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over Effort and Money *
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November 12, 2023

Abstract

We design and implement the first real-effort experiment that can jointly
estimate present bias (p) and sophistication (E), with separate preference param-
eters for money (B, Bn) and effort (B, B.). In our study, participants chose to
(and predicted to) complete 14% (and 10%) fewer tasks on the same day than
on a future day, leading to an estimated B, between 0.70 and .79 (and Be be-
tween 0.80 and .88). Participants chose to (and predicted to) complete 2% (and
2%) tewer tasks when the payment happened on the same day than on a fu-
ture date, implying insignificant present bias or sophistication over money. At
the individual-level, estimates of B, and Be are highly correlated but that of
Bm and Bm are uncorrelated. We explain and illustrate how assuming iden-
tical preferences for money and effort, biases the estimates of key preference

parameters.
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1 Introduction

Present bias, the desire for immediate gratification, often jeopardizes our long-term
goals. Individuals who anticipate their present-bias, sometimes plan around it by
self-imposing stringent deadlines for their own work (Ariely and Wertenbroch,
2002), investing in illiquid savings products (Ashraf et al., 2006), choosing domi-
nated contracts that offer a bonus wage only when they achieve a high productiv-
ity threshold (Kaur et al., 2015), or by investing in commitment devices that help
abstain from harmful habits (Schilbach, 2019).! Thus, the consumption decisions
made by present biased individuals depend on the extent of their present bias, as
well as their ability to anticipate their own present bias (Phelps and Pollak, 1968).

This paper proposes and implements a novel experimental design that can
jointly estimate discounting, present bias, and the ability to anticipate present bias
at the individual level. Following O’Donoghue and Rabin (1999, 2001), we call
the ability to anticipate present bias as sophistication. In our three-day experiment,
participants choose the number of time-dated real-effort tasks that they want to
complete for different wages on the current day and on future days. Moreover,
we also ask participants to predict the number of tasks that their future selves will
choose to complete in the future, and we use these predictions to estimate their
sophistication.

Three design features separate this study from other time-preference experi-
ments. First, while most of the existing elicitation literature focuses on estimating
only present bias using Convex Time Budgets (Andreoni and Sprenger, 2012; Au-
genblick et al., 2015; Andersen et al., 2008; Halevy, 2015) or “money earlier versus
money later" binary choices (Andersen et al., 2008; Halevy, 2015), we use an effort-
choice and prediction paradigm (Augenblick and Rabin, 2019) to estimate both
present bias and sophistication.

Second, contrary to Augenblick and Rabin (2019), we need not presume that
participants have identical present bias over effort and money. We vary if the time-

dated work had to be completed on the same day or not, and if it was paid for on

Relatedly, Toussaert (2018) shows that experimental participants who anticipate self-control
costs as in Gul and Pesendorfer (2001), may commit to a smaller choice set even when they expect
to resist temptation.



the same day or not. This double-variation (which separates our design from Au-
genblick and Rabin, 2019) allows us to estimate the present bias and sophistication
over real-effort and money domains separately. Thus, if present bias is dispropor-
tionately higher for time-dated effort than for time-dated money as hypothesized
by a recent theoretical and experimental literature (see Section 2.1), then our iden-
tification strategy would not conflate them together and instead lead to more pre-
cise estimates of preferences. In Section 3.1, we explain and hypothesize how a
misspecified model that wrongly assumes identical present bias under effort and
money would bias the preference parameters estimated in studies like ours. Our
data confirms our hypotheses.

Finally, we introduce a novel incentive structure under which the marginal cost
of effort increases quicker than in other comparable real-effort experiments. Con-
ceptually, this guarantees that the net utility is more concave in effort and thus fur-
ther aligns the choice scenario with the canonical identification assumption that the
observed choices are the interior maxima of a participant’s concave utility maximiza-
tion problem. Empirically, this also makes it less appealing to choose the highest
amount of effort possible and thus decreases the number of corner solutions cho-
sen by participants. For example, our data contains only 38% corner choices, as
compared to 70% corner choices observed under the popular Convex Time Budget
method implemented in Andreoni and Sprenger (2012).

We present non-parametric results as well as results from a structural analysis
in Section 4. Our non-parametric analysis provides significant evidence for present
bias over the effort domain, but much weaker evidence for present bias over the
money domain: Controlling for the distance between the payment and effort dates,
participants allocate on average 4.17 (14%) more real-effort tasks to future work-
days than to the present, and allocate 0.5 (2%) fewer real-effort tasks when the task-
payment occurs in the future rather than in the present. Only the former effect is
statistically significant. When predicting their own future decisions, participants
believe that they will allocate 3.09 (instead of 4.17) more real effort tasks to future
workdays, showing statistically significant evidence of partial sophistication over
effort.

For our structural analysis, we use the quasi-hyperbolic discounting model



(Phelps and Pollak, 1968; Laibson, 1997) due to its simplicity and tractability.2 Un-
der this model, the relative discounting between the present utility and the next
day’s utility is B, where ¢ is the discounting between any two consecutive future
days, and B < 11is a present bias parameter that ensures that the relative discount-
ing between two consecutive periods is sharpest between the present and the next
day. The smaller is 3, the higher the discrepancy between immediate and long-run
discounting, and the higher the extent of present bias. Sophistication is measured
as the point belief B that individuals hold about their future self’s present bias
parameter. Across three different specifications, on the aggregate level, we struc-
turally estimate a present bias for effort between .70 and .79, and a present bias for
money between .95 and 1.09. Irrespective of the specification, the present bias over
effort is consistently and significantly different from 1, whereas the present bias
over money is never significantly different from 1.

Consistent with previous studies (Andreoni and Sprenger, 2012; Andreoni et al.,
2015; Augenblick et al., 2015), we observe little present bias in the money domain
but significantly more present bias in the effort domain. These results validate
our identification strategy of allowing different present biases over the effort and
money domains.

The aggregate-level structural estimates also show that participants are at least
partially aware of their present bias in the effort domain. The point estimate of
Be is between 0.80 and .88 across specifications and lies between B, and 1 for the
corresponding specification.

We re-estimate our data under the restrictive assumption of identical money
and effort preferences. This counterfactual exercise confirms our hypotheses (Sec-
tion 3.1) about how this specification biases the estimates of preference parameters.
For example, we find that MLE tries to fit this misspecified model to the data by
estimating a 8 and Ethat are mutually closer to each other (and smaller in magni-
tude) than under our other specifications, thus overestimating relative sophistica-
tion.

The individual-level structural estimates show that over 67 percent of the par-

2See Chakraborty (2021) for a detailed discussion of the many ways present-biased preferences

can be modeled.



ticipants are present-biased over effort, while only 48 percent of the participants
are present-biased over money. The structural estimates confirm that the present
bias over effort and present bias over money are strongly and positively corre-
lated, as also observed in our non-parametric analysis. This is also consistent with
Cheung et al. (2022), who find a correlation between present bias over money and
present bias over food.

The correlation between the individual-level estimates of S, and Be are also
highly correlated (coefficient = 0.96, p <.001) and much higher than the range 0.24-
0.28 reported in Augenblick and Rabin (2019). The lack of significant correlation
between § and 8 in Augenblick and Rabin (2019) could be partly explained by the
lack of significant correlation between 8, and Bm (coefficient = -0.06, p = .58) that
would have been conflated in Augenblick and Rabin (2019)’s analysis.

We run our design over three consecutive days as a proof of concept of our
identification method, even though our study can be easily extended to multiple
days or weeks. Three-day studies like ours are less expensive to run, less vulner-
able to attrition, and can be easily replicated by applied researchers who intend
to elicit present bias and sophistication as explanatory variables that can further
explain choices related to savings behavior, illiquid investments, purchase of gym
memberships or health insurance, goal-setting at work, personality traits, later life
outcomes, etc.

The remainder of the paper is structured as follows. Section 2 describes the ex-
perimental design. Section 3 introduces the model and explains the identification

strategy. Section 4 presents our results. Section 5 concludes.

2 Experimental Design

2.1 Overview: Identifying Present bias from choices

In any economic model, discounting is generally applied to dated utility defined
over dated consumption. Thus, the trade-off between dated rewards observed by
an analyst can reveal present bias only if those dated rewards correspond appro-
priately with dated utilities. Real-effort experiments including the current study

use two (mutually linked) dated rewards: effort and money.
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There are two reasons why dated effort (compared to dated money) might
link differently with dated utility: First, while experimenters can enforce that the
time-dated effort is fully exerted (consumed) at the pre-determined date, they can-
not enforce that the time-dated monetary payment is fully consumed on the pre-
determined date. Thus, dated effort shares a closer link with the consumption and
utility on that date.® Second, as Coller and Williams (1999); Cubitt and Read (2007)
argue, choices over time-dated payments are more likely to be influenced by fac-
tors extraneous to time preferences, for example, by the arbitrage opportunities
offered by the interest rates that exist outside of the experimental environment.*
Overall, unless one assumes a consume-on-receipt model where monetary payments
produce immediate one-for-one consumption at the date of receipt, one should ex-
pect that preferences over time-dated money would be different from preferences
over time-dated effort (Cohen et al., 2020).5 In this case, presuming their equality
would conflate their effects and lead to a misspecified identification exercise.

