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a  b  s  t  r  a  c  t

The  sunk  cost  error  occurs  when  individuals  persist  with  a non-optimal  course  of action  because  they  have
already  invested  time  or resources  in  it.  The  current  study  examined  the  effect  of  specific  experiences  on
the likelihood  of  the  sunk  cost  error.  Six  pigeons  were  given  repeated  choices  between  persisting  with  and
escaping  from  relatively  large  fixed  ratios.  In most  conditions  escaping  was  the  choice  pattern  producing
the smallest  mean  response  requirement.  In Experiment  1,  four  of six  pigeons  persisted,  committing  the
sunk  cost  error.  Some  subjects  continued  to  persist  even  when  persistence  increased  the  mean  number  of
ecision-making errors
ersistence
igeons

responses  to  reinforcement  by  99.  In Experiment  2, the  absolute  difference  between  the  mean  numbers  of
responses  to  reinforcement  for persistence  and  escape  was  increased  even  further  for  these  subjects,  and
the  relative  cost  of  persistence  was  increased.  Once  escape  had  been  established,  pigeons  were  less  likely
to commit  the sunk  cost  error  in  some  conditions  where  they  had  previously  made  the  error  frequently.
Together,  the  results  of both  experiments  show  changes  in  the  frequency  of  the  sunk  cost  error  caused

nd  th
by specific  experiences,  a

. Introduction

One type of sunk cost error occurs when individuals choose
 course of action in which they have previously invested time,
oney, or other resources over an alternative with the highest

xpected future payoff. This is considered an error because nor-
ative decision making rules indicate that decisions should reflect

uture consequences only. This sunk cost error has been repeat-
dly demonstrated with human participants with a variety of
ethods, including one-shot questionnaires with hypothetical sce-

arios (e.g., Arkes and Hutzel, 2000; Garland, 1990; Tversky and
ahneman, 1981), repeated choices with hypothetical outcomes

Goltz, 1992, 1993, 1999), and repeated choices with experienced
onsequences (Navarro and Fantino, 2005, 2007, 2009). Addition-
lly, Navarro and Fantino (2005),  and De la Piedad et al. (2006)
sed experimental analogues of relevant decision making situa-
ions to demonstrate that non-human animals also make the sunk
ost error in some contexts.

The current study used a procedure patterned after one
eveloped by Navarro and Fantino (2005) (and also used by Avila-
antibanez et al., 2010, and Macaskill and Hackenberg, 2012), using

xed ratio (FR) schedules of reinforcement to model the costs and
enefits of persisting with versus abandoning a course of action.
nder an FRx schedule, a reinforcer is presented after x responses

∗ Corresponding author. Tel.: +1 352 246 2106.
E-mail addresses: annemac@ufl.edu, anne.macaskill@gmail.com (A.C. Macaskill),

ack@reed.edu (T.D. Hackenberg).
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at  persistence  is likely  more  sensitive  to its relative  than  absolute  costs.
© 2011 Elsevier B.V. All rights reserved.

have been produced. In Navarro and Fantino’s task, pigeons could
choose between responding on a food key and responding on an
escape key. Responses made on the food key were reinforced fol-
lowing the completion of one of four possible FRs. Each condition
was  defined by the size of these FRs, and the probability with which
they occurred. Completing an FR produced food, and started the
next trial with a newly-determined FR. Responses on the escape
key terminated the current FR without food and began a new trial
again with a newly-determined FR. Therefore, making such escape
key responses allowed subjects to avoid completing relatively large
FRs on the food key.

In Experiment 1 of Navarro and Fantino’s (2005) study, the food
key provided reinforcement according to an FR10 schedule on 50%,
an FR40 on 25%, an FR80 on 12.5%, and an FR160 on 12.5% of the
trials presented (FR10/40/80/160). Under this arrangement, having
completed 10 responses without receiving reinforcement was an
indication that one of the higher FR schedules was in effect on that
trial. Initially, stimulus changes were present. These were changes
in the color of the food key light that occurred upon the completion
of the number of responses equivalent to an FR programmed dur-
ing the condition but not assigned to the current trial. When these
stimulus changes were present, no pigeon made the sunk cost error.
When they were removed three out of four pigeons persisted, how-
ever. Avila-Santibanez et al. (2010) and Macaskill and Hackenberg
(2012) also found that the addition of stimulus changes reduced

the frequency with which pigeons made the sunk cost error.

