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The study and use of punishment in behavioral treatments has been constrained by ethical concerns.
However, there remains a need to reduce harmful behavior unable to be reduced by differential-
reinforcement procedures. We investigated whether response-contingent presentation of a negative dis-
criminative stimulus previously correlated with an absence of reinforcers would punish behavior main-
tained by positive reinforcers. Across four conditions, pigeons were trained to discriminate between a
positive discriminative stimulus (S+) signaling the presence of food, and a negative discriminative stimu-
lus (S-) signaling the absence of food. Once learned, every five responses on average to the S+ pro-
duced S- for a duration of 1.5 s. S+ response rate decreased for a majority of pigeons when responses
produced S-, compared to when they did not, or when a neutral control stimulus was presented. In
Condition 5, choice between two concurrently presented S+ alternatives shifted away from the alterna-
tive producing S-, despite a 1:1 reinforcer ratio. Therefore, presenting contingent S- stimuli punishes
operant behavior maintained on simple schedules and in choice situations. Development of negative
discriminative stimuli as punishers of operant behavior could provide an effective approach to behav-
ioral treatments for problem behavior and subverting suboptimal choices involved in addictions.
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Interventions based on applied behavior
analysis (ABA) have been found to have a
high rate of efficacy in reducing a range of
harmful human behavior, including self-
injurious behavior (Harvey, Boer, Meyer, &
Evans, 2009; Peters-Scheffer, Didden,
Korzilius, & Sturmey, 2011; Reichow, 2012).
A common ABA approach to the reduction
of harmful behavior is the provision of a
high rate of reinforcers for an alternative
behavior, while blocking harmful behavior,
or reducing the overall rate of reinforcers
maintaining harmful behavior (i.e. DRA; see
Petscher, Rey & Bailey, 2009 for a review).
Health professionals tend to view DRA inter-
ventions positively (Hastings, Boulton, Mon-
zani, & Tombs, 2004; Lydon, Healy,
O’Reilly & McCoy, 2013), primarily because
these interventions do not use aversive stimuli
yet reduce rates of harmful behavior associ-
ated with a range of developmental and psy-
chological disorders (Doehring, Reichow,
Palka, Phillips, & Hagopian, 2014). DRA inter-
ventions might also be equally effective, or
more effective, in reducing harmful behavior

compared with aversive approaches, such as
the use of punishment (Heyvaert, Saenen,
Campbell, Maes, & Onghena, 2014).

However, an ongoing problem with DRA
and similar treatments is that while harmful
behavior is often reduced during treatment,
behavior does not always rapidly decrease, or
decrease to clinically acceptable levels. For
example, even low levels of self-injurious or
aggressive behavior can be harmful or even
fatal (Symons & Thompson, 1997; Taylor, Oli-
ver, & Murphy, 2011). A further problem with
DRA interventions is that behavior can relapse
at higher than pretreatment levels when treat-
ment ends or is compromised. Although
research investigating the causes of post-DRA
treatment relapse (Mace et al., 2010; Podle-
snik & Kelley, 2015; Volkert, Lerman, Call, &
Trosclair-Lasserre, 2009) has led to the model-
ling of potential solutions, such solutions
remain a work in progress (see Podlesnik &
Kelley, 2017; Podlesnik, Kelley, Jimenez-
Gomez, & Bouton, 2017).

If DRA and similar treatments sometimes fail
to reduce harmful behavior to safe levels, then
punishment can be added to those treatments
(Hagopian, Fisher, Sullivan, Acquisto &
LeBlanc, 1998; Hanley, Piazza, Fisher &
Maglieri, 2005; Wacker et al., 1990). Punish-
ment might also be used following the failure of
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other treatment methods (Axelrod, 2013; Dura,
1991; Gerhardt, Holmes, Alessandri, & Good-
man, 1991; Kahng, Iwata & Lewin, 2002; Voll-
mer, Hagopian, & Bailey, 2011). Punishment
occurs when a stimulus reduces the subsequent
probability of the behavior it follows (Azrin &
Holz, 1966; Skiba & Deno, 1991; Yulevich &
Axelrod, 1983). In human and nonhuman ani-
mals, electric shock, bright light, histamine,
noise, and overcorrection have all been shown
to function as punishing stimuli (Barker et al.,
2010; Foxx & Martin, 1975; Foxx & Meindl,
2007; Friedel, DeHart & Odum, 2017; Grove &
Schuster, 1974; Holtz & Carroll, 2015; Mayer, de
Carvalho Neto & Katz, 2018; Podlesnik &
Jimenez-Gomez, 2013).
However, the use of punishment is contro-

