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Abstract
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choice, and (ii) those with higher reservation utility will self-select into search
and are more likely to find a superior option. Our experiments document the
presence of both effects. Those who reject the default are likely to find higher
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1 Introduction

Information acquisition is fundamental in making good decisions. However, in a

broad class of economically relevant search problems, an individual incurs a cost to

evaluate alternatives1 and may then fail to consider all available options, leading to

them missing out on better options (e.g. Gabaix et al., 2006; Caplin et al., 2011).

Furthermore, in the presence of a default option, individuals have a tendency to stick

with this default.2 While sticking with the default option is an easy way of making

a choice, still some individuals opt out of their defaults, exert effort to evaluate their

non-default options, and make an active choice.3 Hence, in order to assess the merits

of default options, it is crucial to investigate the channels by which a default option

may influence the active choice.

As an example consider a conference participant who attends meetings in an

unfamiliar city and needs to decide what to eat for lunch. By incurring a cost,

which may be imposed by the time or cognitive capacity allocated, she can search for

other lunch options in the area. Suppose a sandwich is provided by the conference

organizers and it is her default option. The presence of such default option, firstly,

may switch on a “reference-dependence” channel in her choice and she may evaluate

the other available options with respect to this default if she chooses to search

other restaurants actively. Although standard models assume that individuals should

evaluate alternatives independent of the default option, consuming alternatives better

or worse than the reference may trigger a sense of gain or loss in the sense of Kahneman

and Tversky (1979).4 Secondly, the offer of a default option may activate the “self-
1For example, when choosing a retirement savings plan, one needs to read the plan details and

create a portfolio. Moreover, individuals are conceivably heterogeneous in their costs, for example,
in a retirement savings decision, evaluation requires financial literacy and evaluating alternatives is
less costly for the financially literate individuals.

2E.g. retirement saving (Madrian and Shea, 2001), prescription drug insurance (Ericson, 2014),
consumer product configuration (Levav et al., 2010).

3We follow the “active choice” terminology of Chetty et al. (2014) to distinguish between settling
with a default option versus evaluating and choosing from the available set of other options. The
latter behavior is called “active choice” throughout the paper.

4Reference-dependence has been robustly shown in various contexts (for a detailed review see
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selection” channel: Only those whose expected net benefit of searching other options

exceeds the value of the default will “self-select” into active search. When search

is costly, this rational channel is present even under the standard model, and it

operates similar to the entry decision in endogenous entry games such as auctions or

tournaments where individuals with higher expectations from the game than the entry

cost enter the game (e.g. Levin and Smith, 1994; Bajari and Hortaçsu, 2003; Boosey

et al., 2020). So, in the above example of lunch choice at a conference, according to

the reference-dependence channel, the participant will feel a loss if she ends up with

a lunch option inferior to the default sandwich option that she didn’t choose. Hence,

she may search more in order to reduce or to avoid this loss feeling. According to the

self-selection channel, only the participants who believe that they can find a superior

lunch option than the sandwich will incur the search cost and look for an alternative

restaurant in the area.

In this paper, we study a theoretical model of optimal search problem of an agent

with reference dependent utility (gain/loss utility) and a search cost in the presence

of a default option. We conduct experiments to test the theoretical predictions

regarding the reference and self-selection effects introduced by the default. Our design

allows us to address several problems present in the field data. Despite substantial

research on default options in numerous environments, several obstacles in field data

prevent the joint study of the impacts of the reference-dependence and self-selection

channels on the quality of the active choice. First, due to subjective valuations of

the alternatives in applications (such as insurance or retirement plan choices), it is

not possible to determine the quality of active choices without making additional

assumptions. To overcome this obstacle, we design experiments where the subjects’

choice is on objectively valued options, hence any change in choice due to presence of

O’Donoghue and Sprenger, 2018). Furthermore, it has been shown that reference-dependent model
fits the data better than standard model, e.g. job search (DellaVigna et al., 2017), retirement age
decision (Seibold, 2021). Reference dependent utilities are also applied various environments under
uncertainty à la Kőszegi and Rabin (2006) such as evaluation of experiences (Bushong and Gagnon-
Bartsch, 2022; Gagnon-Bartsch and Bushong, 2022) and social comparisons (Langtry, 2022).

2



a default can be measured in terms of the change in the objective value of the chosen

alternative. Our experiment is built upon the pioneering work of Caplin et al. (2011)

and our subjects select among options that are presented as sequences of symbols of

# and %. The monetary value of an option is equal to the number of # symbols in

the sequence.5 Note that in such a choice task, understanding the monetary value

of an option requires effort and hence it corresponds to the costly search problem we

study theoretically.