In their Experiment 3, Navarro and Fantino (2005) found
that increasing the difference in the mean number of responses
to reinforcement for escaping and persisting increased the

dx.doi.org/10.1016/j.beproc.2011.11.001
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
mailto:annemac@ufl.edu
mailto:anne.macaskill@gmail.com
mailto:hack@reed.edu
dx.doi.org/10.1016/j.beproc.2011.11.001
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requency of escape. To calculate this difference, it is necessary to
rst calculate the mean response requirement given persistence,
he mean response requirement given escape, and the differ-
nce between the two. The mean response requirement following
scape is the mean number of responses from the beginning of
ny trial to reinforcement, i.e., the mean of the FRs programmed
uring that condition, weighted by the probability of their occur-
ence. For example, in the FR10/40/80/160 condition, the mean
umber of responses to the next reinforcer given escape was:
10 × 0.5) + (40 × 0.25) + (80 × 0.125) + (160 × 0.125) = 45. The mean
esponse requirement for persisting was the mean number of
esponses left in the three larger FRs following the completion
f the number of responses in the smallest FR in the condition,
eighted by the probability that that FR was programmed on the

urrent trial, given that the shortest FR was not. For example, in the
R10/40/80/160 condition the mean response requirement for per-
isting was: (30 × 0.5) + (70 × 0.25) + (150 × 0.25) = 70. Therefore,
he difference in the mean number of responses to reinforcement
persistence-escape) was 70–45, or 25 responses during this condi-
ion, meaning that making the sunk cost error increased the mean
ost of a reinforcer by 25 responses.

By manipulating this difference in mean response requirements,
avarro and Fantino (2005) found that there was  apparently a
oint at which the cost of persisting was high enough that the
igeons began escaping, avoiding the sunk cost error. Specifically,
he pigeons persisted during the conditions in which the differences
n mean numbers of responses to the next reinforcer for persist-
ng versus escaping were 19 and 34 responses, but not when the
ifference was 44 responses. Navarro and Fantino did not assess
hether experience with this condition produced a lasting reduc-

ion in subjects’ tendency to make the sunk cost error under other
onditions, however. Additionally, they did not assess whether all
hanges in programmed ratios that changed this difference in mean
esponse requirements by the same amount had equivalent effects
n pigeons’ levels of persistence, or whether absolute or relative
ifferences in response requirements for persistence and escape
ere most important. The current study extended that of Navarro

nd Fantino by investigating each of these questions.
To this end, Experiment 1 began by replicating the

R10/40/80/160 condition also conducted by Navarro and
antino (2005).  Across subsequent conditions all of the ratios
ere multiplied by two while their probability of occurrence was
eld constant in smallest to largest order. Therefore, the other two
onditions presented during Experiment 1 were FR20/80/160/320
nd FR40/160/320/640. This approach of multiplying all of the
atios was chosen because it changed the absolute difference
etween the mean response requirements for persistence and
scape while holding their ratio approximately constant.

After initially assessing the effects of multiplying all of the FRs by
 common factor in Experiment 1, the present study (Experiment
) investigated whether experience with a condition on which the
ontingencies established consistent use of the escape key would
lter the frequency with which pigeons would commit the sunk cost
rror in the future, even after this condition was removed. There
s reason to suspect that such history effects might induce more
ptimal choice patterns, providing subjects with a relevant rein-
orcement history has been shown to have this effect in the case of
wo other decision making errors. Specifically, base-rate neglect in
oth humans (Goodie and Fantino, 1996, 1999; Case et al., 1999)
nd pigeons (Fantino et al., 2005) and the conjunction fallacy in
umans (Fantino and Savastano, 1996). It was therefore anticipated
hat similar effects might be observed in the case of the sunk cost

ffect in the current study.

Overall, conditions across the two experiments reported here
ormed a reversal design, but are presented as two experi-

ents for clarity of exposition. In Experiment 1, the likelihood of
ural Processes 89 (2012) 212– 218 213

committing the sunk cost error was  assessed in each of three condi-
tions across which the absolute cost of persisting (mean in number
of responses to reinforcement) was increased. The relative differ-
ence in response requirements for persistence and escape was held
constant during Experiment 1. For pigeons that consistently made
the sunk cost error during these conditions, additional training was
then provided in Experiment 2 by presenting a condition during
which escaping was  associated with a markedly more favorable
mean number of responses to reinforcement than persisting. This
condition also altered the relative cost of persisting, and there-
fore investigated whether this was  necessary to effect a change in
levels of persistence. Conditions under which the error was previ-
ously made were then replicated, assessing the long-term impact
of favorable experiences with escaping. Experiment 2 also assessed
the specificity or generality of this training effect by arranging a
condition during which persistence was favored by the contingen-
cies.

2. Experiment 1: increasing the absolute cost of persistence

In the current procedure, completing the number of food key
responses equivalent to the smallest FR in the condition without
receiving reinforcement is an indication that the current FR is rel-
atively high. This is therefore a choice point, at which two courses
of action are available to the pigeons, each leading to a different
mean response requirement. In Experiment 1 the mean response
requirement for escaping was always lower than that for persisting
and hence the sunk cost error was  defined as persistence beyond
this choice point. Navarro and Fantino (2005) found that increasing
the difference between these two  mean numbers of responses to
reinforcement (one for escaping, the other for persisting) reduced
the frequency with which pigeons made the sunk cost error. Exper-
iment 1 presented a series of conditions that also increased this
difference.

