Appendix Figure 3. Cubicle Environment

Notes. Every participant had access to an identical computer with headphones as pictured above. Cookies
and browser history were cleared after every session to limit any subject overlap. It was not possible to see
other subjects from within the cubicle. Google Chrome was employed as the browser. All instructions were

written, but lab assistants were on site to answer any additional questions.
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A.1.9. Chapter 8 Proofs

Proof of Proposition 3.2.2. The sequence {D (t)} is monotone and bounded. Thus, by the Monotone
Convergence Theorem, it converges to some number, say d > 0. We need to show that the sequence

{D({t+1)+D(—1)—2D(t)} has no negative limit points:
lim inf (D (t+1)+ D (t—1)—2D(t)) > 0.
Suppose this is not true. Then there exists € > 0 and a subsequence {D (tx)} such that
D(tr+1)+D(te —1) — 2D (tx) < —¢

for all t,. However, because D (tz) converges to d, it follows that D (t; + 1)+ D (tx — 1) — 2D (tz) converges

to zero. Thus, there exists 5 such that for all ¢t > #j,

—% <Dt +1)+D(ty —1)— 2D (ty) <

NN

which contradicts the previous inequality. g

Proof of Proposition 3. The proof will use a couple of Lemmas.

First notice that, because preferences are dynamically consistent, there is no loss in taking t = 3. To simplify

the expressions, it is convenient to write A = (¢ + x)/c > 1 to denote the consumption with the prize as a

proportion of consumption without it. Using the formula in the text, the utility of the safe lottery equals
53

Vo=[(1-8)dT7 - {1+ﬂ+x1‘”ﬁ2+m} o

and the utility of the risky lottery is
1—p\ T=5

4\ 1= ] T=a
+(1+BHAE )T
2

l—o

(v )

Vo=[(1-8)d™7 {1+8
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Therefore, preferences are locally RSTL at ¢ if and only if the following inequality holds:

= s\
(Al‘p+%) "+(1+6+/\1‘”ﬂ2+ﬁ—ﬁ) ’ L, B\
5 >(1+ﬁ+/\‘pﬁ +1_ﬁ>

1+

(A1)

11—«
To simplify notation, let f(z) = xzT-r. In the proofs, we will repeatedly use the following result. The
expected discounted payoff from the risky lottery exceeds the one from the safe lottery if and only if the

intertemporal elasticity of substitution exceeds 1. Formally:

NP4 Lo 41+ BN TR+
2

1- B <
14+ pﬁ+1 = p 1. (A.2)
< -8 >

We first verify that (A.1) always holds when a < 1.
Lemma A.1.1 Let a < 1. Then, preferences are RSTL.
Proof There are three cases: (i) a <p <1, (ii) p<a <1, and (iii) « <1 < p.

Case i: a < p < 1. Since 1 — p < 0, inequality (A.1) can be written as

l1—a

l-oa
D R N = N
( =) ( 5 ) ><1+/\1*”ﬂ+1€5) .

Algebraic manipulations establish that the expected discounted payment of the risky lottery exceeds the one
from the safe lottery. Because p < 1, inequality (A.2) gives
1— B 1—p 2 B33
A p-‘rm-ﬁ*l-‘rﬂﬂ-)\ PB°+ = ﬂQ

1-5 1—p
14+ A .
3 >1+ B8+ -5

The result then follows from Jensen’s inequality since f(z) is increasing and convex when o, p < 1.

Case #: p < a < 1. To simplify notation, perform the following change of variables: v = % € (0,1)
where v > 0 since both « and p are lower than 1, and v < 1 since o > p. We can rewrite inequality (A.1)

substituting « for v as

(N )+ (1N )] g2 \"
5 > <1+A”6+m> :
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Rearrange this condition as
5

,
1 1
— | t|————+8] >2
—— +8 <1+>\1—Pﬂ+1526 )

A1*ﬁ+7lfﬁ

It is straightforward to verify that the expression on the left (“LHS”) is a convex function of v. Recall that
~v € (0,1). Evaluating at v = 0, we obtain
LHS|,_, =2.

