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Abstract

Organisms may sometimes behave as if a contingency exists between behavior
and consequences, even if this is not actually the case. Killeen (1978) suggested
that such superstition occurs because of factors that bias subjects to behave
“superstitiously” rather than because of failures of discrimination. We systemati-
cally replicated Killeen’s experiment and compared contingency discrimination
between different consequences. Six pigeons responded in a matching-to-sample
procedure in which a response-independent or response-dependent stimulus
change, food delivery, or blackout occurred. The pigeons reported whether the
consequence was response dependent or response independent by choosing
between two side keys. Discrimination was strongest after stimulus changes,
weaker after blackouts, and weakest after food deliveries. These differences per-
sisted even after additional training, suggesting asymmetries that may reflect dif-
ferences in the disruptive effects of different consequences on remembering and/or
behavioral mnemonics. Importantly, the pigeons were not biased to report
response-dependent consequences unless that response was consistent with loca-
tional biases; that is, they behaved “superstitiously” when there was a reason to be
biased to do so. These findings corroborate Killeen’s and demonstrate that behav-
ior may deviate from contingencies not necessarily because subjects cannot dis-
criminate those contingencies but because they are biased to behave otherwise.
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Behavior typically comes under joint control of stimuli
and consequences (Skinner, 1938; see also Davison &
Nevin, 1999). In general, behaviors followed by appeti-
tive consequences (reinforcers) are more likely to be emit-
ted in the future, whereas behaviors followed by aversive
consequences (punishers) are less likely to occur. For
example, if a pigeon’s key pecks are followed by food in
the presence of a blue but not a yellow stimulus, the
pigeon will typically respond to the blue stimulus and not
respond (or respond less) to the yellow stimulus. Like-
wise, a human driver accelerates at green traffic lights
because this has, in the past, led to a desired consequence
(e.g., arriving at one’s destination) but not at red lights
because this is likely to lead to an undesired consequence
(e.g., an accident). Prolonged exposure to such

contingencies allows organisms to learn about the struc-
ture of the environment and thus behave in accordance
with what 1is likely to happen in the future
(e.g., Baum, 2012; Cowie, 2018; Cowie & Davison, 2016,
2020; Killeen & Jacobs, 2017; Shahan, 2017).

Sometimes, subjects behave as if contingencies exist
between stimuli, behavior, and consequences, even though
this is not actually the case. In Skinner’s (1948) study of
“superstition” in pigeons, response-independent food was
delivered every 15 s and the pigeons came to emit idiosyn-
cratic “pigeon-like” behaviors (e.g., head-bobbing, peck-
ing) despite no programmed contingency between such
behaviors and food (see also Catania & Cutts, 1963;
Davis & Hubbard, 1972; Herrnstein, 1966; Herrnstein &
Morse, 1957; Justice & Looney, 1990; Ono, 1987; Rey
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et al., 2020; Sheehan et al., 2012; Wagner & Morris, 1987).
Similarly, Morse and Skinner (1957) found that changing
the color of a stimulus produced concomitant changes in
response rates, even though there was no change in rein-
forcer rates. Likewise, humans often report having some
control over producing or preventing response-
independent outcomes (e.g., Aeschleman et al.,, 2003;
Bloom et al., 2007; Hayashi & Modico, 2019;
Matute, 1995; Mellon, 2009; Rudski, 2000, 2001; Rudski
et al., 1999).

Such superstitious behavior may arise due to adventi-
tious pairing of behavior and reinforcers or of a change
in stimulus conditions and a brief change in local rein-
forcer rates (Morse & Skinner, 1957). If a behavior hap-
pened to occur before a food delivery or a stimulus
change coincided with either food delivery or a period
without food, food (or its absence) would have appeared
contingent on the behavior or stimulus change. In sup-
port of this, delivering three response-dependent rein-
forcers appears sufficient to maintain responding even
after the response-reinforcer dependency is removed,
suggesting that superstitious behavior develops readily
after only a few correlations between behavior and rein-
forcers (e.g., Fenner, 1980; Gleeson et al., 1989;
Neuringer, 1970). This explanation implies a “gross
breakdown in an organism’s ability to detect causality”
(Killeen, 1978, p. 88)—that is, behavior fails to come
under the control of arranged contingencies.

In contrast, other research suggests that adventitious
reinforcers are not responsible for or play a smaller role
than originally thought in superstitious responding
(e.g., Herrnstein & Morse, 1957; Schwartz, 1973;
Staddon & Simmelhag, 1971; Zeiler, 1968). For example,
Staddon and Simmelhag (1971) replicated Skinner’s (1948)
experiment and found that pigeons engaged in similar
sequences of interim behaviors during the first two thirds of
interfood intervals and terminal behaviors thereafter.
Importantly, there was little evidence of accidental pairings
between terminal behaviors and food deliveries. Staddon
and Simmelhag suggested that superstitious response pat-
terns do not reflect adventitious reinforcer processes but
rather species-specific food-related behavior (e.g., pecking
for a pigeon) induced by periodic reinforcer schedules (see
also Fenner, 1980; Fernandez & Timberlake, 2020; Innis
et al., 1983; Staddon, 1977; Timberlake & Lucas, 1985).