The experiment began with a condition in which the FRs were
10, 40, 80, and 160, at probabilities of 0.5, 0.25, 0.125, and 0.125,
respectively. The next condition multiplied all of these FRs by two,
and the third condition doubled them again. The probabilities with
which these FRs occurred were held constant in smallest to largest
order. The first condition was  identical to one presented by Navarro
and Fantino in their Experiment 1. The other two  conditions pre-
sented combinations of FRs and probabilities that Navarro and
Fantino did not present, but which had the effect of increasing the
difference between the mean response requirements for persist-
ing and escaping as their conditions had. The latter two conditions
produced a difference between the mean number of responses to
the next reinforcer for persisting and escaping above that which
Navarro and Fantino found was  associated with an absence of the
sunk cost error. It was therefore anticipated that subjects would
persist during in the first condition but not during the subsequent
two. If this did not occur, but rather subjects persisted across all
three conditions, then this might suggest that behavior is influ-
enced by relative rather than absolute differences in the mean
number of responses to the next reinforcer for persistence and
escape.

2.1. Method

2.1.1. Subjects
Subjects were six white Carneau pigeons, numbered 18, 250,

456, 457, 1770, and 1774. When not in experimental sessions, the

pigeons were housed in a colony room with a 16.5:7.5 h light:dark
cycle, and had continuously available health grit and vitamin-
enriched water. The pigeons were maintained at 85% of their
free-feeding weights via supplementary post-session feeding.
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Table  1
Condition descriptions for study 1. The top four rows describe the schedule arrangement presented during each condition. The bottom four rows present the mean response
requirements for the two courses of action available after completing the smallest FR in the condition: persisting and escaping, and their difference and ratio.

Condition

FR10/40/80/160 FR20/80/160/320 FR40/160/320/640

FR 1 (50% of trials) 10 20 40
FR  2 (25% of trials) 40 80 160
FR 3 (12.5% of trials) 80 160 320
FR  4 (12.5% of trials) 160 320 640
A:  Mean number of responses to next reinforcer
given an escape response

1 escape response + 45 food
key responses

1 escape response + 90 food
key responses

1 escape response + 181
food key responses

B:  Mean number of responses to next reinforcer
given persistence after completing number of
responses in smallest FR in the condition (if no
reinforcement)

70 food key responses 140 food key responses 280 food key responses

B  − A 24 49 99
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.1.2. Apparatus
A standard three-key operant chamber with internal dimen-

ions of 30.5 cm × 35 cm × 35 cm was used, in conjunction with
ED-PC IV® software. The chamber was in a dark room with white

oise continuously presented. The only two keys with programmed
onsequences during this study were the center key, which was
it white when operational, and the left key, which was lit green

hen operational. Reinforcers consisted of 2-s access to mixed
rain from a food hopper directly below the center key. When food
as available a white light within the hopper opening was lit, and

he chamber was otherwise dark.

.1.3. Procedure
Pigeons were presented with two concurrently available

esponse keys: the center (food) key and the left (escape) key. Pecks
n the food key were reinforced according to an FR that varied
mong a set of possible FRs within a given condition. Specifically,
our FR schedules were possible during each condition, and the
robabilities with which they occurred were constant throughout
ach condition. These conditions, defined by this set of FRs and
robabilities, are described in Table 1. Completing the current FR
roduced food, followed by a 1-s inter-trial-interval (ITI) during
hich the chamber was dark. A single response on the escape key

lso produced the ITI, terminating the current FR (resetting any
esponses made on the current FR), and selected a new FR from
he set of those possible. Each FR presentation will be referred to
s a “trial”. A new trial therefore began whenever either a food
resentation or an escape key response occurred.

The bottom half of Table 1 presents the mean number of
esponses to the next reinforcer, for each of the two courses of

ction (persisting and escaping) available after completing the
umber of responses equivalent to the smallest FR in the condi-
ion and not receiving reinforcement. It also presents the difference
etween and ratio of these two response requirements.

able 2
he sequence of conditions presented in Experiment 1, and the number of sessions for w
ondition descriptions.

