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Abstract

While widely accepted models of labor market search imply a constant reservation wage
policy, the empirical evidence strongly suggests that reservation wages decline in search
duration. This paper reports the results of the first real-time-search laboratory experiment.
The controlled environment subjects face is stationary, and the payoff-maximizing
reservation wage is constant. Nevertheless, subjects' reservation wages decline sharply
over time. We investigate two hypotheses to explain this decline: 1. Searchers respond to
the stock of accruing search costs. 2. Searchers experience non-stationary subjective costs
of time spent searching. Our data support the latter hypothesis, and we substantiate this
conclusion both experimentally and econometrically.
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1 Introduction

The standard model of labor market search posits repeated (infinite horizon) search from
a fixed distribution of wages in a stationary environment. Under these circumstances the
optimal search policy has a reservation wage property, i.e., the decision to accept an offer
involves a comparison of the offer with a time-invariant constant, w*, which itself is a function
of the parameters characterizing the search environment. A wage offer greater than or equal
to w* is accepted, while any other is rejected and search is continued.

Some early empirical job search studies, however, accumulated evidence of a declining
trend in reservation wages over the course of an unemployment spell.! Since then sev-
eral theoretical explanations for the declining reservation wage profiles have emerged, all
of which relax the stationarity assumption of the standard model. For example, Gronau
(1971) assumes searchers have finite lives; Burdett (1977), van den Berg (1990), Albrecht
and Vroman (2005) and others model short-term unemployment benefits; Albrecht, Gautier
and Vroman (2006) permit directed search to heterogeneous prospects;? Danforth (1979) and
Rendon (2006) consider general liquidity constrained search; and Burdett and Vishwanath
(1988) model learning about the job offer distribution. Behavioral explanations for declining
reservation wages have been suggested by Braunstein and Schotter (1981, 1982) and others.

In this paper we present the results of the first ever (to our knowledge) real-time-search
laboratory experiment performed in an effort to investigate this falling reservation wage
phenomenon. Where field studies of unemployed search often rely on strong identifying
assumptions to recover searchers’ unobservable reservation wages, in the laboratory we are
able to elicit subjects’ complete reservation wage profiles in an incentive-compatible manner.?
Further, in the laboratory we are able to abstract from market sources of non-stationarity.
We present subjects with a stationary environment in which they encounter offers at a
stochastic rate and in which they may accumulate search costs as time progresses. We find
that, despite the stationarity of their environment, there is a strong tendency of subjects in
our experiment to lower their reservation wages over time. The importance of this finding is
that it demonstrates a behavioral cause of declining reservation wages, which may operate
in the field alone or in conjunction with the market factors discussed above.

While there are a wide variety of possible behavioral explanations for declining searcher

standards in a stationary environment, we find that most can be categorized in one of

!See, for example, Kasper (1967), Keifer and Neumann (1979), and Lancaster and Chesher (1983). Braun-
stein and Schotter (1981, 1982) first generated the result in the context of a search experiment.

2This is related to the model of Salop (1973).

3In the partial-partial equilibrium search context, Flinn and Heckman (1982) and Wolpin (1987) present
the first rigorous investigations of identification and estimation of these models using unemployment duration
and wage information.



two ways. First, searchers may respond to accumulating monetary costs by lowering their
acceptance standards. For example, the sunk cost fallacy demonstrated by Thaler (1980)
could lead searchers who fail to recognize previously accumulated search costs as sunk to
accept lower wage offers in response to larger accumulated costs. Second, searchers may
respond to passing search time itself. A lengthy search spell may be inherently discouraging,
or workers may accumulate subjective search costs not captured in standard models.*

To distinguish between these two explanations we employ both econometric and experi-
mental methods. We first attempt to identify the impact of both search time and accumu-
lated search cost on the declining reservation wage in a standard framework. However, since
these two variables are highly colinear in the experimental data, it is hard to separate their
influence using econometric methods alone. As a result, we run two additional experimental
treatments, one in which searchers wait uncertain amounts of time for offers to arrive but
accumulate no search costs, and one in which offers arrive immediately but with a stochastic
cost. Estimates of the time dependence of stated reservation wages in these two new treat-
ments both show significant declines. Nonetheless, we find that only the waiting treatment is
sufficient to generate a downward trend in reservation wages as steep as that observed in the
standard framework. Based on these results, it appears that the primary factor determining
the time path of reservation wages in our experiments is the uncertain wait.

The three treatments each impose discounting through the structure of the experimental
payoff calculation. One might be concerned that subjects otherwise aware of the incremental
nature of the search problem respond to the "shrinking pie" of discounted payoffs by lowering
their reservation wage choices. We field a final treatment in which discounting is imposed not
structurally but through the threat of termination of game play. This treatment allows us to
compare the two different methods of discounting. We find strikingly similar time patterns
in reservation wages, and in this sense the experiment cross-validates the use of structural
discounting and termination risk-based discounting in laboratory search experiments. We
know of no other experiment to have done this.

The experimental hazard into offer acceptance displays both increasing and decreasing
regions. Our non-monotonic experimental hazard demonstrates the ability of an extensive
downward trend in reservation wages in a majority of environments to overwhelm the de-
creasing hazard generated by environment heterogeneity and produce regions of increasing
employment hazards. As an examination of the external validity of our experimental results,

we present evidence of increasing and decreasing regions of the raw employment hazard in

4One referee has pointed out the possiblity that subjects seek a positive net payout in each spell. This
may lead to non-stationary cost responses, but may be less relevant to unemployed search in the field than
other possible behavioral responses. We also find declining reservation wage patterns in an experimental
treatment that guarantees positive net payouts, described below.



recent data on young US job seekers, and we review evidence from Ham and Rea (1987) of
a non-monotonic hazard despite extensive controls for market sources of non-stationarity.
The experimental and field data are consistent in this sense, and our experimental results
suggest a possible behavioral component to the observed reservation wage declines and non-
monotonic hazards in U.S. employment data.

The paper proceeds as follows. In Section 2 we recount the standard search model.
Section 3 presents our experimental design and Section 4 our results. In Section 5 we
consider a non-stationary modification of the standard search framework, and we discuss

external validation of our laboratory results. Section 6 concludes.

2 The Standard Search Model

The theoretical foundation for the experimental analysis is a standard partial-partial equilib-
rium continuous time search model. Wage offers arrive according to a Poisson process with
time homogeneous parameter A, which is the (constant) rate at which the searcher encoun-
ters new wage offers. When a job offer arrives the searcher receives a wage offer w, which
is an independently and identically distributed draw from the distribution F. The searcher
accepts or rejects any arriving offer, and the accepted wage is received in perpetuity. We do
not permit the searcher to recall previous offers,” and we assume that, once hired, a worker
cannot be fired or search on-the-job.

In Appendix A.1 we derive the expected wealth-maximizing searcher’s decision rule in this
stationary environment. As is well-known, the agent will use a decision rule that possesses

the reservation wage policy, that is,

Accept w < w > w”

Reject w < w < w*,

where

* = i w— w* w
w ‘“p/wf JdF (1), 1)

b represents the instantaneous value of search, and p is the instantaneous discount rate.
Due to the time homogeneity of all primitive parameters, the value w* is constant. If the
primitive parameters are non-stationary, if agents suffer from sunk-cost fallacies, or if their

objective is not expected wealth maximization, a reservation wage decision rule may not

°In a stationary environment with full information on the offer distribution, an expected wealth maximiz-
ing agent would never exercise a recall option. We explicitly preclude it here since we cannot assume that
our experimental subjects are expected wealth-maximizers nor “correctly” solving the optimization problem.



exist, or, if one does exist, the reservation wage may not be time-invariant. Non-stationary

reservation wage policies are considered below and in van den Berg (1990).

