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I. Introduction

Studies have shown that when individuals make decisions they often do not ignore sunk costs.'
Richard Thaler [19] and Arkes and Blumer [1] show in their experiments that commitment to
an endeavor is strengthened after sunk costs are paid. Generally, such behavior is explained by
Kahneman and Tversky’s [11] prospect theory, in which individuals edit and evaluate choices
using different mental rules. They model individual behavior with a value function that acts as a
filter, weighing potential losses differently than potential gains. In this filter utility is defined on
gains and losses, not the final wealth outcome. People dislike a loss so much that in an uncertain
environment the prospect (perceived value) of a loss is not offset by the prospect of an equiva-
lent gain. But after a loss is incurred, for example through the payment of a sunk cost, further
investment is easier to make in order to obtain a gain. The value function is convex for losses and
concave for gains.

As presented in McKean [16], Kahneman and Tversky also argue that the way a problem is
presented to an individual affects a person’s decision. The presentation is called a frame.? Frames
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1. For our purposes a sunk cost is a payment made or committed as a result of an earlier decision. Once com-
mitted or actually paid, subsequent decisions should no longer be influenced by this cost, but would instead be based on
a comparison of marginal costs and marginal benefits. We will often refer to sunk costs as by-gone expenses.

2. See Tversky and Kahneman [21] and Machina [15] for a thorough list of citations to framing, filtering, and
prospect theory.
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can vary in their level of transparency which measures how obvious costs and benefits appear
to an individual. If a problem is transparent, an individual is more likely to make the “correct”
decision. In particular, if a sunk cost has a transparent frame, it is likely to be ignored. Direct,
out-of-pocket expenses are generally more transparent as losses than indirect, opportunity costs.?
As a result, opportunity costs, which may be sunk, are often valued as smaller losses relative to
equivalent direct costs.* Evidence generated by Kahneman and Tversky [11] and others shows that
framing and the resulting transparency is an important determinant of how costs enter a decision.

Economic theory teaches that a rational decision-maker should ignore sunk costs at the
margin, and that opportunity costs should be equivalent to out-of-pocket expenses. Despite the
inconsistencies in behavior suggested by the above literature, this evidence has not been embraced
by economists. Cox and Isaac [7], for example, are skeptical because much of this evidence exists
outside a market environment. Many times the empirical evidence from the behavioral literature
is the tallied responses of subjects to hypothetical situations with no economic incentive to make
the best decision. Better tests would place individuals in a market that compensated them for
making decisions over several choice periods. It is widely believed that repetition affords learning,
and market competition disciplines those who make incorrect choices. Irrational behavior cannot
persist under these conditions.

In rebuttal, several economists and psychologists have used markets to replicate some of the
experimental results in the behavioral literature. For example, Grether [9] has found that when
choices have uncertain outcomes individuals often violate the Bayes rule assumption. Knetsch
and Sinden [13] and then Knetsch, Thaler, and Kahneman [14], using market settings, have dem-
onstrated a continued discrepancy between an individual’s maximum willingness to pay for a good
and the amount he or she demands as minimum compensation for the same good. Grether and
Plott [10] have examined the preference reversal phenomenon and found that it exists even after
the introduction of a monetary reward for decisions. Thus, economists cannot safely conclude that
irrational behavior observed in some experiments will disappear when experimental conditions
more closely resemble markets.

In this paper we present the results of three economic experiments in which subjects make
payments and are paid for the decisions they make. These experiments are designed to examine
empirically whether decision makers ignore sunk costs in selected contexts, and whether or not
an implicit opportunity cost is perceived as equivalent to an explicit direct cost. The experiments
place subjects in two distinct choice environments with different manifestations of by-gone ex-
penses. In the first set of experiments, two lottery designs ask subjects to value identical lottery
tickets. In a second series of experiments subjects are placed in a competitive auction environ-
ment.