Furthermore, other research shows that response
rates differ when consequences are arranged dependent
on compared with independent of responding. Appel and
Hiss (1962, see also Powell & Kelly, 1979, Rachlin &
Baum, 1972) found that when response-independent and
response-dependent food was delivered in separate com-
ponents of a multiple schedule, pigeons’ response rates
were low and declined across sessions in the response-
independent component, whereas response rates
remained high and stable in the response-dependent com-
ponent. They concluded that subjects could discriminate’
between components, but the sustained low response

rates in the response-independent component indicated
that such discrimination was imperfect (but see
Herrnstein, 1966). Similarly, when a response-dependent
reinforcer schedule is changed to a response-independent
schedule, response rates decrease (e.g., Lachter, 1971;
Skinner, 1938; Zeiler, 1968; see Catania & Keller, 1981,
for a brief overview). Catania and Keller (1981) further
showed that even when response-dependent reinforcer
schedules were modified such that they shared similarities
with response-independent schedules (e.g., by inserting
fixed or variable delays before reinforcer deliveries or by
varying interreinforcer or response-reinforcer intervals),
response rates were still higher than in response-
independent schedules, suggesting some sensitivity to
contingencies. Even stronger evidence for differential
control by response-dependent and response-independent
consequences comes from studies demonstrating that sub-
jects can report relatively accurately which reinforcer
schedule or response produced a reinforcer (Davison,
2018; Dodd, 1984; Jones & Davison, 1998; Lattal, 1975,
1979; Nussear & Lattal, 1983) and whether a stimulus
change is response dependent or response independent
(Killeen, 1978; Killeen & Smith, 1984).

For example, Killeen (1978) arranged a matching-to-
sample (MTS) procedure in which pigeons reported
whether or not they had caused a stimulus change. In
Killeen’s procedure, pecks to an illuminated center key
sometimes turned it off and illuminated two side keys,
whereas at other times this change occurred indepen-
dently of responding. Choice of the right key was defined
as correct and reinforced after response-dependent stimu-
lus changes, and choice of the left key was correct after
response-independent changes. Thus, choosing the right
key corresponded to reporting “I did it” and the left key
to “I didn’t do it.” Killeen’s pigeons responded correctly
in 80%-90% of trials, suggesting that they could discrimi-
nate between response-independent and response-
dependent consequences. The likelihood of reporting a
response-independent (or response-dependent) conse-
quence depended on the reinforcer magnitude for making
such a response; the pigeons were biased toward the
response that produced a larger reinforcer. Additionally,
responding depended on the time between the pigeon’s
last peck and consequence, with shorter times increasing
the likelihood of reporting “I did it.” Killeen and Smith
(1984) further showed that pigeons could report whether
they had caused either brief hopper-light presentations
(the magazine aperture was illuminated, but no food
delivered) or food deliveries. However, accuracy was
worse after food deliveries and worsened as the duration
of food deliveries increased.

Along similar lines, Chatlosh et al. (1985) asked col-
lege students to rate the degree to which their behavior
(tapping a telegraph key) caused an appetitive (point

"Here, we use the word “discriminate” to mean that behavior “comes under
stimulus control” (i.e., behavior is differential with respect to different stimuli).
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gain), aversive (point loss), or neutral (no change in
points) outcome. Across conditions, Chatlosh et al. var-
ied the probability that a response produced the outcome.
In all conditions, participants’ ratings roughly matched
this probability, suggesting that they were sensitive to
behavior-consequence contingencies (see also
Wasserman et al., 1983). Other studies have shown that
people are more likely to report causal relations between
their behavior and consequences when the delay between
behavior and consequence is shorter (e.g., Rudski, 2000;
Shanks et al., 1989; Wasserman & Neunaber, 1986),
when the perceived or actual value of the consequence is
higher (e.g., Benvenuti et al., 2018) and when prior
knowledge or instructions bias them in favor of reporting
a causal relation (e.g., Blanco et al., 2020; Collins &
Shank, 2002, 2006; Matute, 1996). Collectively, the
above findings suggest that behavior may sometimes
appear to deviate from arranged behavior-consequence
contingencies because of sources of bias (e.g., reinforcer
magnitude, instructions delays between responses and rein-
forcers) rather than because subjects have failed to learn,
or are insensitive to those contingencies. Killeen and
Smith’s (1984) findings also tentatively suggest asymmetries
depending on the type of consequence (e.g., stimulus
change vs. food delivery). In further support of such asym-
metries, Davison (2018) showed that pigeons could more
accurately report whether a left- or right-key response pro-
duced a stimulus change compared with a 3-s food delivery
or blackout. Additionally, human participants sometimes
appear more likely to report contingencies between their
behavior and reinforcers than punishers (e.g., Alloy &
Abramson, 1979; Chatlosh et al., 1985, Rudski
et al., 1999). Rasmussen and Newland (2008) found that
the effects of money loss on human choice were three times
greater than the effects of money gain, suggesting differ-
ences between reinforcer and punisher control (see also
Gongalves & Silva, 2015; Kubanek et al., 2015; Kuroda
et al., 2018; Pietras et al., 2010). Taken together, these find-
ings suggest there is good reason to expect differences in
discrimination between different types of response-
independent and response-dependent consequences.