Secondly, identifying the marginal contributions of reference and self-selection

effects of default option might not be possible with field data. Note that, in those

environments, when there is no default option, none of these effects are present, but

when the default is offered and the individuals decide whether to opt out of the

default option, both effects are activated. To identify the marginal impact of the

reference and self-selection effects, we first note that while the reference-dependence

channel is always active whenever there is an option serving as reference, the self-

selection channel is present only if an individual voluntarily opts-out of the default

option. Hence, the opt-out decision being voluntary (endogenous) or not is key for

the self-selection effect. To isolate the two effects, we introduce a treatment where

everyone knows about the default but subjects are sometimes forced to opt out of

the default option. We call this the Exogenous Treatment since the subjects are

forced exogenously to search other options actively after seeing the default. This is

an advantage of collecting data in a controlled experiment.6

Comparing the active choices when the default option is involuntarily opted out

and when there is no default option identifies the impact of the reference-dependence
5In a laboratory experiment, Caplin et al. (2011) presents the value of each option as a sequence

of addition and subtraction operations (see also Chadd et al., 2021). In order to avoid the possibility
of cheating in an online platform, we use a different task.

6The Exogenous Treatment not only enables us to turn on the reference channel without the self-
selection possibility, but also resembles some applications where individuals are aware of a default
option which they are not allowed to choose. For example, an option that was previously consumed
or recommended by a friend could be the reference option that is unavailable to the decision maker
at the time of choice, or she may be ineligible for that option.
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channel; comparing the active choices in the presence of a default option when it

is voluntarily and involuntarily opted out yields the additional impact of the self-

selection channel. To be able to make all these comparisons, our experiment consists

of three treatments: In the Baseline Treatment, there is no default option, all the

alternatives are shown to the subjects, the subjects need to examine an alternative

to determine its value, and they have to choose actively. We have two treatments

with a reference option. In the Exogenous Treatment, first the value of the default

option is presented, and then each subject is randomly (with equal probability) given

either the default option or forced to actively choose from the set of alternatives as

in the Baseline Treatment. In the Endogenous Treatment, we offer subjects a default

option and each subject either voluntarily picks this option or actively chooses from

the set of alternatives as in the Baseline Treatment. The comparison between the

Baseline and Exogenous Treatments will capture the reference-dependence channel,

and the comparison between the Exogenous and Endogenous Treatments will capture

the self-selection channel.

In our Endogenous Treatment, if a subject rejects a default and starts active

search, the default is no longer available to her. Note that otherwise it is hard to

deduce whether active search is conducted or not for a subject choosing the default

since it can happen either because the subject did not like any other option or

because she did not consider anything else. In such an environment, the underlying

consideration model needs to be known in order to identify the likelihood of an active

choice (Abaluck and Adams-Prassl, 2021). In an experiment, this complication may

be trivially eliminated entirely by excluding the rejected default from the active

search, so that the choice of default directly reveals that the active search is not

performed.7

7The rejected default being removed from the set of available options in an active search is
also relevant for some applications. For example, if the default has limited availability then when
it is rejected by an agent, it will be taken by someone else, or the default option may be offered
as a take-it-or-leave-it offer. There may also be legal reasons for unavailability of the default once
rejected. For example, a college athlete needs to resign from her existing team in order to initiate
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We build our testable hypotheses based on the theoretical predictions for the

choice problems in each treatment. We investigate an optimal search model under

reference-dependent utility via the gain/loss utility model of Kahneman and Tversky

(1979) where the value of the default option serves as the reference point. In this

model, a decision maker holds a belief on the distribution of option values and incurs

a cost to learn the value of each alternative. So, at each point of search, she evaluates

whether the reference-dependent utility of continuing the search exceeds the cost

of it. The optimal strategy is a cutoff rule characterized by a reservation utility:

stop searching once an option with value higher than the reservation utility is found

(Theorem 1), otherwise keep searching.

Our theoretical comparative statics imply that the reservation utility is higher

when there is a reference. In other words, more search is expected in the presence of

a default option, and hence, the quality of active choices in the Exogenous Treatment

will be better than the one in the Baseline Treatment. Additionally, an individual with

a lower search cost has a higher reservation utility implying that she searches more.

These theoretical results have some immediate implications for the experiments. For

example, there is a cutoff search cost such that only those whose costs are below

the cutoff would reject the default option and self-select into an active choice in the

Endogenous Treatment.8 This cutoff is lower than the cutoff for searching in the

Exogenous one. Hence, the quality of active choices in the Endogenous Treatment

will be superior than the one in the Exogenous one.9

Our first experimental result confirms a basic finding of Caplin et al. (2011):

Subjects cannot always find the alternative with the highest objective value. In all of

the treatments, sub-optimal choices are observed, consistent with the hypothesis that

an active search. Opting out of the default option may be costly as in Carroll et al. (2009), and if
this cost is high enough, it may even nullify the benefit of the default option once it is rejected.

8A similar result can be derived based on gain/loss parameters as well.
9This is consistent with the findings of (Chetty et al., 2014) who show that more financially

sophisticated individuals tend to opt out of the default contributions and actively choose their
contributions to retirement savings.
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subjects do not search all the options. Additionally, as predicted by the reference-

dependence channel, subjects in the Exogenous Treatment choose options with better

ranks in value more frequently than those in the Baseline for every rank level. Addi-

tionally, the Endogenous Treatment, where both self-selection and reference effects are

in play, achieves the highest chances of choosing better ranked alternatives. Hence, as

predicted by the theory, both self-selection and reference channels play a role so that

providing defaults leads to better choices for the active choosers. Moreover, we find

that those who self-select into choice in the Endogenous Treatment search faster on

average than those in the Exogenous Treatment. Given that they also make superior

decisions, this is additional support for the theoretical prediction that those who have

lower costs (i.e., more likely to find a better option) are expected to self-select into

active choice in this treatment.