Pigeon 1st 2nd 3rd 

18 FR10/40/80/160 (37) FR20/80/160/320 (53) FR40/160/320/640 (40) 

250  FR10/40/80/160 (16) FR20/80/160/320 (15) FR40/160/320/640 (21)
456 FR10/40/80/160 (16) FR20/80/160/320 (15) FR40/160/320/640 (14)
457 FR10/40/80/160 (15) FR20/80/160/320 (16) FR40/160/320/640 (14)

1770 FR10/40/80/160 (16) FR20/80/160/320 (11) FR40/160/320/640 (11)
1774 FR10/40/80/160 (37) FR10/40/80/160a (13) FR5/10/20/40 (21) 

a A condition in which the schedule arrangement was changed from ratio- to interval-
or  this subject, however the results are not presented here.
0.65 0.66

All pigeons completed these conditions in order of increas-
ing favorableness, in terms of mean number of responses to the
next reinforcer of escaping over persisting (i.e., FR10/40/80/160,
FR20/80/160/320, FR40/160/320/640), or until consistent use of
the escape key was observed. If consistent use of the escape key
occurred, then previously run conditions were replicated before
conditions with a larger cost for persistence were conducted.
Because Pigeon 1774 used the escape key consistently during
the FR10/40/80/160 condition, a floor effect would have pre-
vented the expected reduction in proportion persistence if the
FR20/80/160/320 condition was presented next. Therefore, a con-
dition in which the FRs were half those in the FR10/40/80/160
condition was presented to this pigeon alone, because this con-
dition was  anticipated to increase persistence levels by bringing
the mean number of responses to the next reinforcer for persisting
closer to that for escaping.

The primary dependent variable was  the mean proportion per-
sistence, defined as the mean proportion of FRs larger than the
smallest completed. The smallest FR was  not included in this cal-
culation because completing it was not an instance of the sunk cost
error. This method of calculating proportion persistence was iden-
tical to that used by Navarro and Fantino (2005).  Each condition was
continued until this measure of persistence was  stable for five con-
secutive sessions. Stability was  defined as the absence of upward
trends, downward trends, and the highest and lowest points in the
condition. See Table 2 for the number of sessions required to reach
stability for each subject and condition.

Every session began with a 5-min blackout during which the
chamber was dark. Each session continued until 40 reinforcers
had been presented, or until 75 min  had elapsed, whichever came
first. During the stable periods reported here, only sessions dur-

ing the FR40/160/320/640 condition were ever terminated based
on this time criterion, and typically only in instances where sub-
jects persisted consistently during this condition. Therefore, this
reduction in the overall number of reinforcers received may  have

hich each subject experienced each condition. See Section 3.1.2 and Table 1 for full

4th 5th 6th

FR20/80/160/320 (19) FR10/40/80/160 (37)

FR10/40/80/160 (27) FR20/80/160/320 (28) FR40/160/320/640 (56)

based was conducted between these replications of the FR10/40/80/160 condition
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epresented an additional disadvantage of persisting during this FR
0/160/320/640 condition.

.2. Results and discussion

Table 3 presents the proportion of FRs larger than the smallest
hat each subject completed. Pigeons tended to either persist con-
istently or escape consistently in each condition; only Pigeon 457
n the FR40/160/320/640 condition produced a somewhat interme-
iate level of persistence.

Given that persisting during these conditions entailed making
he sunk cost error, five of the six pigeons consistently committed
he error during the FR10/40/80/160 condition. Three of Navarro
nd Fantino’s (2005) four pigeons also made the sunk cost error
n this condition, as did three of Avila-Santibanez et al.’s (2010)
igeons during at least one of three replications of that condition.
herefore, it has consistently been the case that most but not all
ubjects persist under these contingency arrangements. Pigeon 18
ersisted in the FR10/40/80/160 condition the first time it was
resented, but not in the FR20/80/160/320 condition, or when
he FR10/40/80/160 condition was subsequently replicated. The
emaining four subjects continued to persist during the three other
onditions of the experiment, despite the widening difference in
ean absolute number of responses to reinforcement for persis-

ence and escape.
Pigeon 1774 demonstrated an across-condition pattern of per-

istence that was not predicted by the increasing mean number
f responses to reinforcement for persisting; that is, this subject
scaped during the FR10/40/80/160 and FR20/80/160/320 condi-
ion, but persisted when presented with the FR40/160/320/640
ondition. Pigeon 1774, also completed a condition where the FRs
ere half those in the FR10/40/80/160 condition. During this con-
ition, the proportion of trials with persistence increased to 0.54
standard deviation: 0.04) during the last five sessions of the condi-
ion. Thus, this pigeon’s level of persistence was not linearly related
o increases in differences between the mean number of responses
o reinforcement for persistence and escape.

Navarro and Fantino (2005) found escape occurred consistently
n a condition when the difference between the mean number of
esponses to the next reinforcer for persisting and escaping was 44.
wo of the conditions in the present study included even larger dif-
erences (49 and 99), yet four pigeons still consistently persisted.
ifference in mean number of responses to the next reinforcer
lone cannot therefore be the only variable responsible for the sunk
ost error.