A relatively large body of research has examined the
variables that influence superstitious behavior and judg-
ments of contingency in humans. In contrast, besides Kil-
leen (1978) and Killeen and Smith (1984), we know of no
other published studies that have asked whether nonhu-
man subjects can report accurately whether consequences
are dependent on or independent of responding. Further,
only one of these published studies (Killeen &
Smith, 1984) arranged different types of consequences.
Although Davison (2018) asked a similar question, his
subjects reported the location producing a consequence,
not whether the consequence depended on behavior. Stud-
ies demonstrating differential response rates with
response-dependent and response-independent conse-
quences (e.g., Appel & Hiss, 1962) provide only tentative
evidence for such discrimination because there are other

reasons why response rates may differ (e.g., local rein-
forcer distributions). Thus, at present, research comparing
discrimination of different types of response-independent
and response-dependent consequences is relatively limited.

Therefore, the present experiment investigated
pigeons’ discrimination of response-independent and
response-dependent consequences in a systematic replica-
tion of Killeen (1978). Pigeons responded in a MTS
procedure in which a response-dependent or response-
independent consequence occurred, and they reported
whether the consequence was dependent on or indepen-
dent of responding by choosing a left or right key. Across
conditions, the consequence was a stimulus turning off,
food delivery, or blackout. Because preliminary analyses
showed that accuracy was low after food deliveries, we
ran additional conditions with forced-choice trials
(i.e., only the correct choice was illuminated). This helped
to clarify whether low accuracy after food deliveries was
related to poor control by the matching contingencies or
to the nature of the consequence.

METHOD
Subjects

Six pigeons, numbered 61 to 66, served as subjects. The
pigeons were maintained at 85% * 15 g of free-feeding
body weight by supplementary feeding of mixed grain at
around 9:30 a.m. daily. They were housed in a colony room
in a time-shifted environment (lights on at 12 a.m., off at
4 p.m. daily). Water and grit were freely available. All
pigeons had previous experience in one (currently unpub-
lished) operant experiment, which consisted of differential
reinforcement training followed by extinction and relapse
tests. Thus, before the present experiment, the pigeons had
never had experience with MTS (or similar) procedures.

Apparatus

The pigeons were housed individually in home cages,
which also served as experimental chambers. Each cham-
ber measured 380 mm high, 380 mm wide, and 380 mm
deep and contained two perpendicular wooden perches,
one parallel to the front wall and the other parallel to the
right wall. The perches were 90 mm away from their
respective walls and were mounted 60 mm above the cage
floor. An operant panel was mounted on the right wall of
each chamber, 220 mm above the perches. The operant
panel consisted of three 20-mm (diameter) response keys
arranged horizontally and centered 85 mm apart. The cen-
ter key could be lit blue, and the side keys could be lit red
or orange. Responses exceeding 0.1 N to illuminated keys
were recorded. A magazine aperture (50 mm high, 50 mm
wide, 40 mm deep) was located 100 mm beneath the cen-
ter key. A hopper filled with wheat was located behind the
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TABLE 1 Sequence of conditions

Condition Label Brief description Sessions
1 Stimulus-off condition Center-blue stimulus turned off 30
2 Food condition 3-s food delivery 30
3 Blackout condition 3-s blackout 30
4 Food-correction condition Same as food condition, except incorrect responses were followed by correction trials 30
5 Food-forced condition Same as food condition, except with forced-choice trials with only the correct 60
comparison lit. The proportion of forced-choice trials was gradually reduced.
6 Blackout-forced condition Same as blackout condition, except with forced-choice trials. The proportion of forced- 51

choice trials was gradually reduced.

Note. Consequences occurred either dependent on or independent of responding. See text for further details.

magazine aperture. During reinforcer deliveries, the hop-
per was raised for 3 s, the keylights were darkened, and
the magazine aperture was lit. In an adjacent room, a
computer running MED-PC 1V software ran the experi-
ment and recorded all experimental events. No personnel
entered the colony room during experimental sessions.

Procedure

The pigeons were experimentally experienced, so no pre-
training was necessary. Experimental sessions began at
3 a.m. daily for all pigeons and ended after 80 trials or
1 hr, whichever occurred first. In each session, the
pigeons completed MTS trials in which the sample was a
response-dependent or response-independent conse-
quence, and the pigeons reported whether or not they
had caused the consequence by choosing between left and
right keys (the comparison stimuli). Trials were separated
by a 10-s intertrial interval (ITI). Table 1 summarizes the
order of conditions. Conditions lasted for 30 sessions,
except for Conditions 5 and 6, which were longer due to
additional training with forced-choice trials.

Condition 1 (stimulus-off condition)

In Condition 1, each MTS trial began with the center key
lit blue, and a variable-interval (VI) or variable-time
(VT) 30-s schedule operated. This schedule arranged the
consequence, which was the center key turning off. In
each trial, the schedule was chosen randomly, with the
only constraint being that no more than 40 trials of each
schedule type occurred in a session. This constraint
ensured that there were equal numbers of trials with each
schedule in each session. In trials with a VI schedule, the
first peck to the center key turned it off after the schedule
arranged the consequence. In trials with a VT schedule,
the center key turned off as soon as the schedule arranged
the consequence. Hereafter, we term these trials response-
dependent and response-independent trials, respectively.
After the center key turned off, the left- and right-side
keys were lit orange. A peck to the left key was defined

as correct in response-dependent trials and a peck to the
right key was defined as correct in response-independent
trials for Pigeons 61 to 63. The reverse was arranged for
Pigeons 64 to 66. Correct responses were reinforced with
a probability of .50. If no reinforcer was arranged, a cor-
rect response was followed immediately by the ITL
Incorrect responses were followed by a 3-s blackout and
then the ITI (i.e., a total blackout duration of 13 s).