Instead, we jointly estimate these parameters separately for effort and money.
To achieve this we ask participants to work over three days, and experimentally
vary the time to effort and the time to payment (see section 2.2.2 for details). For a
tixed delay to payment, we compare same-day and future-day work allocations to
identify present bias over effort. For a fixed delay to effort, we compare work al-
locations under same-day payment versus future-day payment to identify present
bias over money. The study that is most closely related to this paper is Augenblick
and Rabin (2019), which also elicits present bias and sophistication, but does not

have this dual variation in effort/ payment delay and instead assumes identical

3A related criticism applies to both time-dated money and effort, and almost all experimen-
tal studies of intertemporal choice. Under a life-cycle model, a particular payment/effort should
change the marginal consumption/effort on all dates and not just on the date of implementation.
This means that a reward can also influence the utility experienced before or after the reward, thus
weakening the link between dated reward and dated utility.

4For a counter-argument, see Andreoni et al. (2018) who test for arbitrage over dated money
payments directly in their experiment and find no evidence for it, thus supporting money as a valid
reward medium to measure discounting.

>Consistent with this interpretation, Augenblick et al. (2015) find evidence of present bias only
in the effort domain, but not in the money domain, when they measure time preferences for the
same individual in both domains.



discounting over effort and money.®

Finally, to identify preference parameters from the experimental data, we use
a structural estimation. For such an exercise, one has to interpret the observed
choices being generated from the interior optima of an individual’s utility maxi-
mization exercise. To minimize the frequency of corner observations that can vio-
late this identification condition, we introduce a novel incentive scheme (see sub-
section 2.2.1) that disincentivizes corner choices by ensuring an increasing marginal

cost of effort.

2.2 Experimental Task and Decisions

Each session lasted three days over which participants chose (and predicted) the
number of time-dated real-effort tasks that they wanted to complete for different
wages on the current day and on future days. Over the three study days, partici-

pants saw 9 decision screens similar to the one shown in Figure 1.

2! 13

1 penny per job / 3 Jobs: 6 tasks for 3 pennies total.

3 pence per job / 5 Jobs: 15 tasks for 15 pennies total.
@

5 pence per job / 9 Jobs: 45 tasks for 45 pennies total.

7 pence per job [ 11 Jobs: 66 tasks for 77 pennies total.

9 pence per job [ 13 Jobs: 91 tasks for 117 pennies total.

Figure 1: Decision screen for choosing jobs (and tasks) at 5 wages. The screen also
specified when the task had to be completed.

On each of the 9 screens, participants saw 5 different wages or piece rates (1p,

6See equation (1) in Augenblick and Rabin (2019) where their utility model assumes (and es-
timates) a common S for money or effort. Compare this to our model in Section 3 that assumes
different B for money or effort. To the best of our knowledge, Augenblick and Rabin (2019) is the
only other paper that directly elicits sophistication as defined in O’Donoghue and Rabin (1999).
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3p, 5p, 7p, and 9p) and had to choose the number of time-dated “jobs” (between 3
and 13) that they wanted to complete (on 6 choice screens) or predicted that their
future selves would choose to complete (on 3 prediction screens) at that wage and
on that date.” Jobs translated into real-effort tasks at non-linear rate: Jjobs required
completing J(J + 1) /2 real-effort transcription tasks (just tasks, henceforth). For
example, ] = 3 jobs required completing 3(3 + 1) /2 = 6 tasks, ] = 5 jobs required
completing 5(5+ 1) /2 = 15 tasks, and | = 13 jobs required completing 13(13 +
1)/2 = 91 tasks.

As illustrated by Figure 2, a (transcription) task consisted of typing a sequence
of characters into an empty box. If the characters were not typed correctly, an error

message appeared and the participant had to retype the characters again.

ytryH9?W]!gzN\

Figure 2: Example of a transcription task. Completing ] jobs meant finishing J(J +
1) /2 such transcription tasks for a total payment of Jp

2.21 Increasing marginal cost of jobs

Participants were paid the wage or piece rate based on the number of jobs completed.
Thus, though every job offered the same marginal benefit of p, the J-th job required
completing J(J+1)/2 — (J —1)]/2 = ] additional real-effort tasks on the margin.
Thus, subjects have to work more and longer to complete each subsequent job.®
This further aligns the job choice with the canonical assumption of the cost being
convex and the net utility being concave in jobs.

Such a feature should theoretically decrease the frequency of corner solutions,
i.e. fewer participants should choose either the minimum or the maximum amount
of tasks to complete. The reduction of corner choices makes it easier to estimate

structural parameters based on the assumption of internal optima. The mapping

’This means that participants made 5 x 9 = 45 decisions in total.
8For comparison, in Augenblick and Rabin (2019) and Chakraborty and Fenig (2022) the total
earnings increase proportionally with effort.



from jobs to tasks was explained in advance, as well as transparently presented to

the participants on every decision screen (see Figure 1).

2.2.2 All choices and predictions

Table 1 summarizes all the decisions made by participants by date. J;(w) denotes
the decisions made on day ¢ about the number of jobs to complete on day T at the
wage w. On day 1 participants decided the number of jobs to complete on days 1,
2, and 3, denoted by J11(w), J12(w) and J13(w), respectively. On day 2, they decided
the number of jobs to complete on days 2 and 3, i.e. Jx(w) and Jo3(w), respectively.
On day 3, they decided how many jobs to complete on day 3, denoted by J33(w).
JF.(w) denotes the prediction of the decision Jir(w) to be made on day t about the
number of jobs to be done on day 7. Participants faced 3 prediction screens. On
day 1, they predicted J»»(w) and Jo3(w), i.e, the number of jobs that their day 2 self
will choose on day 2 to complete on day 2 and day 3. And, on day 2, they predicted
J33(w), the number of jobs that their day 3 selves will choose on day 3 to complete

on day 3.
Table 1: Decisions by date
Work date (7)
1 2 3
1| Ju(w) Jia(w), Jhw)  Jiz(w), I (w)
Decision date (t) 2 Joo(w) Joz(w), ]53(10)
3 J33(w)

Jtr(w) denotes the decision made on date t about the number of jobs to do on date 7. J/.(w)
denotes the prediction about Jir(w). w € {1,3,5,7,9} denotes the wage rate.

On each day 7, one decision was randomly chosen from the pool of decisions
made for that day, and participants had to complete the corresponding number
of jobs for the corresponding wage. As an example, on day 3 one decision was
randomly drawn from a pool of 15 decisions: decisions Ji3, J23, and J33, each of

them made for 5 different wages.



2.3 Sessions

The sessions were run online in November 2021 and May 2022 with participants
recruited from Prolific, an online participant recruitment platform. In November,
the median length of the experiment was 30 minutes on the first day, 15 minutes
on the second day, and 9 minutes on the third day. In May, the median length was

27 minutes, 12 minutes, and 12 minutes, respectively.

2.4 Payments

All payments were made within the evening of the third day after the survey was
over.” There were four sources of payment for each participant. First, participants
received a participation fee for each day they participated in the study (£2, £1 and
£1, respectively). On the first day, the participation fee was higher than on the
other two days as participants spent more time reading instructions, completing
mandatory tasks for training, and making more decisions. Second, participants
received a bonus of £5 if they completed all three days of the experiment. This
completion fee offered was relatively high to minimize attrition.

Third, on each day participants completed tasks and were paid according to
one randomly chosen decision out of the decisions they made about that day. To
calculate this payment, the randomly drawn wage rate is multiplied by the number
of jobs chosen and completed for that decision. On each day, the payment can
range from 3p (1p x 3 jobs) to 117p (9p x 13 jobs).

Finally, participants could receive a fourth payment of 20p if one of their pre-
dictions (randomly chosen from the 15 predictions that participants made) differed
by no more than two jobs from their actual decision.

Incentives for prediction: If the accuracy bonus for prediction is large, suf-
ticiently sophisticated subjects can use the prediction tasks as a commitment de-
vice, as the bonus received from matching a previously-made prediction could
incentivize their future selves to work harder than they would under just wage

incentives. On the other hand, without any incentives, participants might not be

9 After verifying a new participant’s credentials and the first four cash outs, Prolific allows par-
ticipants to instantly cash out their payments from all future studies. We received zero complaints
about the payments not going through on time.

10



thoughtful about their prediction choices at all. As a compromise, we provided a
very small accuracy bonus. Subjects completed fifteen prediction tasks at different
wages and were paid at most 20p for one randomly chosen task: on average, every
accurate prediction task only paid 1.33p. A strong argument in favor of incen-
tivizing predictions also comes from Augenblick and Rabin (2019), who randomly
assigned accuracy bonuses between $0.25 and $8.25 to identify if higher accuracy
payments affected predictions or future decisions, and found no such evidence.