One possibility is that behavior is more sensitive to the relative
han the absolute difference between these two  mean response
equirements. That is, the ratio between the mean number of
esponses to reinforcement for persistence and for escape might be

 more important controlling variable than the difference between
hese two measures. This variable was explored more systemati-
ally in Experiment 2.

. Experiment 2: establishing consistent escaping

During the first condition in Experiment 2, the four subjects
250, 456, 457, and 1770) that had made the sunk cost error
onsistently during Experiment 1 were presented with a condi-
ion in which the smallest FR was decreased to FR10, while the
ther three remained as they had for the FR40/160/320/640 condi-
ion in Experiment 1 (FR10/160/320/640). There are three reasons

hat this schedule arrangement might be expected to reduce the
requency with which these subjects made the sunk cost error.
irstly, it further increased the difference between the mean
esponse requirement to the next reinforcer for persisting and
ural Processes 89 (2012) 212– 218 215

escaping. In this condition, the mean number of responses to the
next reinforcer following escape was 165, while that for persist-
ing was  310, creating a difference of 144 (larger than any of the
differences in Experiment 1). Secondly, it altered the relative dif-
ference between these two  values; in all of the conditions in the
first experiment, the mean response requirement to the next rein-
forcer following escape was  approximately 2/3 the mean response
requirement for persisting. In Experiment 2, the mean response
requirement to the next reinforcer following escape was  approx-
imately 1/2 that for persisting. Thirdly, reducing the smallest FR
in the condition to 10 may  make the optimal escape point more
salient, on the assumption that having completed 10 responses is
easier to discriminate than having completed 40 responses. For all
of these reasons, we expected pigeons to escape more frequently
in the FR10/160/320/640 condition of the present experiment than
in any condition presented during Experiment 1.

The three conditions presented in Experiment 1 were then repli-
cated to assess the effects of this FR10/160/320/640 condition.
In Experiment 1, Pigeon 18 did not initially escape when pre-
sented with the FR10/40/80/160 condition. However, that subject
did begin to escape during the FR20/80/160/320 condition, and
this pattern of escape continued when Pigeon 18 returned to the
FR10/40/80/160 condition suggesting that a history with a condi-
tion that established consistent escaping caused that subject to
escape even during conditions on which it had not previously.
Therefore, it was anticipated that if consistent escape was estab-
lished during the FR10/160/320/640 condition for the four subjects
in Experiment 2, then escape also occur when those subjects were
returned to conditions during which they had previously persisted.

Finally, the pigeons that had completed this FR10/160/320/640
condition were presented with a condition during which it was
optimal to persist. This allowed an assessment of the specificity
of the effect; in other words, whether the FR10/160/320/640 con-
dition created a general reduction in persistence, or whether this
increased tendency to escape only occurred in contexts where
doing so was  differentially reinforced by a reduction in response
requirement.

3.1. Method

3.1.1. Subjects and apparatus
Four pigeons, numbered 250, 456, 457, and 1770, from Exper-

iment 1 served. Living conditions and apparatus were as for
Experiment 1.

3.1.2. Procedure
As in the first experiment, the schedule and escape keys were

presented concurrently. Pigeons were first presented with a con-
dition with the following four FRs: FR10 on 50% the trials, FR160
on 25% of the trials, FR320 on 12.5% of the trials, and FR640 on
the remaining 12.5% of trials (FR10/160/320/640). Pigeons then
repeated the three conditions from Experiment 1 (FR10/40/80/160,
20/80/160/320, and FR40/160/320/640). Pigeons also received
20–30 sessions in which the component schedules were interval
based between conditions 1 and 2. Specifically, the FR schedules
described here were altered to fixed-interval schedules where the
interval length was equivalent to the mean inter-reinforcement
time under the FR schedules reported here. These conditions are
not described here because neither subjects’ response rates nor lev-
els of persistence changed when the contingencies were changed
from ratio- to interval-based. Therefore, subjects apparently did not
make contact with this change in contingencies, and the data were

uninformative.

Pigeons were then exposed to a condition during which it was
optimal, in terms of response requirement, to persist on the food
key, and to never respond on the escape key. Specifically, the
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Table  3
Mean proportion of FRs greater than FR10 completed by each pigeon during the final five sessions of each condition or Experiment 1. Standard deviations are presented in
parentheses.