Reinforcers for correct responses were arranged
dependently (Stubbs & Pliskoff, 1969). This meant that if
a reinforcer was arranged for a particular trial type
(e.g., a response-dependent trial), that reinforcer was held
and no further reinforcers could be arranged until such a
trial occurred and the pigeon responded correctly. This
ensured that the overall obtained reinforcers for correct
responding were similar in response-dependent and
response-independent trials.

Conditions 2 and 3 (food and blackout
conditions)

Conditions 2 and 3 were the same as Condition 1, except
that the consequence was either 3-s food delivery
(Condition 2) or 3-s blackout (Condition 3). In these condi-
tions, the consequence occurred after the center key turned
off and before the presentation of the comparison stimuli.

Condition 4 (food-correction condition)

Condition 4 replicated the food condition (Condition 2),
except that correction trials occurred after incorrect
responses. Thus, after an incorrect response, the same trial
repeated, except that only the correct comparison was lit.

Conditions 5 and 6 (food-forced and blackout-
forced conditions)

Conditions 5 and 6 replicated Conditions 2 and 3,
respectively, except that conditions began with training
sessions in which only the correct comparison was lit
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(forced-choice trials). After 10 sessions, the proportion of
forced-choice trials was gradually reduced in increments of
.25 every 10 sessions (Condition 5) or seven sessions
(Condition 6). After this proportion reached 0 (i.e., all tri-
als were free-choice trials in which both comparison keys
were lit), the condition ran for 20 sessions.

Data analysis

Visual inspection (Perone, 1991) of percentage correct
in response-dependent and response-independent trials
in each session indicated that performance was reason-
ably stable within the last 10 sessions of each condition.
To illustrate, Appendix Figure Al shows bias-free sum-
mary measures of performance, calculated using
Equation 1 (see below) over the last 15 sessions of each
condition. We separated the last 12 sessions into four
blocks of three sessions each, and nonparametric trend
tests (Elliffe & Elliffe, 2019; Kendall, 1955) on median
log d values across blocks were nonsignificant (all
p > .10). Thus, although some fluctuations in perfor-
mance were evident for some pigeons, these were gener-
ally not monotonic.

Data from the last 10 sessions of each condition were
aggregated and then separated according to the type of
consequence (stimulus off, food delivery, or blackout)
and whether the consequence was dependent on or inde-
pendent of responding. Appendix Table B1 shows these
data. We then calculated a bias-free measure of perfor-
mance, log d (Davison & Nevin, 1999; Davison &
Tustin, 1978), for each consequence:

Bcorr dependent Bcorr independent
long:O.Slog< | dependent | =orr | indep . (D)
Berr | dependent Berr | independent

where x represents the type of consequence, and Beor |y
and B |, represent the total number of correct (corr)
and incorrect (err) responses, respectively, in response-
dependent and response-independent trials (y), in the last
10 sessions of each condition. More positive values of
Equation 1 indicate more correct than incorrect responses
(i.e., more accurate responding). A value of zero indicates
chance performance.

We also calculated a related measure, log b, which
quantifies bias toward one comparison over the other:

Bde endent | dependent
logbx:O.510g< P | dep .
Bindependent | dependent Bindependent | independent

(2)

where x represents the type of consequence, and B, |, rep-
resents the number of responses made to the comparison
matching dependent or independent consequences (x) in
response-dependent and response-independent trials ().
Thus, more positive values of Equation 2 indicate a bias
to report response-dependent consequences (i.€., to report

Bdependem | independent )

“I did it”) and more negative values indicate a bias to
report response-independent consequences (i.e., “I didn’t
do it”). A log b value of zero indicates no systematic bias.

We also assessed whether response rates to the center-
blue key during the sample phase (hereafter, for brevity,
we term these “sample response rates”) and the delay
between a response and the delivery of a consequence
influenced discrimination. For example, the pigeons may
have been more likely to report that a consequence was
dependent on responding if the delay between their most
recent response and that consequence was shorter (see
Killeen, 1978). Sample response rates were calculated by
dividing the number of responses made to the center-blue
key (aggregated across response-dependent and response-
independent trials because the consequence had not yet
been presented) by the total time spent in the sample
phase in each condition. To assess the effects of
response—consequence delays on discrimination, we sepa-
rated data from response-independent trials into trials in
which the delay was less than 0.25 s, trials in which the
delay was between 0.25 s and 0.50 s inclusive, and trials
in which the delay was greater than 0.50 s. We then cal-
culated the proportion of correct responses for each
group of trials. We used only data from response-
independent trials for this analysis because there was
never a delay between a response and consequence in
response-dependent trials.

RESULTS

In the present experiment, pigeons reported whether they
had or had not caused a stimulus turning off, food deliv-
ery, or blackout. Figure 1 shows accuracy (log d;
Equation 1) and bias (log b; Equation 2) for individual
pigeons after each consequence. Mean log d and log
b values are also plotted in Figure 1. Accuracy followed
similar patterns across conditions for all pigeons, with
only a few individual-pigeon exceptions. All pigeons dis-
played a bias toward the right key, as evidenced by the
negative log b values for Pigeons 61 to 63 and positive
log b values for Pigeons 64 to 66 (these opposite patterns
occurred because the key locations were counterbalanced
across pigeons). There appeared to be little systematic
change in bias across conditions (Friedman test:
¥* = 6.86, p = .232), although bias did appear somewhat
stronger in conditions with food deliveries. Because bias
varied unsystematically across pigeons and conditions,
we focus on accuracy henceforth.