When participants made their actual decisions, we deliberately did not remind
them of their predictions to avoid priming them into being consistent. To make
sure that participants understood all the sources of payment, we quizzed them
about the experiment’s payment structure.

On the three survey days, participants earned 35p, 35p, and 32p on average for
completing their chosen number of transcription tasks, respectively. Around 87%
of all predictions were accurate within 2 jobs, and hence qualified for 20p reward

if chosen for payment.

3 Model and Identification Strategy

The experimental design described in Section 2 allows us to estimate the present
bias parameters over effort (8.) and money (8,,), and the sophistication parameters
over effort (33) and money (Em). To estimate these parameters, we (implicitly) ask
participants to trade off the "benefits of completing jobs" (i.e. the money Jw) and
the costs (i.e. the effort that must be exerted).

We assume that on decision day t;, participants choose their optimal effort J*
for day t, > t; on the experimental task with piece-rate w based on the following

utility optimization exercise:

J* =argmax "8 i %ﬁf“f””éff—fdc(hui +1)/2). (1)

The indicator 1(3 > t;) denotes whether the payment day (day 3) is later than
the decision day. Similarly, 1(¢, > t;) indicates whether the decisions are being

made about working in the future, and (f, — ;) measures the distance between

11



the effort date and the decision date. 1 is required as the benefits of exerting effort
are measured in a different unit from the costs.

A slight variation of equation 1 also describes how a participant comes up with
her predictions. In this variation, B, is replaced with B, and B, is replaced with
.

In equation (1), the first term is the benefit of completing more jobs and the
second term is its cost. The benefits are linearly increasing in jobs |, and hence the
solution to equation (1) is interior only when the cost of effort is convex. The linear-
ity in money and convexity of effort cost are standard identification assumptions
used extensively in previous studies (Andreoni and Sprenger, 2012; Augenblick
et al., 2015; Augenblick and Rabin, 2019). Further, these together guarantee that
the net utility is concave in effort, which is necessary for an interior maximum.

By paying for jobs that convert to tasks (the unit of effort) through a con-
vex transformation, we make it more likely that the subjects indeed face an in-
creasing marginal cost of completing more jobs, and equivalently, the marginal
utility of jobs is decreasing. For example, assuming a power function we get:
c(]) = M, where y determines the convexity of the cost function. Even
if transcription tasks require a constant marginal cost of effort and time (y = 1),
the cost function is still convex in J.

Overall, as long as c(-) is convex in ], the problem in equation (1) is strictly

concave and has a unique solution.

1(3>t4) —t, -1
(ﬁm wys® f) _ <I(1+1>)7 (21+1) o o

‘Bgl(f>td) 2 2

As before, to get the equivalent condition for predictions, B, is replaced with
er and B, is replaced with Be. To estimate the parameters of the model, i.e. 8 =
(Be, Ee, B, ,er 0,19, 7v), we use the maximum likelihood estimator (MLE) over both

choice and prediction data.
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Our estimate, Oy g, is defined as

N
OmMmLE = arg max Z InL;(6), where
i=1

€0\ TN 2
In£;(0) = —Ino — 0.5In27 — 0.5 (W) : 3)

N denotes the number of data points and [*(6) — J; = ¢; is the error term, which
is assumed to follow a standard distribution with standard deviation ¢. Any com-
bination of preference parameters in (2) implies a unique J;. MLE finds the set of

parameters that maximizes the likelihood of observing the collected data.

3.1 How conflated estimates might be biased:

Suppose, the observed choice and prediction data is generated under true prefer-
ences of 1 = B; = Bm > Pe > PBe and some & < 1, as previously suggested in
the literature (and later confirmed by our data), but the analyst assumes S, = B,
and 3;1 — B, How would that restricted model change or bias the estimates the
analyst would obtain?

We start with the true parameters 1 = ,g;q = Bm > ﬁAe > B, and intuitively argue
how the MLE would re-adjust those values when estimating a restricted model.
First, fix the decisions where both the effort and payment are in the future. In this
case, the first term of the structural equation (2) has a %—T expression in it. When
the restricted model enforces B,, = B, the %—’: expression decreases to 1, and the
MLE would try to compensate for that by increasing the & in the numerator.!! The
change need not be one-to-one, but this would be the qualitative direction of the
change. Further, for a fixed original %—’:, the smaller the time delay D between effort
and payment (D = 3 — t, days here), the more J has to increase to compensate for
%—’:. For example, if § increases by a factor of 1.03 under D = 7, it would have to

increase by a factor of (1.03)” = 1.23 under a smaller D = 1. Thus, in a 3-day

19We assume that similar to our data, this dataset has adequate variation in the delay to effort
and the delay to payment.

"The value of ¢ is pinned by the decisions where both the payment and effort are immediate.
For these, neither  nor ¢ play any role.

13



design like ours, where D is small, the effect of misspecification on the upwards
bias of  will be especially prominent.

Next, fix decisions where the payment is in the future and the effort is immediate.
In equation (2), the B disappears from the denominator and only appears on the
numerator. To compensate for the higher § in the numerator as discussed by the
previous point, the common S has to be low (and thus resemble j,) rather be high
(i.e., resemble B,).

Finally, given the assumption on the data-generating process, predictions made
about choices with future payments would be accurate as B, = E;, whereas those
made about choices with future effort would fall short of reality as B, < Be. As,
the conflated g and 3 would have to account for both these effects, the relative

sophistication would be higher than that for effort.

4 Results

4.1 Monotonicity and Corner Choices

Before our core analysis, we check for internal consistency in the data through
the frequency of monotonicity violations with respect to money and time delay
(Chakraborty et al., 2017).

Wage Monotonicity: For the data to be consistent with any rational model of
choice, participants should decide to complete more jobs for higher wages. As
described in Section 2, on each of the 9 decision screens, participants choose (or
predict) the number of real-effort tasks to complete at 5 different wage rates for
a fixed work-date T and decision-date t. Wage-monotonicity (weak) is violated if
for some fixed decision-screen (t, T), participants choose to (or predict to) complete
strictly fewer jobs for a higher wage rate, i.e, Jir(w) < Jir(w') when w > w'. For
each of the 108 participants who completed all 3 days of the study, we measured
the number of decision screens with wage-monotonicity violations. As shown in
Table 2, the majority of participants do not exhibit any wage-monotonicity viola-
tions. The number of participants violating strict wage-monotonicity on more than

one out of the 9 decision screens is about 16 percent of the sample.

14



Number screens where monotonicity is violated
o 1 2 3 4 5 6 7 8 9 Total

Number of participants 58 33 5 1 2 2 4 1 1 1 108

Table 2: Frequency of monotonicity violations (incorrect in brackets)

Time Monotonicity: One can also check for time-monotonicity (with respect to
effort date), which is violated if, for a fixed wage rate and decision date, a partici-
pant decided to or predicted to work less on a later day 7 + 1 than an earlier day 7,
i.e, Jir(w) < Jyz41)(w). There are 20 such pairwise comparisons'? per individual
and we find only 15.37% cases with violations.

A second violation of time-monotonicity (with respect to pay date) happens
when Jiz(w) > J(441)(z41)(w), as the payment period is closer to the decision day
on the right-hand side, whereas, the effort period is equidistant (T — ¢ days) from
the decision day on both sides. There are 15 such pair-wise comparisons per par-

ticipant, and we find 28.83% cases with violations.

Corner choices: Out of all 4,860 choices made by the 108 participants, 1,207 choices
(24.8 percent) are at the lower corner as participants chose the minimum number
of jobs to complete, and 644 choices (13.3 percent) are at the upper corner as par-
ticipants chose the maximum number of jobs to complete. For comparison, we
get significantly fewer corner choices than the CTB method as implemented by

Andreoni and Sprenger (2012) (70% corner choices ).

4.2 Selection

Out of the 137 participants who completed the first day of the study, 108 responded
to all the questions on 3 days. Out of these 108 participants, 7 participants have
no variation in any of the 9 screens, leaving us with 101 participants on whom we
can run a regression meaningfully. Out of these 101 participants, we also remove
the participants who ranked in the top 10% of "most frequent violators" in each

category of wage monotonicity, time-monotonicity with respect to effort date, and

120ne can create more comparisons using transitivity, by also comparing T + 2 to 7, but that

runs into double-accounting of violations.
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time-monotonicity with respect to pay date. Our final data consists of 80 (out of
108) participants.

To remain consistent throughout our results, all the tables or graphs that follow
use the data from all these 80 participants. In Appendix 6.1, we re-estimate our
main aggregate structural results while only dropping the participants who were
in the top 5% of violations in any of the three categories listed above, and we get

very similar results with that sample of 90 participants.