3 Experimental Design

Three separate search experiments (or treatments) were performed in the Experimental Eco-
nomics Laboratory of the Center for Experimental Social Science at New York University.
Each treatment included 38 inexperienced undergraduate students recruited from the under-
graduate population of New York University and brought into a laboratory where they sat
in front of computer terminals and read computerized instructions. Each experiment lasted
approximately one hour (by the time the last searcher completed the last search) and the
average payoff was approximately $16. Subjects were paid a $5 show-up fee, and were paid
all contingent compensation in experimental dollars. These were converted into U.S. dollars
at the rate of 1 experimental dollar to $.07 U.S. for the baseline treatment and 1 experimen-
tal dollar to $.05 U.S for the additional treatments. Based on their laboratory behavior and

questions, the subjects’ motivation and understanding of instructions appeared to be high.

3.1 Laboratory Implementation of the Standard Search Model

The decision task of the subjects in our baseline experiment was identical to the standard
search problem described in Section 2. Subjects searched in continuous real-time search
environments in which time was measured in seconds. When the subject clicked his or her
mouse indicating that he or she was ready to start, the clock started. Wage offers, drawn
from a two parameter Weibull distribution, F'(w | a, 3), arrived at a rate determined by a
Poisson distribution with parameter A.°® The cost of search was constant at b experimental
dollars per second, where b < 0 in all treatments.” Each subject searched until he or she
accepted a wage. He or she completed five consecutive search spells in each of three assigned
search environments.® Search environments were randomly determined. Elements of the
parameter vector X = (a, 3, p, A, b) had bounded supports o € [0.015,0.6], 5 € [0.5,2],

6 Appendix B discusses the implementation of continuous time offer arrival in the laboratory and the offer
distribution parameterization.

Tt is important to note that the existence of a reservation wage in the canonical partial-partial equilibrium
model of search does not impose any sign restriction on the utility flow while searching, b. For purposes of
the experiment, we restricted the flow value of search to be nonpositive. Consequently, we refer to b as a
search cost in what follows.

8Subjects were told that they would search 5 times in a row in each of three envoronments. They were
informed when environments changed. Each new environment began with the tutorial described below,
relevantly parameterized.



p=0.03, A € [0.05,0.5], and b € [-0.05,—0.03]. Each environment was selected by drawing
parameter values independently from uniform distributions defined over these supports.”.

Before search began, subjects had an opportunity to experience the exact environment
they would be searching in. This was done through a tutorial program.!® The tutorial first
described the wage distribution by presenting a histogram representing its properties and
explaining its salient features. Rather than presenting the actual wage offers, we transformed
each offer into the current time discounted present value of receiving the wage to the horizon,
so that subjects saw instead the distribution of %. This was done so that subjects would not
have to convert each wage offer into a discounted present value on their own. It leaves the
problem unaltered. In addition, the notion of a discount rate was explained both in words
and in terms of graphs depicting how wages and costs were discounted to the beginning of
the search period.

The tutorial contained a dynamic demonstration of the temporal features of the problem.
Subjects sat in front of their terminals for two minutes and watched discounted wage offers
arrive at the rate defined by the environment. As each offer arrived a beep was heard and
the words << PAYMENT OFFER >> were listed on the screen.

Table 1 replicates a screen which was filled as the two minute demonstration proceeded.
The table columns contain the elapsed time, the present value of the offer (%), the value
of the offer discounted to the beginning of the spell, cumulative discounted search costs
when the offer arrived, and the payoff net of search costs if the offer were to be accepted.
From the table we see that the first wage arrived after 20 seconds and had an associated
lifetime income of 4.8 experimental dollars which, when discounted to the present, was worth
only 2.63. The discounted search cost incurred during those 20 seconds (0.42 experimental
dollars) is then included in the net discounted payoff value minus search cost of 2.21. After
the first offer arrived this particular subject had to wait 5 seconds for the next and 31 seconds
for the third offer. Such a table was designed to meet several objectives. First, it gave the
subject an idea of the waiting time process, and, most importantly, the randomness of it. It

then showed him or her the trade-offs involved in stopping or waiting for a better wage in

9 Appendix Table 1 shows the means and standard deviations of the environment parameter values used
in the experiment. The parameter range for offer arrival rate A is chosen to be analogous to the range of
values estimated in this standard search model in Flinn and Heckman (1982). Given the demonstration
in Flinn and Heckman (1982) that the discount rate p and unemployment flow utility b are not separately
identified in field data, we fix p at what we believe to be a reasonable level. Instantaneous discount rates
in field research imply annual discounts of, for example, 0.05 in Dey and Flinn (2005) and 0.12 in van den
Berg (1990). Elapsing seconds in our experiment are parameterized to behave similarly to elapsing weeks
of search in comparable models estimated in the field. Thus a discount of 0.03 is not far from standard
discounts in continuous time search models estimated using field data.

0The computer tutorial is available for viewing at http://cess.nyu.edu/exp data_programs.html. The
data are available on request from the authors.



the future, net of search costs. For example, notice that while the best payment offer was
received at the 96 seconds mark, its discounted value was far less than the much smaller
payment offer received at the 20 second mark.!! At the end of the tutorial search began in
the relevant environment. Before a subject began to search in a new environment, he or she
was presented with a tutorial for the specific environment drawn.

Search took place as follows. Subjects waited at their terminals until an offer arrived.
During this time the screen displayed only the elapsing search time in seconds. When an
offer arrived the words << PAYMENT OFFER >> appeared on the screen and time
was stopped (i.e., we allowed subjects to deliberate over their reservation wage without
accumulating further search costs). The value of the arriving offer was not shown to the
subject. Rather, without seeing the offer, the subject was asked to state a value such that
if the arriving offer were greater, the offer would be accepted automatically. If the arriving
offer were less, the offer would be rejected and search would continue. This procedure is
incentive compatible in that revealing the truth about one’s reservation value is a dominant
strategy. It is equivalent to the Becker, DeGroot, and Marschak (1964) procedure.!? Thus
we are able to observe subjects’ true reservation values, an object rarely available in field
data.'® The subject entered a reservation value and then clicked an "OK" box to move on.
If the offer was below the chosen reservation value, the screen announced, "Your reservation
price was greater than the payment. Search will continue." The offer was displayed, along
with its discounted value and the accumulated cost. If the offer was above the chosen
reservation value, the screen announced, "Your reservation price was less than the payment.
The payment was accepted." The screen then displayed the offer and the subject’s payoff for
the spell, and the search spell ended. A subject’s final payoff equalled the sum of her or his

payoffs across all fifteen search rounds.

3.2 Additional Treatments

The colinearity of elapsed time and accumulated costs in the standard search framework lim-
its our ability to distinguish between these two influences on searcher behavior in the baseline
experiment. However, we were able to isolate time and cost effects in the laboratory. In a
second experimental treatment, the No Wait-Cost treatment, we removed all waiting from

game play. Subjects received offers without waiting at a monetary cost of bt experimental

'Note that the ex post payoff maximizing offer varied across tutorials.

121t is similar to the manner of eliciting credibly reported reservation wages used by Cox and Oaxaca
(1992).

13In field data, the analyst only knows whether an offer w € A, where A is the acceptance set. We force
individuals to use a critical value strategy, i.e., one in which the set A is connected. Assuming A is in fact
connected, we learn everything about the subject’s decision rule.



dollars, where ¢t was drawn from the same A\-parameterized distribution as in the baseline
experiment. All other aspects of the environment were parameterized as before.'*

In the third treatment, the Wait-No Cost treatment, we removed the monetary search cost
altogether but continued to impose stochastic laboratory waiting periods. This treatment is
precisely equivalent to performing the baseline experiment with b = 0.