Accuracy (log d) differed depending on the type of
consequence  (Figure 1); a  Friedman  test
(a nonparametric alternative to the one-way repeated-
measures analysis of variance) on log d values was signifi-
cant (3> =17.05, p =.004). In general, accuracy was
highest in the stimulus-off condition (black bars), sug-
gesting that the pigeons could discriminate whether they
had caused the stimulus to turn off. In comparison,
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accuracy was lower after blackouts (blackout and
blackout-forced conditions; gray bars) and even lower
after food deliveries (food, food-correction, and food-
forced conditions; white bars). Post hoc comparisons
indicated that only the differences in accuracy between
the stimulus-off and food or food-correction conditions
were significant (both comparisons: p = .030).

Correction trials (food-correction condition; dotted
white bars) had little effect on accuracy, whereas forced-
choice trials (food-forced and blackout-forced conditions;
striped bars) increased accuracy (Figure 1). Nevertheless,
these improvements were not significant (binomial sign
tests: all p = .344), and accuracy was still lower than in
the stimulus-off condition. Thus, differences in accuracy
after stimulus changes, blackouts, and food deliveries
appeared to reflect the different types of consequences
rather than poor control by the matching contingencies
(i.e., which response was correct in response-dependent
and response-independent trials).

Figure 2 shows response rates to the center-blue key
during the sample phase, combined across response-
independent and response-dependent trials. Overall, sam-
ple response rates were highest when the sample phase was
followed by food delivery (food, food-correction, and
food-forced conditions) and lowest when it was followed
by blackout (blackout and blackout-forced conditions).
There were few differences in sample response rates
between conditions with and without correction or forced-
choice trials, although response rates did appear to be
higher in the food-correction condition. Sample response
rates were negatively correlated with log d values in the
blackout condition (Spearman’s rank correlation:
r=—0.94, p = .017); pigeons with higher response rates
had lower log d values in this condition. Besides this, there
were no other correlations between sample response rates
and log d or log b values in any other conditions. Thus,
overall there was little systematic relation between sample
responding and accuracy or bias across conditions.

Figure 3 shows the proportion of correct responses in
response-independent trials as a function of the time
between the pigeon’s most recent response and the deliv-
ery of the response-independent consequence. In the
stimulus-off condition, accuracy increased as the time
between a response and consequence increased. This also
appeared to be the case in conditions with food deliveries
and blackouts, although the effects of delay were much
smaller and less systematic after food deliveries. These
trends were generally not monotonic, and thus nonpara-
metric trend tests (Elliffe & Elliffe, 2019; Kendall, 1955)
on proportion correct were nonsignificant, except for the
food-forced condition (.S =14, p =.002). Neverthe-
less, overall the pigeons were generally more likely to
report that they had not caused a consequence if there
was a delay between their most recent response and a
consequence, and this effect was more pronounced when
the consequence was a stimulus turning off or a blackout,
compared with a food delivery.

DISCUSSION

Killeen (1978) asked whether failures of discrimination
underlie superstitious responding and answered the ques-
tion by showing that pigeons could accurately indicate
whether they had caused a stimulus change. The likeli-
hood of reporting a response-dependent stimulus change
increased when the time between the pigeon’s last peck
and the stimulus change was shorter and when larger
reinforcers were obtained for reporting response-
dependent changes. Thus, Killeen suggested that supersti-
tious responding arises not because of failures of
discrimination but because subjects are sometimes biased
to behave as if a behavior—consequence contingency
exists (e.g., due to variables that produce such bias, such
as reinforcer magnitude). The present study systemati-
cally replicated Killeen’s; like Killeen’s pigeons, our
pigeons reported relatively accurately whether they
caused a stimulus to turn off (Figure 1, top panel), and
such discrimination depended on the time between a
response and consequence (Figure 3). Discrimination was
worse after blackouts and even worse—close to chance—
after food deliveries, even when procedural variations
were made to enhance discrimination learning. Bias var-
ied unsystematically across pigeons and conditions
(Figure 1, bottom panel). Thus, the type of consequence
and response—consequence delay appeared to affect
discrimination but not bias.

That  accuracy was low—suggesting  poor
discrimination—in conditions with food deliveries
appears inconsistent with Killeen’s (1978) conclusion that
superstition is not a matter of detectability. That is, our
findings appear to suggest that failures of discrimination
underlie superstition when the consequence is a reinforcer
delivery. However, if superstitious responding occurs
because subjects incorrectly attribute consequences to
their behavior, they should be biased to report that conse-
quences are response-dependent. No such bias was evi-
dent here; our pigeons were biased toward the right key,
perhaps because the perch configuration made it easier to
peck (we have observed similar right-key biases in other
experiments in our lab; e.g., Krigeloh et al., 2005). The
absence of systematic bias to report response-dependent
consequences questions the view that superstitious behav-
ior arises because subjects incorrectly attribute conse-
quences to their behavior. Instead, our findings
corroborate Killeen’s by suggesting that subjects are not
necessarily more likely to report response-dependent con-
sequences (to behave superstitiously) unless there are rea-
sons to be biased toward that response. This is consistent
with a large body of research demonstrating that discrim-
ination and bias are separable aspects of conditional-
discrimination performance (e.g., Alsop &
Davison, 1991; Davison & Nevin, 1999; McCarthy &
Davison, 1979, 1980; Stubbs, 1976).