versial (Johnston, 1991; Singer, Gert & Koegel,
1999; Sidman, 1989). Many types of punishing
stimuli have negative side effects, including
fear, aggression, and other conditioned emo-
tional responses (Axelrod, 2013; Hamilton,
1982; Newsom, Favell, & Rincover, 1983).
Therefore, contingent stimuli that produce
conditioned emotional responses and other
negative side effects may be considered harm-
ful. In addition, sometimes the use of a contin-
gent stimulus to reduce behavior simply does
not work (Estes, 1944; Kelly & Drabman,
1977), and it is not always possible to identify
an effective punisher that is safe for clients
and acceptable to caregivers. These issues
make it difficult to justify exposing clients to
harmful stimuli. However, continuing with
treatment methods that fail to reduce harmful
behavior to safe levels, or have their own nega-
tive side-effects, could also be considered ethi-
cally problematic (Butterfield, 1990; Kemp,
1996; Murphy et al., 2005; Perone, 2003). One
solution may lie in developing new approaches
to punishment that use nonharmful stimuli
which reduce harmful behavior without gener-
ating conditioned emotional responses such as
fear and avoidance. If effective and nonharm-
ful punishers can be identified, these
approaches could effectively decrease problem
behavior alone or in combination with other
methods (Hineline & Rosales-Ruiz, 2013;
Horner et al., 2005; Lerman & Vordran, 2002).
Toward this end, some studies have investi-

gated whether a discriminative stimulus corre-
lated with an unfavorable outcome will punish
behavior when presented response- contingently.
For example, Davidson (1970) investigated

whether a discriminative stimulus (a clicker) for
continuous shock and sucrose would punish the
rate of nonshocked lever-pressing for sucrose in
rats if the clicker was presented response-contin-
gently. Results were unreliable, with response
rate decreasing by 68% for one of two rats when
nonshocked responses produced both sucrose
and the clicker, compared to nonshocked
responses producing sucrose only. However,
although Davidson varied component length so
that equal amounts of sucrose were obtained in
shocked and nonshocked components, he did
not record differences in component reinforcer
rates between training and punishment tests.
Therefore, the decrease in response rate
observed for one rat might have been impacted
by a relatively lower reinforcer rate during pun-
ishment sessions. Nevertheless, this finding sug-
gests discriminative stimuli correlated with
aversive stimuli can punish operant behavior
much like primary punishers (see also Hake &
Azrin, 1965).

Other studies reveal punishing effects of a
stimulus correlated with an absence of rein-
forcers (i.e., a negative discriminative stimulus).
For example, Mulvaney, Dinsmoor, Jwaideh and
Hughes (1974) found that a contingent nega-
tive discriminative stimulus reduced the rate of
observing responses maintained by conditioned
reinforcers (also see Gaynor & Shull, 2002).
However, these studies did not show whether a
contingent negative discriminative stimulus
would reduce the rate of behavior maintained
by primary reinforcers. That is, we do not know
whether a negative discriminative stimulus that
is contingent on the same response that pro-
duces primary reinforcers will function as a
punisher. Research in which a negative discrimi-
native stimulus is contingent on observing
responses is also complicated by the well-
documented nonlinear relation between the
presentation rate of the negative discriminative
stimulus and the rate of observing responses
(see Shahan & Cunningham, 2015).

Given that many behavioral treatments
attempt to reduce problem behavior that con-
tinues to be maintained by primary rein-
forcers, there is benefit in considering
whether a nonharmful stimulus will function
as a punishing consequence for responding
maintained by primary reinforcers. For exam-
ple, Auge (1977) used keylights to signal three
equal consecutive periods of a fixed interval
schedule of food reinforcement. He found the
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rate of pigeons’ key-pecking maintained by
food was greatest in the presence of the dis-
criminative stimulus correlated with the short-
est time to food. However, when key pecks in
the presence of the stimulus correlated with
the shortest time to food briefly produced the
stimulus correlated with the longest time to
food, the rate of key-pecking decreased. Auge
concluded that a nonharmful discriminative
stimulus signaling the absence of primary rein-
forcers could punish pigeons responding
for food.
In a related study, Thompson (1965) dem-

onstrated that a nonharmful discriminative
stimulus could punish operant behavior.
Thompson found a stimulus associated with a
high response requirement would punish
pigeons’ responding maintained by food. Two
components of a multiple schedule were sig-
naled by different discriminative stimuli and
arranged the same overall rate of food presen-
tation. In one component, responses were
reinforced according to a variable-interval
(VI) schedule. A VI schedule arranges a rein-
forcer according to a predetermined average
amount of time that must pass. In the other
component, responses were reinforced accord-
ing to a fixed-ratio (FR) schedule. A FR sched-
ule arranges a reinforcer after a fixed number
of responses have been emitted. The FR value
in the other component was manipulated
from FR 1 to FR 300 across conditions. During
punishment tests, responses in the VI compo-
nent briefly produced either the discrimina-
tive stimulus for the current FR schedule, or a
novel stimulus not associated with either
schedule, as a control. Thompson found that
presenting the stimulus for the FR component
decreased response rate in the VI component
when the contingent stimulus signaled a FR
schedule value of FR 150 or higher. In con-
trast, response rate did not decrease when
responses in the VI component produced the
novel stimulus or stimuli signaling FR 1 or
FR 50.
To summarize, the studies by Auge (1977)