The rest of the paper is organized as follows. Sections 2 explains the design

of the experiments. Section 3 provides a theoretical model of search with reference

dependent utility and characterizes the optimal search rule. Section 4 reports the data

analysis of the experiments. Section 5 concludes with a discussion of our findings and

their implications. The proofs are in Appendix A. Experimental instructions with

screenshots can be found in Appendix B.

2 Experimental Design

The experiments were programmed in oTree (Chen et al., 2016) and the data was

collected online via the Prolific platform in Fall 2020. Each subject participated in

the experiment only once and completed the session in 7 minutes on average.

When a session started, a subject first approved an online consent form and

received the instructions for the relevant treatment.10 Next, 20 decision problems

appeared one by one. Each subject, across all treatments, saw the same set of
10See Appendix B for screenshots of the instructions.
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decision problems, the order of which were randomized at the subject level. We

used Experimental Currency Units (ECU) in the experiments with an exchange rate

of 10 ECU=$1. At the end of the experiment, subjects were paid for one randomly

selected decision that they made. On average, subjects earned $3.58 including the

participation fee of $1.

A choice problem was presented as a choice list with 10 options in it. Figure 1

shows an example of a choice problem. Each option was displayed as a sequence of 50

symbols constructed by % and #. The value of an option is the number of # symbols

in the sequence. Therefore, the optimal choice would be to select the option with

the highest number of # symbols. In order to make the decision more challenging,

only the option that the subject’s cursor is on is highlighted (it is Option 2 in Figure

1.) Hence, the subject needs to move the cursor around in order to evaluate each

option.11 The subjects were given 120 seconds to make a selection and submit it by

clicking a submission button on the screen. If they failed to submit an option within

this time limit, they got a payoff of zero ECU for that problem.

In order to generate option values, for each decision problem we randomly drew 10

values from a normal distribution with a mean of 20 ECU and a standard deviation

of 8 ECU. We repeated this process, redrawing from the same distribution, until each

decision problem had i) a unique option with maximal value and ii) no options with

value less than 0 ECU.

We have three treatments such that all of the treatments are identical in terms

of the available 20 decision problems. They differ based on the existence of a default

option and, in the case of default option, they differ by whether this option can be

endogenously chosen by the subject or exogenously assigned to the subject.
11Because the experiment was run online with less experimenter monitoring than is available in

a lab experiment, a natural concern is that subjects might “cheat” somehow in order to maximize
their earnings with little effort. In order to prevent an obvious form of cheating, options in each
decision problem were presented using a picture (png file) rather than text. This way subjects could
not simply copy and paste the decision problem to another piece of software (e.g. Microsoft Excel
or Word) to count the # symbols for them.
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Figure 1: An example decision screen

Notes: The above screenshot displays an example decision problem. Option sequences were partially
hidden unless the cursor hovered over the option, as is the case for Option 2 in the above. The value
of an option was the number of # symbols in the sequence. Option 2 was therefore worth 14 ECU
($1.40) if it was chosen by a subject in a given decision problem. Subjects were not paid for the
decision problem if they did not i) select an option in the list (by clicking it) or ii) click the Next
button before the time allotted (highlighted at the top of the screen) ran out.
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Baseline Treatment: In this treatment, a subject sees all the options in a choice

problem without any default or reference option. For each problem, she makes a

choice from the presented list of options, submits her choice, and moves to the next

problem. She responds to 20 choice problems in total. No default option is presented.

Endogenous Treatment: In this treatment, for each problem, a subject is first

offered a default option of 14ECU. If she takes this offer, she moves on to the next

problem without having to choose between the 10 options. If she rejects this offer,

she sees the 10 options similar to the Baseline. This procedure repeats for each of

the 20 decision problems presented in a session.

Exogenous Treatment: In this treatment, for each problem, a subject is first

presented a default option of 14ECU. She is told that with 50% chance she will

receive this amount for the current problem and with 50% chance she will see a

choice problem with 10 options on the next screen. If the latter event occurs, she

makes an active choice similar to the other two treatments. For each of the 20 decision

problems in the session, there is an independent randomization for getting the default

option or making an active choice for that problem.

We chose 14 ECU as the value of the default option in the Exogenous and

Endogenous treatments since it was lower than the mean so that we would have

meaningful self-selection, but not so low12 that no subjects would ever choose the

default option. Section 4 presents evidence that this was effective.

We collected decisions from 70, 99, and 157 participants in the Baseline, En-

dogenous, and Exogenous Treatments, respectively. There are more subjects in the

Endogenous Treatment than in the Baseline to have enough observations of active
1214 ECU is less than one standard deviation lower than the mean.
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Table 1: Treatment Summary

Treatment

Baseline Endogenous Exogenous

Default Option 7 3 3

Selection - 3 7

Channels - Reference Reference
Self-Selection

N 70 99 157
Attentive N 65 92 147

Notes:
“Default Option” indicates whether there was a 14 ECU default
option presented to the subject. “Selection” indicates whether
the subject could select the default option endogenously. “At-
tentive” indicates that the subject spent more than 15 seconds
on the initial instructions page and never timed out.

choice in the former. The number of subjects is the highest in the Exogenous

Treatment because only half of all observations were of active choice by design.