4.3 Nonparametric Analysis

We start by showing the change in the participants’ effort choices with respect to all
the experimental variations. Following Augenblick and Rabin (2019), we employ
the following specification at the aggregate level,

_ future future e predict , predict e future future m predict, predict m
eij =¢Po + P 1,',]' + ¢e 11',]' + P 11‘,]' + ¢m 11',]' (4)

where ¢;; is the number of jobs (or tasks) chosen by individual i at choice j. The
regression controls for standard impatience or discounting through (3 — ¢,), the
relative distance between the payment date and the effort date.'®> To allow for dif-
terent base levels of efforts chosen by different individuals, we include participant-
level fixed effect terms y; as dummy variables. We also control for the wage rate
w -

pfuture js multiplied with the indicator that takes a value of 1 only if the obser-

future measures the additional num-

vation was an effort choice for a future date: ¢
ber of jobs that participants want to complete in the future, as compared to the
present.'* If pfutire is close to zero, an individual is not present biased, as the cho-
sen effort levels are independent of the timing of the task. The larger is ¢f""¢ > 0,

the more an individual is present-biased (smaller .), as, ceteris paribus, she would

rather work more in the future than in the present. Thus, —¢f*""" provides a mea-
sure of (and is conceptually rank-correlated with) Be- Similarly, —¢% redict provides

13Equation 2 shows why long-run discounting only affects effort choice through (3 — t,).
4Note that this interpretation is possible as we already control for standard discounting.
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a measure of Ee, the sophistication over effort.

Similarly, ¢t is multiplied with an indicator that takes a value of 1 only if

the payment day was the future. The lower B,, is, the lower (and negative) gfuture

should be. Thus ¢ provides a measure of (and is conceptually rank-correlated

. .. dict . C e
with) B,,. Similarly, ¢, provides a measure of sophistication over money.

4.3.1 Aggregate Analysis

Table 3 shows non-parametric measures of present bias and sophistication over the
effort and money domains. As our dependent variable, we use both the number of
jobs chosen, which is directly related to the payment (wage) that participants earn,

and the number of real-effort tasks.

Table 3: Nonparametric estimates of present bias and sophistication at the aggre-
gate level

Jobs Tasks

Panel A: Effort domain
0.52%**  4.17***

future
¢ (0.13)  (1.11)
predict 0.33**  3.09**
¢ (0.15)  (1.32)
Panel B: Money domain
future -0.05  -0.52
" (0.16) (1.34)
predict -0.07 -0.56
m

0.14)  (1.21)

Panel C: Other coefficients
0.42%**  3.27%**

P 0.01)  (0.09)
012 123

¢s 0.08)  (0.73)

N 80 80

Fixed effects regression estimates of Equation (4). *** p < 0.01; ** p < 0.05; * p < 0.1. The
dependent variables are the number of Jobs or Tasks chosen.

Participants choose .52 more jobs or 4.17 more transcription tasks (which trans-

lates to 14% more tasks'®) to be completed in the future than in the present, but

I5The percentage is calculated by dividing the raw number by 29.39, the average number of

tasks participants completed.
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believe that this effect would be smaller (.33 jobs or 3.09 tasks), which is evidence

dict . . L.
fre " is not statisti-

of partial sophistication. The difference between ¢fut'™ and ¢,
cally significant. We do not observe a statistically significant degree of present bias
in the money domain. Participants choose .05 fewer jobs or 0.52 fewer transcrip-
tion tasks (which translates to 1% fewer tasks) when they are paid on the same day
than when they are paid in the future. Neither of the quantities is significantly dif-
ferent from zero. This result is consistent with findings by Andreoni and Sprenger
(2012) and Augenblick et al. (2015), who do not find evidence of present bias over

money. We also do not find a significant degree of sophistication over money.

4.3.2 Individual Analysis

To derive non-parametric measures of present bias and sophistication for each par-
ticipant, we use the regression in Equation (4) at the individual level for all 80 par-
ticipants. Below, we only report the results using the number of jobs, as the results
are qualitatively identical if we used the number of tasks instead.

Figure 3 shows the histogram of nonparametric estimates of present bias and
sophistication in both the effort and the money domains, for all but one participant,
who has an outlier estimate of sophistication over effort of 12.6. The top-left panel
shows the estimates of present bias in the effort domain. The ¢{"""® estimates of 47
out of 79 participants are below 0, which indicates a present bias over effort. The
median is —0.2 and the mean is around —0.53. The top-right panel shows that most
participants are at least partially aware of being present biased over effort. The

. redict
median and mean of ¢}

are —0.14 and —0.17, respectively. The magnitude of
this estimate is significantly smaller than that of present bias, which indicates that
participants are indeed only partially sophisticated. In the money domain, the
median and mean of the present bias estimate are —0.06 and —0.03, respectively.
Again, participants appear to be partially sophisticated.

Figure 4 uses 4 scatter plots to show the relationship between present bias and
sophistication across effort and money domains. Individual estimates under zero
indicate the presence of present bias or sophistication along the respective axes.
We find a strong positive relationship between present bias over effort and over

money (top-left panel, Spearman coefficient=0.75, p < 0.0001), or between present
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Figure 3: Histogram of non-parametric estimates of present bias and sophistica-

tion, estimated at the individual level. Present bias and Sophistication for
effort corresponds to —¢f'*" and —¢} redict respectively. Present bias and

Sophistication for money correspond to ¢t and —(/‘)Efedld, respectively.

bias and sophistication over effort (bottom-left panel, Spearman coefficient=0.72,
p < 0.0001). This indicates that individuals who are present biased over effort tend
to also be sophisticated about that present bias and are also present biased over
money. We also observe a positive, but less strong relationship between sophisti-
cation over effort and over money (bottom-right panel, Spearman coefficient=0.34,
p = 0.0019).
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Figure 4: Comparison of nonparametric estimates of present bias and sophistica-
tion across domains. To make the comparisons easier, observations above
and below the 45-degree line are marked by circle and cross marks re-
spectively.

4.4 Structural Estimation

4.4.1 Visualizing the structural identification:

Before our structural estimation of aggregate data, we plot certain features of the

aggregate data that provide an intuition about how the parameters of the structural
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model are identified. For simplicity, we assume § = 1.1® Thus, any discounting
must come from the present bias B, and B,,. Let e be the effort chosen on day ¢
for day 7.

For a fixed decision period s and payment period, the comparison of immedi-
ate choice (ess) to future choice (es) reveals B,. Under B, < 1, we would observe
ess < eg for all s < t, and under B, = 1 observe e;s = e5. In the right panel
of Figure 5, we compare the empirical CDFs of immediate effort ess, as measured
by tasks!’, and future effort e5; while pooling over wage rates and decision days
(ss = 11,22,33 and st = 12, 23).18 ess is first-order stochastically dominated by
est, hinting that fewer tasks are allocated to the immediate day consistently. A
Kolmogorov-Smirnov test finds that the two empirical distributions are signifi-
cantly different with p = .001. This suggests that the structural estimation could
yield B, < 1.

Sophistication about B, is identified if the participants predict the difference
between immediate and future choices. In particular, under ,BAE < 1, we would
observe ¢y < ¢33, and under ‘BAe = 1 observe ¢y, = ép3. The present bias for money
is identified by comparing two immediate choices e33, €22, where e33 pays on the
same day and hence is not affected by B,,. Under B,, < 1, we would observe
e33 > exp and under B, = 1 we would observe e33 = ej;. Finally, the prediction of
immediate effort é;; is not affected by B, but is affected by Bm Thus, under Er\n <1,
we would observe e33 > €5 and under Br\n = 1 we would observe e33 = é55.

To get an idea about B, B, Bm, we plot the empirical CDFs of ex, &3, €33, 23
in the right panel of Figure 5. The empirical CDFs are all close to each other and
intertwined, with none of the distributions first-order stochastically dominating
each other. Similarly, none of three pairwise comparisons, e vs €3, €33 US €,
e33 vs & (the difference between which identify Be, B, B; < 1 respectively) are
significantly different under the Kolmogorov-Smirnov test. Thus based on these
results, ex-ante we do not expect to estimate Ee, B, E; values that are different
than 1.

1L ater, our structural estimates will confirm that it is a fair approximation for our data.
17Using number of jobs leads to identical conclusions.
18Assuming 6 = 1 allows us to also include e33 for the immediate versus future comparison. Not

including it would still lead to identical conclusions.
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Figure 5: The left figure plots immediate versus future effort, and helps identify
Be. The right figure plots ep, €3, €33, €22, and helps identify ,Be, Bin,s ,Bm

Next, we structurally estimate the parameters B., B, B\e, and Bm, both at the
aggregate level and at the individual level. Both of our analyses use the quasi-
hyperbolic discounting model described in equation (1) and the maximum likeli-

hood estimator described in Section 3.

4.4.2 Aggregate Analysis

Table 5 presents the structural estimates at the aggregate level. For each parameter,
we report the 95% confidence interval instead of the standard error, to make it easy
to understand if the coefficients are significantly different than 1 or not.

In the first column (“Same”), following Augenblick and Rabin (2019), we as-
sume that present bias and sophistication are identical across money and effort.
Thus, this specification replicates their identification assumption and serves as a
counterfactual. The estimated present bias parameter is 0.71 and the 95% confi-
dence interval lies below 1. The sophistication parameter is 0.74 and again, the
95% confidence interval lies below 1.