and Thompson (1965) suggest that a discrimi-
native stimulus signaling a relative absence of
primary reinforcers, or high response cost, can
punish responding maintained by primary
reinforcers. Therefore, we might expect that a
negative discriminative stimulus signaling a
complete absence of reinforcers would also
function as a punisher for behavior

maintained by primary reinforcers. In addi-
tion, a negative discriminative stimulus might
be expected to decrease response rate to a
greater degree than a stimulus that, while
unpleasant or unfavorable, is nevertheless cor-
related with the availability of reinforcers dur-
ing training (e.g., Thompson, 1965). For
example, Honig, Boneau, Burstein & Penny-
packer (1963) trained pigeons to discriminate
between a black vertical line on white key that
signaled the availability of reinforcers (S+) and
a white keylight which signaled the absence of
reinforcers (S-). A stimulus generalization test
was conducted in which the pigeons were pre-
sented with a range of nonreinforced stimuli
that were similar, but not identical to, S+, in
addition to S+ and S- (e.g., Guttman & Kalish,
1956; see Honig & Urcuioli, 1981; Lazareva,
2012, for reviews). When the angle of the verti-
cal line was varied, an excitatory gradient
formed around S+ and an inhibitory gradient
formed around S-. This suggested the stimulus
that signaled an absence of reinforcers had
developed inhibitory properties (also see Far-
thing & Hearst, 1968).

The present study used pigeons to investi-
gate whether the rate of key pecking main-
tained by food in the presence of a positive
discriminative stimulus (S+) would be reduced
if key-pecking also produced a brief negative
discriminative stimulus signaling absence of
food (contingent S- stimulus). In addition, we
investigated whether a contingent S- stimulus
will shift choice without changes to reinforcer
ratios. If a contingent S- stimulus is able to
punish both response rate and choice main-
tained by access to primary reinforcers, future
studies could investigate the extent to which a
contingent S- stimulus could prevent post-DRA
treatment relapse when made contingent on
harmful behavior. A contingent S- stimulus
could also alter choice processes thought to
contribute to overall suboptimal outcomes.
Suboptimal choice has been linked with the
development of maladaptive behavior in
humans, including behavior described as
‘addictive’ such as illicit drug-taking
(Heyman & Dunn, 2002) and gambling result-
ing in loss (Heyman, 1996; Molet et al., 2012).

Pigeons were trained on a two-component
multiple schedule. In one component,
responses to a green keylight (S+) were rein-
forced by access to food on a VI 15-s schedule.
In the other component, responses to a red
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keylight (S-) were never reinforced. Once the
pigeons learned to discriminate between S+
and S-, two punishment test sessions were
interspersed between repeated cycles of base-
line. During punishment tests, responses made
during S+ resulted in S- replacing S+ for 1.5-s
duration, according to a variable-ratio (VR) 5
schedule. To ensure the contingent S- stimulus
was the only consequence of behavior during
punishment tests, the VI schedule of food was
maintained in the presence of both S+ and S-
presentations.
The present study arranged five conditions.

The first condition investigated the potential
for a contingent S- stimulus to punish S+
responding maintained by food when S+ and
S- were trained on the same key. The second
condition investigated whether training S+
and S- on different keys would impact punish-
ment efficacy. Conditions 1 and 2 used a two-
component multiple schedule in training but
only a single component during punishment
tests. In contrast, Condition 3 arranged a two-
component multiple schedule in both training
and punishment tests to control for proce-
dural changes. Condition 4 trained S+ and S-
as in Conditions 2 and 3, but arranged a novel
contingent stimulus during punishment tests
(see also Thompson, 1965). Therefore, Condi-
tion 4 was a control for potential effects of
response-contingent presentation of any stimu-
lus (cf. Podlesnik, Jimenez-Gomez, Ward, &
Shahan, 2009). Across the first four condi-
tions, if the rate of behavior during S+ alone
was greater than the rate of behavior when S+
responses also produced the contingent S-
stimulus (with little accompanying change in
food delivery rate), then the contingent S-
stimulus punished responding.
Finally, we investigated the impact of the

contingent S- stimulus on choice in Condition
5. That is, we investigated whether choice
would shift from a punished alternative to an
unpunished alternative, despite maintaining a
1:1 reinforcer ratio between alternatives.

Method

Subjects
The subjects were five experimentally naïve

homing pigeons, numbered 131 to 135.
Pigeons were housed in individual cages
within a colony room containing other
pigeons participating in other experiments.

Within their individual cages, pigeons had
continuous access to water and grit. Access to
food was restricted by supplementary postfeed-
ing of mixed grain to maintain pigeons at
85% �15 g of their free-feeding body weight.
Lighting was programmed to a 16-hr
light/8-hr dark cycle with the light cycle begin-
ning at 0:00 each day.

Apparatus
The pigeons’ home cages were 375 mm

high, 380 mm wide, and 380 mm deep. The
side and back walls of the cages were con-
structed of sheet metal, and the front wall,
ceiling and floor were constructed of metal
bars. The pigeons’ cages contained two
wooden perches positioned 60 mm above the
floor. One of the perches was positioned par-
allel to, and 90 mm from, the front wall; the
other perch was placed parallel to, and 90 mm
from, the right wall.