Pigeon Condition

FR10/40/80/160 FR20/80/160/320 FR40/160/320/640

18 0.99 (0.02)/0.13a (0.06) 0.06 (0.05)/0.04a (0.03) Responding ceased
250 0.98 (0.03) 0.99 (0.02) 0.97 (0.06)
456  1.00 (0.0) 1.00 (0.0) 0.98 (0.03)
457 0.99 (0.02) 1.00 (0.0) 0.82 (0.09)

1770  0.95 (0.06) 1.00 (0.0) 0.96 (0.04)
a a
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1774  0.06 (0.04)/0.03 (0.03)/0.06 (0.04) 

a Replication.

et of possible FRs consisted of the following: an FR10 sched-
le on 3/12 trials, an FR 30 on 7/12 trials, and an FR50 on 2/12
rials (FR10/30/50). This condition was identical to one under
hich Navarro and Fantino’s (2005) pigeons persisted, producing

he lowest available response requirement. Because their pigeons
id not have a history with a condition similar to the current
R10/160/320/640 condition, the condition was included here to
ssess the specificity of any reductions in persistence observed as a
esult of our pigeons’ experience with the FR10/160/320/640 con-
ition; that is, whether a history of escaping reduced persistence in
eneral (including in cases where persisting was optimal), or only
n conditions where such persistence was suboptimal (a case of the
unk cost error).

As before, the major dependent variable was proportion per-
istence. For conditions in which escape was established, it was
lso possible to consider a more graded measure of performance:
he number of food key responses made prior to an escape key
esponse. All conditions were continued until the proportion per-
istence was deemed stable, using the same stability criteria
pplied in Experiment 1. See Table 4 for the number of sessions
equired to produce stable responding for each subject and condi-
ion.

.2. Results and discussion

Table 5 presents the proportion of trials in which pigeons
ersisted in each condition during Experiment 2. The
R10/160/320/640 condition reduced persistence (and thereby
he sunk cost error) to near-zero levels for all four subjects.
herefore, this condition where the contingencies favored use of
he escape key extremely heavily led to an absence of the sunk cost
rror.

Pigeons were presented with the FR10/40/80/160,
R20/80/160/320 and FR40/160/320/640 conditions after reli-
ble use of the escape key had been established. The effects
f this experience were most consistently observed during the
R10/40/80/160 condition. None of the four made the sunk cost
rror on the FR10/40/80/160 condition during Experiment 2,
espite having consistently made it during the same condition in
xperiment 1.

During the FR20/80/160/320 condition, Pigeon 250 consistently
ade the sunk cost error, as it had done before training, while the

ther three pigeons used the escape key consistently. During the
R40/160/320/640 condition, all but one pigeon (Pigeon 456) made
he sunk cost error, although all three had used the escape key con-
istently in at least one previous condition. That is, in spite of having

 larger difference between the mean number of responses to the
ext reinforcer for persisting and escaping, the FR40/160/320/640

ondition led to more instances of the sunk cost error than did the
R10/40/80/160 and FR20/80/160/320 conditions. This pattern was
lso observed for Pigeon 1774 in Experiment 1. Possible explana-
ions for this pattern will be considered below.
0.07 (0.05) 0.97 (0.05)

All four pigeons persisted consistently when presented with a
condition during which it was  optimal in terms of response require-
ment to persist (the right-hand-most column in Table 5). Therefore,
the experience with the prior conditions in which escape was opti-
mal  did not produce a generalized tendency to escape.

Given the consistent escaping in Experiment 2, it was pos-
sible to assess the number of food key responses that occurred
before escape key responses were made, and how closely escape
responses approximated the optimal point (i.e., immediately after
the non-reinforced completion of the number of responses in the
smallest FR). Table 6 presents the number of food key responses
after which escape key responses were made. Pigeons tended to
somewhat overshoot the optimal escape point, making more food
key responses than were optimal. Deviations from optimality were
asymmetrical, however: rarely did the pigeons escape too early
(after having made too few food key responses). The exception
to this was Pigeon 456 during the FR40/160/320/640 condition,
who  escaped, on average, prior to having completed the number
of responses in the smallest FR in the condition, thereby markedly
increasing the obtained response requirement.

4. General discussion

The current study demonstrated that it is possible to cre-
ate a history that reduces the subsequent frequency with which
pigeons commit the sunk cost error. This is consistent with previous
research indicating that errors on other decision-making tasks (e.g.,
base-rate neglect, the conjunction fallacy) could also be altered in
frequency by providing a particular reinforcement history (Fantino
and Savastano, 1996; Goodie and Fantino, 1996, 1999; Case et al.,
1999; Fantino et al., 2005). These findings are also consistent with
the results of Navarro and Fantino’s (2005) final experiment in
which a group of pigeons with a particular history committed the
sunk cost error less frequently than had previous subjects. That
history consisted of a series of sessions in which the food key was
available while the escape key was not, and schedule transitions
were signaled by key-light color changes.