The second column (“Separate”) is our novel specification: it allows for dif-
ferent present bias and sophistication over effort and money. We find that S, is

0.70 and is significantly different from 1. Interestingly, the common p estimated in
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the “Same” specification mimics the . in the “Separate” specification. Ee is 0.80,
which is higher than 8, = .70 (though the difference is not statistically significant)
and indicates partial sophistication over effort. Neither of the money-domain pa-
rameters B, = B = .95 are estimated to be significantly different from 1.

Researchers interested in estimating only the present bias parameters could use
a variant of our design that does not include the prediction tasks. To approximate
the results of a design with no predictions, in the third column (“No prediction”)
we run our analysis while excluding the prediction tasks (i.e., using only the data
from the 6 decision screens that are not predictions). The results are very similar to
the results from the “Separate” specification. This is reassuring, as it indicates that
including the prediction tasks does not bias the estimates of present bias.

The 95% confidence interval of § contains 1 consistently across all three spec-
ifications. Motivated by this finding, in the fourth column (“Separate, § = 17),
we re-estimate the Separate specification assuming ¢ to be equal to 1 and including
both choice and prediction data. While this increases the estimates of present bias

over both domains, , is still estimated to be significantly below 1.

Model comparison by Likelihood Ratio (LR) test of nested models & AIC
Consider the null hypothesis that the simpler nested model in specification [1]
tits the data as well as the model in specification [2]. The LR test statistic in the
comparison of [1] and [2] is 10.92, which should be distributed as chi-squared with
2 degrees of freedom. We obtain a corresponding p-value < .01 and thus we have
statistically significant evidence to reject the null and conclude that [2] fits the data
better than [1]. On the other hand, the LR test statistic in the comparison of [2] and
[4] is 1, which should be distributed as chi-squared with 1 degree of freedom. The
corresponding p-value is .68 and we do not find significant evidence for model [2]
titting the aggregate data better than the simpler nested model [4]. Thus [4] fits
the data almost as well as any other model without overfitting the data. Akaike
Information Criterion (AIC) for model selection also suggests [4] as the superior
model among [1], [2] and [4].

Stability

All estimated parameters are relatively stable across all specifications. For exam-
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ple, under all specifications, B, is significantly below 1, and Be, Bm are no different
than 1. Similarly, the convexity parameter 7y is consistently above one, implying
that the cost function is significantly convex.!® The scale of effort 1 is also similar
across all specifications, implying that the baseline level of effort did not vary with

the type of model chosen.

Explaining conflated estimates from Model [1]:

The conflated estimates confirm our hypotheses from Section 3.1. In model [1],
MLE tries to fit the misspecified model to the data by biasing  upwards (increasing
¢ significantly over 1). The common g is closer to B, than to B,. Further, the
estimated § and B are almost identical in magnitude under [1], implying a high
degree of estimated relative sophistication. In fact, [1] is the only specification
that rejects complete naivete (B = 1) in favor of B < 1. In this way, subjects are

estimated as relatively more sophisticated under [1] than in all other specifications.

4.4.3 Individual Analysis

Next, we estimate the time preference parameters for each individual separately
using the maximum likelihood estimator based on Equation 3. The results are
best illustrated graphically. Figure 6 plots the distributions of the present bias and
sophistication parameters, in both the effort and the money domains, for 77 partic-
ipants.?’ The top-left and bottom-left panels present the present bias parameters
over effort and over money, respectively. The estimated parameter for present bias
over effort, B, is below 1 for over 67 percent of the sample. For four participants,
Be is less than 0.1.2! The median and mean for present bias over effort are 0.91 and
0.98, respectively. The median and mean of 8, are 1.04 and 1.28, respectively. This
confirms that present bias over money is weaker than present bias over effort.

The top-right and bottom-right panels present the sophistication parameters

9The convexity of the cost function guarantees that the problem in equation (1) allows for a

unique solution if we have an interior solution.
20To make the histogram easy to read, we have removed three outliers with estimates of present

bias or sophistication above 16.
21B, is close to 0 for participants who (i) decide to complete many more tasks in the future
compared to the present and (ii) do not react strongly to changes in wage rates.
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Table 4: Structural estimates at the aggregate level

[1] Same [2] Separate  [3] No prediction [4] Separate, § =1
(AR2019)
Present bias () 0.71
(0.52,0.91)
Sophistication (B) 0.74
(0.56,0.93)
Present bias, effort (8,) 0.70 0.71 0.79
(0.51,0.90) (0.52,0.91) (0.65,0.93)
Present bias, money (8;) 0.95 0.93 1.09
(0.64,1.26) (0.60,1.27) (0.88,1.30)
Sophistication, effort (Be) 0.80 0.88
(0.53,1.07) (0.63,1.13)
Sophistication, money (Bm) 0.95 1.04
(0.66,1.23) (0.79,1.29)
Discount factor & 1.19 1.10 1.09
(1.00,1.39) (0.90,1.29) (0.90,1.28)
Convexity vy 2.56 2.58 2.58 2.57
(2.38,2.66) (2.40,2.77) (2.29,2.87) (2.39,2.75)
Scale of effort y 199.36 208.41 211.52 199.40
(108.02,290.70)  (84.17,332.65) (8.75,414.29) (86.86,311.93)
Size of error o 3.23 3.23 3.22 3.23
(3.17,3.30) (3.16,3.30) (3.15,3.30) (3.16,3.29)
InL -6026.20 -6020.74 -4010.02 -6021.24
N 80 80 80 80
Observations 3600 3600 2400 3600

[1] Same follows Augenblick and Rabin (2019) to assume that present bias or sophistication over
effort and money are identical. [2] Separate generalizes Same by allowing for different present
bias and sophistication parameters across effort and money domains. [3] No prediction is similar
to Separate, but excludes predictions and hence cannot estimate sophistication. [4] Separate,
6 = 1imposes that the long-run discount factor is one. The numbers in parentheses indicate the
lower and upper bound of the 95% confidence interval.

over effort and over money, respectively. The median and the mean of the param-
eter for sophistication in the effort domain, Be, are 0.94 and 1.07, respectively. The
median and the mean of the parameter for sophistication in the money domain,
Bm, are 1.05 and 1.29, respectively.

Figure 7 presents four scatterplots of the estimated individual-level present bias
and sophistication parameters in both domains. The top-left panel presents the
scatter plot of B, and Be- The correlation between the two parameters is very high
(coefficient = 0.96, p < .001) and much higher than the range 0.24-0.28 reported
in Augenblick and Rabin (2019) as the correlation coefficient between f and B

The correlation suggests that participants are at least partially aware of their own
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Figure 6: Structural estimates of present bias and sophistication over effort and
money.

present bias over effort. The gulf in our and Augenblick and Rabin (2019)’s results
could be explained by how their estimate of correlation also depends on the cor-
relation between ,, and Bm In our data, B, and Bm have a correlation coefficient
of -.06, which is not significantly different from zero. The top-right panel presents
the scatter plot between ,, and By

The bottom-left panel in Figure 7 shows a strong and positive relationship be-
tween B, and B, (correlation 0.88, p value<.001). The bottom-right panel shows
no correlation (-0.04, p value=.72) between Be and B,

Further, the parametric estimates of 3, (B\e, respectively) are strongly correlated
with the non-parametric estimates of present bias (sophistication, respectively)
over effort obtained in Section 4.3.2, with a correlation coefficient of .45 (.37, respec-
tively). This correlation provides in-sample validation of the structural parameter

estimates. All these correlations are statistically significant with p < .01.
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Figure 7: Comparison of structural estimates of present bias and sophistication
across domains. The points above and below the 45-degree line are
marked with a circle and check mark respectively.

5 Discussion and Conclusion

In this paper, we developed and implemented a novel experimental design to
jointly estimate present bias and sophistication. Elicitation studies generally esti-
mate discounting and present bias by asking participants to choose between time-

dated monetary payments (Andersen et al., 2008; Andreoni and Sprenger, 2012;
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Andersen et al., 2014; Andreoni et al., 2015; Halevy, 2015) or between time-dated
effort tasks (Augenblick et al., 2015).22 We contribute to this literature by addition-
ally eliciting sophistication.?

Our design has three key and novel features. First, we vary both the delay of
task completion and the delay of the payment. This allows us to estimate present
bias and sophistication separately for the effort domain and for the money domain.
Second, under our novel incentive structure, the number of corner solutions is
substantially lower than that in comparable studies, which facilitates our structural
estimation exercise. Third, unlike previous studies that lasted over multiple weeks,
we implemented our experiment over three consecutive days. This makes our
design cheaper and easier to implement, less prone to attrition, and more easily
replicable for researchers who want to measure present bias and sophistication as
control variables in a larger study.