Since LHS is a convex function of ~, it suffices to show that its derivative wrt  at zero is positive. We claim

that this is true. To see this, notice that

1
—
dLHS Lial-rp £2 g
=In| —— |, (A.3)
W o ity TP

which, with some algebraic manipulations, can be shown to be strictly positive for any p < 1. Thus, LHS > 2

for all v € (0, 1], establishing RSTL.

Case 1i: o <1 < p. Inequality (A.1) can be simplified as

1—p
11—« 1o 1T-a
(Nraatp) T (BN TS ) T L B
1 - .
2 + 5 <T+ATB+ 1 3
Since % < 0, this holds if
= 3\ 1oe
(/\1"’ - %) o+ (1 +B+ NP+ fi—ﬁ) N -~ g2\ i
3 ><1+>\ ”ﬁ+1_ﬁ) ) (A.4)

1l-a | .
Notice that f(z) = xT=r is convex since

" l—« 11—« l-a_ 4
= —1 1—
) (l—p)<1—p >w T

where we used % < 0 and % — 1 < 0. Thus, by Jensen’s inequality,

iza .\ l=a
(N ) T (BN ) T N R R A £
2 2
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From condition (A.2), we have

)\1—P+1i+1+ﬂ+)\1—ﬁﬁg+£ 52
-8 1-8 1-p
5 <14+X7°p5+ 5
Raising to i’f‘p‘ < 0, gives
3 1177(1 1
MNP 14+ NP3+ 5 7 82 \ T
-8B 1-8 1—p
1 PR
2 > (1+x7s+55)

Substituting in (A.5), we obtain

= 3\ T2

(,\1*P+ %) *+ (1+6+A1*”ﬁ2+1"_—ﬁ) ’ - g2\ 15
2 > (v )

which is precisely the condition for RSTL (A.4).

Lemma A.1.2 Let o < p. Then, preferences are RSTL.

Proof By Lemma A.1.1, the result is immediate when o < 1. Therefore, let > 1 (which, by the statement

of the lemma, requires p > 1).

Rearranging inequality (A.1), we obtain the following condition for RSTL:

l-a l-a
(e es) T (s ) oy B\
7 < (1+>\ pﬁ+m) (A.6)
Moreover, from condition (A.2), we have
Al—P+L+1+B+)\1—P52+LS 2
L 5 — <1+A1‘pﬁ+—£ﬁ.

Notice that f(z) is increasing when o, p > 1 and it is concave when p > «. Then, condition (A.6) follows

by Jensen’s inequality.
We are now ready to prove the main result:

Proof of Proposition 3.3.1 First, suppose p < 1. Let v = —% € (0, +00) so we can rewrite inequality

(A.1) in terms of v and p as

1 1 2
(v + 25) ! (14 8+ 3052+ 25 - (143708 + £

T
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which can be simplified as:

-
1 1
+6) l—— | <2
_ B8 1
()\1 P+ 125 1+A1—pﬁ+1[i2ﬂ +B

The first term in the expression on the left (“LHS”) is convex and decreasing in v, because the term inside

the first brackets is smaller than 1:

1

p<l = —————
A-p 4+ 222

+8<1

The second term is convex and increasing in v because the term inside the second brackets is greater than
1:
1

——5zt
Lial=rpy £7

p<l =
Since the sum of convex functions is convex, it follows that LHS is a convex function of ~.

Evaluating v at the extremes, we obtain:

0
1 1
LHSlW:O = (Alp Je] + B) + 1 + /B = 23
t s LHAI—p Bt £

and

lim LHS = 400 > 2.

y—o0

Moreover, we claim that the derivative of the LHS wrt = at zero is negative. To see this, note that

-1
aLHs| [ e +8
&y |, ! +8 ]’

2
4Al=P B+ 425

which, following some algebraic manipulations, can be shown to be strictly negative.

Thus, there exists 4 > 0 such that LHS > 2 (RATL) if and only if v > 7. But, since v = flff‘; (so that

~ is strictly increasing in «), this establishes that there exists a finite @, 3 > max{1, p} such that we have

RATL if o > @, 3 and RSTL if a < &,,5. This concludes the proof for p < 1.