The pigeons’ home cages also served as
the experimental chambers. All cages were
equipped with a response panel, which was
placed on the right wall. The response panel
contained four translucent response keys that
were 18 mm in diameter and centered 260 mm
above the wooden perches. Response keys were
65 mm apart, center to center, from neighbor-
ing keys. From left to right, the keys were desig-
nated Keys 1 to 4, and only Keys 1 and
3 were used in the current experiment. Keys
1 and 3 could be transilluminated by LEDs
located behind each key with green, red or
blue lights.

Key pecks to a lit response key that
exceeded a force of 0.1 N closed a micro-
switch behind the keys, produced a feedback
click, and were registered as a response for
analyses. When reinforcers were presented for
a registered response, a hopper containing
wheat was made available for 3 s. The food
hopper was located behind a magazine aper-
ture, located 80 mm below the keys, measur-
ing 55 mm in height, 55 mm in width, and
40 mm in depth. As the food hopper was
raised to allow pigeons access to food, a light
behind the magazine aperture was illuminated
and all keylights were extinguished. All experi-
mental events were arranged and recorded by
a Windows computer running MED-PC IV®

software, which was in a room next to the
pigeon-colony room.
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Procedure
As the pigeons were experimentally naïve, an

autoshaping procedure was used to train key-
pecking responses to lit keys for food (Brown &
Jenkins, 1968). Experimental sessions were con-
ducted sequentially across pigeons, so that each
pigeon had to complete one full session before
the next pigeon began a session. Therefore,
the first session started at 1:00 AM each day,
and the last session ended at approximately
6:00 AM each day. Laboratory staff were not
present during experimental sessions.
There were five conditions in total. Table 1

shows stimulus arrangements, reinforcement
schedules, and total number of sessions in base-
line and punishment test sessions across all con-
ditions. Each condition consisted of two
alternating phases: baseline training followed
by a punishment test. A block of two punish-
ment test sessions immediately followed each of
three blocks of 10 baseline sessions for Condi-
tions 1 to 4. Therefore, there were six punish-
ment test sessions for Conditions 1 to 4. In
Condition 5, a block of two punishment test
sessions followed each of two blocks of 10 base-
line sessions. Therefore, there were four pun-
ishment test sessions in Condition 5. Figures 1A
and 1B show how each component was sig-
naled by discriminative stimuli during baseline
and punishment tests across Conditions 1 to
4, and Condition 5, respectively.

Baseline. Each baseline session was 25 min. A
two-component multiple schedule was arranged
throughout all baseline sessions in Conditions
1 to 4. Condition 5 arranged a two-component
multiple concurrent schedule. All components
were 60 s. Each component was followed by a
10-s intercomponent interval (ICI) in which all
keylights were off and food presentations never
occurred.

In Conditions 1 to 4, the left green keylight
served as the discriminative stimulus in Com-
ponent 1, and is referred to as S+. Therefore,
Component 1 is referred to as the S+ compo-
nent. A VI 15-s schedule delivered food rein-
forcers according to a VI schedule that
arranged an exponential distribution of rein-
forcers by interrogating a probability genera-
tor every 1 s. The red keylight served as the
discriminative stimulus in Component 2, in
which no food deliveries were arranged.
Therefore, the red keylight is referred to as S-,
and Component 2 is referred to as the S- com-
ponent. At the beginning of each session, the
S+ component always was presented first, after
which the two components alternated.

The top panel of Figures 1A and 1B shows
how each component was signaled by different
discriminative stimuli during baseline for Con-
ditions 1 to 5. In Condition 1, the red keylight
appeared on the left, and then on the right
during Conditions 2 to 4. The location of S-

Table 1

Discriminative stimuli for S+ and S- components and allocation of VI schedules of food deliveries on left and right keys
across all conditions for baseline (top panel) and punishment test (bottom panel) sessions

COMPONENT 1 STIMULI
COMPONENT
2 STIMULI

CONDITION
Left

green key
Right

green key
Left

red key
Right
red key SESSIONS

1 VI 15 s - EXT - 3 x 10
2 VI 15 s - - EXT 3 x 10
3 VI 15 s - - EXT 3 x 10
4 VI 15 s - - EXT 3 x 10
5 VI 20 s VI 20 s EXT EXT 2 x 10

1.5s contingent
stimulus

1 VI 15 s Red (left) - - - 3 x 2
2 VI 15 s Red (left) - - - 3 x 2
3 VI 15 s Red (left) - - EXT 3 x 2
4 VI 15 s Blue (left) - - EXT 3 x 2
5 VI 20 s Red (left) VI 20 s EXT EXT 1 x 2

VI 20 s Red (right) VI 20 s EXT EXT 1 x 2

Note. Total number of sessions, and blocks of sessions, within each condition is shown in the far-right column.
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was switched to the right key for Conditions
2 to 4 to control for the possibility that training
S+ and S- at the same location might impact
the extent to which S- will function as a punish-
ing consequence during tests (i.e., position
bias; see Jones & Elliffe, 2013).
Condition 5 investigated the impact of a

contingent S- stimulus on choice because
choice measures tend to be more sensitive to
differential consequences than multiple

schedules (see Davison & McCarthy, 1988).
We arranged green S+ stimuli on the left and
right keys in the S+ component. We arranged
red S- stimuli on the left and right red keys in
the S- component. A changeover delay
(Herrnstein, 1961) was not arranged following
switches between keys.

