

ii. Linear regression of predicted frequencies on number of prior H’s.

(b) Test for GF at the individual level: Fraction of individuals who always report
50%, always report weakly less than 50% (at least one frequency strictly),
always report weakly less than 50% (at least one frequency strictly).

(c) Calibrate GF: Estimate the Rabin-Vayanos model by non-linear least squares on
the first-difference formulation of the model.

[.LA.4. Parameter-uncertainty questions (3
Questions)

Ask about the percentage of flips in a randomly-chosen location (flip number 1-10)
that are H, given that flips at M randomly chosen other locations came up H. (Note
that these randomly-chosen flip locations are left unspecified.) We will do this with
M =1, 2,and 5. We do not anticipate much different from 50% in most of these




answers, because we do not believe the parameter uncertainty is likely to be
significant. GF does not predict very strong effects here; while the framing of the
question might magnify a form of LSN if participants isolate the set in their thinking
and produce answers below 50%, we conjecture participants won'’t see the question
that way. .

Planned analyses:

(a) Test for parameter uncertainty.
i. Test on average whether the judged probability of one random flip being a
head, conditional on other random flips being heads, is equal, greater than, or
less than 50%.
Note: The premise of this test is the following: if we do not tell participants
anything about the positions of our 1, 2, or 5 flips, then there is a logical connection
between their answers here and their histogram answers. For intuition, suppose
that participants’ histograms imply that they have overly dispersed belief about
distributions. Then, roughly speaking, telling them that some set of randomly
chosen flips are heads should make them think heads is more likely for another
randomly chosen flip. To be precise, the probability that one randomly-chosen flip
will be a head given that M other randomly-chosen flips are heads must satisfy:
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where the notation x,,, signifies the event that x flips were heads out of y flip
numbers that were randomly chosen from a set of z flip numbers, and

Pr(k heads out of N) is the probability that exactly k flips are heads in the total
sample of N flips. From a participant’s histogram beliefs, we would know

Pr(k heads out of N) and could calculate the above expression exactly.

In practice, because we won’t have exact histograms (but only bins), we will
need to calculate lower bounds for the above expression, based on “worst-case
scenarios” for how our elicited bin beliefs are generated from (unobserved) full
histogram beliefs. Based on our calculations using our earlier experiment, we
believe that if (as anticipated) subjects report Pr(ll/(N_M) |MM/N) as 50% or less
than 50%, then we will have strong power to reject the hypothesis that the full
histogram beliefs come from “parameter uncertainty,” or are consistent with any
theory of what sequences might occur. We also intend to calculate the above



expression after fitting a beta distribution from elicited bin beliefs (this is a
reasonable way of inferring a smooth full histogram, rather than a worst-case full
histogram), as in (b) discussed next.

(b) Calibrate beta-binomial parameter uncertainty.
i. Find the best-fitting parameters of the beta distribution for the 5-bin
elicitation histogram (I.A.2.(B)) according to the least-squares criterion.
Examine how well the model fits the data from the parameter uncertainty
questions (1.A.4).

[.B. 1,000-flip sets

[.LB.1. Histogram questions (8 Questions)

(A) 11-bin elicitation (0-50, 51-150, 151-250, 251-350, 351-450, 451-549, 550-649,
650-749, 750-849, 850-949, 950-1000 heads) using SPIES.
(True probabilities all basically 0%, except the middle three, which are: 0.1%,
99.8%, 0.1%, respectively.)

(B) 3-bin narrowed elicitation (0-480, 481-519, 520-1000 heads) using SPIES.
(True probabilities 11%, 78%, 11%, respectively.)

(C) 3-bin elicitation (0-450, 451-549, 550-1000 heads) using SPIES.
(True probabilities 0.1%, 99.8%, 0.1%, respectively.)

(D) 11-bin narrowed elicitation (0-50, 51-150, 151-250, 251-350, 351-480, 481-
519, 520-649, 650-749, 750-849, 850-949, 950-1000 heads) using SPIES.
(True probabilities all basically 0%, except the middle three, which are: 11%,
78%, 11%, respectively.)

(E) 3-bin distorted-900 elicitation (0-909, 910, 911-1000 heads) using SPIES.
(True probabilities 100%, 0%, 0%, respectively.)

(F) 3-bin distorted-500 elicitation (0-499, 500, 501-1000 heads) using SPIES.
(True probabilities 48.7%, 2.5%, 48.7%, respectively.)

(G) 3-bin equalized elicitation (0-493, 494-506, 507-1000 heads) using SPIES.
(True probabilities 34.05%, 31.9%, 34.05%, respectively.)

(H) 5-bin equalized elicitation (0-487, 488-496, 497-503, 504-512, 513-1000
heads) using SPIES.
(True probabilities 21.46%, 19.78%, 17.52%, 19.78%, 21.46%, respectively.)



Planned analyses:

(a) Test for bin effects.
i. Compare the mean probability assigned to 0-450 in (C) with the sum of the
mean probabilities assigned to 0-50, ..., 351-450 in (A); similarly, compare
550-1000 with the sum of 550-649, ..., 950-1000.

ii. Compare the probability assigned to 910 heads in (E) to the probability
assigned to 850-949 heads in (A).

iii. Compare the probability assigned to 500 heads in (F) to the probability
assigned to 451-549 heads in (A).

(b) Testfor NBLLN in N = 1000.
i. Examine whether (G) generates approximately equal mean elicited
probabilities across the three bins.

ii. Examine whether (H) generates approximately equal mean elicited
probabilities across the five bins.

(c) Test for the presence of “exact representativeness.”

i. Test whether the average probability assigned to 481-519 in (B) exceeds
the average probability assigned to 451-549 in (C).