Now suppose that & > p > 1 (the result is trivial if @ < p from Lemma A.1.2). Let v = % > 1. Then, we
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have RSTL if and only if

(/\1")+%)V+(1+6+A1‘”6"’+%)7 1 g\
5 <<1+>\’pﬂ+1_6) .

Rearrange this condition as

Y

1 ! + (1 +ﬂ> <2 (A7)

2
ez HP 14+ A8+ £

As before, it can be shown that the expression on the left (“LHS”) is a convex function of . Notice that
limy— oo LHS = 400 > 2. Morevoer, LHS|AY=1 < 2 since, with some algebraic manipulations, one can show

that
1 1

+
+B8 1+ Mg+ 2

MNP <l = i
>\1*o+7lfﬁ

+ 6 <2

Thus, there exists 4 > 0 such that LHS > 2 (RATL) if and only if v > 5. The result then follows from the

fact that v is increasing in a.

To conclude the proof, it remains to be shown that lim,\ 0 &,,3,, = +0o0. Both sides of (A.1) are equal to

-8
todat A=11is

i
( L ) ' when A = 1. The derivative of the expression on the right (utility of the safe lottery) with respect

P
(ﬁ) g, (A8)
The derivative of the expression on the left (utility of the risky lottery) with respect to A at A =1 is
FLE <1)1£’" (A.9)
2 \1-5

With some algebraic manipulations, it can be shown that for any 8 € (0,1), the term in (A.8) is lower than

the one in (A.9).

Proof of Proposition 3.3.2. The first claim was proved in the text. For the second claim, it is enough to
show that there is a specific time lottery that will always be preferred to the safe lottery independently of x.
For k <t and payment z, consider the time lottery (0.5, (z,¢ — k) ;0.5, (z,t + k)) € P,. Using the formula
of DPWU, we have

Vorwu (8wn) > Vorwu (0.5, (z,t — k);0.5, (z,t + k))) &

D(t)

Y

7(0.5) D(t — k) + (1 — 7 (0.5)) D(¢t + k)
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Take k =t and recall that D(0) = 1, this holds if and only if
D(k) > 7 (0.5) + (1 — 7 (0.5)) D(2k)

or

D(k) — D(2k) > 7 (0.5) (1 — D(2k)) (A.10)

But D is a decreasing function which is by 0. By the the monotone convergence theorem, lim D(k)—D(2k) =

k— oo

0, while the right hand side of equation (A.10) is bounded below by

7 (0.5) (1 - leIEOD(2k)) >0.m
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A.1.10. RATL with Consumption Smoothing

In this appendix, we consider the choice between safe and risky time lotteries when the decision maker can
freely save and borrow. While the main benchmark is the Discounted Expected Utility model (DEU), we
will consider the more general Epstein-Zin model (EZ) we discuss in Section 3. EZ coincides with DEU

when a = p.

We study a standard consumption-savings model with no liquidity constraints. The decision maker allocates

income between consumption and a riskless asset that pays a constant interest rate r. Let D = ﬁlr >0
denote the market discount rate. In period ¢, the decision maker earns an income W;. Let W = 32 D'W,
denote the net present value of lifetime income (in the absence of the time lottery). For existence, we assume

that 8 < D*~”, which always holds if p > 1.

As in the text, the decision maker faces a choice between a time lottery that pays $x in period ¢t with
certainty (“safe lottery”) and a lottery that pays $z at either t — 1 or ¢ + 1 with equal probabilities (“risky
lottery”). We will determine the qualitative and quantitative ability of this model to reconcile a preference
for the safe lottery. Our qualitative result states that the safe lottery is preferred if people are sufficiently
risk averse and, moreover, as the prize decreases, the amount of risk aversion needed to make someone prefer

the safe lottery goes to infinity. More precisely:

Proposition A.1.3 There exists a unique &z ,p,yv > 1 such that the safe time lottery is preferred if and

only if & > &z, p,w. Moreover, limg\ 0 e, 0w = +00.