In the present condition most closely replicating a condition pre-
sented by Navarro and Fantino (2005), the pattern of results was
similar. Three out of their 4 pigeons, and 5 of our 6 pigeons, con-
sistently committed the sunk cost error when first presented with
what is here called the FR10/40/80/160 condition (FR 10 at a prob-
ability of 0.5, FR 40 at a probability of 0.25, FR 80 at a probability of
0.125, FR 160 at a probability of 0.125) in the absence of stimulus
changes (during their Experiment 1). This was also the case in the
study conducted by Avila-Santibanez et al. (2010),  although some
of their pigeons showed varying levels of persistence across three
replications of the FR10/40/80/160 condition. Additionally, sub-

jects in both the present Experiment 2 and Navarro and Fantino’s
Experiment 2 persisted as appropriate when presented with the
FR10/30/50 condition during which persistence minimized mean
response requirement.
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Table 4
The sequence of conditions presented in Experiment 2, and the number of sessions for which each subject experienced each condition (columns from left to right are in the
sequence conditions were run). See Section 3.1.2 and Table 1 for full condition descriptions.

Pigeon Condition

FR10/160/320/640 FR40/160/320/640 FR20/80/160/320 FR10/40/80/160 FR10/30/50

250 11 39 19 25 38
456  25 23 14 16 51
457 13 83 16 16 11

1770 20 65 29 13 14

Table 5
Mean proportion of FRs greater than FR10 completed by each pigeon during the final five sessions of each condition or Experiment 1. Standard deviations are presented in
parentheses.

Pigeon Condition

FR10/160/320/640 FR40/160/320/640 FR20/80/160/320 FR10/40/80/160 FR10/30/50

250 0.00 (0.00) 0.98 (0.06) 0.98 (0.02) 0.02 (0.02) 1.00 (0.00)
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456  0.00 (0.00) 0.01 (0.03) 

457  0.00 (0.00) 0.52 (0.09) 

1770  0.01 (0.01) 0.98 (0.04) 

This study provided some additional information about the fea-
ures of the current arrangement controlling levels of persistence.
pecifically, some of the present results were not consistent with
avarro and Fantino’s (2005) suggestion that the difference in
ean number of responses to the next reinforcer for persisting and

scaping was a key contributor to levels of persistence observed.
ncreasing this difference in Experiment 1 did not reliably reduce
evels of persistence. Additionally, in some conditions of Experi-

ent 2, multiplying all of the FRs by a common factor increased the
unk cost error, despite increasing the absolute difference between
he mean number of responses to the next reinforcer given escape
nd given persistence. This is in contrast with Navarro and Fantino’s
onditions in which increasing this difference had the opposite
ffect, i.e., reducing the sunk cost error.

In the current study, the sequence in which the conditions
ccurred led pigeons to experience several other conditions
etween the FR10/160/320/640 condition and the FR10/40/80/160
ondition during with reductions in persistence were most con-
istently observed. Therefore, it is possible in principle that one of
hese intervening conditions caused or contributed to these reduc-
ions in persistence. This is unlikely for several reasons. Firstly
he immediacy with which escape – which had never been pre-
iously observed – was established by the introduction of the
R10/160/320/640 condition. Consistent escape began within only

 few sessions for several pigeons. Additionally, it is unclear why
resenting conditions during which consistent escape did not
ccur would have produced such consistent escape when the
R10/40/80/160 condition was subsequently presented. An addi-
ional study in which the sequence of conditions was  altered is
ecessary to confirm this speculation conclusively, however.
If the FR10/160/320/640 condition did cause the subsequent
eductions in persistence, there are several potential explanations
or these reductions occurring in the FR10/40/80/160 condition but
ot the FR40/160/320/640 condition. Firstly, it could be that the

able 6
ean number of food key responses made before an escape key response, by pigeon an

onditions during which there were sufficient escape responses.

Pigeon Condition

FR10/160/320/640 FR40/160/320/64

250 17.21 (2.23) Persistence 

456  16.25 (1.51) 23.38 (3.27) 

457 16.61  (2.07) 139.75 (58.44) 

1770  22.18 (11.37) Persistence 
0.00 (0.00) 0.01 (0.01) 0.98 (0.03)
0.06 (0.00) 0.02 (0.02) 0.95 (0.07)
0.07 (0.00) 0.03 (0.01) 1.00 (0.00)

FR10/160/320/640 condition, which established consistent escape
in the FR10/40/80/160 condition, had very specific effects. That
is, during this condition it was optimal to escape after 10 food
key responses and perhaps it increased escape only in subse-
quent conditions during which this was  also the optimal escape
point. Overall, pigeons tended to persist during conditions in which
the optimal response pattern was  least similar to that during the
FR10/160/320/640 condition. This speculation could be tested by
presenting naïve subjects with a condition in which escaping after
40 food key responses was as strongly favored by the contingencies
as escaping after 10 responses was  during the training condition
experienced by the current subjects. This would be expected to
reduce the sunk cost error during conditions in which escaping
after 40 food key responses was  the optimal response pattern, but
not when the optimal pattern was  escaping after 10 schedule-key
responses.