Punishment tests. The bottom panel of Fig-
ures 1A and 1B shows how each component was
signaled by different discriminative stimuli during
punishment tests for Conditions 1 to 5. Across all
conditions, S+ stimuli presented during the S+
component in punishment tests were the same as
for the preceding block of baseline sessions (see
Table 1). In addition, the VI schedule of food for
responses in the S+ component was maintained.
This aspect of the procedure ensured that any
punishing effects during the S+ component could
not be attributed to extinction presentations or
relatively lower rates of food presented during
punishment tests.

The punishment test differed from baseline
in that, during the S+ component, a variable
number of responses to S+ according to a VR-5
schedule resulted in the replacement of S+ with
S- (Conditions 1 to 3), or with a novel stimulus
(Condition 4), for 1.5 s. Hereafter, replacement
of S+ with S- for 1.5 s is referred to as the contin-
gent S- stimulus. Replacement of S+ with a novel
stimulus for 1.5 s is referred to as the contingent
novel stimulus. The contingent novel stimulus was
a blue keylight not associated with prior training.
Therefore, Condition 4 was a control condition
to examine whether contingently presenting any
stimulus could affect response rates in S+. In
Condition 5, we used a multiple concurrent
schedule. In the S+ component, the contingent
S- stimulus was presented for 1.5 s only on the
left key for the first block of two punishment
tests, and only on the right key for the second
block of two punishment tests.

During Conditions 1 and 2, the S- compo-
nent was not presented during punishment
tests. That is, punishment tests featured only
repeated 60-s cycles of the S+ component, with
each component followed by a 10-s ICI. As a
result, each punishment-test session in Condi-
tions 1 and 2 was 12.5 min duration. As
responses made during the S+ component in
the present study were reinforced, and
responses made during the S- component
were not reinforced, the removal of the S-
component during punishment tests could
have impacted the response rate in the S+
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Fig. 1 (A) Diagram showing left green key (G) and right
red key (R) stimulus arrangements, and food delivery VI
schedule value, for S+ and S- components in Baseline (top
panel) and Punishment Test (bottom panel) for Conditions
1 to 4. The color of the 1.5-s contingent S- stimulus (C.S.) pre-
sented during punishment tests was red for Conditions 1, 2,
and 3; and blue for Condition 4 (see Table 1). (B) Diagram
showing left and right key stimulus arrangements for S+ and
S- components Baseline (top panel) and Punishment Test
(bottom panel) sessions for Condition 5. The 1.5-s contingent
S- stimulus (C.S.) presented during punishment tests was a
red keylight. The C.S. was presented on the left key for the
first block of two punishment tests, and on the right key for
the second block of two punishment tests (see Table 1).
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component. To control for this difference, the
S- component was added to each punishment
test session for Conditions 3 to 5. In Condi-
tions 3 to 5, as the S- component always fol-
lowed the S+ component, and punishment test
sessions were 25 min.
Dependent measures. In Conditions 1 to

4, for each block of 10 baseline sessions, mean
responses and food deliveries per minute to S+
stimuli, and mean responses per minute to S-
stimuli, were calculated for individual pigeons
across the last five sessions. During punish-
ment tests, responses per minute in the S+
component were calculated by dividing
responses that occurred only in the presence
of S+ by total minutes in which only S+ was
present. Therefore, responses and time that
accumulated during 1.5-s presentations of the
contingent S- stimulus, and time accumulated
during 3-s food deliveries, were deducted from
the total minutes used in the calculation.
Although food rates were held constant
between baseline and punishment test ses-
sions, during punishment tests the S+ food
rate was calculated using only food obtained
in the presence of S+. Food obtained in the
presence of the contingent S- stimulus was
deducted from the calculation. This allowed
us to compare response and food rates in the
presence of S+ between baseline and punish-
ment tests. We used these values to obtain a
log proportion of baseline S+ response and
food delivery rates, between the preceding
block of baseline and each of six punishment
tests, for individual pigeons.
Condition 5 used a two-key multiple concur-

rent VI VI schedule. During punishment tests,
responses to the left key produced the contin-
gent S- stimulus in each test of the first block
of two punishment tests, and responses to the
right key produced the contingent S- stimulus
in each test of the second block of two punish-
ment tests. We calculated the mean propor-
tion of left- or right-key S+ choice across the
last 5 sessions of each block of 10 baseline ses-
sions, and in each punishment test, for individ-
ual pigeons. This created a ratio of choice
proportions between baseline and punishment
tests, which we used to calculate a log propor-
tion of baseline S+ choice. We also obtained a
log proportion of baseline S+ food rate. If log
proportion of baseline S+ choice was negative,
choice during punishment tests had shifted
away from the punished alternative and

towards the unpunished alternative, compared
with baseline. If log proportion of S+ choice
was positive, choice had shifted towards the
punished alternative, and away from the
unpunished alternative, compared with base-
line. If log proportion of S+ food rate was posi-
tive, or negative, the punished alternative
received a relatively higher or lower rate of
food, respectively, compared with the same
alternative in baseline.