Cox and Oaxaca (1989, 1996) note that subjects are aware of the finiteness of laboratory
sessions. Subjects therefore may not believe an experimenter’s promise of unlimited search
time, and this may influence their search behavior in purportedly infinite horizon search
experiments. With an eye to this concern, our intent was that a binding search horizon
never influence a searcher’s decision during the course of the experiment. We believe that the
parameterization of environments in the experiment achieves this objective. The predicted
average length of a completed search spell using an expected payoff maximizing strategy and
facing the slowest possible job offer arrival rate (% = 20 seconds) is just under one minute.
Observed search spell durations averaged just 22 seconds, with a maximum of almost 4
minutes.'” Thus a searcher who always took the maximum observed time would complete
15 trials in just under an hour of active search, easily within any reasonable time allotment
for a university laboratory experiment.

It is important to point out that, in each of our new treatments, expected payoff maxi-
mizing reservation wage w*(.X) is still constant over time. In the No Wait-Cost experiment
the reservation wage is identical in each environment to that in the baseline experiment, since
the standard theory of search does not model non-monetary waiting costs. In the Wait-No
Cost experiment, w*(X) is higher than in the Wait-Cost and No Wait-Cost experiments but

still constant.

4 Results and Estimation

Since we run an experiment in real time where observed reservation wages may follow any
time path, the question of whether subjects adhere to the expected payoff maximizing reser-
vation wage profile is not well defined. However, we can pose the following narrower ques-

tions.

14This new experimental treatment also facilitates comparison to several previous search experiments,
such as Braunstein and Schotter (1981, 1982), Hey (1987), Cox and Oaxaca (1989, 1992), and Harrison and
Morgan (1990), in which the subject indicates the decision to search and receives an immediate offer.

15The duration of the experiment was not announced to subjects during either the recruitment phase or
the experiment.



4.1 Do subjects select the expected payoff maximizing reservation

wage on average?

For each randomly chosen environment in which subjects search, we calculate w* using
expression (1). We were surprised to find that baseline treatment subjects’ first stated
reservation wages, in the first trial of the first environment, averaged 101.92 percent of their
environments’ optimal reservation wages. In other words, a standard search model applying
a payoff-maximizing assumption does a surprisingly good job of explaining subjects’ initial
reservation wages.

After this, however, the fit of the standard search model to subjects’ behavior falls off.
Pooling observations across environments, trials and offers, the average w*(X) is 13.42.
The mean stated reservation wage is 9.90.1¢ A 95 percent confidence interval on the mean
difference between the stated and the payoff maximizing reservation wage runs from -5.33
to -2.44, easily excluding zero, and thus we reject the hypothesis that baseline treatment
subjects selected w*(X) on average.'”

The results for the Wait-No Cost treatment are similar. Subjects initially select a reserva-
tion wage whose average is reasonably near w*(X). In the pooled data the stated reservation
wage average is 13.48, the w*(X) average is 15.19 and the confidence interval on the differ-
ence is -2.39 to -1.05. Again subjects under bid the expected payoff maximizing reservation
wage. However, in the No Wait-Cost treatment the average stated reservation wage is 12.61,
the w*(X) average is 11.18 and the confidence interval on the difference is 0.73 to 2.15.
Subjects set higher reservations, on average, than the payoff maximizing wage. This is the
first of several indications that subjects in the No Wait-Cost treatment behave differently
from those in the waiting treatments.

The above confidence intervals are constructed by resampling individual-trial observa-
tions. However, if there is individual heterogeneity in the distance between the payoff max-
imizing and stated wages that persists across trials, then our resampling method should
account, for this. Constructing confidence intervals by resampling individual subjects’ full
experiment histories generates much broader confidence intervals, which exlude zero only for
the baseline treatment. This sensitivity of the approximated confidence intervals to individ-
ual resampling suggests substantial individual heterogeneity in reservation wage levels given

environment characteristics.

16 A1l empirical "reservation wages" reported here and throughout the rest of the paper are expressed as
the total ¥ value derived from the wage, as shown to the experimental subjects.

17Confidence intervals reported in this and the following two subsections are each based on relevant sta-
tistics from 5000 bootstrap samples.



4.2 Do subjects follow a constant reservation wage strategy?

To this point we have avoided confronting a fundamental problem with descriptive analysis
of our experimental data. Searchers willing to accept lower wages finish searching sooner, on
average, and therefore are under-represented in data on second and later offers. This renders
our discussion of average reservation values less informative, and is a particular challenge as
we turn to wage dynamics. An additional problem is that the rich environment heterogeneity
that is a part of our experimental design generates extensive variation in payoff maximizing
reservation wages, potentially obscuring other relevant sources of variation.

One measure we can take to address both searcher and environment heterogeneity is to
difference reservations from offer to offer within a given searcher and environment.!® Table
2 shows reservation wage changes from the first offer to the accepted offer within a spell.
Spells in which the first offer is accepted are assigned zero differences, and differences are
averaged across all search spells and environments for each treatment. We find significant
declines in stated reservation wages from the first to the accepted offer for each of the
three treatments. Average differences for the Wait-Cost, No Wait-Cost and Wait-No Cost
treatments, respectively, are 2.24, 1.83 and 2.71. The bootstrapped 95 percent confidence
intervals around these means are (1.48, 2.82), (1.04, 2.59) and (1.35, 4.50), ruling out the

9 Average declines conditional on two or more offers are

null hypothesis of no change.
substantially larger, at 4.16, 5.44 and 6.25, and, again, their confidence intervals rule out
no change. Finally, in analysis of reservation wage transitions within a search spell, we
find that 64.05 percent of baseline treatment offer-to-offer transitions involve reservation
wage decreases.?’ On average and at the level of the individual search spell, the predicted
flat reservation wage profile is a poor description of what we see subjects choosing in the
experiment.

Where we do not compare repeated observations on the same searcher in the same envi-
ronment, we see evidence of both dynamic selection and the clouding effect of environment
heterogeneity. Table 3 reports descriptive statistics for groups of searchers who received the

same final number of offers. Among searchers who accepted their first offers, the average

18Note that this assumes that that the relevant searcher and envoronment heterogeneity is time-constant.
This is an assumption that we maintain throughout the empirical section, and formalize in the model in
subsection 4.4. Searcher heterogeneity in trends would not be accounted for by our approach.

19 All bootstrapped confidence intervals from this point forward are constructed by resampling individuals’
full search histories. We find minimal sensitivity of the confidence intervals on reservation wage measures
that are differenced within individuals to individual or individual-trial resampling, suggesting comparatively
limited heterogeneity in reservation wage trends.

2021.14 percent show no change, and 14.81 percent are increases. The pattern is similar for the Wait-No
Cost treatment; however, in 58.87 percent of No Wait-Cost treatment transitions the reservation wage is
unchanged.



stated reservation is 5.71.2' Average first stated reservations for those who received exactly
two, three, four and five or more offers are 8.79, 11.05, 15.89 and 19.03. The increasing
pattern in the mean first stated reservations across offer groups is similar in the other two
treatments, and reflects dynamic selection.?? We may be less concerned about such selection
within groups in Table 3. In the baseline treatment, the two-offer group’s stated reservations
fall from 8.79 to 5.54 on average. The three-offer group’s reservations fall from 11.05 through
8.93 to 6.04, and the four-offer group’s from 15.89 through 14.33 and 12.64 to 9.79.2* Though
the declines are large, 95 percent confidence intervals around group-offer averages overlap
heavily from the first to the second offer, the second to the third and so on. It appears that
uncontrolled environment heterogeneity is able to mask significant declines in reservation

wages over time.

4.3 Spell-to-spell transitions and learning

One possible explanation for an observed decline in subjects’ reservation profiles is that
conventionally rational subjects learn about the wage offer over time. Those who draw lower
offers remain in the search pool and revise their wage offer distribution priors downward.
We attempted to remove learning dynamics from the experiment via pre-search tutorials and
practice. Here we investigate the behavior of stated reservation wages between search spells
in order to gauge the role of learning in the experiment.