3. See Becker, Ronen, and Sorter [4] and Neumann and Friedman [17]. Their results found that MBA students
evaluated income statements more favorably when some costs were indirect as opposed to direct outlays.

4. In studies done by Knetsch and Sinden [13], Knetsch, Thaler, and Kahneman [14], Coursey, Hovis, and Schulze
[6], and Brookshire and Coursey [5], subjects put different values on objects depending on whether they were asked to
buy an object they did not possess or sell an object they already possessed. When they bought, the question was “How
much are you willing to pay?” When they sold, the question was “How much are you willing to accept?” Paying is a
direct expense while deciding not to sell presents the subject with an opportunity cost. Knetsch, Thaler, and Kahneman
[14] found that when individuals were endowed with a commodity, willingness to accept (WTA) was consistently greater
than willingness to pay (WTP). This difference in valuation has been termed the endowment effect. In general under a
variety of market conditions, WTA is generally higher than WTP. In one-shot valuation trials the ratio WTA/WTP on
the mean valuations among subjects ranges from 4.0 to higher values. With repetition the ratio falls, but remains greater
than 1. In the three experimental designs described by Coursey, Hovis, and Schulze [6], all with repetition, this ratio was
significantly greater than 1 except when valuations were made in an auction environment. This is evidence that opportunity
costs are undervalued relative to direct expenses. For more discussion see Kahneman, Knetsch, and Thaler [12].
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In the two lottery experiments tickets with identical expected payoffs are valued as ticket
prices change. Since the lottery tickets have equal expected values, the subjective value of each
should not change with its price; the ticket price should be treated as a sunk cost. In the first
lottery experiment subjects are given several tickets to evaluate. The tickets are presented simul-
taneously, so the experiment does not have repetitive choice periods. It is a “one-shot” decision
environment. In this setting one-half of the subjects do not ignore sunk costs. A second lottery
experiment presents the subjects with a sequence of lottery tickets to value at different prices. This
experiment allows the opportunity for learning, as well as maintaining monetary incentives. This
design results in about one-fifth of the subjects not ignoring sunk costs.

In the auction experiments subjects enter bids for a fictitious commodity with the option of
paying an admission fee to bid in a second market. The admission fee is presented as an explicit
fee part of the time and as an implicit fee the rest of the time. If sunk costs do not matter—in this
case the admission fee to the second auction market—there should be no difference in bidding
behavior across the two markets, and if explicit direct costs are perceived the same as implicit
opportunity costs there should be no differences across the two representations (or frames) of the
admission fee. In the auction market only 5 percent of the subjects do not ignore sunk costs, but
a significant number of subjects view opportunity costs and direct costs differently.

We chose these two designs because they capture the contextual aspects that economists have
contended are necessary for a credible test of behavior, namely a monetary reward structure, the
opportunity for learning, and the discipline of an economic market institution. The first lottery
experiment was designed to observe choice behavior when there was just an explicit monetary
reward. There was no repetition for learning and no market interaction between subjects. When
we discovered that half of the subjects were not ignoring sunk costs, we then went to a sequen-
tial lottery design that allowed for learning. The auction design was decided upon in advance
because it satisfied all three criticisms of earlier tests. In the auctions, subjects were paid; they
had repeated bidding opportunities; and were placed in a market environment. The next two sec-
tions discuss our experimental results. The two lottery designs are presented first. Behavior in the
auction experiments is analyzed separately in section III.

II. Lottery Experiments

The two lottery designs are presented and the data are analyzed in this section. We discuss the
one-shot or one-time design in part A and then the sequential lottery in part B.

One-Time Lottery

Two one-time lottery sessions (L1 and L2) were conducted at Texas A&M University using stu-
dents from beginning economic classes. There were 34 subjects in the first experiment and 41
subjects in the second. Each subject was given an initial balance of $6.00, set high enough so
that the lowest possible amount earned during a session was $5.50. The sessions lasted about an
hour and a half, and average earnings were slightly more than $10.00.