Results

Table 2 shows obtained food deliveries and
responses per minute in the S+ component,
and S- component, across the last five sessions
of all blocks of baseline sessions for Conditions
1 to 5, across all pigeons. Group mean S+
response rate was relatively greater during
baseline in Conditions 1 and 2 because Pigeon
135’s response rate decreased considerably
during Conditions 3 to 5. Food delivery rates
across Conditions 1 to 4 closely followed the
arranged baseline reinforcer contingencies for
the S+ component (M = 4.00 per minute).
Left and right key food delivery rates for Con-
dition 5 closely followed the arranged 1:1 ratio
for concurrent choice in the S+ component.
In all conditions, rates of responding in the S+
component were substantially higher than in
the S- component, as demonstrated by all dis-
crimination indices being .99 or greater. This
demonstrates strong discrimination between
the two components and that S- was estab-
lished as a signal for the absence of
reinforcers.

Appendix A shows mean S+ responses per
minute across the last five sessions of each of
three baseline conditions, and S+ responses
per minute in each punishment test, for indi-
vidual subjects, for Conditions 1 to 4. Also
shown is the mean proportion of left or right
S+ choice across the last five sessions of each
of two baseline conditions, and proportion of
left or right S+ choice in each punishment
test, for individual subjects, for Condition 5.

Condition 1. During baseline, S+ and S- fea-
tured in alternating components, but were
trained on the same key. During punishment
tests, the S- component was absent and every
five responses on average made during the S+
component resulted in the contingent S- stim-
ulus replacing S+ for 1.5 s. The first panel of
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the top row of Figure 2 shows log proportion
of baseline S+ response and food rates in
each test within three blocks of two punish-
ment tests, for individual pigeons in Condi-
tion 1. Log proportion of baseline S+
response rate was negative in all six punish-
ment tests for Pigeon 132, for five of six tests
for Pigeon 133, for four of six tests for Pigeon
135, for two of six tests for Pigeon 131, and
for one of six tests for Pigeon 134. Therefore,
there were 18 of 30 tests in which the log pro-
portion of baseline S+ response rate was neg-
ative. Of these, log proportion of baseline S+
food rate was greater than log proportion of
baseline S+ response rate in 14 of 18 tests.

Overall, these results suggest the contin-
gent S- stimulus tended to punish S+
response rate in most tests for Pigeons
132, 133 and 135 but not for Pigeons 131 and
134. It is possible that training S+ and S- at
the same location might have reduced the
extent to which the contingent S- stimulus
functioned as a punishing consequence for
these two pigeons. Condition 2 controlled for
this possibility by presenting S+ and S- at dif-
ferent locations in training.

Condition 2. In Condition 2, S+ and S-
were trained on different keys (see Table 1).
The second panel of the top row of Figure 2
shows log proportion of baseline S+ response
and food rates in each test within three
blocks of two punishment tests, for individual
pigeons, in Condition 2. Log proportion of
baseline S+ response rate was negative in four
of six punishment tests for Pigeons 132, 133,
and 135, and for one test for Pigeons
131 and 134. Therefore, there were 14 of
30 tests in which log proportion of baseline S
+ response rate was negative. Of these, log
proportion of baseline S+ food rate was
greater than log proportion of baseline S+
response rate in 13 of 14 tests.

A two-tailed paired-sample t-test showed no
significant difference in log proportion of
baseline S+ response rate during punishment
tests for Condition 1 (M = -0.01, SD = 0.05)
and Condition 2 (M = -0.03, SD = 0.03); t
(4) = 1.27, p = .27. However, log proportion
of baseline S+ response rate was negative on
fewer tests in Condition 2, compared with
Condition 1, for three of five subjects
(Pigeons 134 and 135 were exceptions).

Overall, these results suggest the contin-
gent S- stimulus tended to punish S+
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Fig. 2. The top row and bottom-left panels show S+ response (solid black lines, black squares) and food delivery rates
(dashed black lines, white squares) per minute measured as log proportion of mean baseline S+ response and food delivery
rates (y-axis) for three blocks of two punishment tests (x-axis) following each block of 10 baseline sessions (vertical black
lines), for individual pigeons, across Conditions 1 to 4. The bottom right panel shows S+ choice (solid black lines, black
squares) and S+ food delivery rates (dashed black lines, white squares) per minute measured as a log proportion of mean
baseline S+ choice, and food delivery rates, for one block of two punishment tests on the left key (L1 and L2), and the right
key (R1 and R2), following each block of 10 baseline sessions (vertical black lines), for individual pigeons in Condition 5.
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response rate in most tests for Pigeons
132, 133 and 135. As observed in Condition
1, the contingent S- stimulus tended not to
punish S+ response rate for Pigeons
131 and 134.
Condition 3. In Condition 3, the S- compo-