Table 3 "recoveries" are calculated as the difference between the reservation wage that
led to acceptance in the previous trial and the first stated reservation wage in the current
trial. The recovery average is calculated using only trial-to-trial transitions in which the
previous search and the current search occur in the same environment. Our question is
whether searchers beginning a new round in the same environment behave as they did at
the end of the previous round in that environment, as they did at its beginning, or neither.
A recovery average of zero would indicate that, on average, searchers continue where they
left off in a new search spell in the same environment. A recovery average equal to the
decline average would indicate that, on average, searchers begin the process with the same
reservation wage every time. In the former case, within-spell reservation wage declines are

carried over to the next round; in the latter, they are not.?*

2INote that this is the modal group. 310 of the 570 completed search spells in the baseline experiment,
289 No Wait-Cost spells and 265 Wait-No Cost spells ended at the first offer.

22 As in Ham and LaLonde (1996), a randomization of participants precedes the dynamic decision problem,
and nonetheless the comparison of outcomes is hindered by dynamic selection. Thus, like Ham and Lalonde,
we turn to panel techniques in an experimental context.

23The small five or more offer group has a flatter profile. By and large the reservation wage averages by
offer number behave similarly in the other treatments.

24 Nothing in the exercise guarantees that the result will fit either of these descriptions.

10



Recovery averages in Table 2 roughly balance the previous trials’ average reservation
wage declines for each treatment. Where the mean Wait-Cost decline is 2.24, the mean
recovery is 1.92; comparable figures for the other treatments are (1.97, 1.83) and (2.61, 2.72).
Bootstrapped 95 percent confidence intervals on the mean decline-recovery differences fail to
reject the null of zero. This finding would seem to argue against a learning explanation. If
subjects learn about the wage offer distribution during active search, we would expect what
they have learned to carry over into the next search round. However, we see an approximately
complete recovery of searchers’ reservation wages between spells.

In summary, we have found decidedly non-stationary searcher behavior in the laboratory
which cannot be explained by the standard market factors cited above. Some concern re-
garding dynamic selection in our descriptive analysis remains. The suggestive evidence of
non-stationarity raises some new questions. For example, as we argue in section 1, many
intuitive explanations for non-stationary search behavior can be ascribed to one of two fea-
tures of the search problem: elapsed search time and accumulated costs. What influence
does each factor have on searchers’ reservation wage profiles?

In the next subsections we take two approaches to addressing the above questions. First,
we develop the more formal analysis of reservation wages, elapsed search time, and accumu-
lated search costs that follows. Second, we return to our experimental variation of the roles

of time and costs in the search problem.

4.4 “Out of Equilibrium” Estimation of Reservation Wage Func-

tions in the Baseline

As above, denote an environment by X, which includes parameters describing the offer
distribution function F', the instantaneous net utility flow from searching, b, the rate of arrival
of offers, A, and the discount rate p. As we know from Section 2, under the assumptions
that (1) the environment is constant and (2) the objective of the agent is to maximize
expected wealth, an individual ¢ searching in trial j within environment X should use the
offer acceptance rule

rij<t;X) = w*(X).

If the environment is not constant, or if the agent is not an expected wealth-maximizer,
the decision rule may be a function of ¢, or even more importantly, may not be uniquely
characterizable in terms of a reservation wage. The experiment as conducted forces indi-
viduals to use reservation wage policies, which may not be optimal given their objective

function. This caveat aside, to characterize the policies individuals use when we allow for

11



time dependence, we assume that

where m;;(X) is an individual- and trial-specific function of the constant environmental
parameters, ¢(t,bt) is a function of elapsed time and accumulated cost and ¢;;(¢; X) is the
state, at time ¢, of a driftless?® Brownian motion process with constant instantaneous variance
parameter o7;(X), potentially specific to an individual, environment, and trial. The driftless
Brownian motion process is described by an initial condition, ¢;;(0; X'), which is unrestricted,

and the stochastic law of motion
5ij(t; X) = 61‘]‘(0; X) + O'Z'j(X)Z(t),

where Z(t) is the standard Brownian motion (or Wiener) process. This implies that u;;(¢; X) =
ij(t + 7 X) —€ij(1; X) ~ N(0,0%(X)t), for t > 0 and 7 > 0.

There is no presumption that
mi;(X) = m(X) = w*(X),

that is, we do not assume that the m function is common across individuals and trials, nor do
we assume that it equals the reservation wage function under expected wealth maximization.
On the other hand, it is necessary for us to assume that the function ¢(¢,bt) is common to
all population members.

Let subject 7’s sequence of stated reservation wages in trial j within environment X, be
given by {riu},-f, and let the time of each offer be given by {tijx},%, where 0 < t;51 <
<. < tijkn,,, and where n;j; is the number of offers observed in (7, j, k). Denote the set of every
(i, j, k) with an associated n;j; > 2 as S. Within this set, consider the difference sequence

Arijp = Tijkis1 — Tijei, | =1, ..., n% — 1. The specification (2) implies that
Arijm = O(tijrir1, Oijrir1) — O(tijr, Otijrn) + wij(tijrir1 — tijrr; Xk)- (3)

Expression (3) characterizes contiguous reservation wage differences Ariji, within set S,
of trials that contain two or more offers, in terms of their dependence on elapsed time,

accumulated cost and an error term of known distribution.

25The requirement that the process be driftless stems from it serving as a disturbance term in what is
essentially a time series/cross sectional regression model. With no restriction on the initial condition of the
process, ¢;(0), differencing is required in order to consistently estimate the function ¢. The differenced &
process will be mean 0 only if all individual specific trends are equal to 0.
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With an assumption regarding the functional form of ¢, estimation of the parameters
characterizing (3) is reasonably standard given the strong, but standard, assumptions made
on the distribution of the disturbance terms w;;(t; X'). We assume that the function ¢ belongs
to the set of polynomial functions in (¢, —bt), where Q(¢,bt;0,) denotes the polynomial in
t and bt (including interactions) of order d, which is characterized by the parameter vector
6. We can only hope to precisely estimate low dimensional polynomials. As a result, we
restrict attention to the cases of d =1, 2.

Given our assumptions, investigation of time and accumulated cost effects on reservation
wages involves estimation of a linear (in the parameters) regression function with a mean
zero, potentially heteroskedastic disturbance term, with experimental data from the set S,.
By dividing equation (3) by +/ijki+1 — tijki, We produce a covariance matrix of the distur-
bances which is diagonal, with elements containing ¢7;(X;). The OLS estimator of 4 in
this transformed equation is unbiased and consistent. If ,;(X}) = o V(3, j, k), then the OLS
standard errors are consistent as well. However, if the instantaneous variance parameters
do vary across subjects, trials, and/or environments, consistent estimates of the standard
errors can be obtained by use of the White (1980) estimator. We test for the presence of
heteroskedasticity in the differenced and transformed data, and choose the OLS or White
estimator of the standard errors accordingly. The nature of the relationship of the reserva-
tion wage process and the two arguments ¢ and bt can be investigated using standard tests
for linear restrictions on the parameters of the polynomial functions.

In an experimental auction study, Ham , Kagel, and Lehrer (2005) discuss the difficulty of
“formulat(ing) and test(ing) non-optimizing behavioral models....” Our solution, like theirs,
involves specifying a fairly agnostic econometric model of subject behavior and comparing

its results to the relatively restrictive predictions of the existing theory.