The present findings add to the literature highlight-
ing the important role of behavior—consequence
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FIGURE 1 Individual-pigeon and mean accuracy and bias across conditions. The right key was correct after response-independent consequences
for Pigeons 61 to 63, whereas the right key was correct after response-dependent consequences for Pigeons 64 to 66. Accuracy was calculated using
Equation 1 (log d), and bias was calculated using Equation 2 (log b). The colors of the bars represent the three types of consequences—stimulus
turning off (black), food delivery (white), or blackout (gray), and patterned bars are from conditions with correction trials (dots) or forced-choice
trials (diagonal lines). The error bars for averaged (AVG) data show the SEM.

intervals in discriminative control by response-
dependent and response-independent consequences. Like
Killeen (1978; Killeen & Smith, 1984), we found that
pigeons were more likely to report that a consequence
was independent of their responding when the time
between pigeons’ last response and the delivery of a con-
sequence was longer (Figure 3). However, it is unlikely
that behavior-consequence intervals alone determine
differential control by response-dependent and response-
independent  reinforcer  schedules (Catania &
Keller, 1981). Catania and Keller suggested that such
differential control depends on a combination of
features—including learning history, baseline response
rates, response—reinforcer intervals, and successive rein-
forcer deliveries without intervening reinforcers. Even
so, subjects appear remarkably sensitive to behavior—
consequence contingencies: In a series of experiments,
Catania and Keller showed that pigeons’ response rates
were higher in response-dependent schedules than

response-independent schedules, even when delays
occurred between responses and reinforcers and/or suc-
cessive reinforcers occurred without intervening
responses in the response-dependent schedules. In other
words, response rates were differential, even when exper-
imental manipulations made response-dependent and
response-independent schedules more similar to each
other. This adds further support to Killeen’s (1978) and
our conclusion that superstitious responding is not nec-
essarily a failure of discrimination.

Recently, Jin et al. (2022) suggested that supersti-
tious behavior may develop and be maintained by gen-
eralization processes. According to this view, subjects
may behave as if contingencies exist between their
behavior and consequences because of generalization
from previous experience with response-dependent con-
sequences. Indeed, many experimentally experienced
subjects (like those in the current study) have prior
experience with response-dependent consequences.
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FIGURE 2 Individual-pigeon and mean sample response rates. The colors of the bars represent the three types of consequences—stimulus
turning off (black), food delivery (white), or blackout (gray), and patterned bars are from conditions with correction trials (dots) or forced-choice
trials (diagonal lines). The error bars for averaged (AVG) data show the SEM.

Relatedly, organisms may be predisposed to behave as
if consequences depend on behavior because such a
predisposition confers an evolutionary advantage in the
wild; in other words, assuming causal relations between
events may be adaptive (see, e.g., Beck &
Forstmeier, 2007; Foster & Kokko, 2008, for related
discussions). Although we did not set out to test such
accounts of superstitious behavior, our findings—as
well as Killeen’s (1978; Killeen & Smith, 1984)—
appear somewhat inconsistent with them because biases
to report response-dependent consequences were only
apparent when other factors (e.g., key location in our
experiment, reinforcer magnitude in Killeen, 1978) pro-
duced such biases.

The present study is also relevant to research com-
paring the effects of different consequences on behavior.
There is debate over whether reinforcers and punishers
have symmetrical effects, with some evidence suggesting
they have equivalent but opposite effects (e.g.,
Broughton & Lahey, 1978; Donaldson et al., 2014;
Kaufman & O’Leary, 1972; Lie & Alsop, 2009) and
other research suggesting asymmetries (e.g., Gongalves &
Silva, 2015; Kubanek et al., 2015; Kuroda et al., 2018;
Lie, 2010; Pietras et al, 2010; Rasmussen &
Newland, 2008). Our findings are consistent with the
latter—discrimination differed between consequences,
even with additional training (forced-choice trials). If
discrimination is a critical element of learning
(e.g., Cowie & Davison, 2016), these findings imply rein-
forcers may facilitate learning less than punishers. This is
consistent with Rasmussen and Newland’s (2008) sug-
gestion that punishers have stronger effects than rein-
forcers and with applied studies demonstrating that
punishment procedures are sometimes more effective
than reinforcement-only procedures (e.g., sece Holz &
Azrin, 1963; Johnson et al., 1973; Rawson &

Leitenberg, 1973; for applied studies, see Barrett
et al., 1981; Favell et al., 1982; Scotti et al., 1991).