[.LB.2. Streak questions (10 Questions)

10 sequence questions in a random order that start at a randomly chosen flip jth
location between 1 and 990:

“Please estimate the percentage that had Heads come up on flip [j].”

“Some of the sets of 1000 flips had Heads come up on flip [j]. For all of these sets,
please estimate the percentage that also came up Heads on the next flip.”

“Some of the sets of 1000 flips had Heads come up on each of flip [j through j+1].
For all of these sets, please estimate the percentage that also came up Heads on the
next flip.”

And so on, up to j+9.

Planned analyses:
(a) Test for GF: How the predicted frequency of H varies with the number of prior
H’s.

i. t-test of each predicted frequency’s difference from 50%.

ii. Linear regression of predicted frequencies on number of prior H’s.

(b) Test for GF at the individual-level: Fraction of individuals who always report
50%, always report weakly less than 50% (at least one frequency strictly),
always report weakly less than 50% (at least one frequency strictly).



(c) Calibrate GF: Estimate the Rabin-Vayanos model by non-linear least squares on
the first-difference formulation of the model.

[.B.3. Parameter-uncertainty questions (3
Questions)

Ask about the percentage of flips at a randomly-chosen location that are H, given
that 1, 2, or 5 other randomly chosen flips came up H. (The form of these questions
and their premise are analogous to those for the N = 10 case, as discussed in [.LA.4.,
except here we conjecture gambler’s fallacy is even less likely, so we suspect
responses are even less likely to depart from 50% in either direction.)

Planned analyses:

(a) Test for GF and parameter uncertainty.
i. Test on average whether the judged probability of one random flip being a
head, conditional on other random flips being heads, is equal, greater than, or
less than 50%.

(b) Calibrate beta-binomial parameter uncertainty.
i. Find the best-fitting parameters of the beta distribution for the 3-bin
equalized elicitation histogram (I.B.1.(G)) according to the least-squares
criterion. Examine how well the model fits the data from the parameter
uncertainty questions (1.B.3).

ii. Find the best-fitting parameters of the beta distribution for the 5-bin
equalized elicitation histogram (I.B.1.(H)) according to the least-squares

criterion. Examine how well the model fits the data from the parameter
uncertainty questions (1.B.3).

[.C. One-million-flip sets

.C.1. Histogram questions (3 Questions)

(A) 11-bin elicitation (0-50,000 / 50,001-150,000 / 150,001-250,000 / 250,001-
350,000 / 350,001-450,000 / 450,001-549,999 / 550,000-649,999 / 650,000-
749,999 / 750,000-849,999 / 850,000-949,999 / 950,000-1,000,000 heads)
using SPIES.

(True probabilities all 0%, except the middle, which is 100%.)



(B) 3-bin equalized elicitation (0-499,784 / 499,785-500,215 / 500,216-1,000,000
heads) using SPIES.
(True probabilities 33.32%, 33.35%, 33.32%, respectively.)

(C) 5-bin equalized elicitation (0-499,579 / 499,580-499,873 / 499,874-500,126 /
500,127-500,420 / 500,421-1,000,000 heads) using SPIES.
(True probabilities 20.07%, 20.00%, 19.86%, 20.00%, 20.07%, respectively.)

Planned analyses:

(a) Test for bin effects.
i. Compare the mean probability assigned to 550,000-649,999 in (A) with
the mean probability assigned to 499,785-500,215 in (B).

(b) Test for NBLLN in N = 1 million.
i. Examine whether (B) generates approximately equal mean elicited

probabilities across the three bins.

ii. Examine whether (C) generates approximately equal mean elicited
probabilities across the five bins.

.C.2. Streak questions (10 Questions)

10 sequence questions in a random order that start at a randomly chosen flip jth
location between 1 and 9,999,990:

“Please estimate the percentage that had Heads come up on flip [j].”

“Some of the sets of a million flips had Heads come up on flip [j]. For all of these,
please estimate the percentage that also came up Heads on the next flip.”

“Some of the sets of a million flips had Heads come up on flip [j through j+1]. For all
of these, please estimate the percentage that also came up Heads on the next flip.”
And so on, up to j+9.

Planned analyses:
(a) Test for GF: How the predicted frequency of H varies with the number of prior
H’s.

i. t-test of each predicted frequency’s difference from 50%.

ii. Linear regression of predicted frequencies on number of prior H’s.

(b) Test for GF at the individual-level: Fraction of individuals who always report
50%, always report weakly less than 50% (at least one frequency strictly),
always report weakly less than 50% (at least one frequency strictly).



(c) Calibrate GF: Estimate the Rabin-Vayanos model by non-linear least squares on
the first-difference formulation of the model.

[.C.3. Parameter-uncertainty questions (3
Questions)

Ask about the percentage of flips at a randomly-chosen location that are H, given
that 1, 2, or 5 other randomly chosen flips came up H. (The form of these questions
and their premise are analogous to those for the N = 1,000 case, as discussed in
1.B.3.)

Planned analyses:

(a) Test for GF and parameter uncertainty.
i. Test on average whether the judged probability of one random flip being a
head, conditional on other random flips being heads, is equal, greater than, or
less than 50%.

(b) Calibrate beta-binomial parameter uncertainty.
i. Find the best-fitting parameters of the beta distribution for the 3-bin
equalized elicitation histogram (I.C.1.(B)) according to the least-squares
criterion. Examine how well the model fits the data from the parameter
uncertainty questions (I.C.3).

ii. Find the best-fitting parameters of the beta distribution for the 5-bin
equalized elicitation histogram (I.C.1.(C)) according to the least-squares
criterion. Examine how well the model fits the data from the parameter
uncertainty questions (I.C.3).

[.D. Comparisons across different
question types

Planned analyses:
(a) Test for Kahneman and Tversky’s “sample size neglect” (including for the much
larger sample size of 1 million).
(i) Compare the distribution of 0-5%, 5-15%, ..., 95-100% heads across the
10-flip, 1000-flip, and 1-million-flip sets.