Our non-parametric aggregate analysis shows that on average participants al-
locate 4 more tasks to the future than to the present, but predict this effect to be
only 3 more tasks, thus showcasing partial sophistication. We find significantly
weaker evidence for present bias or sophistication over money. Our structural
analysis replicates these findings: consistent with Augenblick et al. (2015), we find
significantly more present bias over effort than over money. The findings justify
the use of a design that treats present bias/ sophistication over money and present

bias/ sophistication over effort differently.

22Experiments have also elicited intertemporal choices over irritating noises (Solnick et al., 1980),

squirts of juice (McClure et al., 2007), or snack foods (Read and Van Leeuwen, 1998).
ZFreeman (2021) provides an alternative theoretical framework for revealing preference and

sophistication types from behavior in a general environment that includes that of O’Donoghue and
Rabin (1999).
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6 Appendix: Additional results

6.1 Structural estimates at the aggregate level, dropping the top

5% violators

Table 5: Structural estimates at the aggregate level

[1] Same [2] Separate [3] No prediction [4] Separate, 6 = 1
(AR2019)
Present bias (8) 0.68
(0.51,0.85)
Sophistication (B) 0.73
(0.57,0.90)
Present bias, effort (B;) 0.67 0.67 0.79
(0.50,0.83) (0.51,0.84) (0.66,0.92)
Present bias, money (B:) 0.96 0.94 1.18
(0.67,1.24) (0.64,1.25) (0.97,1.39)
Sophistication, effort (B,) 0.79 091
(0.55,1.02) (0.68,1.14)
Sophistication, money (Em) 0.98 1.13
(0.72,1.25) (0.88,1.37)
Discount factor ¢ 1.27 1.15 1.15
(1.08,1.45) (0.97,1.34) (0.97,1.33)
Convexity 7 2.50 2.57 2.57 2.56
(2.41,2.58) (2.47,2.67) (2.432.71) (2.45,2.66)
Scale of effort ¢ 199.78 207.61 211.71 199.90
(145.97,253.60)  (140.79,274.44)  (118.56,304.87) (135.72,264.08)
Size of error o 3.26 3.25 3.26 3.25
(3.20,3.32) (3.19,3.31) (3.19,3.33) (3.19,3.31)
InL -6881.9 -6872.58 -4593.66 -6874.36
N 91 91 91 91
Observations 4095 4095 2730 4095

[1] Same follows Augenblick and Rabin (2019) to assume that present bias or sophistication over
effort and money are identical. [2] Separate generalizes Same by allowing for different present
bias and sophistication parameters across effort and money domains. [3] No prediction is similar
to Separate, but excludes predictions and hence cannot estimate sophistication. [4] Separate,
6 = 1 imposes that the long-run discount factor is one. The numbers in parentheses indicate the
lower and upper bound of the 95% confidence interval.

6.2 Aggregate

e11 and ey, are decisions made about immediate effort, and the only difference is

that for ep; the payment is a day closer than for e;;. Thus, irrespective of B¢, B, Eg, ,g,;,
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Figure 8: The empirical CDFs of ey versus ep.

under § < 1 one would expect that e;; < ez, and under § > 1 one would expect
that e;; > ep. We plot the empirical CDFs in Figure 8. Even though the distribu-
tions are not statistically different under the Kolmogorov-Smirnov test, e;; lies to
the right of ey everywhere but at the lowest level of effort. This hints at§ > 1,
without being significantly different than 1.

6.3 Relative sophistication measure

Augenblick and Rabin (2019) quantify the relative sophistication of individuals by
the quantity

1-Bi
A= —— )

1= pi
and regress 1 — B; on 1 — Ei to calculate the average degree of understanding of
present bias.?* When we run the same OLS regression with all our 80 participants,

we find that participants understand 26 percent of the present bias in the effort

24The regression coefficient measures the increase in 1 — 8 induced by a unit increase in 1 — .
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domain (p < 0.000).% The regression coefficient for sophistication over money is

not significant.

7 Instructions

The next pages contain screenshots of the instructions as seen by our participants.
The survey dynamically assigns the current date on the day of access, which is
why all mentions of "current date/ today" in the survey show up as October 6th,

2023, the day when the survey was printed from Qualtrics.

2If we use robust standard errors, we get the same results.
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10/6/23, 12:31 PM Qualtrics Survey Software

WeekO Introduction 1 with Consent

Welcome!

Thank you for participating in this study.

Please read these instructions carefully. There will be a quiz later to make sure you
understood the instructions.

If you have a question today, please write to us on Prolific. For later questions, please
contact c.cerrone@mdx.ac.uk

Study details

This study takes place on three days:

« today: Friday, October 6th (Day 1)
« tomorrow: Saturday, October 7th (Day 2) and
« the day after tomorrow: Sunday, October 8th (Day 3)

Please participate only if you can attend on all three study days!

On all three days,

« You will need to complete the study between 7 am and 7 pm.
« You must use a computer (not a tablet or mobile phone).

Participation today will take at least 15 minutes (about 10 minutes for the instructions and
5 minutes for the experiment), but it can take up to 45 minutes (in that case you would
also earn more money).

Participation tomorrow and on the day after tomorrow will take at least 5 minutes. It can
take longer if you decide to work for additional money.

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUg200G&ContextLibrarylD=U...  1/40
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We will use the data from this experiment for academic research only. Your anonymity is
guaranteed and we will not ask you to provide personal data.

Consent

| hereby agree to participate in this study on all 3 days. My anonymized data can be used

for scientific publications.

O | agree
QO I donot agree

Does not consent

“As you do not wish to participate in this study, please return your submission on
Prolific by selecting the 'Stop without completing’ button.”

WeekO Introduction after Consent

Your Prolific ID

What is the Prolific ID you used to log into this study?

${e:/IField/PROLIFIC_PID}

Payment details

In this study, you can get paid for 4 things.

1. Baseline payments. The baseline payment for today is £2 and the baseline payments

for tomorrow and the day after tomorrow are £1 each.

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUgq200G&ContextLibrarylD=U...
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2. Bonus payment of £5 for completing the study. If you successfully participate in all
3 study days, you will receive £5 as a completion payment.

3. Bonus payments for completing "transcription tasks". On each of the 3 study
days you have the opportunity to earn additional money by completing "transcription
tasks". We will explain these tasks on the next page.

4. Additional bonus payments. We will explain this later.
Important: If you miss one of the 3 study days, you will not receive the £5 completion
payment and you will not participate in the following study days. You will only be paid for

the "transcription tasks" that you have already completed. We cannot allow exceptions to
this rule.

We will pay you your total earnings from the study on the day after tomorrow (Sunday,
October 8th), after you complete the last survey. All payments will be made on that day.

Choosing Transcription Tasks and Jobs

In this study, we will ask you how many "transcription tasks" and "jobs" you want to
complete for different wages at different times.

Relationship between Transcription Tasks and Jobs The number of transcription
tasks you need to complete for each number of jobs is calculated in the following table.

Jobs Conversion Transcription
Chosen Tasks
1 1 1
2 1+2 3
3 1+2+3 6
4 1+2+3+4 10

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUgq200G&ContextLibrarylD=U...
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5 1+2+3+4+5 15
6 1+2+3+4+5+6 21
7 1+2+3+4+5+6+7 28
8 1+2+3+4+5+6+7+8 36
9 1+2+3+4+5+6+7+8+9 45
10 1+2+3+4+5+6+7+8+9+10 55
11 1+2+3+4+5+6+7+9+10+11 66
12 1+2+3+4+5+6+7+9+10+11+12 78
13 1+2+3+4+5+6+7+9+10+11+12+13 91

Whenever you choose the number of jobs to complete in the following pages, we will
show you the corresponding number of transcription tasks. You do not have to calculate it
by yourself.

What is a Transcription Task? Here is an example:

Please transcribe the symbols on the left into the blank field on the right.

Yve&S{xG=Vk{=t

If you make a mistake in the transcription, you will receive feedback and can correct the
mistake immediately.

On average, participants complete about 3 of these tasks in a minute.

Decisions about transcription tasks

You decide how many of these jobs (from 3 to 13) you want to complete. You can choose
to complete a different number of jobs on different days and at different wages. You have
to do at least 3 jobs (6 transcription tasks) and 13 jobs (91 transcriptions tasks) at the
maximum.

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUgq200G&ContextLibrarylD=U...
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Your decisions determine how much you will work and get paid. For each day, the
survey software will randomly select ONE of your decisions. For this randomly selected
decision, you will be asked to complete your chosen number of tasks at the relevant
wage. As a reminder, the number of transcription tasks you need to complete will be
adding all numbers between 1 and the number of jobs you have chosen.

If the number of jobs chosen is J, and the wage rate chosen is W, your total wage will be
J times W for that day

Below is an example with a wage of 9 pence per job. In the real experiment, you will see
several of these sliders.

Jobs to be completed TODAY (Example Question)
How many transcription jobs do you want to complete today (in this session) for the
given wage? Clicking the slider also shows the number of transcription tasks you need to

complete.

Note: Please click the slider again if the numbers are not shown properly.

To complete today

9 pence per job

As you can see, you can select the number of jobs by moving the sliders between 3 and
13.