4.5 Estimation Results

Point estimates for the model with Q functions of orders d = 1 and 2 are reported in Table
4. In response to a high degree of correlation between ¢ and bt in the baseline treatment
data, we report estimates for time-only specifications for this group. While the collinearity
problem limits the precision of coefficient estimates in ¢ and bt specifications, we are able to
estimate time-only coefficients with reasonable precision. Since there is no variation in cost
in the Wait-No Cost treatment, or in wait time in the No Wait-Cost treatment, we avoid the
collinearity problem and are able to isolate the effect of waiting in the former and cost in the
latter treatment. In addition, we find that some features of the estimation are sensitive to

the inclusion of a handful of extreme outliers among the observed reservation wage changes.
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The estimates represent samples in which the largest and smallest 2.5 percent of reservation
wage changes have been trimmed.?°

Consider first the estimated time dependence of reservation wages in baseline specification
(1). Elapsed time is measured in seconds, so that the point estimates indicate the effect of
one second of elapsed time on the change in the reservation wage. In (1), the coefficient
on t is -0.2090. This implies that an additional 4.8 seconds of elapsed time is associated
with a one experimental dollar decrease in the reservation wage. A White test rejects the
null hypothesis of homoskedasticity in the transformed data, and so we focus on the White
standard errors in brackets. The point estimate is significantly different from zero at the 1
percent level. Thus we find that the subjects’ reservation wages decline significantly over
time. Specification (2) again shows a very precisely estimated negative coefficient on elapsed
time, and a mild though insignificant convexity in the time path. The net marginal effect
of time on the reservation wage change remains negative for all search durations observed
in the sample. Again the White test rejects the null of homoskedasticity and we rely on the
White standard errors. An F-test of the null hypothesis that the coefficients on ¢ and t?
in specification (2) are jointly zero does reject the null at the 5 percent level of confidence.
Specification (4) includes time and cost regressors, with squared terms and an interaction.
Though the collinearity problem does not allow us to identify time and cost coefficients
separately, an F-test easily rejects the null that coefficients on all five regressors are jointly
zero. Once cost data are included in the estimation, the White test fails to reject the null
that o; = oV7 in the differenced and transformed data.

In the analysis of the No Wait-Cost treatment data, we replace ¢(t,bt) with ¢(bt); sim-
ilarly, we replace ¢(t, bt) with ¢(¢) in the Wait-No Cost estimation. Estimates using first
and second order Q approximations to ¢ for these two treatments are also reported in Table
4. The experimental separation of the wait and search cost effects of passing time on the
search problem allows us to estimate the effects of the wait and the cost on reservation wage
dynamics separately. This time we find decisive evidence of negative effects of both elapsed
time and accumulated cost on the change in the reservation wage. Wait-No Cost treatment
coefficient estimates are similar to those in the Wait-Cost time-only specification: the lin-
ear coefficient implies that a six second wait is associated with a one experimental dollar
decrease in the reservation wage, and the quadratic specification demonstrates a decreasing
and mildly convex time path for all sample members. The significant No Wait-Cost treat-
ment estimates of the cost dependence of reservation wages imply, in the linear case, that a

one experimental dollar increase in accumulated cost is associated with a 1.78 experimental

26 The results are qualitatively very similar where the dependent variable is specified as the change in log
reservation wages and the sample is untrimmed.
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dollar decrease in the reservation wage. The cost dependence of the reservation wage is
estimated to be decreasing and convex.?”

It is difficult to compare the contributions of wait time and accumulated costs to the
time dependence of the reservation wage based on the magnitudes of these coefficients alone,
or even to interpret curvature parameters, so we move to graphical comparisons. Figure
1 plots the predicted change in the reservation wage based on the quadratic specification

28 The reservation wage declines over time, and a 95

estimates for all three treatments.
percent confidence band on each prediction demonstrates that we can rule out zero or positive
changes in the reservation wage throughout the observation period for all three treatments.?”

The No Wait-Cost treatment displays the weakest time dependence of reservation wages.
This may be unsurprising, given that 59 percent of observed offer-to-offer reservation wage
transitions here involve no change. We find that the No Wait-Cost trajectory lies everywhere
above the Wait-Cost and the Wait-No Cost trajectories, and no overlap of its confidence
band with those of the other treatments. The Wait-Cost and Wait-No Cost trajectories
are considerably steeper, and their confidence bands show substantial overlap.?’ These
experimental results provide one answer to our question of which feature of search dynamics
is responsible for the non-stationarity in searchers’ choices. While the laboratory wait is
sufficient to generate a decreasing reservation wage trend statistically indistinguishable from

the trend in the more standard search problem, the search cost is not.

4.6 Robustness Check: Discounting via Termination Risk

Some may fear that the implementation of discounting in our experiment, as represented in
Table 1, might induce a fear of losses in searcher behavior as future payments, which are
discounted back to present value, appear to shrink and payments appear to approach negative
values.?! This may distract subjects from the stationarity of the incremental payoffs in the
search problem that may lead to a lowering of stated reservation wages. Such problems
are inescapable in an experimental setting, however, since the subject must leave the lab
with a single payoff and that payoff must be discounted to some fixed point while in the

stationary search setting payoffs are in effect flow values. While searching a searcher receives

2TWhite tests fail to reject homoskedasticity of the differenced and transformed data in all Table 4 Wait-No
Cost and No Wait-Cost specifications, and so we report only OLS standard errors.

28The Wait-Cost prediction curve is based on the d = 2 time and cost specification.

29The confidence bands are generated using the asymptotic distribution theory associated with the maxi-
mum likelihood estimator.

30In fact, the slope of the predicted time path under laboratory waiting is more than twice the slope for
costs alone throughout Figure 1.

31Gee Shin and Ariely (2004) for a direct demonstration of the shrinking pie effect. Their subjects took
costly actions in order to maintain options of questionable value.
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flow b; following offer acceptance a searcher receives flow w. But the ex post value of the
total search spell must depend on the time of offer acceptance, 7. Since the experimental
subject is rewarded based on the ex post value of the spell, there seems to be no way to
represent the full stationary search problem to an experimental subject without bringing in
the time dependence of payoffs in a manner that may induce her to perceive the payoff "pie"
as shrinking.

However, the experimental literature does present one viable and convenient means of
inducing necessary discounting in our search experiment without introducing the need for
payoff discounting per se and that is random termination.*> Roth and Murnighan (1978),
among other experimental studies, induce discounting in laboratory subjects through the
random termination of experimental game play. Terminated rounds or sessions under this
approach yield zero payoffs to subjects. In order to investigate the sensitivity of our results on
the time dependence of reservation values to the structurally imposed discounting used in the
previous treatments, we field a final laboratory treatment that induces discounting through
termination of the search spell. Search spell termination times are distributed according to
a Poisson distribution with parameter ¢ = 0.03. The expected time to termination is thus
1/0.03 = 33.3 seconds. If the spell is terminated before an offer is accepted the spell yields
a zero payoff. No other discount is imposed (i.e., p = 0). In order to maintain comparable
payoffs to previous treatments, an accepted offer pays w/0.03, with w distributed according
to a Weibull distribution. We introduced this "Terminated Risk Treatment" under the
Wait-No Cost conditions where the instantaneous search cost is removed. This allows us
to isolate the pure discounting effect since there is no possibility of losses resulting from
termination and hence we can compare the results of this treatment directly to the Wait-No
Cost treatment done with payoff discounting. This new treatment is theoretically identical
to our Wait-No Cost treatment run before with monetary discounting and was the treatment
that we felt explained the decreasing reservation wage phenomenon the best. In all other
aspects we parameterize the environments subjects face identically to those of the Wait-No
Cost treatment.

The presentation of the experiment to subjects in the Termination Risk treatment requires
no explanation of mounting search costs and no representation of dwindling discounted net
payoffs. The tutorial screen presented to subjects before the start of game play was in this
case analogous to the first two columns of Table 1, reporting simply the time of offer arrival
and the payoff. As before, this tutorial screen evolved in real time. One new element was
added to the tutorial: a termination announcement once the stochastic termination time

arrived. Subjects were shown three search spells from origination to termination, to give

32Thanks to the referees for suggesting this application of the random termination method.
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them an idea of the effect of termination on the search process. They were also shown
the values, in seconds, of 30 draws from the distribution of termination times. Game play
proceeded precisely as it did in the three prior treatments, with two exceptions. First, no
information on discounted payoffs or accumulated costs was presented during or after game
play, as these were now irrelevant. Second, if the stochastic termination time arrived before
an offer was accepted, the termination was announced, the search spell ended and the subject
received a payoff of zero.