Additionally, we filter out inattentive subjects by excluding those who spent very

little time (less than 15 seconds) on the initial instructions page. We also exclude

subjects who failed to choose an available option within the allotted time in at

least one decision problem where they had to make an active choice. These two

exclusions of inattentive subjects led to dropping approximately 5% of our subjects

across each treatment. This results in 65, 92, and 147 attentive subjects in the

Baseline, Endogenous, and Exogenous Treatments, respectively. This and other

relevant treatment details are summarized in Table 1.

3 Model of Optimal Search with a Default Option

In order to form our hypotheses, we investigate an optimal search model allowing a

reference-dependent utility, and we derive the optimal search strategy that applies to

our three treatments. The proofs are in the Appendix.
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In particular, we employ a reference-dependent utility function based on the

prospect theory model of Kahneman and Tversky (1979), and for simplicity assume

away diminishing sensitivity and probability weighting: u(x, r) = x − β(r − x)+ +

γ(x − r)+, where x ∈ R+ is the value of an option, r ∈ R+ is a reference, and

(y)+ := max{y, 0}. Note that in this specification in addition to the consumption

utility denoted by the first term, there is a disutility from having an option with

value lower than the reference, and there is an additional gain when the consumption

exceeds the reference. The coefficients β ≥ γ ≥ 0 are the loss and gain parameters,

respectively.

In our setup, there are a number of alternatives, the value of each alternative is

unknown to the decision maker but she knows that the values are distributed i.i.d.

by F (x). The value of an alternative can be learned by incurring a cost. Let c > 0

denote the cognitive cost of searching one more option. We assume that c is less than

the expected value of the option given F so that search might be meaningful at least

for some situations, i.e. E[x] > c. The person may learn each option sequentially in

any order she wants. The decision maker has the option of earning zero by not doing

anything in the duration of the experiment: this is what we paid to subjects if they

do not make any decision in 120 seconds. We define the decision problem in discrete

time where in each period t ∈ {0, 1, ..., T}, the decision maker decides whether to

evaluate an option or not. At t = 0, not searching means taking the default in the

Endogenous Treatment, and it means receiving zero in the other two treatments.

When search is stopped in a given period, the decision maker selects the alternative

with the highest reward among the ones of which she has learnt their values so far.

T denotes the highest period at which the subject understands that she can evaluate

exactly one more option.13 Hence, T + 1 is the period at which the person knows

that her probability of finding an option that will impact her choice is zero. So, she

understands that she will not be able to evaluate a new option and if she does not
13In the experiment, each choice has ten options, hence T ≤ 10.
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make a selection now, her earnings will be zero at that time.

We define a reservation utility, uR, by modifying the Gittins-Weitzman index

(Gittins, 1979; Weitzman, 1979) for u(x, r). The reservation utility can be interpreted

as a fictitious value that makes the subject indifferent between taking this value and

evaluating one more option. The next result shows that the optimal search is a cutoff

strategy described by the reservation utility. A subject should keep searching as long

as the best option in hand so far has a lower value than the reservation. We also

show how the cost and gain/loss parameters, c, β, and γ affect the reservation utility

with implications on the expected value of choice.

Theorem 1. For any r, β, γ, c > 0, there is a unique reservation utility, uR, such that

for any t ∈ {1, ..., T}, it is optimal to select the highest value option that is found until

t − 1 if and only if this value is less than uR; otherwise, searching more is optimal.

This is the unique optimum strategy and uR increases with β and γ and decreases

with c.

Theorem 1 describes the optimal search strategy of a decision maker in a search

problem similar to the ones in our experiments. The proof constructs the marginal

utility of searching one more period given the best option in hand so far. In a given

period t, for a subject whose best option so far is ut, the marginal expected utility of

evaluating one more option rather than stopping search is described as a function of

ut. The intersection of this function with the cost of searching one more option gives

the optimal reservation utility. Figure 2 illustrates this constructed function when

there is a reference, r, denoted by the solid curve, and when there is no reference,

denoted by the dotted curve. Note that the function has a kink at the reference when

the reference is introduced. This is because the forces causing the shift on the left

and right of r are different. If the value of the best option in hand so far is already

above the reference itself, the introduction of the reference will increase the marginal

utility of search due to the additional motivation of the gain utility. If it is below

the reference, the subject will feel loss in the presence of a reference, so the marginal
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Figure 2: Marginal utility of searching given ut and optimal reservation utility

Notes: The marginal utility of searching one more period is illustrated for the Baseline where there
is no reference (dotted line) and for the Treatments where there is a reference (solid line). Optimal
reservation utility is found at the intersection of these functions at the cost of search, c; these are
given by uB for the Baseline and uR in the Treatments. Cut-off costs (c, c) are provided for reference
and are utilized in Theorem 2.

utility of search increases both to avoid that loss and to potentially gain some amount

above the reference. Due to this asymmetry, we see a kink at r in Figure 2.