You will face wages between 1 penny per job and 9 pence per job. You only get the
completion payment if you correctly type in at least 95% of the tasks you committed to
complete.

Week0 Quiz

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUg200G&ContextLibrarylD=U...  5/40
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Quiz

Please answer all the questions in this quiz.

On how many days do you have to participate in this study, including today?

O Only today
O 2days
QO 3days
O 4days

QO I can choose

What is the completion payment for participating in all 3 days of the study?

O ¢4
O £3
O £5
O £10

When will you receive payments for participating in this study?

O Today (on Day 1)

(O Tomorrow (on Day 2)

QO The day after tomorrow (on Day 3)
O On every study day

Training the tasks

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_11eX6gvOlUq200G&ContextLibrarylD=U 6/40
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Yve&S{xG=Vk{=t

z9zK9]8"R1MzCP

ZgSXbR[QM3zchQ

Predictions

Predict your choices tomorrow

The questions below and on the next page ask you to make predictions about how you
will decide tomorrow.

The survey software will randomly choose one of these predictions and compare it with

your actual decision. You will earn 20 pence if the randomly selected prediction task is
within 2 jobs of your actual decision.

Prediction 1

How many transcription jobs do you think you will choose tomorrow to complete
tomorrow (in the same session) (for the 5 different wages)?

Note: Please click the slider again if the numbers are not shown properly.

Predicted decision tomorrow for tasks to complete on the same
day

1 penny per job

3 pence per job

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUq200G&ContextLibraryID=... 37/40
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Predicted decision tomorrow for tasks to complete on the same

day
3 13
5 pence per job
7 pence per job
9 pence per job
Prediction 2

How many transcription jobs do you think you will choose tomorrow to complete on the
day after tomorrow (for the 5 different wages)?

Note: Please click the slider again if the numbers are not shown properly.

Predicted decision tomorrow for tasks to complete on the day after
tomorrow

3 13
1 penny per job

3 pence per job
5 pence per job
7 pence per job

9 pence per job

Week0 Demographics

What is your gender?

O Male

QO Female

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUq200G&ContextLibraryID=...
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QO Other (e.g. not binary; specification is voluntary)
QO Skip question

What is your marital status?

QO Single O Divorced
O Married / living together O Other (please specify

If you had to, how much money could you spend today without having to limit yourself
financially in the next 4 weeks.

O =0 O £100.01 - £200
O £0.01-£20 QO £200.01 - £500
O £20.01-£50 O £500.01 - £1000
O £50.01-£100 QO £1000.01 and above

Week 1 Thanks

Thank you!
This concludes today's part of the study.

Note: You must submit this survey by clicking on the right arrow below for your
data to be transferred to tomorrow's survey.

This is a pilot study. Do you have any feedback for us?

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1leX6gvOlUq200G&ContextLibraryID=... 39/40
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Week 2 Welcome

Welcome back to the 2nd day of the study!

Today (Friday, October 6th) is the second day of the study. The study will end tomorrow
(Saturday, October 7th).

Here is an overview of today's study session:

1. Choose tasks to be completed today and tomorrow.
2. Perform the tasks for this week.
3. Predict the decisions that you will make tomorrow.

Recall that:

« You must use a computer (not a tablet or mobile phone).

« Participation can take up to 45 minutes (if you decide to complete many tasks).

« We will use the data from this experiment for academic research only. Your
anonymity is guaranteed and we will not ask you to provide personal data.

Consent

| hereby agree to participate in this study today and tomorrow again. My anonymized
data can be used for scientific publications.

O | agree
QO I do not agree

Do not consent

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD=...  1/21
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“As you do not wish to participate in this study, please return your submission on
Prolific by selecting the 'Stop without completing’ button.”

Prolific and payment details

Your Prolific ID
What is the Prolific ID you used to log into this study?

(We already used your Prolific ID to transfer the data from yesterday to today's survey.)

${e://Field/PROLIFIC_PID}

Reminder of the payment details
In this study, you can get paid for 4 things.

1. Baseline payments. The baseline payment for yesterday was £2 and the baseline
payments for today and tomorrow are £1 each.

2. Bonus payment of £5 for completing the study. If you successfully participate in all
3 study days, you will receive £5 as a completion payment.

3. Bonus payments for completing "transcription tasks". On each of the 3 study
days you have the opportunity to earn additional money by completing "transcription
tasks".

4. Bonus payments for correct predictions. You will make predictions about your own
future decisions. One of these predictions will be randomly chosen. If the prediction is
accurate, you will get 20 pennies.

Important: If you miss one of the 3 study days, you will not receive the £5 completion
payment and you will not be able to participate in the following days. You will only be paid

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD=...
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for the "transcription tasks" that you have already completed. We cannot allow
exceptions to this rule.

We will pay you tomorrow (Saturday, October 7th). All payments will be made on that
day.

Week 2 Decisions and Predictions

Decisions about transcription tasks

On this and the next page, you can decide how many transcription tasks you want to
complete for different wages.

Make each decision carefully. The survey software will randomly choose one of your

decisions and ask you to complete your chosen number of tasks at the relevant wage.

Jobs to complete TOMORROW ON Saturday, October 7th

How many transcription jobs do you want to complete tomorrow (Saturday, October
7th) for the 5 different wages?

Reminder: Only ONE of your decisions will be selected and implemented. This
determines how many tasks you must complete tomorrow.
Note: Please click the slider again if the numbers are not shown properly.

To complete tomorrow

1 penny per job
3 pence per job

5 pence per job

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD=...
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To complete tomorrow

7 pence per job

9 pence per task

Jobs to complete TODAY IN A FEW MOMENTS

How many transcription jobs do you want to complete today (in this session) for the 5
different wages?

Reminder: Only ONE of your decisions will be selected and implemented. This will
determine how many tasks you have to complete in a few moments.

Note: Please click the slider again if the numbers are not shown properly.

Today
3 13

1 penny per job
3 pence per job
5 pence per job
7 pence per job

9 pence per job

Week 2 Pick the Task

Below are the 5 decisions (1-5) you made yesterday about the number of jobs to
complete today, and the 5 decisions (6-10) that you made today for the tasks to be
completed today:

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD=...
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. Pay The number of
L Decision The number of
Decision per . tasks you want to
Day . jobs chosen
job perform
1
1 Yest J/IField/j12_1 :/IField/e12_1
esterday Penny ${e://Field/j12_1} ${e:/[Field/e12_1}
2 Yesterda 3 ${e:/IField/j12_2} ${e://Field/e12_2}
y Pence ' e ' -
3 Yesterda > ${e://Field/j12_3 ${e://Field/e12_3
IIFi IIFi
Y | pence { i12_3} { _3}
4 Yesterd ! ${e:/IField/j12_4} ${e:/IField/e12_4}
esterda e:/lFie e:/[Field/e
y Pence e -
5 Yesterda 9 ${e:/IField/j12_5 ${e://Field/e12_5
IIFi /IFi
Y | pence { 112_5} { _5}
1
6 Today Penny ${e://Field/j22_1} ${e://Field/e22_1}
7 Tod 3 ${e://Field/j22_2 ${e://Field/e22_2
oday Pence {e:/[Field/j22_2} {e:/[Field/e22_2}
8 Toda > ${e://Field/j22_3} ${e:/IField/e22_3}
y Pence AHHIeIec A -
9 Tod ! ${e:/IField/j22_4 ${e:/IField/e22_4
oday Pence {e:/[Field/j22_4} {e:/[Field/e22_4}
10 Tod 9 ${e://Field/j22_5} ${e://Field/e22_5}
oday Pence e:/[Field/j22_ e:/[Field/e22_

On the next page, we will announce the randomly selected decision that will determine
how many tasks you must complete today. This decision was chosen at random for you

by the survey software.

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD=...
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The randomly selected decision for today is "${e://Field/Random1-

The number of
jobs chosen

The number of
tasks you want
to perform

${e://Field/j12_1}

${e://Field/e12_1}

${e://Field/j12_2}

${e://Field/e12_2}

${e://Field/j12_3}

${e://Field/e12_3}

${e://Field/j12_4}

${e://Field/e12_4}

${e://Field/j12_5)

${e://Field/e12_5}

${e://Field/j22_1}

${e://Field/e22_1}

${e://Field/j22_2}

${e://Field/e22_2}

${e://Field/j22_3}

${e://Field/e22_3}

${e://Field/j22_4}

${e://Field/e22_4}

14Wednesday}".
. |Pay
Decision Decision per
Day task

1

1 Yesterday Penny
3

2 Yesterday Pence
5

3 Yesterday Pence
7

4 Yesterday Pence
9

5 Yesterday Pence

6 Today Penny
3

7 Today Pence
5

8 Today Pence
7

0 Today Pence
9

10 Today Pence

${e://Field/j22_5}

${e://Field/e22_5}

This means that you have ${e://Field/TasksDay2} transcription tasks to complete today, and your

wage per each job is ${e://Field/WageDay2} penny/pence.