Proof It is helpful to consider the utility of deterministic streams of payments first. With deterministic

incomes, the optimal consumption solves the following program:

1
maxc,y [(1—-B) 352, BC "] T7
subject to Y. D'Cy =W

A variational argument establishes the following necessary optimality condition:

ct:w(l—D”%ﬁ%) (g)‘t’. (A.11)

Therefore, the utility from a deterministic stream of payments with net present value W is

V(W)

{(1 ~B Lz (W(1-Drpr) (g)ﬁ)l”}li”
W(l —Dl—%gi) {(1 —B) [Z:io (%)%]}fp
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Notice that this expression is finite if and only if 8 < D'~*, which we assumed to be the case.

Recall that the safe time lottery pays x in period ¢ and the risky lottery that pays = at either t — 1 or ¢t + 1.
By dynamic consistency, the choice between these lotteries does not depend on t. For notational simplicity,

we therefore set ¢ = 2. The utility from the safe lottery is
-pP
1-8

N
L= (5t)”

VW + Dz) = (W + DA) (1 B leigi)

The utility from the risky lottery is

{ VOV +2)]' "% + [VOV + D)™ }1-@
2

_1
1—p

—(1-D"¥ps 1-5 .
( ) 17(Dlﬁfp);

Comparing these two expressions, it follows that the risky lottery is preferred if and only if

2

_1
(Mw+xf‘“+(M/+lﬂxY“]la

W +2)' ™ + (W + D)™
2

11—«
] >W + Da. (A.12)

Notice that this condition relies only on risk aversion, not on the elasticity of intertemporal substitution.
That is, disentangling IES from risk aversion clarifies that only risk aversion matters for the choice between

the safe and the risky time lottery.

First, we claim that the risky lottery is always preferred when oo < 1. To see this, rewrite condition (A.12)

3 2 3
W+z n W+ Dz > 9.
W+ Dz W+ Dx

where £ =1 — a € [0,1]. The expression on the left is a convex function of €. The result then follows from

as

the fact that, at £ = 0, the inequality holds and that the expression on the left is increasing. Evaluating the

expression on the left at £ = 0, gives
Wz \° W+ D%z’
_— _ =2. A.13
<W+Dm> +(W+Dm (A-13)
The derivative of the expression on the left at £ = 0 equals

In

(W + Dz)?

(W + ) (W+D2x)] -

where the inequality follows from standard algebraic manipulations.
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Next, let o > 1 and rewrite condition (A.12) as

W+ Dx w+ W+ Dz \¥ <9

W+ W+ D2z ) —7
where ¥ = o — 1 > 0. We claim that there exists a unique interior cutoff such that the inequality holds
if and only if ¥ lies below this cutoff. Notice that the expression on the left is again a convex function ).

Moreover, it equals 2 at 1) = 0 and it converges to 400 as & — oo. It suffices to show that the derivative at

zero is negative. The derivative of the expression on the left ¢ = 0 is

In ( W J(ryy\c})tvlv) ?21921;)) ’

which can be shown to be negative.

To show that limy 0 @z, p,)w = +00, notice that, at x = 0, both sides of (A.13) equal 2. Moreover, tedious
algebra establishes that the derivative of the the expression on the left of (A.13) with respect to x evaluated

at 0 is negative.

Next, we turn to the quantitative ability of this model to generate a preference for the safe time lottery.
Since the condition for the safe lottery to be chosen depends on the risk aversion parameter but not on the

elasticity of intertemporal substitution, all results also hold for DEU.

Rationalizing a preference for the safe lottery requires either unreasonably high levels of risk aversion or
unreasonably low lifetime incomes. For example, with D = 0.9 and = 10 and a net present value of
lifetime income of one million dollars, a person would only prefer the safe lottery if the prize exceeded

$123,500!

Figure A.1.10 shows that this is a general pattern. It represents, for each lifetime income (horizontal axis),
the prize that would make the individual indifferent between the risky and the safe time lotteries. The risky
lottery is preferred if the prize lies below the depicted line, and the safe lottery is preferred if it lies above
it. For a = 5, the risky lottery is preferred as long as the prize does not exceed 27.7% of the total lifetime
income (W). For o = 10, the risky lottery is chosen as long as the prize does not exceed 12.3% of W. Even

for a = 25, a high risk aversion coefficient, the risky lottery is chosen for any prize below 4.6% of W.