Figure 2 also provides an example of a subject with a cost parameter of c, and

shows how the optimal reservation shifts when there is no reference as in the Baseline

and when there is a reference as in the Exogenous Treatment. Note that for every

cost level, the optimal reservation level will be higher in the Exogenous Treatment

than the Baseline as Figure 2 illustrates. So both those who search little or a lot

without the reference will be motivated to search more with the reference since the

shift occurs on the whole domain. This observation leads to Corollary 1.

Corollary 1. The reservation utility is higher when there is a reference.

Corollary 1 implies that a subject is expected to search more in the Exogenous

Treatment than the Baseline and to find a better ranked option. This implication is

13



summarized in Hypothesis 1.

Hypothesis 1. [Reference Effect] For any rank level, the probability of choosing a

better ranked option is higher in the Exogenous Treatment than that in the Baseline.

Recall that the value of not searching in the initial period of the Exogneous and

Endogenous Treatments are different. At period 0, while u0 = 0 in the Exogenous

Treatment, u0 = r in the Endogeneous Treatment. According to the optimal search

strategy found in Theorem 1, a subject whose uR is below r should not start the

initial search in the Endogenous Treatment. Since the reservation utility decreases

with cost, one can find a cutoff cost level to determine who will start searching in

this treatment. As it can be seen in Figure 2, that cutoff is c which corresponds

to uR = r. For a subject whose cost is in (c, c) the value of default option will

be above her reservation utility, and hence, she will take the default option rather

than searching in the Endogeneous Treatment. However, such a subject would prefer

searching in the Exogeneous Treatment. This causes some subjects with high cost to

drop out from search in the Endogenous Treatment. The next theorem states this

selection result.14

Theorem 2. For a given pair of gain/loss parameters, there is a range of cost, (c, c),

such that a subject with c ∈ (c, c) would search in the Exogenous Treatment but not

in the Endogenous Treatment.

For our experiment, Theorem 2 implies that the expected reservation utility of the

subjects who rejected the default will be higher in the Endogenous treatment since

those with the low reservation will take the default. Hence, finding a better ranked

option is more likely to happen in the Endogenous Treatment than the Exogenous

one. This leads to Hypothesis 2.
14A similar selection result can be written in terms of the gain/loss parameters since these

parameters are the two other sources of heterogeneity affecting the initial search decision in the
model.
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Hypothesis 2. [Self-selection Effect] For any rank level, the probability of choos-

ing a better ranked option is higher in the Endogenous Treatment than that in the

Exogenous Treatment.

4 Results

Throughout the analysis we will keep referring to the choice from the 10 presented

options as “active choice”. Choosing the default in the Endogenous Treatment or

receiving the default as the result of randomization in the Exogenous one are not

considered active in this terminology. While the latter one is clearly not an active

choice, as the computer assigns the default to the subject, we apply this terminology

to the Endogenous one in order to distinguish between choosing after search and

settling with the default without seeing any other option (see also Chetty et al.,

2014).

We start our analysis with the entry decisions in the Endogenous Treatment.

Table 2 presents descriptive statistics for the Active Choice Selection Rate, which we

define as the percentage of decision problems (out of 20 problems) where a subject

chose to see their options and make a choice (i.e. they did not choose the default

option).

Several trends emerge. Overall, subjects engage in “active choice” in roughly

81.5% of all decision problems. At one extreme, out of 92 subjects, 4 always chose

the default. At the other, 55 subjects (59.78%) chose actively for all 20 decision

problems, always forgoing the default option. These subjects are our first evidence

for the self-selection effect in line with the prediction of Theorem 2. We take this

as evidence that the most meaningful comparison between our treatments restricts

attention only to these subjects who rejected the default (i.e., chose actively) in all 20

decision problems and chose one of the available options in the active choice problem

(i.e. did not time out). In this way we more closely mimic one-shot real world (e.g.
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Table 2: Entry Decisions in Endogenous Treatment

Mean SD Min p25 Median Max

Active Choice Selection Rate .815 .303 0 .7 1 1

N 92
Notes:

Active Choice Selection Rate defined as percentage of decision problems where the
subject made an active choice (i.e. did not choose the default option). 55 of 92
subjects (59.78%) always chose Active Choice. 4 of 92 subjects (4.35%) never chose
Active Choice.

procurement auction) or laboratory (e.g. tournament) entry decisions that have been

previously studied in the body of literature.

Furthermore, the high rate of Active Choice in this treatment indicates that

the subjects found the decision problem moderately easy and hoped to find better

options than the default option in their active choices. As we mentioned in Section

2, we intentionally chose a relatively low value for the default option to have enough

observations for endogenous entry but we did not set it too low to have meaningful

self-selection. Table 2 shows that our design choices succeeded in these goals since

neither i) everyone always chose the default option nor ii) everyone always chose

actively.

The distributions of the Rank of Chosen Option for the Baseline and Exogenous

Treatments are reported in Figure 3. A Kolmogorov-Smirnov test indicates a signifi-

cant difference between the distributions (p=0.026). Since the only difference between

Active Choice in the Baseline and the Exogenous treatment is that, in the latter, a

subject was aware of an exogenously foregone default option, any resultant welfare

change between these two environments is attributable to this default option serving

as a reference during Active Choice. We find that subjects are more likely to choose

better ranked (i.e. higher valued) options in the Exogenous treatment relative to the

Baseline. This supports Hypothesis 1.