Each session followed precisely the same procedures. To begin the experiment subjects were
seated in a reserved classroom where talking between students was not permitted. Written instruc-
tions, which were a description of how the lottery would be organized, were provided to everyone
and read aloud. At the end of the instructions, students were presented with three hypothetical
cases on the valuation process and then completed a questionnaire to check understanding. Correct
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answers to the questions were discussed thoroughly by the experimenters. (These instructions, as
well as those for the sequential lottery and auction experiments, are available upon request from
the authors.)

In these experiments each subject was allowed to hold as many as six identical lottery tick-
ets. The tickets, labeled A1 through A6, were presented in sequence and increased in price from
$0.00 to $2.50. Only one of the six lotteries however, was randomly played at the end of the
experiment, and it was only in this lottery that the ticket price was actually collected. However
it was made clear to all subjects that they were obligated to pay the price of the ticket chosen
for payment. Hence accepting a ticket committed them to paying the price. The final payoff to
any ticket was determined by rolling a six-sided die. If a 1 was rolled payment was $2.00, a 2
paid $3.00, and so on, with a 6 paying $7.00. The expected payoff for all tickets was constant at
$4.50.

Since subjects knew in advance they would only pay the fee attached to the ticket chosen at
the end, most realized that it was in their best interest to take all of the tickets. One ticket did
present a possibility of losing money. Its price was $2.50 and there was a 1/6 probability that
$2.00 could be paid in the lottery. Apparently because of this potential loss three subjects refused
this ticket.

To get an accurate reading of how subjects valued the six tickets, attached to each ticket was
a dollar and cent scale calibrated in five-cent increments going from $0.00 to $9.99. Once all
the tickets were distributed, subjects were asked to indicate the place on the scales at which they
would be indifferent to a cash payment or keeping the ticket. Incentive control during this phase
of the experiment was maintained by following the Becker, Degroot, and Marshack [3] procedure
for compatible value revelations, hereafter BDM, employed also by Grether and Plott [10].°

When all of the scales were marked, a six-sided die was thrown to decide which lottery
ticket would be played. The price of this ticket and the value chosen by the subject were recorded
on a record sheet. The BDM procedure then went as follows: all value scales were collected and
three different 10-sided die were thrown to determine a random dollar and cent figure, which we
shall call the BDM amount. One die was for the penny amount, one for the dime, and the third
for the dollar value. Subjects who placed a value on the scale below the BDM amount were paid
the greater BDM amount for the ticket. Subjects who marked a greater value on the scale were
paid a value decided by the roll of a six-sided die. Several advantages of this experimental design
are recognized. Importantly, paying only one ticket at the end minimized the possibility that sub-
jects would build a portfolio across the lotteries to reduce the variance of expected earnings. Our
purpose was to make subjects consider the cost of each ticket separately rather than viewing the
tickets as a bundle over which they maximized expected earnings. Also, since the subjects held
all the tickets they wanted before any were valued, and because they could go back and change
their valuations before the tickets were collected, this design eliminated the possibility of (i) a
balance effect,® (ii) variation in the method of valuing tickets, and (iii) any impact on valuation

S. This procedure was described as part of the lottery played for the ticket selected for payment. Subjects were
told that once they decided on a value from the scale, the experimenter would randomly choose the penny, dime, and
dollar amount on the scale. If this random amount was larger than a subject’s value, they were paid this amount and
gave the ticket back to the experimenter. If it was less, subjects kept the ticket and a die was thrown to determine its
payoff according to the provided schedule. See Becker, Degroot, and Marshack [3] and Grether and Plott [10] for more
discussion of the procedure.

6. Since all tickets were valued simultaneously, initial wealth levels were held constant. Conceptually we could
have controlled for wealth effects by holding final wealth levels constant or by controlling the changes in wealth. Neither
of the two alternatives, however could be implemented and still allow subjects to make non-trivial choices. We therefore
could only control the initial wealth levels.
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