Thus, for moderate prizes (including any of the ones in our experiments) and reasonable risk aversion

parameters, EZ with smoothing predicts a preference for the risky lottery.
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Appendix Figure 1. Indifference regions for risk

%108
3 T T T T T T T
a=5
a=10
a=15
25 =20 -1
2 _
N
Nis5 .
o
1k _
05 - -
0 | | | | | | |
0 1 2 3 4 5 6 7 10
Total Lifetime Income %108

Notes. Regions of indifference between the safe and the risky time lotteries, with total lifetime incomes
W on the horizontal axis and prizes x on the vertical axis, for different coefficients of relative risk aversion
a (and discount parameter D = .9). The risky lottery is preferred at points below the line, and the safe

lottery is preferred at points above it.
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A.1.11. Additional Experimental Analysis

Table 31: Proportion of RATL subjects

Sample No Cert. Bias (12-13) No Cert. Bias (12-14)
Treatment Long  Short Long Short
Question 1 67.50  55.00 62.50 54.17
Majority in Q1-5 68.75* 50.00 63.89 47.22

MPL in Q10 47.50  51.90 45.83  50.00

MPL in Q11 54.43  48.10 56.94 48.61
Observations 80 80 72 72

Notes. Same as Table 28, including certainty bias measure from Questions 12 and 14 (see footnote 111).

Table 32: Probit Regressions: RATL and Atemporal Risk Aversion

Dep. Var.  RATL Q.1 RATL Majority Q.1-5
Treatment Long Short Long Short
(Probit) (1) (2) (3) (4) (5) (6) (7) (8)
Cert. Bias -.19 .18 =21 12
(-1.56) (1.20) (-1.71) (0.82)
Convexity 3.73" -4.17 -.39 -10.60**"
(1.68) (-1.25) (-0.19) (-2.83)
Constant .22 407" .25% .19 417 3T .15 .01
(1.35)  (2.93) (1.67) (141) (2.50) (2.75)  (1.02) (.09)
Pseudo-R? .02 .02 .01 .01 .01 .03 .07 .01
Obs. 101 95 88 88 101 95 88 88

Notes. Same as Table 29. Each regression excludes one dependent variable.
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Table 33: Probit Regressions: RATL and Convexity and Certainty Bias

Dep. Var. RATL Q.10 RATL Q.11
Treatment  Long Short Long Short
(Probit) (1) (2) (3) (4) (5) (6) (7) (8)
Convexity  3.63* -1.59 1.13 -7.59**

(1.73) (-2.83) (-0.53) (-2.20)
Cert. Bias -.06 455 .19* 18

(-0.52) (2.84) (1.71) (1.23)

Constant -.29* -11 13 13 12 .24* 12 A8

(-1.79) (-.88)  (.88) (.92) (0.75) (1.80) (.81) (1.23)
Pseudo-R? .02 .01 .01 .07 .01 .02 .04 .01
Obs. 101 95 87 87 101 95 87 87

Notes. Same as Table 29. Each regression excludes one dependent variable.

A.1.12. Chapter 8 Question Example

The following is an example of the questionnaire used in the experiment, in the Short treatment, followed

by the instructions used in the experiment. For a full set of questionnaires, please contact the author.

A.1.13. Questionnaire Part 1

QUESTIONNAIRE — PART 1

Please indicate your lab id: _________

Please answer each of the following questions by checking the box of the preferred option.

If the question is selected for payment, you will get the payment specified above the question,

with a payment date based on your choice and, in some cases, on chance.
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Question 1

Payment: $20. Payment date:

Option A Option B

75% chance of 1 week
2 weeks O | O

25% chance of 5 weeks

Question 2

Payment: $15. Payment date:

Option A Option B

50% chance of 1 week
3 weeks O | O

50% chance of 5 weeks
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