(ii) Compare the equalized histogram beliefs across the 10-flip, 1000-flip,
and 1-million-flip sets.



(b) Test whether participants’ sequence beliefs can be reconciled with their
histogram beliefs.
(i) Compare the implied probability of 10 heads out of 10 from [.A.3 (the
sequence beliefs) to the histogram probability (I.A.2.(A)), which is
contaminated by bin effects, and to the normatively correct probability.

(c) Test whether the effect of some flips on another flip is weaker as we go from the
N =10 to the N=1000 and N = 1 million parameter-uncertainty questions
(question types .LA.4.1.B.3, and 1.C.3).

(d) Compare the strength of the GF across the 10-flip, 1000-flip, and 1-million-flip
sets (question types [.A.3. [.B.2, and 1.C.2).

(e) Compare the estimated parameter-uncertainty models from the different
question types.

[.LE. Overall Test of Bias

As a set of descriptive statistics, we will calculate the earnings foregone by giving
wrong answers to certain questions instead of correct answers. The idea here is
that, for some of the questions, the right answers are actually simpler and require
less effort (in particular, 50% for the conditional probability questions, 0% for the
tails of the histogram questions) than the wrong answers (which may rely on
complicated theories such as GF). Specifically, we will calculate from the following
questions:

Betting questions (I.A.1): Actual earnings / earnings possible from always choosing
the larger amount of money.

Streak questions (I.A.3, 1.B.2, I.C.2): Actual earnings / earnings possible from always
choosing 50%.

Parameter-uncertainty questions (I.A.4, [.B.3, .C.3): Actual earnings / earnings
possible from always choosing 50%.

Histogram questions for N = 10:
(a) LA.2.(A). 11-bin elicitation: Sum of expected earnings from choices for 0, 1,
9, and 10 heads / sum of expected earnings from having put 0% on these bins.
(b) LA.2.(D). N= 10 histogram questions, 11 separate-screen questions: Sum of
expected earnings from choices for 0, 1, 9, and 10 heads / sum of expected
earnings from having put 0% on these bins.



Histogram questions for N = 1000:

(a) LB.1.(A). 11-bin elicitation: Sum of expected earnings from choices for all
bins except the middle three / sum of expected earnings from having put 0%
on these bins.

(b) L.B.1.(C). 3-bin elicitation: Sum of expected earnings from choices for 0-450
and 550-1000 heads / sum of expected earnings from having put 0% on these
bins.

(c) LB.1.(D). 11-bin narrowed elicitation: Sum of expected earnings from
choices for all bins except the middle three / sum of expected earnings from
having put 0% on these bins.

(d) LB.1.(E). 3-bin distorted-900 elicitation: Sum of expected earnings from
choices for 0-909 and 910 heads / sum of expected earnings from having put
0% on these bins.

Histogram questions for N = 1,000,000:
(a) LC.1.(A). 11-bin elicitation: Sum of expected earnings from choices for all
bins / sum of expected earnings from having put 0% for all bins except
450,001-549,999 and 100% on that one.

We have no specific planned analyses for the results of these calculations, but we
intend to use the results of the calculations to make the point that the biases we find
are not merely the result of participants not putting in the effort to do appropriate
calculations.

[I. Questions of Secondary Interest

[I.LA. U.S. ethnic distribution (1 Question)

In order to give subjects some practice with the survey interface and to orient them
toward thinking about distributions of outcomes in a larger population, we will give
our research participants a practice test item that asks them to estimate the
proportion of different ethnic groups in the United States. We provide no monetary
rewards for accurate responses on this practice item.

Planned analysis:

Consistent with our other hypotheses, we expect to see “binning” effects that bias
responses toward equal probabilities on all bins. Subjects will overestimate
population groups that constitute a small percentage of US population (Native
Americans) and underestimate the largest groups (non-Hispanic Whites). We plan
to report the results for readers to interpret as they will, but not integrate the
findings into our formal analysis of the other questions.



[I.B. Robustness

(a) Order effects.
i. Do results look different when the question appeared early vs. late in the
experiment? Although we try to neutralize any inference about the right
answer or possible twists in how we developed the data, in principle some
seemingly inconsistent answers over the course of the experiment may be
because subjects changed their inference about the process as the questions
changed. If we find no significant order effects besides what appears to be
pure fatigue, that would make such explanations less likely.

(b) Fatigue.
i. Do results look noisier when the question appeared late in the experiment?

ii. In order to further address our concerns about fatigue, we will ask two
questions designed to collect self-reports of effort:

- “Please tell us how much thought and effort you put in to answering the questions
on this survey.”

- “There were a number of questions on which you had to estimate the frequency of
each of a set of possible outcomes (the ones that had to add to
100%). Specifically on these questions, how much effort did you exert?”
o Responses for both were on a 5-point scale from “I went through as
quickly as I could” to “I put a lot of effort into making the best guesses |
could”

Because we are concerned that anyone who responds with a 1 on either scale was
probably not paying attention, we expect it to make sense to treat these people
differently. Our plan is to analyze our data both with and without these people, and
report both results.

(c) Calculators.
It is not clear whether use of calculating tools is more or less externally valid. To
be able to assess sensitivity of results to use of such tools, we ask the following
question at the end of the survey:

“While answering the survey, which of the following did you do? (Check all that
apply.)” The answer options were (A) Wrote down calculations on paper, (B)
Used a calculator for basic arithmetic, and (C) Used an online tool for calculating
binomial probabilities or probability distributions.

We will test robustness of findings to restricting the analysis to subjects who
checked none of these.



(d) Incentives.
We ask the following question at the end of the survey to check on the
effectiveness of the incentives:

“When answering the questions, did you try to answer as accurately as you
could?” The answer options were (A) Yes and (B) No (explain below).