To test if there is self-selection in addition to a reference effect, we perform the
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Figure 3: CDF of Rank of Chosen Option: Baseline vs Exogenous Treatment

Notes: Rank is lower for higher-valued options. To emphasize visually where the CDFs are different,
we pool the observations where the rank of the chosen option is > 5 into a single category. The
reported Kolmogorov-Smirnov p-values are calculated using the entire distribution.

rank comparison for the Exogenous and Endogenous treatments in Figure 4. Recall

that the only difference between the Exogenous and Endogenous Treatments is that in

the latter subjects can freely choose the default option instead of it being exogenously

assigned as in the former. The value of the default option serves as a reference in

both.Therefore, any welfare difference between these two treatments is attributable

to selection. Note that for any ranking level, the CDF of the Endogenous treatment

is higher than that of the Exogenous one. The two CDFs are significantly different

according to a Kolmogorov-Smirnov test with p=0.001). This indicates that subjects

are more likely to choose better ranked (i.e. higher valued) options in the Endogenous

treatment relative to the Exogenous treatment. This finding supports Hypothesis 2.

In addition to investigating the welfare effects of the Endogenous and Exogenous

treatments using the Rank of the chosen option, we alternatively consider monetary

gains. “Gain” is defined as the percentage of available monetary gains that the subject

attained above the mean option value within a given decision problem. Formally, in
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Figure 4: CDF of Rank of Chosen Option: Exogenous vs Endogenous Treatment

Notes: Rank is lower for higher-valued options. To emphasize visually where the CDFs are different,
we pool the observations where the rank of the chosen option is > 5 into a single category. The
reported Kolmogorov-Smirnov p-values are calculated using the entire distribution.

decision problem i, let v∗i be the value of the optimal option, v̄i be the mean value of

the available options, and vi be the value of the option that the subject chose. We

then define Gain as follows:

Gaini =
vi − v̄i
v∗i − v̄i

Figure 5 presents distributions of Gain across the Baseline, Endogenous, and

Exogenous Treatments. These distributions tell a similar story to those for Rank

in Figures 3 and 4. First, subjects make more Gain in the Exogenous Treatment

relative to the Baseline, indicative of a reference effect. Additionally, they make more

Gains in the Endogenous Treatment relative to the Exogenous one, consistent with

the self-selection effect.

As additional support to the results derived from choice data, we look at decision

time data. Since subjects are forced to choose actively both in the Exogenous

Treatment and the Baseline, searching skills are expected to be similar in these two

cases. On the other hand, the reference presented in the Exogeneous Treatment
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(a) Baseline vs Exogenous (b) Exogenous vs Endogenous

Figure 5: Gain Distributions

Notes: Gain is calculated as the percentage of the available monetary gain above the mean option
value captured by the choice of the subject, i.e. Gaini =

vi−v̄i
v∗
i −v̄i

where vi is the value of the chosen
option, v∗i is the value of the optimal option in the decision problem, and v̄i is the mean option value
in the decision problem. Because of the prevalence of optimal choice (i.e. where Gaini = 1), CDF
are not plotted above approx. 0.4.

increases the reservation utility of the optimal search with respect to that in the

Baseline according to Theorem 1. Since the higher reservation would mean longer

search in expectation when we keep the skill level fixed, the average decision time

in the Exogenous Treatment is predicted to be higher. We observe that the subjects

indeed spend more time in the Exogenous Treatment relative to the Baseline (31.18

vs. 23.73 seconds, respectively; Mann-Whitney p < 0.001).

In the Endogenous Treatment, while the reference effect predicts more search

(due to higher optimal reservation) the self-selection effect may increase or decrease

the decision time. Since only the lower cost subjects are self-selecting in this case,

these subjects might also be faster in evaluating each option. On the other hand the

self-selection also predicts higher reservation on average for these actively searching

subjects, i.e., evaluation of more options in a given decision problem. So it may

take these subjects longer to submit a final decision even if they are faster in the

evaluation of each option. In the data we see that the actively searching subjects

in the Endogenous Treatment spend on average 26.60 seconds on a decision problem
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and this is significantly faster decision time than in the Exogenous Treatment (Mann-

Whitney p<0.001). Thus, arguably, the lower cost subjects are skillful and faster.

5 Conclusion

In this paper we document that the presence of a default option can affect choice

through two channels: self-selection and reference-dependence. Both effects lead

to options with higher objective values being chosen more frequently by decision

makers who actively search. While the former channel is strategic and expected to

be presented by anyone with or without reference dependent utilities, the latter one

is a psychological motive and can be explained by gain/loss utilities.

Our results suggest new ways in which default options can be powerful modulators

of choice. Our theoretical analysis provides optimal search strategies of decision

makers with reference dependent utilities in the presence of a default option or other

references. A large and growing body of literature investigates the welfare effects of

reference dependence and default options as well as optimal default design (e.g.,

Carroll et al., 2009; Bernheim et al., 2015; Bernheim and Gastell, 2020; Goldin

and Reck, 2020; Choukhmane, 2021; Goldin and Reck, 2022; Reck and Seibold,

2022). Incorporating these results into optimal default design problems should be a

fruitful exercise both theoretically and empirically. Our findings point out that choice

architectures should not only set the reference optimally but also decide whether it

can be voluntarily opted out or not since the former one may activate the self-selection

effect.