Secondly, it may  be that this pattern represented a sunk cost
magnitude effect. Perhaps completing 40 responses during the
FR40/160/320/640 condition represented a greater investment
than completing 10 responses during the FR10/40/80/160 condi-
tion, and this might be why  subjects were more likely to persist
in the former case than in the latter case. Such magnitude effects
have been observed with human participants (Garland, 1990), but
have not been to date studied with non-human animals. In the Gar-
land study, the more participants were told had been invested in a
hypothetical airplane project, the more likely they were to report
that they would continue to invest further money in that project.

A third possible explanation for the higher levels of persistence
observed in the FR40/160/320/640 condition relates to discrimi-
native control. More specifically, making escape key responses at

the optimal point in the trial depends on sensitivity to the number
of responses made since the beginning of the trial. Conditions in
which it was optimal to choose the escape key after 40 food key
responses presumably are more difficult than conditions in which

d condition. Standard deviations are in parentheses. Data is only presented from

0 FR20/80/160/320 FR10/40/80/160

Persistence 17.11 (1.84)
24.84 (2.75) 13.30 (1.39)
36.82 (5.41) 15.66 (1.58)
39.39 (2.22) 13.21 (0.61)
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he optimal choice occurred after just 10 responses. As can be seen
rom Table 6, pigeons produced their escape responses at the least
ptimal juncture in these conditions with the larger smallest FR.
hat is, as the smallest FR in the condition (and therefore the opti-
al  escape point) increased, the mean escape point became more

ivergent from the optimal escape point, and the across-session
ariability in mean escape point increased. This increased mean
scape point had the effect of increasing the number of responses
ade on trials with escape, and therefore, as a consequence, reduc-

ng the extent to which escape was optimal. This may  have, in turn,
ed to increased persistence.

This speculative explanation about the importance of the dis-
riminability of the optimal escape point is consistent with two of
avarro and Fantino’s (2005) findings. Firstly, in their Experiment 3,
igeons escaped most consistently during the conditions in which
he smallest FR in the condition had the smallest parameter value
i.e., they persisted when the smallest FR was 10 or 20, but not when
t was 5). It may  be that this variable, rather than the absolute differ-
nce between the mean response requirements for persisting and
scaping (with which it was confounded) explained the pattern of
ersistence that they observed. Secondly, this discriminative con-
rol explanation is consistent with Navarro and Fantino’s (2005)
nding that the addition of stimulus changes signaling the sched-
le completions reduced persistence. The first of these stimulus
hanges signaled the optimal escape point, and this exteroceptive
timulus change likely enhanced whatever discriminative control
as exerted by number of responses alone. Adding such signals to a

ondition in which the optimal escape point occurred after 40 food
ey responses would allow a test of this explanation against one in
erms of a sunk cost magnitude effect, because it would presum-
bly alter the ease of discriminating the optimal escape point, but
ould not change the number of food key responses that had been

nvested to that point. Some unpublished data from our laboratory
aking this approach are consistent with this explanation in terms
f discriminative processes.

This explanation in terms of stimulus control is also consistent
ith the behavior of Pigeon 456, the one subject who escaped

onsistently during the FR40/160/320/640 condition. When the
ptimal escape point was after 10 or 20 food key responses, this
igeon consistently escaped after approximately that many food
ey responses—slightly overshooting, as was typical of all pigeons.
hen the optimal escape point was FR40, however, escaping

ecame erratic. The distribution of the number of schedule-
ey responses produced before each escape key response was
imodal, with one peak occurring before 20 responses (when
scape responses could only increase mean response requirement),
nd another peak well after the optimal escape point (at approx-
mately 60 food key responses), suggesting a breakdown in the
iscriminative control previously seen when the smallest FR was
maller.

If the ease with which the optimal escape point is discrimi-
ated is shown to be an important contributor to performance on

his task, future research could also usefully investigate whether
t is the number of responses that pigeons have produced, or the
mount of time that they have spent responding on the key that
ost strongly controls the juncture at which subjects make escape
ural Processes 89 (2012) 212– 218

responses. Such research would also have the potential to answer
more general questions about whether investments of time have
equivalent effects on decisions about persistence to investments of
effort of the type required to make key-peck responses.

5. Conclusions

In conclusion, the present study showed that specific experience
with situations in which the sunk cost error produces exceedingly
high costs can reduce the frequency with which such errors occur.
It also showed, however, that the absolute difference in response
requirement between persisting with and abandoning a course of
action does not alone predict whether the sunk cost error will occur.
Rather, other factors, such as the ratio of these two values, and the
discriminability of the optimal escape point, may  also be important
determinants of the sunk cost effect.
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