As long as at least 30% of subjects chose A, we will test robustness of findings to
restricting the analysis to subjects who chose A.

(e) Self-doubt on “obvious” 50%-answer questions; streak questions: .A.3, I.B.2, and
I.C.2.
Test for subjects who answered the first four questions with 50% and then
switched on at least one subsequent question in that section. They were
probably wondering what we were after, and not reacting to streaks due to
gambler’s fallacy. We will test robustness of findings to dropping these subjects.
(Our decision to use the first four questions, as opposed to some other number,
is arbitrary, but we specify it for concreteness.)

[I.C. Individual Differences

The survey will ask:

Gender

Age

Income

Brief 6-item math quiz (with $.25 incentive for each correct answer)

SAT/ACT scores

[relative to earlier experiment, dropped questions about how their statistics/math
teacher would have answered; we found no clear differences with what they
themselves answered]

Planned analyses:

Conduct some exploratory analyses of associations between GF, NBLLN, and these
characteristics. Some specific hypotheses:

(a) Higher math skills are associated with less NBLLN.

(b) Higher math skills are not associated with less GF.

(c) Our intuition is weak on the relationship between math skills and these biases,
especially GF: there are a priori reasons to suspect higher skills, attention, etc., are
associated with more severe GF because of greater (but mistaken) attention to
patterns, or weaker for the obvious reason of grasping the right answer better.

In this paper, we will report results about individual differences in an appendix (not
in the body of the paper). Dan is interested in these analyses because he thinks they
bear on interesting research questions, such as whether or not mathematical



training successfully corrects people’s statistical intuitions. (But of course, since the
data are correlational, they will be only suggestive.)
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Appendix C: Screenshots of Experiment 1

In this experiment, we are going to ask you lots of questions about coin flips. We are
interested in what you think about how likely different sequences of heads and tails are.

There will be 54 questions on 47 separate pages. Each one matters. It is important that you
read each question carefully and provide the best answer you can.

The survey will give you chances to earn lottery tickets, and you are likely to win several
thousand lottery tickets if you perform well. Each lottery ticket (or portion thereof) will
increase your chance of winning one of our prizes. Your probability of winning one of the
$50 prizes will be equal to the number of lottery tickets you earn divided by 40,000. (We
expect that about 1 in 10 participants will win a $50 prize.) Your probability of winning
increases in exact proportion to the number of tickets you earn.

When the study is complete, we will conduct the lottery, and if you are one of the winners,
we will contact you.

Two notes before you begin:

1) For some of the questions, we will ask you to make judgments using numbers or ranges we
provide. In some of these questions, we have chosen the examples and numbers literally
randomly. At other times, we have carefully selected the examples to get your judgments in a wide
range of scenarios. In fact, you will note that we often ask very similar-sounding questions; these
questions may have very similar answers, or very different ones. In all of these cases, the specific
numbers in the question are NOT meant to indicate more or less likely answers.

2) You cannot go back to change answers on prior pages. Hitting the back button on your browser
will not work properly.

Email address:

|

We want to make sure we get your email address right, so could you do us a favor and enter it again?

|

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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We flipped a coin ten times. Actually, we had a computer simulate the coin
flipping, generating exactly the same type of random series real coins do. This
was a fair coin, in the sense that coin could come up either heads or tails, and
there was an equal chance of each. That generated one ten-flip set. Then we did it
again, and again, and again, until...we had 1 million ten-flip sets.

For the next ten questions, we will ask you to bet on which one of two different patterns is more
common in the million ten-flip sets. We will show you the outcomes of some of the flips (either H or
T) but not others (denoted "x").

For instance, we may ask you:

Which of the following patterns is more frequent?
A) xHHHHHHHHH
B) xXTTTTHHHHH

If you answer (A) and the (A) pattern is more common, you will earn 49 lottery tickets.
If you answer (B) and the (B) pattern is more common, you will earn 51 lottery tickets.

The first of these patterns, xHHHHHHHHH, includes two different possibilities:
HHHHHHHHHH and THHHHHHHHH. Similarly, the second pattern, xTTTTHHHHH, also
includes two different possibilities (TTTTTHHHHH and HTTTTHHHHH).

When you decide which pattern to bet on, you should consider both which pattern you think
is more common (in the million sets) and also how many lottery tickets you will earn if you
are right.

**Please note: The number of lottery tickets associated with (A) and (B) are chosen randomly

between 45 and 55. They do not represent any useful hint toward which pattern is more
frequent.**

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Which of the following two patterns would you like to bet on?
A) xxHHHHTXTx
B) xxHHHHTxHXx

If you answer (A) and the (A) pattern is more frequent, you will earn 47 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 53 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.

@® B is more frequent

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4 11
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Which of the following two patterns would you like to bet on?
A) XHXTTTHHxx
B) XTXTTTHHxx

If you answer (A) and the (A) pattern is more frequent, you will earn 55 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 45 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.

@® B is more frequent
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Which of the following two patterns would you like to bet on?
A) XHXTTTTTxx
B) XTXTTTTTxx

If you answer (A) and the (A) pattern is more frequent, you will earn 49 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 51 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.

@® B is more frequent
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Which of the following two patterns would you like to bet on?
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If you answer (B) and the (B) pattern is more frequent, you will earn 51 lottery tickets.
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Which of the following two patterns would you like to bet on?
A) xxTTTTHxHXx
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If you answer (A) and the (A) pattern is more frequent, you will earn 47 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 53 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.
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Which of the following two patterns would you like to bet on?
A) xHXTTHHHxx
B) xTXTTHHHxx

If you answer (A) and the (A) pattern is more frequent, you will earn 47 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 53 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.