Why might contingency discrimination differ depend-
ing on the consequence? One procedural variable that
probably contributed to our results is consequence
duration—the stimulus turned off immediately, whereas
food deliveries and blackouts lasted for 3 s. Thus, com-
parison stimuli were presented immediately in the
stimulus-off condition, whereas there was a 3-s delay in
food and blackout conditions. This delay is probably par-
tially responsible for lower accuracy in food and blackout
conditions, as accuracy tends to be lower in conditional
discriminations with longer delays (see Lind et al., 2015,
for a review). However, this cannot explain differences
between food and blackout conditions, in which conse-
quence durations were equal and yet accuracy differed.
Similarly, other studies have found lower accuracy after
food deliveries than after equivalent-length hopper-light
presentations (Killeen & Smith, 1984) or blackouts
(Davison, 2018). Thus, differences in consequence dura-
tion notwithstanding, these findings point to fundamental
differences in consequence control when the consequence
is food delivery, compared with other consequences.

Killeen and Smith (1984) hypothesized that food
deliveries disrupt memory of the stimulus or response
that produced them; specifically, food deliveries increase
the speed at which the memory trace decays, resulting in
faster forgetting. In support of this, accuracy in delayed
MTS is lower when food is delivered during the interval
between sample and comparison stimuli (Jans &
Catania, 1980) and control by local reinforcer ratios is
weaker when such ratios depend on the last-food location
than when they do not (Cowie et al., 2011, 2017). That
accuracy was lowest in our food conditions is consistent
with this account. This implies that other consequences
such as hopper-light presentations (as in Killeen &
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FIGURE 3 Effects of delay between response and consequence on accuracy in response-independent trials

Smith, 1984) or blackouts (as in Davison, 2018, and this
experiment) do not disrupt remembering to the same
extent.

Alternatively, a more parsimonious explanation is
that food deliveries affect behaviors implicated in perfor-
mance. In MTS procedures, subjects may learn to orient
toward the correct comparison (e.g., Davison, 2018;
Gomes-Ng et al.,, 2019) or engage in other mediating
behaviors that bridge the gap between sample and

comparison stimuli (e.g., Blough, 1959; Urcuioli, 1984,
1985; Urcuioli & Honig, 1980; Weaver et al., 1999). For
example, Urcuioli (1985) showed that comparison choice
was controlled by differential behavior during the sample
phase rather than by the identity of the sample, so dis-
rupting sample-specific behaviors reduced matching per-
formance. In the present procedure, food deliveries may
have disrupted any behavioral mnemonics (e.g., orienting
toward the correct comparison)—thus reducing
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performance—Dbecause subjects must turn away from the
response keys to eat from the food hopper. In contrast,
other consequences (e.g., blackouts) were probably less
disruptive because they required no change in body posi-
tion (see Davison, 2018, for a similar argument).

Relatedly, primary reinforcers, such as food deliveries,
may have unique properties because they are phylogeneti-
cally important events (PIEs) which, under appropriate
conditions (e.g., when the organism is hungry), induce
PIE-related behaviors that may occur before, during, and
after the presentation of the PIE (e.g., pecking, eating;
Baum, 2012, 2018; Killeen & Jacobs, 2017; Segal, 1972;
Staddon, 1977). In contrast, non-PIE stimuli do not
induce such behaviors. Indeed, in the present experiment,
sample response rates were higher in food conditions than
in stimulus-off and blackout conditions (Figure 2), even
though the same VI or VT schedule operated during the
sample phase. The higher sample response rates in food
conditions may reflect the fact that the center-blue stimu-
lus reliably predicted food delivery and thus induced peck-
ing upon its presentation in those conditions (see,
e.g., Baum, 2012; Staddon, 1977, for discussion). To the
extent that food deliveries induced food-related behaviors
in the present experiment, these behaviors may have dis-
rupted and/or competed with matching performance
(e.g., by disrupting behavioral mnemonics). Therefore,
differences in discrimination between the present food
and blackout conditions may reflect the differential effects
of food deliveries and blackouts on adjunctive
(i.e., induced) behaviors (e.g., eating) and differential dis-
ruption of behavioral mnemonics (e.g., orienting).

This line of reasoning implies that (1) nonfood conse-
quences may have similarly disruptive effects as food
deliveries if they are PIEs, are paired with PIEs, or engen-
der additional behaviors and (2) disruptive effects of food
deliveries should be weaker when behavioral mnemonics
are not possible. These implications can be tested in
future research. For example, instead of blackouts, a
future study could present a colored stimulus on a central
key and require subjects to peck this stimulus to progress
to the comparison phase. This would introduce an addi-
tional behavior during the consequence, much like eating
happens during food deliveries, and disrupt behavioral
mnemonics by forcing subjects to peck a key. If accuracy
in such trials is as poor as after food deliveries, this would
support the suggestion that food deliveries disrupt perfor-
mance because they induce additional behaviors. Addi-
tionally, a replication of the present experiment could use
stimuli previously paired with PIEs. These should induce
PIE-related behavior (Baum, 2012), and thus accuracy
should be similar to trials with PIEs. It would also be
worth including conditions in which the consequence is
unpredictable (e.g., either a stimulus change, blackout, or
food delivery, chosen probabilistically). Under such con-
ditions, PIE-related behaviors should be less likely to
occur (see Staddon, 1977), and thus accuracy should be
higher relative to food-only conditions.

Using nonlocation comparison stimuli (e.g., colors)
may eliminate orienting behavior under stimulus control
of the location of the correct comparison. Indeed, Davi-
son (2018) showed that accuracy after food deliveries and
blackouts was more similar with color than location com-
parisons (see also Wilkie et al., 1985). Thus, with nonlo-
cation comparisons, accuracy should be similar across
conditions, at least to the extent that differences in dis-
crimination in the present experiment reflected differen-
tial disruption of orienting behavior. Arranging
nonlocation comparison stimuli may also reduce loca-
tional biases, which may help to clarify systematic differ-
ences in bias across consequences.