Thirty-six subjects each performed 5 completed search spells in each of 3 environments in
the Termination Risk treatment. Estimates of the empirical model described at the start of
this section using the Termination Risk treatment data are reported at the bottom of Table
4. Where the time coefficient estimated for the Wait-No Cost treatment was -0.1592 with
a standard error of 0.0171, we find a time coefficient for the Termination Risk treatment of
-0.1478 with a standard error of 0.0215. The similarity in the magnitude and precision of the
two estimates is striking. The predicted time paths are also quite similar for the quadratic
specification, with the exception that the Termination Risk estimates show only a linear
effect of time on the reservation value where the Wait-No Cost estimates indicated a slight
decrease in the effect of time on the reservation value as the spell continues.?® Repeating the
Figure 1 confidence interval predictions based on the linear specifications for each treatment
again produces a No Wait-Cost confidence interval that lies everywhere below the intervals
for the (now three) waiting treatments, supporting the findings in section 4.5.31

Hence our reservation wage time path results are not sensitive to whether discounting is
imposed structurally in the calculation of final payoffs or through the inclusion of a termina-
tion hazard in the experiment. Given the identical parameterization of the search environ-
ments in the Wait-No Cost and Termination Risk treatments, perhaps this is unsurprising.
One interpretation of our results is that the experiment cross-validates the structural and

termination risk methods of inducing discounting in a laboratory search experiment.

4.7 The Experimental Hazard

One additional dimension of search behavior of central interest in the empirical job search

literature is the hazard rate out of unemployment, into offer acceptance, over time. Define

33 As in the Wait-No Cost treatment, White tests fail to reject the null hypothesis of homoskedasticity for
both the linear and the quadratic Q specifications and therefore we report only OLS standard errors.

34 However, exogenous terminations lead to smaller sample sizes and larger standard errors in the Termina-
tion Risk treatment. Hence the new treatment yields quite a broad confidence interval under the quadratic
specification, and this interval does in fact overlap the No Wait-Cost quadratic specification confidence
interval for some values of t.
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h(t; X) as the employment hazard at time ¢ conditional on searching in environment X, and
h(t) as the unconditional hazard at time t. If reservation wage w*(¢; X) is decreasing in t,
as implied by the experimental results, then we should expect to see h(t; X) rise over time
in environment X. However, when evaluating the experimental hazard we must pool across
the wide range of environments implemented in the experiment, constucting unconditional
hazard h(t). It is well known that if w*(¢; X) is constant over time for all environments, and
if there is any heterogeneity in h(¢; X), then unconditional hazard h(t) will be nonincreasing
over time.*> As searchers in high h(t; X) environments exit and searchers in low h(t; X)
environments remain, mixing leads to decreasing hazards.

The unconditional hazard rate for the experiment, h(t), is constructed from the marginal
densities of duration times in the population.’® Figure 2 graphs a nonparametric estimate
of the unconditional hazard using data from the baseline treatment. Figure 2.a contains the
unsmoothed estimate of the hazard, and Figures 2.b and 2.c contain smoothed versions. The
general pattern observed is not that of a steady increase, but instead includes substantial
decreasing regions. This may seem puzzling given the strong evidence of a declining tendency
in reservation wages in the experiment, and the increasing conditional hazards that the
estimated reservation wage profiles would seem to imply. As we can see from any of the
plots, the mixing phenomenon has obliterated much of the positive duration dependence in
the conditional hazards. Because we have access to the reservation wages, we know that the
lack of an overall increasing trend in the marginal hazard rate is purely an artifact of the
selection process. Our experiment thus demonstrates the ability of downward pressure from

mixing across search environments to overwhelm a positive trend in an employment hazard.

5 Beyond the Laboratory

Given the finding that searchers systematically lower their acceptance standards over time,
even in a controlled stationary environment, we examine the role of time-varying subjective
costs of search in the context of the theory and the field. First we modify the stationary
search model of section 2 to accommodate time-varying search costs of reasonably general
origin, and we ask whether this modification is able to capture features of the reservation
profile and exit from search observed in the laboratory. Second, we turn to data on young
job seekers in the U.S. and ask whether the searcher behavior we observe in the laboratory

is also evident in the field.

35See, for example, Barlow and Proschan 1981, Section 4.4.
36 The precise hazard estimator and smoothing method are described in Appendix C.
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5.1 The Case of Time-Varying b

It is not difficult to extend the standard stationary search model to include time dependent
utility flows in the state of unemployed search. Keeping all other parameters in expression
(1) fixed, we merely allow the instantaneous value of search, b(t), to be a differentiable,
nonincreasing function of ¢. In this case, it is reasonably straightforward to demonstrate
that the job acceptance decision possesses a reservation wage property, with the critical
value given by w*(t), which is formally derived in Appendix A.2. Moreover, we have the

following result.
Proposition 1 Ifb/'(t) <0 for allt > 0, then w*(t) < 0.

Proof. See Theorem 2 of van den Berg (1990). m

We illustrate the path of the reservation wage given a falling flow utility of being in
the search state with the following example. As was true in the case of the experiments,
we assume that the distribution of wage offers is Weibull, with parameters @ = 0.25 and
8 = 1.3. The offer arrival rate, A, is set at 0.2, and p = 0.01. We assume that the flow utility
in the unemployment state at search duration ¢ is given by b(t) = b+ ad’, with b =3, a = 5,
and 6 = 0.95. Given that a > 0, this function attains a maximum value at ¢ = 0, where
b(0) = b+ a, and the infinum of the function is b. The first derivative is aIn(8)d" < 0 and
the second derivative is a(In(8))25" > 0.

Figure 3.a contains a plot of the path of reservation wages over the course of an un-
employment spell. The path of reservation wages inherits the general properties of the b
function. Since the environment in which search is conducted is assumed to be stationary,
the declining reservation wages result in a nondecreasing hazard rate out of the search spell.
The hazard function for the example is plotted in Figure 3.b. Thus we find that this sim-
ple modification of the standard search model captures the salient features of behavior we
observe in the laboratory: reservation wages decline with increasing search duration, and
the model is able to produce an increasing hazard (and thus, we infer, increasing hazard
regions under mixing). The fit of the model to the observed reservation wage profile may be

modified through the manipulation of the b(¢) function.

5.2 The Examination of Experimental Results using Field Data

The analysis of the experimental data strongly suggests a tendency for searchers in stochastic
but stationary environments to reduce their reservation wage values as the search episode
increases in length. The objective of this section is to determine whether this result has

validity in data gathered outside the lab.
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The main empirical implications drawn from the experimental evidence are the following;:

1. Reservation wages are decreasing in the duration of search.

2. Individual hazard rates out of the search state are increasing in duration.

The field data we use in this exercise are taken from the 1997 National Longitudinal
Survey of Youth (NLSY-97). In the year 2004, sample members were between 20 and 24
years of age, which is the approximate age range of most of our experimental subjects. From
the weekly labor market history file, we constructed unemployment spells that began after
the interview conducted in 2004 and before the interview conducted in 2005. We used only
the first unemployment spell in this period for each respondent when there was more than
one unemployment spell during this period. Unemployment spells still in progress at the time
of the interview date in 2005 were considered to be right-censored. By constructing spells
in this manner, we hoped to minimize the types of measurement problems that commonly
plague duration-based analyses, problems which make it difficult to accurately determine
the shape of the hazard function.?”

Our estimated hazard functions are based on a sample of 1921 unemployment spells; 1402
were complete (i.e., not right-censored). Figure 4 contains plots of the “raw” nonparametric
hazard function estimator, and two smoothed versions. The hazard estimator is identical to
that employed in the experimental data and described in Appendix C. In Figure 4.a, we see
that there is a general tendency for the hazard to decline with duration of the unemployment
spell, but there is considerable “noise” in the estimated function, as we observed in the
experimental data. There is no clear indication of an increasing hazard.