@® B is more frequent
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Which of the following two patterns would you like to bet on?
A) xxHTHTHxHx
B) xxHTHTHxTx

If you answer (A) and the (A) pattern is more frequent, you will earn 55 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 45 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.
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Which of the following two patterns would you like to bet on?
A) XTXTTTTHxx
B) xHXTTTTHxx

If you answer (A) and the (A) pattern is more frequent, you will earn 47 lottery tickets.

If you answer (B) and the (B) pattern is more frequent, you will earn 53 lottery tickets.
If both (A) and (B) occur with precisely equal frequency in the million sets we generated, then neither choice earns you lottery tickets.

@® B is more frequent
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For the next set of questions, we will be asking you to estimate the frequency of various
possible outcomes of heads and tails in the one million ten-flip sets. Your accuracy will
be rewarded as follows.

After you have finished the survey, for each of the following questions we will randomly pick one of
the entry boxes and compute the square of the distance between your answer and the truth. If your
answer is exactly correct, you will get 100 lottery tickets. The farther your answer is from the truth,
the fewer lottery tickets you will win (down to a minimum of zero if you are 100% off) and the lower
your chances of winning one of the $50 prizes. We will call this the quadratic scoring rule (since we
are squaring the distance between your answer and truth).

The formula for the quadratic scoring rule can be written this way:

Number of tickets you earn = 100 - .01 * (p - t)2
where p is the percentage (from 0 to 100) that you report
and t is the actual percentage (from 0 to 100)

Basically, it pays for you to be as accurate as possible.

To give you some practice with the format of the next few questions, please fill in the chart below by guessing what
percentage of the U.S. population is of each racial/ethnic group (for example, if you think 5% of the U.S. population
is non-Hispanic white, then enter "5"). The closer your answer is to the correct answer (as reported by the U.S.
Census Bureau in August 2008), the more you will get paid. Since this one is for practice, it doesn't count for
money or lottery tickets.

Non-Hispanic White
Hispanic
Non-Hispanic Black
Asian/Pacific-Islander
Native American
Multiracial

Total

Note that this practice problem is the only one on which you will receive immediate performance feedback in this
experiment.

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Please estimate the percentages of ten-flip sets with each of the following numbers of
heads in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

6-10 heads
5 heads
0-4 heads

Total

>> |

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Please estimate the percentages of ten-flip sets with each of the following numbers of
heads in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

10 tails
CRETS
8 tails
7 tails
6 tails
5 tails
4 tails

3 tails

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Please estimate the percentages of ten-flip sets with each of the following numbers of
heads in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

7-10 tails
RS
5 tails
4 tails
0-3 tails

Total

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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For the next set of questions, we will be asking you to estimate the frequency of various possible
outcomes of heads and tails in the one million ten-flip sets. Your accuracy will be rewarded using

the quadratic scoring rule.

It pays to be accurate.

>> |

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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What percentage of ten-flip sets include exactly 6 HEADS and 4 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 1 HEAD and 9 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 9 HEADS and 1 TAIL?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include no HEADS and 10 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 8 HEADS and 2 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4 11
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What percentage of ten-flip sets include exactly 3 HEADS and 7 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4 11
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What percentage of ten-flip sets include exactly 10 HEADS and no TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 4 HEADS and 6 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 7 HEADS and 3 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 5 HEADS and 5 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 5 HEADS and 5 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 5 HEADS and 5 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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What percentage of ten-flip sets include exactly 2 HEADS and 8 TAILS?

(Your answer should be a number between 0 and 100.)

|

>> J
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For the next set of questions, we will be asking you to estimate the frequency of various possible
outcomes of heads and tails in the one million ten-flip sets. Your accuracy will be rewarded using

the quadratic scoring rule.

It pays to be accurate.

>> |

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Among the sets in which the first two flips came up TAILS in what percentage did the third flip also
come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first three flips came up TAILS in what percentage did the fourth flip
also come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first five flips came up TAILS in what percentage did the sixth flip also
come up TAILS?

(Your answer should be a number between 0 and 100.)

|

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4 11
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What percentage of the ten-flip sets have a TAIL as the result of the first flip?

(Your answer should be a number between 0 and 100.)

|

>> J
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Among the sets in which the first eight flips came up TAILS in what percentage did the ninth flip
also come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first nine flips came up TAILS in what percentage did the tenth flip also
come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first sixth flips came up TAILS in what percentage did the seventh flip
also come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first seven flips came up TAILS in what percentage did the eighth flip
also come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first flip came up TAILS in what percentage did the second flip also
come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Among the sets in which the first four flips came up TAILS in what percentage did the fifth flip also
come up TAILS?

(Your answer should be a number between 0 and 100.)

|
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Good work: you have completed 34 of 54 questions and 39 of 47 pages in this survey.

Okay, we really like flipping coins. In addition to the batch of one million ten-flip sets you
have just been answering questions about, we also generated a bigger batch of coin
flips. This batch also contains a million sets, but each set has a thousand flips.

The next few survey questions pertain to those thousand-flip sets. For each question, we
will be asking you to estimate the frequency of various possible outcomes of heads and tails. We
will reward your accuracy using the quadratic scoring rule.

Remember, it pays for you to be as accurate as possible.

>> |

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4

7



10/7/2016 Online Survey Software | Qualtrics Survey Solutions

Please estimate the percentage of thousand-flip sets with each of the following numbers
of heads in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

950 to 1000

Total

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Please estimate the percentage of thousand-flip sets with each of the following numbers
of heads in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

0 to 480

>> |
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Please estimate the percentage of thousand-flip sets with each of the following numbers
of heads in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

950 to 1000

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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Please estimate the percentage of thousand-flip sets with each of the following numbers
of tails in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

550 to 1000 tails

451 to 549 tails

0 to 450

>> |
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For the following questions, please answer the way a mathematics professor would answer them. In fact, we
asked a mathematics professor to answer all of these questions. We will reward you for answering the way the
math professor answered.