These ${e:/[Field/TasksDay2} tasks are shown on the next page.

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD=...
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Av?s)iJQR9Cjef

Yve&S{xG=Vk{=t

z9zK9]8"R1MzCP

ZgSXbR[QM3zchQ

Prediction Task

Predict your choices TOMORROW

One of the predictions you make in this study will be randomly chosen. If this prediction is
accurate, you will get 20 pence.

Prediction

How many transcription jobs do you think you will choose TOMORROW, Saturday,
October 7th, to complete in the same session (for the 5 different wages)?

Note: Please click the slider again if the numbers are not shown properly.
Prediction: decision for tasks tomorrow to complete in the same

session

1 penny per job

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_5aUMhdyJKGncDUg&ContextLibrarylD...  20/21
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. Prediction: decision for tasks tomorrow to complete in the same
3 pence per job

session
5 pence per job 3 13
7 pence per job
9 pence per job
| >
Week 2 Thanks
Thank you!

This concludes today's part of the study.

Note: You must submit this survey by clicking on the right arrow below for your
data to be transferred to next week's survey.

This is a pilot study. Do you have any feedback for us?

Just click below to go back to Prolific.

Powered by Qualtrics
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Week 3 Mandatory Survey

Welcome back to the last day of the study!

Today (Friday, October 6th) is the third day of the study. The study will end today and you
will be paid today as well.

Here is an overview of today's study session:

1. Choose tasks to be completed today
2. Perform the tasks for today.
3. Provide some feedback on how the survey could be improved.

Recall that:

« You must use a computer (not a tablet or mobile phone).

« Participation can take up to 45 minutes (if you decide to complete many tasks).

« We will use the data from this experiment for academic research only. Your
anonymity is guaranteed and we will not ask you to provide personal data.

Consent

| hereby agree to participate in this study today. My anonymized data can be used for
scientific publications.

O | agree
QO I do not agree

Does not consent

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibrarylD=...  1/21
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“As you do not wish to participate in this study, please return your submission on
Prolific by selecting the 'Stop without completing’ button.”

Intro after Consent

Your Prolific ID
What is the Prolific ID you used to log into this study?

(We already used your Prolific ID to transfer the data from yesterday to today's survey.)

${e://Field/PROLIFIC_PID}

Reminder of the payment details
In this study, you can get paid for 4 things.

1. Baseline payments. The baseline payment for the first day and yesterday were £2
and £1 each. The baseline payments for today is £1.

2. Bonus payment of £5 for completing the study. If you successfully participate in all
3 study days, you will receive £5 as a completion payment.

3. Bonus payments for completing "transcription tasks". On each of the 3 study
days you have the opportunity to earn additional money by completing "transcription
tasks".

4. Bonus payments for correct predictions. You have made predictions about your
own future decisions. One of these predictions will be randomly chosen. If the prediction
is accurate, you will get 20 pence.

Important: If you miss one of the 3 study days, you will not receive the £5 completion
payment and you will not be able to participate in the following days. You will only be paid

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibraryID=...
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for the "transcription tasks" that you have already completed. We cannot allow
exceptions to this rule.

All payments will be made today.

Week 3 Decisions

Decisions about transcription tasks

On this page, you can decide how many transcription tasks you want to complete for
different wages.

Make each decision carefully. The survey software will randomly choose one of your
decisions and ask you to complete your chosen number of tasks at the relevant wage.

Jobs to complete TODAY IN A FEW MOMENTS

How many transcription jobs do you want to complete today (in this session) for the 5
different wages?

Reminder: Only ONE of your decisions will be selected and implemented. This
determines how many tasks you must complete in a few moments.
Note: Please click the slider again if the numbers are not shown properly.

To complete in a few moments

1 penny per job
3 pence per job
5 pence per job

7 pence per job

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibrarylD=...  3/21
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3

9 pence per job

Week 3 Pick the Task

Below are the 15 decisions you made for today (on the day before yesterday, yesterday,

To complete in a few moments

Qualtrics Survey Software

13

and today):
. Pay The number of
L. Decision The number of
Decision per . tasks you want to
Day . jobs chosen
job perform
Day 1
1 before Penn ${e:/[Field/j13_1} ${e://Field/e13_1}
yesterday y
Day 3
2 before b ${e:/[Field/j13_2} ${e://Field/e13_2}
yesterday ence
Day 5
3 before Pence ${e:/IField/j13_3} ${e://Field/e13_3}
yesterday
Day 7
4 before Pence ${e:/IField/j13_4} ${e://Field/e13_4}
yesterday
Day 9
5 before Pence ${e:/[Field/j13_5} ${e://Field/e13_5}
yesterday
1 i e
6 Yesterday Penny ${e:/[Field/j23_1} ${e://Field/e23_1}

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibraryID=...
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3
7 Yesterday ${e:/[Field/j23_2} ${e://Field/e23_2}
Pence
5
8 Yesterday ${e:/[Field/j23_3} ${e://Field/e23_ 3}
Pence
7
9 Yesterday ${e:/[Field/j23_4} ${e://Field/e23_4}
Pence
9
10 Yesterday ${e:/[Field/j23_5} ${e://Field/e23_5}
Pence
1
1 Today ${e:/IField/j33_1} ${e://Field/e33_1}
Penny
3
12 Today ${e:/IField/j33_2} ${e://Field/e33_2}
Pence
5
13 Today ${e:/IField/j33_3} ${e://Field/e33_3}
Pence
7
14 Today ${e:/IField/j33_4} ${e://Field/e33_4}
Pence
9
15 Today ${e://Field/j33_5} ${e://Field/e33_5}
Pence

On the next page, we will announce the randomly selected decision that will determine
how many tasks you must complete today. This decision was chosen at random for you

by the survey software.

The randomly selected decision for today is "${e://Field/Random1-

21Thursday}".

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibraryID=...
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. Decision Pay The number of | The number of tasks
Decision ; .
Day per job jobs chosen you want to perform
g |Pavbefore | T e Field13_ 1) |${e/Field/et3_1
[Fi IFi
yesterday Penny fer/IField/i13_1} ferField/el3_1)
p (Daybefore | 3 e Field13 2} $(e/Field/e13_2
IFi AIFi
yesterday Pence { 1132} { -2}
3 Day before ° ${e://Field/j13_3 ${e://Field/e13_3
yesterday | Pence ferField/i13_3) erField/el3_3)
g (PAybefore | T e Fieldi13 4} |S(eField/e13 4
yesterday | Pence ferField/i13_4) erField/el3_4)
5 Day before X ${e://Field/j13_5 ${e://Field/e13_5
IFi IFi
yesterday Pence { 1139} { -5}
1
Yest /[Field/j23 1 :/[Field/e23 1
6 esterday Penny ${e:/IField/j23_1} [${e://Field/e23_1}
3 o .
7 Yesterday Pence ${e://Field/j23_2} |${e://Field/e23 2}
5 o o
8 Yesterday Pence ${e://Field/j23_3} |[${e://Field/e23 3}
7 o .
9 Yesterday Pence ${e://Field/j23_4} |${e://Field/e23 4}
9 o .
10  |Yesterday Pence ${e:/IField/j23_5} |${e://Field/e23_5}
1 o o
11 Today Penny ${e://Field/j33_1} [${e://Field/e33 1}
3
12 Tod :/[Field/j33_2 :/[Field/e33_2
oday Pence ${e://Field/j33_2} |${e://Field/e33 2}
5
13 |Tod /IField/j33_3 :/IField/e33_3
oday Pence ${e://Field/j33_3} |[${e://Field/e33 3}
7
14 |Tod /IField/j33_4 :/IField/e33 4
oday Pence ${e://Field/j33_4} |${e://Field/e33 4}
9
15  |Tod /IField/j33_5 :/IField/e33 5
oday Pence ${e://Field/j33_5} |${e://Field/e33 5}

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibraryID=...
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This means that you have to do ${e://Field/TasksToDoED} transcription tasks. Your pay
for each job is ${e://Field/WageDay3} penny/pence.

These ${e://Field/TasksToDoED} tasks are shown on the next page.

Perform 100 Tasks

Day 3 Task

You don't have any tasks to do today.

riCs&XGqg5rehf8

hQYVMLL]6'kAg8

J3uyYwrC7B!Pt1

P)KzUB83aj9b17??
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\6zHYFQew]}Ry1lh
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Yve&S{xG=Vk{=t

z29zK9]8"R1MzCP

ZgSXbR[QM3zchQ

Week 3 Thanks

Thank you!

This concludes the study. We will make all payments today. We would appreciate very
much if you could answer the questions below.

How did you predict your future choices on days 1 and 2?

https://ucdavis.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_1FHwZz8AW8qGNz8&ContextLibraryID...  20/21
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Did you find the instructions clear? Please tell us how it could be improved.

Did you use any strategy to ensure that your predictions better matched your own future
choices? If so, what strategy did you use?

Is there anything else you would like to share with us?

Just click below to go back to Prolific.

Powered by Qualtrics
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