More generally, what are the features that produce dif-
ferential control by response-dependent and response-
independent consequences? In addition to behavior—
consequence intervals (see, e.g., our Figure 3), Catania and
Keller (1981) identified several other features that may be
important, such as the shape of the behavior-consequence
interval distribution, successive consequence deliveries with
or without intervening responses, baseline response rates,
and learning histories. The present procedure is well
equipped to test the effects of such features on discrimina-
tive control—for example, a subsequent experiment may
vary the shape of the behavior—consequence interval distri-
bution or interpolate fixed or variable delays between
responses and consequences—to investigate how these
influence the likelihood of reporting response-dependent
versus response-independent consequences.

Finally, an interesting avenue for future research is to
replicate the current study with humans. Studies investigat-
ing humans’ judgments of behavior—consequence contin-
gencies typically ask participants to respond to survey
questions after a block of trials or at the end of the experi-
mental session. This differs from the present experiment in
which subjects reported whether they caused a consequence
in each trial, and we calculated separate measures of dis-
crimination (log d; Equation 1) and bias (log b;
Equation 2). Thus, replicating the present experiment with
humans would provide insight into the cross-species gener-
ality of our (and Killeen’s, 1978) approach, as well as the
extent to which behavioral measures of performance (log
d, log b) corroborate self-report measures used in surveys.
More importantly, given the large body of existing research
investigating superstitious behavior and causal learning in
humans, the current approach would help to elucidate fur-
ther the mechanisms underlying causal learning in humans
by allowing researchers to identify and examine closely the
variables that affect discrimination versus those that affect
bias in contingency-judgment tasks.

In summary, the present findings suggest that pigeons
can report relatively accurately whether they caused a
stimulus to turn off, whereas discrimination between
response-dependent and response-independent conse-
quences is worse after blackouts and even worse after
food deliveries. These differences may reflect differential
disruptive effects of consequences; for example, food
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deliveries may interfere with memory for which response
produced them (Cowie et al., 2011, 2017, Jans &
Catania, 1980; Killeen & Smith, 1984) or induce behav-
iors that interfere with behavioral mnemonics and affect
performance (Davison, 2018). Importantly, even when
discrimination was poor, our pigeons were not more likely
to report response-dependent consequences. Thus, behav-
ior that appears superstitious may arise not necessarily
because of failures of discrimination but because other
sources of bias push subjects to behave as if consequences
are response dependent (due to, e.g., reinforcer magni-
tude, response—consequence delays, locational biases;
Killeen, 1978). This has practical relevance for behavior
analysts, who use consequences—such as food for a
pigeon, access to preferred toys for a human, or noncon-
tingent reinforcement in applied interventions—to alter
behavior. When subjects’ or clients’ behavior appears
inconsistent with the arranged behavior-consequence con-
tingencies, it is the behavior analyst’s job to determine
whether this is indeed a problem of discrimination or bias.
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FIGURE A1 Performance in the last 15 sessions of each condition for individual pigeons. Performance was calculated using Equation 1 (log d)

5190117 SUOLLLIOD SA1IER1D 3|eatdde aU) Aq pouBAOB e SB1E YO 88N J0 S9N 10} AReiq 1 8UNIUO AB]1AM UO (SUOIPUOD-PUE-SLULBYWIOD ™3 |1 ARRIG BU U0/ /SANU) SUOIPUOD PLE SWiS 1 3U1 95 *[£202/90/80] U0 ARIGIT2UIIUO AB1IM O AISIBAIIN PUBPRNY AQ GG8 RS 1/Z00T OT/I0p/W0Y" B |1 ARG [puIU0//SdNY LLOI Popeo|uMmoq ‘0 “TTESE6T



DISCRIMINATING BEHAVIOR-CONSEQUENCE CONTINGENCIES 15
APPENDIX B
TABLE B1 Correct and incorrect responses in each trial type in the last 10 sessions of each condition
Response-dependent Response-independent Response-dependent Response-independent
Pigeon Correct Incorrect Correct Incorrect Correct Incorrect Correct Incorrect
Condition 1 (stimulus off) Condition 2 (food)
61 259 100 288 66 153 194 273 71
62 206 186 282 108 141 237 242 132
63 249 128 328 57 127 251 233 140
64 372 14 269 121 209 174 221 158
65 365 29 260 138 222 155 141 221
66 262 131 365 33 240 156 231 168
Condition 3 (blackout) Condition 4 (food correction)
61 203 49 186 68 62 153 188 34
62 217 141 284 91 74 185 154 81
63 264 104 285 77 64 198 194 53
64 293 60 228 134 243 50 178 109
65 273 115 200 183 164 76 69 172
66 164 211 226 158 182 114 190 91
Condition 5 (food forced) Condition 6 (blackout forced)
61 202 115 228 204 250 59 207 91
62 150 154 178 128 242 133 285 99
63 163 207 279 99 302 69 272 88
64 272 85 268 92 358 18 281 94
65 119 89 112 108 245 131 203 174
66 334 55 240 153 233 138 164 202
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