All of the questions pertain to the million ten-flip sets.

Which of the following two patterns would you like to bet on?
A) xxHHHHHXxTXx
B) xxHHHHHxHXx

If you answer (A) and the (A) pattern is more frequent, you will earn 49 lottery tickets.
If you answer (B) and the (B) pattern is more frequent, you will earn 51 lottery tickets.
If both (A) and (B) occur with equal frequency in the million sets we generated, then neither choice earns you lottery tickets.

If you answer the way the math professor answered, you will earn 100 lottery tickets.
]

@ B is more frequent

Please estimate the percentage of ten-flip sets with each of the following numbers of heads in
them:

The closer your answer is to the math professor's, the more lottery tickets you will earn, using the quadratic scoring rule.

0-4 heads
5 heads
6-10 heads

Total

Among the sets in which the first two flips came up HEADS in what percentage of these did the

third fIip also come up HEADS? (The closer your answer is to the math professor's, the more lottery tickets you will earn, using the
quadratic scoring rule.)

Your answer should be a number between 0 and 100.

|

Among the sets in which the first nine flips came up HEADS in what percentage of these did the

tenth fIip also come up HEADS? (The closer your answer is to the math professor's, the more lottery tickets you will earn, using the
quadratic scoring rule.)

Your answer should be a number between 0 and 100.

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4
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For the next six questions, you will earn 20 lottery tickets for each correct answer.

If a = 7b, then what does (5a)/7 equal?

|

It takes a small plane an hour to travel 144 miles. How many miles does it travel in 5 minutes?

|

A dog eats % of a pound of meat every day. How many pounds of meat does the dog eat per
week?

|

If 2/6 = 2/(3+x), what is the value of x?

|

If 8x + 2y = 46, and y=7, what is x?

|

The volume of a cube is 27 cubic inches. What would be the volume of a cube whose sides were
twice as long?

|
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Your responses on the following demographic questions are optional.

What is your gender?

@® Female

How many years old are you?

|

What is your approximate annual household income?

In case you are the winner of one of our prizes, we need your email address to contact you.

> )
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May we email you with information about other research in which you could participate?

@ No thank you.

>> |
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Please tell us how much thought an effort you put in to answering the questions on this
survey.
(Note that your response to this question will have no bearing on your probability of being paid or winning the

prize.)

| put a lot of
effort into
make the
| went best
through guesses |
quickly could

There were a number of questions on which you had to estimate the freqency of each of
a set of possible outcomes (the ones that had to add to 100%). Specifically on these
questions, how much effort did you put forth?

(Again, your response to this question will have no bearing on your probability of being paid or winning the prize.)

| put a lot of
| did not effort into
work too make the
hard to get best
them guesses |
exactly right could

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4




10/7/2016 Online Survey Software | Qualtrics Survey Solutions

Thanks again for participating in this experiment. If you have any questions about the
experiment, your performance, or flipping coins for fun and profit, please do not hesitate

to contact the primary investigator on this research project, Don Moore:
dmoore@cmu.edu

>> |

https://berkeley.qualtrics.com/jfe/form/SV_7X1HW68TunQPcA4 11



10/7/2016 Online Survey Software | Qualtrics Survey Solutions

We thank you for your time spent taking this survey.

Your response has been recorded.
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Appendix D: Screenshots of Experiment 2

University of California at Berkeley
Consent to Participate in Research

My name is Don Moore. | am a faculty member at the University of California, Berkeley's Haas
School of Business. | would like to invite you to take part in my research study which concerns how
people think about chance and randomness. You qualify for this study if you are 18 years or older.

If you agree to participate in this research, you will be asked to answer an inordinately large
number of questions about coin flips. These questions will ask you to think harder about coin flips

than you have probably done ever in your life. There will be lots of questions, and they might get
boring. Nevertheless, it will be important for you to pay close attention and do your best to answer

accurately. \We will reward your accuracy by paying you more money.

If you have any questions about the research, you may contact me, Don Moore, by email:
dm@berkeley.edu. If you have any questions regarding your treatment or rights as a participant in
this research project, you may contact the University of California at Berkeley’'s Committee for

Protection of Human Subjects at 510-642-7461 or subjects@berkeley.edu.

By selecting ‘Accept’ below and continuing to the following page, you are stating that you have read
this consent form, are eligible (because you are over 18), and agree to take part in this research.

Survey Powered By ACCEPT



In this experiment, we are going to ask you lots of questions about coin flips. We are interested in what you think about
how likely different sequences of heads and tails are.

****Please read these instructions carefully. We will be testing
your understanding of the instructions later in the survey.****

There will be 66 separate questions. Each one matters. Itis important that
you read each question carefully and provide the best answer you can.

Each question has a prize associated with it, and the more accurately you
answer, the more tickets you earn. The more tickets you earn, the more likely
you are to win the prize.

Here is how it will work: Each ticket earns you a .05% chance to win. So if
you earn 100 tickets on a question, you have a 5% chance of winning a prize
for that question. The most tickets you can earn on a question is 100, so
your chance of winning a prize on any given question is low. But if you do
your best, it is highly likely that you will win at least one prize.

The value of each prize goes up the more prizes you win. If you win 1 prize, it
is worth $1. If you win 2 prizes, each pays $2 ($4 total). If you win 3 prizes,
each pays $3 ($9 total), and so on. So if you win N prizes, they will be worth

of total of $NxN. In the extremely unlikely event that you win prizes on all 66
qguestions, you will earn $4356 (66 prizes, each worth $66). We're not kidding.

The reason we're paying you this way Is that it gives you a strong incentive to do
your best on every question: winning a prize on any given question will not only
earn you money on that question, but will also make It more valuable to win a prize
on every other question.