In this paper we evaluated the choice change caused by default in terms of the

objective ranking of the chosen option, amount of monetary gains, and time invested

in search. We leave it for future research to estimate and incorporate psychological

effects of default into welfare analysis.
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A Proofs

Before proving Theorem 1, we will define two functions which will prove to be useful
later and study their properties. Define f : R+ → R+ such that

f(u) := (1 + γ)

∫ ∞

u

(x− u) dF (x)

If f(r) ≤ c15, define g : [0, r] → R+

g(u) :=

∫ r

u

(1 + β)(x− u) dF (x) +

∫ ∞

r

(x− u) + β(r − u) + γ(x− r) dF (x)

Lemmata 1 and 2 find the reservation utility levels by setting each of these
functions equal to the search cost and study the properties of these reservation
utilities.

Lemma 1. There is unique uf ∈ R+ such that f(uf ) = c and if uf < r there is
unique ug > uf such that g(ug) = c.

Proof of Lemma 1. Note that since F has a continuous density, f and g are
continuous. It is also straight forward to show that both functions are decreasing in
u.

Note that f(0) = (1 + γ)E[x] > c and limu→∞ f(u) = 0 < c. Since f is monotone
and continuous the solution of f(u) = c uniquely exists. Call this solution as uf .

When f(r) ≤ c we have g(r) = f(r) ≤ c. Also note that g(0) = E[x] +

(a positive term) > c Since g is continuous and monotone, there exists a unique
solution to g(u) = c. Call this solution ug.

15Since f is a decreasing function, f(r) ≤ c means that r needs to be sufficiently large for g to
enter our analysis.
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Moreover, when uf < r we have

g(uf )− f(uf ) = [

∫ r

uf

(1 + β)(x− uf ) dF ] + [

∫ ∞

r

(x− uf ) + β(r − uf ) + γ(x− r) dF

− [(1 + γ)

∫ ∞

uf

(x− uf ) dF ]

=

∫ r

uf

(β − γ)(x− uf ) +

∫ ∞

r

(x− uf )(−γ) + β(r − uf ) + γ(x− r) dF

=

∫ r

uf

(β − γ)(x− uf ) +

∫ ∞

r

(β − γ)(r − uf ) dF

> 0

The last inequality is implied by the assumption that β > γ.
Then we have g(uf ) > f(uf ) = c = g(ug). Since g is a decreasing function, we

have ug > uf when uf < r.
□

Lemma 2. uf and ug are monotone in the parameters of the model as follows:

i) uf increases with γ and decreases with c,

ii) ug increases with β and γ and decreases with c.

decreases with c; urβ increases with β and decreases with c.

Proof of Lemma 2. Since uf and ug are solutions to decreasing functions of f and
g at c, respectively, these solutions must decrease with c.

Note that f shifts upwards when γ increases. Similarly, g shifts upwards when β

or γ (or both) increases. If these decreasing functions shift upwards, the values at
which they intersect with c (i.e., uf and ug) increase b. □

Lemmata 3 and 4 describe the optimal search strategy based on the size of the
reference r.

Lemma 3. Let r < uf then in any period 1 ≤ t ≤ T , searching one more round is
weakly better than stopping the search if and only if the value of best option in hand
at time t offers less than uf .

Proof of Lemma 3. Let ut be the value of best option in hand at time t. Note that
the utilities of stopping the search at that moment and searching exactly one more
round are
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Stop = ut − β(r − ut)
+ + γ(ut − r)+

Search = E
[
max

{
x− β(r − x)+ + γ(x− r)+, ut − β(r − ut)

+ + γ(ut − r)+
}]

− c

where (y)+ = max{y, 0}. Then

Search−Stop =

∫ ∞

ut

x−ut−β
[
(r − x)+ − (r − ut)

+
]
+γ

[
(x− r)+ − (ut − r)+

]
dF (x)−c

Case 1: Let ut ≤ uf then there are two possibilities:
Case 1a: If r ≤ ut ≤ uf Then searching is better since

Search− Stop =

∫ ∞

ut

(x− ut)− 0 + γ(x− ut) dF (x)− c

= f(ut)− f(uf )

≥ 0 (Since f is decreasing.)

Case 1b: If ut ≤ r ≤ uf Then searching is better since

Search− Stop =

∫ r

ut

(x− ut) + β(x− ut) dF (x) +

∫ ∞

r

(x− ut) + β(r − ut) + γ(x− r) dF (x)− c

= g(ut)− f(uf )

≥ g(r)− f(uf ) (Since g is decreasing.)

= f(r)− f(uf )

≥ 0

Note that if ut = uf in the above cases, the subject is indifferent between searching
one more round and stopping.
Case 2: If ut > uf then ut > r by the assumption of the Lemma. Then the utilities
of stopping the search at that moment and searching one more round are

Stop = ut − β(r − ut)
+ + γ(ut − r)+ = ut + γ(ut − r)

Search =
∫ ut

0
ut + γ(ut − r) dF (x) +

∫∞
ut

x+ γ(x− r) dF (x)− c

Then stopping is better since

Search− Stop =

∫ ∞

ut

(1 + γ)(x− ut) dF (x)− c

= f(ut)− f(uf )

< 0 (Since f is decreasing.)
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□

Lemma 4. Let r ≥ uf then in any period 1 ≤ t ≤ T , searching one more round is
weakly better than stopping the search if and only if the value of best option in hand
at time t offers less than ug.