nent was added to punishment test sessions to
ensure training and punishment test proce-
dures were as similar as possible with the
exception of contingent S- presentations in
the S+ component. The third panel of the top
row of Figure 2 shows log proportion of base-
line S+ response and food rates in each test
within three blocks of two punishment tests,
for individual pigeons, in Condition 3. Log
proportion of baseline S+ response rate was
negative for all six punishment tests for Pigeon
132, for five of six tests for Pigeon 135, for four
of six tests for Pigeons 131 and 134, and for
one test for Pigeon 133. Therefore, there were
20 of 30 tests in which log proportion of base-
line S+ response rate was negative. Of these,
log proportion of baseline S+ food rate was
greater than log proportion of baseline S+
response rate in 13 of 20 tests.
Overall, these results suggest the contingent

S- stimulus tended to punish S+ response rate
in most tests for Pigeons 131, 132, 134 and
135, but not for Pigeon 133.
Condition 4. In Condition 4, baseline S+

and S- stimuli were the same as for Condition
3. In addition, every five responses on average
made in the S+ component during punish-
ment tests resulted in a contingent novel stim-
ulus replacing S+ for 1.5 s. Therefore,
Condition 4 was a control condition.
The left panel in the bottom row of Figure 2

shows log proportion of baseline S+ response
and food rates in each test within three blocks
of two punishment tests, for individual
pigeons, in Condition 4. Log proportion of
baseline S+ response rate was negative in no
punishment tests for Pigeons 131 and 133, for
one of six tests for Pigeons 134 and 135, and
for two of six tests for Pigeon 132. Therefore,
there were 4 of 30 tests in which log propor-
tion of baseline S+ response rate was negative.
Of these, log proportion of baseline S+ food
rate was greater than log proportion of base-
line S+ response rate in all four tests.
Overall, these results suggest the contingent

novel stimulus tended not to punish S+
response rate in most tests for all pigeons.

Condition 5. In Condition 5, baseline ses-
sions featured concurrently presented left-
and right-key S+ stimuli in the S+ component,
and concurrently presented left- and right-key
S- stimuli in the S- component (see Table 1).
During baseline, group mean proportion of
left-key S+ choice was M = 0.49 (SEM = 0.01)
and group mean proportion of left-key rein-
forcers was M = 0.49 (SEM = 0.01).

In the first block of two punishment tests
(L1 and L2), every five responses on average
to the left key resulted in the contingent S-
stimulus replacing only the left-key S+ stimulus
for 1.5 s. In the second block of two punish-
ment tests (R1 and R2), every five responses
on average to the right key resulted in the con-
tingent S- stimulus replacing only the right key
S+ stimulus for 1.5 s.

The furthermost right panel in the bottom
row of Figure 2 shows the log proportion of
baseline left- or right- key S+ choice in each
punishment test, for individual pigeons, in
Condition 5. Log proportion of baseline S+
choice was negative in all four punishment
tests for Pigeons 131, 132, 133 and 134, and
for two of four punishment tests for Pigeon
135. Therefore, there were 18 of 20 tests in
which log proportion of baseline S+ choice
was negative. Of these, log proportion of base-
line S+ food rate was positive in 10 of 18 tests.
That is, the same, or a relatively greater pro-
portion of food, was obtained on the punished
alternative during punishment tests, compared
with the same alternative in baseline.

Overall, these results suggest that, despite
the arranged 1:1 reinforcer ratio, the contin-
gent S- stimulus tended to shift choice away
from the punished alternative and toward the
unpunished alternative on all tests for Pigeons
131, 132, 133 and 134, but not for Pigeon 135.

Discussion

We investigated the extent to which a
response-contingent 1.5-s negative discrimina-
tive stimulus (contingent S- stimulus) which
previously signaled an absence of food rein-
forcers would reduce the rate of key pecking
by pigeons in the presence of a different stim-
ulus signaling availability of food (S+). In pun-
ishment tests for Conditions 1 to 3, when
responses during S+ produced the contingent
S- stimulus, the rate of S+ responding
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decreased for most pigeons on most tests com-
pared to baseline. That is, S+ response rate
decreased in at least four of six punishment
tests, for at least three of five pigeons. This
occurred despite the fact that responses dur-
ing both S+ and the contingent S- stimulus
could produce food. Reductions in S+
response rate also occurred when the S+ food
rate during punishment tests had increased
relative to baseline. Therefore, reduction in S+
response rate during punishment tests in Con-
ditions 1 to 3 cannot be attributed to
decreased food rates. In Condition 5, the con-
tingent S- stimulus shifted choice away from
the punished alternative and toward the
unpunished alternative despite a 1:1 food
delivery ratio between those alternatives.
Condition 4 was a control condition that