In addition, you get $5 just for completing the survey, regardless of whether you
win any prizes.

When the study is complete, we will score your answers and pay you
accordingly.

Three notes before you begin:

1) For some of the questions, we will ask you to make judgments using numbers or
ranges we provide. In some of these questions, we have chosen the examples and
numbers literally randomly. At other times, we have carefully selected the examples
to get your judgments In a wide range of scenarios. In fact, you will note that we
often ask very similar-sounding questions; these questions may have very similar
answers, or very different ones. In all of these cases, the specific numbers in the
guestion are NOT meant to indicate more or less likely answers.

2) You're welcome to take notes, do calculations on paper, or use a calculator If
you like. It may or may not be useful to help you answer more accurately.

3) This survey does not work well with the Firefox web browser. Chrome, Safari,
and Internet Explorer work better.

4) The "back” button will not work on your browser to go back to previous pages on
the survey.
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There will be three groupings of questions on this survey:

Ten-flip sets. For one group of questions, we began by having a computer
simulate flipping a coin ten times. That made one set. Then we did it again and
again and again and...until we had a million ten-flip sets.

Thousand-flip sets. For another group of questions, we did the same thing except
that each set had a thousand flips In it.

Million-flip sets. For the third group of questions, each set had a million flips In it
(yes, a million sets of a million coin flips each--we really like flipping coins).

We will randomly determine the order in which you encounter these three question
groupings. Each simulated coin flip had equal chances of coming up heads and
tails (I.e., it was a fair coin).

Comprehension check: Which of the following will you encounter on this survey (check all that apply)?

One million sets of ten coin flips

One million sets of one hundred coin flips

One million sets of one thousand coin flips

One million sets of ten thousand coin flips

One million sets of one hundred thousand coin flips
One million sets of one million coin flips

Ten funny cat videos
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Some of the questions will be asking you to estimate the frequency of various possible outcomes of
heads and tails. Your accuracy will be rewarded as follows.

After you have finished the survey, we will randomly pick one of the entry boxes and use it to
calculate how many tickets you get. If your answer is exactly correct, you will get 100 tickets. The
farther your answer iIs from the truth, the fewer tickets you will get (down to a minimum of zero if
you are 100% off) and the lower your chances of winning a prize. In particular, we will start with
100% and subtract from it the square of the distance between your answer and the truth. This is

called the quadratic scoring rule (since we are squaring the distance between your answer and
the truth).

The formula for the quadratic scoring rule can be written this way:

Number of tickets you earn = 100 tickets x (100% - (p - £)?)
where p is the percentage (from 0 to 100%) that you report
and t Is the actual percentage (from 0 to 100%)

The reason we’re paving vou this wayv Is that it aives vou an incentive to give vour best
quess on every auestion. Put simplv: Even if vou are unsure, vou earn the most mone

when you give vour best guess.

To give you some practice with the format of the next few questions and the payment rule, please fill in the chart
below by guessing what percentage of the U.S. population is of each racial/ethnic group (for example, if you think
5% of the U.S. population is non-Hispanic white, then enter "5"). If this were part of the real test, the closer your
answer was to the correct answer (as reported in the 2010 U.S. Census), the more you would get paid. Since
this one Is for practice, it doesn't count for money or tickets.

Non-Hispanic White 0 o/,
Hispanic 0 o/,
Non-Hispanic Black 0 o/,
Aslan/Pacific-Islander 0 o/,
Native American 0 o/,
Multiracial 0 o/,
Total 0 o/,
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The next few survey questions pertain to the group of a million million-flip sets.

For each question, we will be asking you to estimate the frequency of various possible outcomes of
heads and tails. We will reward your accuracy using the quadratic scoring rule.

While some questions may seem similar to each other, others will seem quite different.

Sometimes we will ask you about things that are very likely; sometimes about things that are very unlikely.

For these, as with all the questions, it pavs to aive vour best auess even if vou are unsure.

If you would like to review the instructions, click here to open a new browser tab.
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Each set has one million flips in it, numbered 1 through 1,000,000. We chose two flip numbers at random. For
those sets that came up Heads on both flip numbers, we picked a third flip number at random from the
remaining 999,998 flip numbers. In what percentage did the third randomly-chosen flip number also come up

Heads”?

Your answer should be a number between 0 and 100.
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Each set has one million flips in it, numbered 1 through 1,000,000. We chose five flip numbers at random. For
those sets that came up Heads on all five flip numbers, we picked a sixth flip number at random from the
remaining 999,995 flip numbers. In what percentage did the sixth randomly-chosen flip number also come up

Heads”?

Your answer should be a number between 0 and 100.
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Each set has one million flips in it, numbered 1 through 1,000,000. We chose one flip number at random. For
those sets that came up Heads on that flip number, we picked a second flip number at random from the
remaining 999,999 flip numbers. In what percentage did the second randomly-chosen flip number also come
up Heads?

Your answer should be a number between 0 and 100.
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Please estimate the percentages of million-flip sets (in the 1 million we generated)
with each of the following numbers of tails in them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

O 10 400 57 Al .o 0 o/,
499,580 10 499,87 8 HaIlS ... oo 0 o
499,874 10 500,126 HaIlS. .. ..o 0 o
500,127 10 500,420 118, ... e 0 o
500,421 10 1,000,000 018 ... .ot 0 o
Total 0 o/,

If you would like to review the instructions, click here to open a new browser tab.
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Please estimate the percentage of million-flip sets that had Heads come up on flip 597482.