Proof of Lemma 4. Let ut be the value of best option in hand at time t.
Case 1: If ut ≤ ug, then ut ≤ ug ≤ r by the proof of Lemma 1. Then the utilities of
stopping the search at that moment and searching one more round are

Stop = ut − β(r − ut)
+ + γ(ut − r)+ = ut − β(r − ut)

Search =
∫ ut

0
ut−β(r−ut) dF (x)+

∫ r

ut
x−β(r−x) dF (x)+

∫∞
r

x+γ(x−r) dF (x)−c

Searching is better than stopping since

Search− Stop =

∫ r

ut

x− ut + β(x− ut) dF (x) +

∫ ∞

r

x− ut + β(r − ut) + γ(x− r) dF (x)− c

= g(ut)− g(ug)

≥ 0 (Since g is decreasing.)

Note that if ut = ug the subject is indifferent between searching one more round and
stopping.
Case 2: If ut > ug then there are two cases relevant for the analysis:
Case 2a: If ut > r ≥ ug, then recall that we also assumed r ≥ uf . So we have
ut > r ≥ ug ≥ uf since by the proof of Lemma 1 ug ≥ uf . Then in both searching
and stopping strategies there will only be gain utilities but no loss utilities due to the
reference. The difference between the utilities of searching and stopping strategies
becomes

Search− Stop =

∫ ∞

ut

(1 + γ)(x− ut) dF (x)− c

= f(ut)− f(uf )

=< 0

Hence, stopping is better for Case 2a.
Case 2b: If r ≥ ut, then r ≥ ut > ug ≥ uf . Then the utilities from searching one
more period and stopping are

Search =
∫ ut

0
ut−β(r−ut) dF (x)+

∫ r

ut
x−β(r−x) dF (x)+

∫∞
r

x+γ(x−r) dF (x)−c

Stop = ut − β(r − ut)

27



Then stopping is better because

Search− Stop =

∫ r

ut

x− ut + β(x− ut) dF (x) +

∫ ∞

r

x− ut + β(r − ut) + γ(x− r) dF (x)− c

= g(ut)− g(ug)

< 0

This concludes the proof. □
We now turn to the proof of Theorem 1.

Proof of Theorem 1. For any r, β, γ, and c ≥ 0, define the reservation utility uR

as follows:

uR =

{
uf , if r < uf

ug, if r ≥ uf

where uf and ug are defined in Lemma 1. Then from Lemmata 3 and 4, the threshold
strategy defined in the statement is optimal for one and only one period extended
search. Note that the reservation utility is independent of which period the subject
is. Hence, at a given period if stopping is better than searching exactly one more
period, i.e., ut > uR is satisfied in that period, it must be better than the expected
return on search for multiple periods as well. The same is true for ut ≤ uR. □

Proof of Corollary 1. First note that since there is no reference in the Baseline,
the equilibrium strategy for that case is equivalent to the one described above for
β = γ = 0. That means the reservation utility in the Baseline, uB, is the value of uf

for the case of γ = 0. Then by Lemma 2, uf > uB for any γ > 0.
When the reservation utility is defined by ug in the Exogenous treatment, then

from the proof of Lemma 1 ug > uf . Then together with the observation above we
have ug > uf > uB.

So uR defined above will be strictly higher than uB for both cases. With a higher
reservation utility in the Exogenous case than the Baseline, a subject in the Baseline
will be expected to search less. Hence, it is expected to see a better ranked option to
be chosen in the Exogenous Treatment. □

Proof of Theorem 2. Note that, for a fixed choice problem, a searching subject after
period 1 in both the Exogenous and Endogenous Treatments have the same optimal
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reservation utility as described by Theorem 1. So the only difference between the two
treatments is the selection that may happen at time t = 0, i.e., at the initial search.

In the Exogenous Treatment anyone with a positive reservation, uR ≥ 0, will
search, i.e. c ≤ g(0). Call this cutoff cost level c := g(0).

In the Endogenous Treatment anyone with a reservation above the reference, uR ≥
r, will search, i.e. c ≤ f(r) 16. Call this cutoff cost level c := f(r). Since f is
decreasing, c < c for positive gain/loss parameters.

Hence, for a given decision problem, subjects whose cost is in the interval of (c, c)
would start the initial search in the Exogenous Treatment but not in the Endogeneous
one.

□

16Recall that by the definition of f and g, f(r) = g(r). Hence it does not matter which function
is used to determine this cutoff search cost
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FOR ONLINE PUBLICATION ONLY

B Instructions: [Endogenous Treatment]

Here we present instructions for the Endogenous Treatment only, as they contain all
relevant information that pertains to all treatments. In the Baseline, there was no
mention of an outside option at all. In the Exogenous Treatment, it was made clear
that the outside option would be given to the subject with 50% probability (i.e. they
were unable to choose the outside option themselves).
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