When we smooth the hazard, this is no longer the case. With a moderate degree of
smoothing, as in Figure 4.b, there are three increasing hazard regions (¢ < 3, 27 < t < 31
and 37 <t < 41). At a high degree of smoothing (Figure 4.c), however, the hazard contains
almost exclusively flat and decreasing regions.

We believe that these results provide some evidence that, in recent U.S. employment
data, the marginal hazard rate is increasing over some nonnegligible subset of the sample

space.’® According to the proposition, this is consistent with the increasing conditional

37In a previous draft of this paper, we utilized unemployment spell information from the Survey of Income
and Program Participation to conduct this exercise. The SIPP data suffer from a well-known “seam”
problem, which is the tendency for events, such as an unemployment spell, to be reported as ending at
sampling frequencies, which are approximately four months in the SIPP. (See, for example, Ham, Li and
Shore-Sheppard 2007.) The new data don’t suffer from this type of reporting problem in any obvious way.

38Other contexts in which nonmonotone employment hazards have been demonstrated include Swedish
employment record data (Bergstrom and Edin 1992 and Korpi 1995) and U.S. CPS job seekers (Flinn and
Heckman 1983) and unemployment beneficiaries (Addison and Portugal 1987).
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hazard rates observed in the experimental evidence. In general our field data results suggest
that observed hazards out of unemployment are not consistent with the (weakly) decreasing
profile predicted by standard search models with constant reservation wages, whether or not
there is mixing over search environments.

A drawback to our analysis of employment hazards in these recent field data is that,
unlike the experimental subjects, NLSY-97 job seekers may face non-stationary search envi-
ronments resulting from time-limited unemployment benefits, changing demand conditions,
and, eventually, binding credit constraints. These market factors alone might explain increas-
ing hazard regions. Ham and Rea (1987) analyze employment hazards while accounting for
market sources of non-stationarity. They study prime-aged, unemployed Canadian men from
1975-1980, who are less likely to face meaningful credit constraints than our young NLSY-97
cohort, they include arguably complete detail on unemployment benefits, and they control
for changing demand conditions via both regional and industry unemployment measures.
With and without modeling heterogeneity among searchers, Ham and Rea find that the di-
rect effect of duration on the employment hazard is negative for shorter search durations,
but positive for longer durations.?”

Both our experimental results and the field studies described above indicate the presence
of increasing segments of the offer acceptance hazard. The common practice of assuming
stationary search in multiple distinct environments is unable to fit this pattern. Our results
suggest that accounting for the behavioral effects of elapsed search time may be an appro-
priate way of reconciling the conventional search framework with the evidence of increasing

hazards.

6 Conclusion

This paper describes the first real-time laboratory search experiment of which we are aware.
The experiment also differs from most previous search experiments, excepting that of Cox
and Oaxaca (1992), in that it elicits searchers’ underlying reservation wages in an incentive-
compatible manner, and differs from all prior search experiments that we are aware of in its
use of random variation in the search environment. We designed the experiment to exclude
non-stationary phenomena that could mimic market features such as budget constrained or
directed search. The search environments are stationary in terms of their monetary features,
though they may be non-stationary in other, experiential features. Thus the experiment seeks

to isolate the influence of behavioral features of the search problem on searchers’ decision

39 A potentially important caveat is that search durations longer than 40 weeks, where the estimated hazard
turns up, are less common.
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making over time.

We find decisive evidence of declining reservation wages in the duration of search in our
baseline experiment, in which subjects confront the standard, stationary search environment.
This leads to the question of whether it is the elapsed time in the laboratory or the accu-
mulating search costs that drives the time dependence of reservation wages. To answer this
question we repeat our experiment, varying the roles of time and costs in the search process.
We find a significantly steeper decrease in reservation wages over time for all treatments that
include waiting; combining wait time and accumulating costs leads to the steepest reserva-
tion wage decline over time. Hence it appears to be the uncertain laboratory wait, and
not the accumulating search cost, that contributes most to the observed reservation wage
decline, though the effects of time and costs are cumulative.

Given these new insights into behavioral aspects of searchers’ decisions, we modify the
standard continuous-time stationary search framework to accommodate non-stationary, po-
tentially subjective costs of time spent searching. We find that a fairly flexible specification
of the time dependence of the value of search easily permits the determination of a unique,
time-varying acceptance rule that retains the reservation property. We demonstrate a non-
monotonic experimental acceptance hazard, and report similar properties of the employment
hazard in NLSY-97 data and in leading research on unemployment duration from previous
decades. We conclude that behavioral responses to features of job search such as the length
of the search spell and accumulating search costs as studied here may be of use in explaining

evidence of decreasing reservation wages and increasing employment hazards observed in the
field.
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A Derivation of Reservation Wage Policies in the Sta-

tionary and Nonstationary Case

A.1 Stationary Environment

The payoff-maximizing searcher’s decision rule in a continuous time stationary environment

is derived as follows. The value of search over an arbitrarily small time period ¢ is given by
Vi = (14 pe) Hbe + )\e/max(%, Vo)dF (w) 4+ (1 — Xe)V, + o(e) },

where (1 + pe)~! serves as an “instantaneous” discount factor, be is the flow value of search
accumulated over the period e, e is the “approximate” probability of receiving one offer
over the period, and o(e) represents all events that can occur over the period ¢ that involve
more than one event, with lim._,qo(g)/e = 0. The first term in the max operator is the value
of accepting an offer of w, w/p, and the second argument is the value of rejecting it, which
is the value of continuing search. The idea behind this representation is that all changes in
the choice set and decisions are made at the end of the period .

Rewrite the expression as
(L+pe)V,, =V, = be+ As/max(% — Vo, 0)dF (w) + o(e)
e
= peV,, = be+ —/ (w — pVyp)dF (w) + o(e).
1Y pVn
Dividing both sides by ¢ and taking limits as € — 0, we have
A
PV, =b+ —/ (w — pVy,)dF (w). (4)
P PV

Given that V,, is independent of current offer w, the choice to accept wage w in perpetuity,

valued at %, or to continue search, valued at V,,, displays reservation property

Accept w & w > w*

Reject w & w < w™. (5)

The reservation wage, w* = pV,,, is defined by implicit function 4.
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A.2 Nonstationary Environment

We consider the case of optimal search with a monotonic, time-varying function b(t), where
t is the duration of the search spell. Suppose that b'(t) < 0, with lim; ., b(t) = B. The value

of search is now time-varying, and is denoted V,,(¢). Then we have

Vo(t) = (14 pe) 1{/ du—i—)\&?/max Vi(t + ))dF (w)
+H(I =XV (t+¢) +o(e)},
which can be rewritten as
t+e
(14 pe)Vu(t) = Vot +e) = /t b(u)du
e / max(% Vit 4+ 2), 0)dF (w) + ofe)

t+e
= Vu(t+e)=V,(t) = peVp(t) — / b(u)du
Ae

—— (w — pV,(t + €))dF (w) + o(e).

P J pVi(t+e)
Dividing by ¢ and taking limits, we have

Vi) = ) =) =5 [ pVatepar (),

p

or

g
*
<

—~
<+

~—
Il

pw*(t) — pb(t) — A /*(t) (w — w*(t))dF(w).1°

(6)

B Laboratory Implementation of Continuous Time Of-

fer Arrival

The realized duration between two successive offers was generated by pseudo-random number

draws from a Uniform distribution defined on [0, 1] using the inverse-CDF method. That is, in

an environment in which the rate of arrival of offers was A, draw a (pseudo) random number,

x. Treat x as a probability, and find the value of ¢ (the duration time) that corresponds to

40Tn order to establish the existence and uniqueness of solution w*(t) we require further conditions. Define
by = b(0) and tlirn b(t) = b1. Assuming that b(¢) is monotonic and continuously differentiable, by > by,
—00

by < +oo and by > —o0, we are able to demonstrate the existence and uniqueness of w*(¢) that satisfies (6).