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on each of flips 597482, 597483, 597484, 597485,
597486, 597487, and 597488. For all of these sets, please estimate the percentage that also came up Heads on
the next flip (flip number 597489).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on flips 597482 and 597483. For all of these sets, please
estimate the percentage that also came up Heads on the next flip (flip number $§97484).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on flip §97482. For all of these, please estimate the
percentage that also came up Heads on the next flip (flip number $97483).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on each of flips 597482. 597483. 597484. and 597485
For all of these sets, please estimate the percentage that also came up Heads on the next flip (flip
number §97486).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on each of flips 597482, 597483, 597484, 597485,
597486, 597487, 597488, 597489, and 597490. For all of these sets, please estimate the percentage that also
came up Heads on the next flip (flip number $97491).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on each of flips 597482, 597483, 597484, 597485,
597486, 597487, 597488, and 597489. For all of these sets, please estimate the percentage that also came up
Heads on the next flip (flip number $97490).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on each of flips 597482, 597483, 597484, 597485,
597486, and 597487. For all of these, please estimate the percentage that also came up Heads on the next
flip (flip number 597488).

Your answer should be a number between 0 and 100.

Survey Powered By



Some of the sets of a million flips had Heads come up on each of flips 597482, $§97483. 597484, 597485, and
597486. For all of these sets, please estimate the percentage that also came up Heads on the next flip (flip
number §97487).

Your answer should be a number between 0 and 100.
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Some of the sets of a million flips had Heads come up on each of flips 597482, 597483, and 597484. For all of
these sets, please estimate the percentage that also came up Heads on the next flip (flip number §97485).

Your answer should be a number between 0 and 100.
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Please estimate the percentages of million-flip sets (in the 1 million we generated)
with each of the following numbers of heads In them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

500,216 t0 1,000,000 REAAS. ..o oo 0 o
499,785 t0 500,215 NEAAS. ... oot 0 o
D10 499, 784 NEAUS. .. ..o 0 o/,
Total 0 %

If you would like to review the instructions, click here to open a new browser tab.
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Please estimate the percentages of million-flip sets (in the 1 million we generated)
with each of the following numbers of heads In them:

Before you answer, please look at all the categories below. Think about how you will answer all of them before you answer any of
them.

D10 50,000 NAAS. .. .o e e 0 o/,
50,001 10 150,000 NEAGS. .......ciiiii e 0 %
150,001 10 250,000 NEAAS. ... ..couuii e 0 o
250,001 10 350,000 NEAAS. ... .coieiiiiie e 0 o
350,001 10 450,000 NEAGAS. ... .covniii e 0 o
450,001 10 549,999 NEAUS. ... ..ot 0 o
550,000 10 649,999 NEAGUS. ... ooitiii i, 0 o
650,000 10 749,999 NEAAS. ... ..ooii i 0 o
750,000 10 849,999 NEATS. ... .ooviiii e 0 o
850,000 10 949,999 NEAGUS. ... .oiviiii i 0 o
950,000 t0 1,000,000 NEAAS. ... ...uuiiiiiii e 0 %
Total 0 o/,

If you would like to review the instructions, click here to open a new browser tab.
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The next few survey questions pertain to the group of a million ten-flip sets.

While some questions may seem similar to each other, others will seem quite different.

Sometimes we will ask you about things that are very likely; sometimes about things that are very unlikely.

For these, as with all the questions, it pavs to aive vour best auess even if yvou are unsure.

If you would like to review the instructions, click here to open a new browser tab.
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Some of the sets of 10 flips had Tails come up on flip 1, 2, 3. 4. and 5. For all of these sets, please estimate the
percentage that also came up Tails on the next flip (flip_ humber 6).

Your answer should be a number between 0 and 100.

Survey Powered By



Please estimate the percentage of 10-flip sets that had Tails come up on flip 1.

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come up on flip 1, 2. and 3. For all of these sets, please estimate the
percentage that also came up Tails on the next flip (flip_ humber 4).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come up on flip 1, 2. 3. 4. 5. and 6. For all of these sets, please estimate
the percentage that also came up Tails on the next flip (flip_ number 7).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come up onflip 1, 2. 3. 4. 5. 6. and 7. For all of these sets, please
estimate the percentage that also came up Talls on the next flip (flip number 8).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come up on flip 1 and 2. For all of these sets, please estimate the
percentage that also came up Tails on the next flip (flip_ humber 3).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Taills come uponflip1,2,.3.4.5.6.7.8, and 9. For all of these sets, please
estimate the percentage that also came up Talls on the next flip (flip humber 10).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come uponflip 1.2, 3.4.5.6. 7. and 8. For all of these sets, please
estimate the percentage that also came up Talls on the next flip (flip number 9).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come up on flip 1. For all of these sets, please estimate the percentage
that also came up Talls on the next flip (flip_ number 2).

Your answer should be a number between 0 and 100.
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Some of the sets of 10 flips had Tails come up on flip 1, 2. 3. and 4. For all of these sets, please estimate the
percentage that also came up Tails on the next flip (flip_ humber 5).

Your answer should be a number between 0 and 100.
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Each set has 10 flips In it, numbered 1 through 10. We chose two flip numbers at random. For those sets that
came up Heads on both flip numbers, we picked a third flip number at random from the remaining 8 flip
numbers. In what percentage did the third randomly-chosen flip nhumber also come up Heads?”

Your answer should be a number between 0 and 100.
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Each set has 10 flips In it, numbered 1 through 10. We chose one flip number at random. For those sets that
came up Heads on that flip number, we picked a second flip number at random from the remaining 9 flip
numbers. In what percentage did the second randomly-chosen flip number also come up Heads?

Your answer should be a number between 0 and 100.
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Each set has 10 flips in it, numbered 1 through 10. We chose five flip numbers at random. For those sets that
came up Heads on all five flip numbers, we picked a sixth flip number at random from the remaining 5 flip
numbers. In what percentage did the sixth randomly-chosen flip number also come up Heads?

Your answer should be a number between 0 and 100.
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