A proof of existence and uniqueness for a more general case can be found in van den Berg (1990).

27



that probability. Since
P(T <t|A) =1 —exp(—At)

when T has a negative exponential distribution, then define the (pseudo) random waiting

time associated with the draw z as

In(1 —x)

t = —
A

The specific functional form for the probability density of arriving offer w is
fw|a,B) = afuwte”.
This density implies a probability mass of wages exceeding threshold w of

1 — F(w) = exp(—aw”).

C Estimation of the Hazard Function

The hazard function estimation is performed as follows. The nonparametric estimator of the

hazard function is given by

h(t) =d(t)/R(t), t =1,2,..,T,

where T is the last time in which a sample member is observed to exit a search spell, d(t) is
the number of individuals who exited from search at duration ¢, and R(t) is the number who
had not competed their search spell by duration t. R(t), which is the number of individuals
at risk of leaving unemployment at duration ¢, contains both individuals with right-censored
spells of search (whose exact exit dates are not observable) that lasted at least ¢ weeks, as
well as those individuals with completed spells whose exit dates are ¢ or greater. In the
experimental data, there are no right-censored search spells, while in the NLSY97 data there
are a large number.

The function h can exhibit a substantial amount of instability, particularly over areas in
the sample space where the risk set is small (i.e., larger values of ¢). This makes regions of
increasing and decreasing duration dependence difficult to identify. Following the methods

described in Wang (2005), we smooth the function k(t) using a local linear smoother. The
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estimate of the hazard at duration ¢ is given by

Go(t) = arg min Z R()K((t = i)/a){h(i) — (ao(t) + ar(t)(i — 1))},

where K is the standard normal kernel, ¢ is a bandwidth parameter that we have chosen as
reported in Figure 2, and ag(t) and a4(t) are parameters chosen by the smoothing algorithm
to fit a local linear polynomial to the raw hazard. (See Wang 2005 for a motivation for
this functional form). The smoothed hazard value at time ¢ is simply approximation ay(t) +
ay(t)(i — t) evaluated at i = ¢, hence ao(t). In the NLSY97 data, T = 52 weeks, capturing
up to one year of unemployed search. In the experimental data, 7" = 52 seconds. This time
limit captures the vast majority of exits from the search state in the experimental data. For
both the experimental and nonexperimental data, we present plots of the estimated hazard

for two values of the smoothing parameter b, which were 4 and 8.
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Table 1: Tutorial Screen [\ =1 every 15 seconds, b = 0.028/second, p = 3%/second]

Time Received Current Value of Offer Discounted Value Total Search Cost Net Payoff
20 4.8 2.63 0.42 2.21
25 10.5 4.96 0.49 4.47
56 12.97 2.42 0.76 1.66
58 14.60 2.56 0.77 1.79
82 12.41 1.06 0.85 0.21
86 14.47 1.10 0.86 0.23
96 15.74 0.88 0.88 0.00
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Table 2: Reservation Wage Declines Within Trials and Recoveries Across Trials

Wait-Cost Mean SD Median  Min Max
Decline  2.24 6.23 0.00  -10.40 63.00
Recovery  1.92 5.97 0.50  -19.00 60.00

Decline - Recovery 95% CI (-0.86, 0.84)
No Wait & Cost Mean SD Median  Min Max
Decline  1.83 7.45 0.00  -16.00 89.00
Recovery  1.97 7.66 0.00  -27.00 82.00

Decline - Recovery 95% CI (-1.42, 1.28)
Wait & No Cost  Mean SD Median  Min Max
Decline  2.71 10.45 0.00  -32.00 135.00
Recovery  2.62 8.73 0.20  -21.00 81.90

Decline - Recovery 95% CI (-2.07, 1.74)
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Table 3: Reservation wage descriptives by number of offers and experimental treatment, pooling over search environments

Wait, Cost No Wait, Cost Wait, No Cost
Total offers in trial Total offers in trial Total offers in trial

Offer # 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1: mean 5.17 879 11.05 15.89 19.03 | 6.48 10.80 11.05 1834 16.81 | 7.25 11.87 11.19 11.58 24.72
median 3.79 7.10 10.00 14.50 14.00 | 5.00 7.75 9.25 18.50 15.00 | 5.60 10.00 10.00 9.45 12.00
SD 527 817 795 1217 17.62 | 6.60 10.82 880 15.92 1547 | 8.72 1289 8.04 7.95 31.56

n= 310 146 57 29 28 289 122 54 30 75 265 142 62 42 59
2: mean - 5.54 8.93 14.33 17.86 - 8.32 9.87 17.66 16.36 - 7.80 9.20 11.69 24.96
median - 4.50 10.00 12.90 13.50 - 7.00 8.50 15.00 15.00 - 6.90 7.00 9.45 10.50
SD - 5.06  5.92 9.52 15.71 - 6.79 723 16.15 14.11 - 6.16 7.29 9.58 31.93

n= 146 57 29 28 122 54 30 75 142 62 42 59
3: mean - - 6.04 12.64 18.14 - - 7.52 1745 16.94 - - 7.48 9.75 23.34
median - - 4.00 12.00 13.00 - - 5.00 15.50 14.90 - - 4.75 8.10 12.00
SD - - 5.73 9.72 18.94 - - 6.72 16.43 15.97 - - 6.73 7.77  31.19

n= 57 29 28 54 30 75 62 42 59
4: mean - - - 9.79 18.16 - - - 13.85 16.07 - - - 8.47  20.60
median - - - 8.00 10.00 - - - 11.00 15.00 - - - 6.90 12.00
SD - - - 8.43  21.65 - - - 9.37 15.34 - - - 6.30 24.96

n= 29 28 30 75 42 59
5: mean - - - - 17.53 - - - - 14.76 - - - - 16.91
median - - - - 9.00 - - - - 10.00 - - - - 10.00
SD - - - - 24.85 - - - - 15.14 - - - - 21.32

n= 28 75 59




Table 4: Estimates of reservation wage changes, (Wait, Cost),
(No Wait, Cost), & (Wait, No Cost) treatments

Treatment
Wait, Cost (1)

No Wait, Cost (1)

Wait, No Cost (1)

Termination Risk (1)

(2)

t
-0.2090
(0.0316)
[0.0228]
-0.2515
(0.0476)
[0.0424]
-0.3724
(0.2458)
[0.1973]
-0.1947
(0.4023)

-0.1592
(0.0171)
-0.2215
(0.0256)

-0.1478
(0.0215)
-0.1409
(0.0404)

Independent Variable

bt

4.1316
(6.1655)
[5.0061]
-1.3656
(9.9139)

~1.7760
(0.1997)
-2.2563
(0.2732)

12 bt? bt?

0.0005 - -
(0.0004)
[0.0005]

-0.0374 -22.4585  1.8592
(0.0203) (11.3506) (0.9627)

- 0.0836
(0.0326)

0.0008
(0.0002)

-0.0002
(0.0008)

N,
R2
492,
0.0819

492,
0.0845

492,
0.0827

492,
0.0926

897,
0.0811
897,
0.0878

723,
0.1066
723,
0.1196

276,
0.1467
276,
0.1469

OLS standard errors are reported in parentheses and White standard errors in brackets.
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Appendix Table 1: Parameters drawn in the baseline experiment

Parameter Mean Standard Deviation Min Max
a 0.342 0.175 0.023  0.598
5 1.203 0.410 0.524  1.989
A 0.139 0.113 0.050  0.500
b -0.039 0.005 -0.050  -0.030
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Figure 1: Predicted change in reservation wages over time
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