replaced the contingent S- stimulus with a con-
tingent novel stimulus. Log proportion of
baseline S+ response rate was positive in most
tests across pigeons. This suggests the contin-
gent novel stimulus tended not to punish S+
response rate. Instead, these findings suggest
response-contingent presentations of stimuli
not correlated with food reinforcement can
increase response rates. Others found auditory
stimuli uncorrelated with food reinforcement
with rats increase both response rate and resis-
tance to disruption (see Reed & Doughty,
2005). Unlike the present study, Podlesnik
et al. (2009) found keylight-color changes with
pigeons did not increase baseline response
rates but did increase resistance to disruption.
Clearly, the present study did not assess resis-
tance to disruption, but contributes to findings
revealing that stimuli uncorrelated with pri-
mary reinforcement can nevertheless influ-
ence operant behavior.
Many applied studies have shown harmful

stimuli that produce conditioned emotional
responses effectively punish operant behavior
in humans (Duker & Seys, 2000; Linscheid &
Reichenbach, 2002; Salvy, Mulick, Butter, Bart-
lett, & Linsheid, 2004) and animals (Dale, Sta-
tham, Podlesnik & Elliffe, 2013). However,
behavioral practitioners prefer nonharmful
methods of punishment that reduce problem
behavior (Hineline & Rosales-Ruiz, 2013;
Lerman & Vorndran, 2002). Auge (1977),
Davidson (1970), and Thompson (1965) dem-
onstrated that when reinforced responses pro-
duce a discriminative stimulus previously
associated with an unfavorable outcome,

response rate decreases compared with rein-
forced responses that do not produce a con-
tingent discriminative stimulus. The results of
the present study suggest that a contingent S-
stimulus associated with an absence of rein-
forcers could also decrease S+ response rate
and shift choice away from a punished alterna-
tive and towards an unpunished alternative.

A similarity between the studies by Thomp-
son (1965) and Davidson (1970) and the pre-
sent study is that responses punished only by a
contingent discriminative stimulus were still
able to produce positive reinforcers. Although
Thompson and Davidson controlled the over-
all number of reinforcers obtained in baseline
and punishment tests, they did not report
whether differences in reinforcer rates
occurred between baseline training and pun-
ishment test conditions. It is therefore possible
that relatively lower reinforcer rates during
punishment tests impacted punished response
rate in their studies. In contrast, the present
study shows that a contingent S- stimulus will
punish responding maintained by positive
reinforcers, even when the reinforcer rate dur-
ing punishment tests is greater than the base-
line reinforcer rate. An additional difference
between the studies of Thompson and David-
son and the present study is that not every
response made during punishment tests in the
present study produced the contingent dis-
criminative stimulus. As continuous punish-
ment has been found to be more effective
than intermittent punishment in decreasing
responding maintained by positive reinforcers
(Hendry & Van-Toler, 1964; Lerman, Iwata,
Shore, & DeLeon, 1997; Linden, 1976;
Zimmerman & Ferster, 1963), it is promising
that a nonharmful contingent stimulus will
punish responding for positive reinforcers,
despite not being produced by every response.
Nevertheless, future research should examine
approaches to making contingent S- presenta-
tions more effective, including the schedule of
S- presentations.

It is possible that contingent S- presenta-
tions may be more effective if S+ and S- are
trained at the same location. For example, we
changed the baseline training location of S-
from the left key in Condition 1, to the right
key in Condition 2, without making additional
changes to the procedure. Results show log
proportion of baseline S+ response rate was
negative in 18 of 30 punishment tests in
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Condition 1, compared with 14 of 30 tests in
Condition 2. As S+ and S- were trained at the
same location in Condition 1, these results
suggest training S+ and S- in different loca-
tions might reduce the extent to which a con-
tingent S- stimulus will punish behavior.
Future research should also examine the

longevity with which a contingent S- stimulus
will continue to punish responding main-
tained by positive reinforcement. In the pre-
sent study, log proportion of baseline S+
response rate was measured across a block of
two 25-min punishment test sessions. This was
followed by a return to a block of 10 baseline
training sessions. In contrast, Vorndran and
Lerman (2006) paired a verbal reminder with
overcorrection, and facial screening, respec-
tively, for two patients with developmental dis-
ability. They then made only the verbal
reminder contingent on problem behavior.
Results showed the verbal reminder success-
fully punished problem behavior across
3 months of follow-up for one patient, and
1 month of follow-up for the other patient.
Therefore, future studies should examine how
long a contingent S- stimulus will continue to
punish responding maintained by positive
reinforcement, without a return to training.
A limitation of the present study is that pun-

ishment by the contingent S- stimulus tended
to occur for different pigeons between the first
two conditions and the third condition. For
example, when the baseline training proce-
dure differed from the procedure used in
punishment tests (i.e., Conditions 1 and 2),
the contingent S- stimulus tended to punish S+
response rate in most tests for Pigeons
132, 133 and 135, but not Pigeons 131 and
134. When training and punishment test pro-
cedures were then aligned (i.e., Condition 3),
the contingent S- stimulus tended not to pun-
ish S+ response rate for Pigeon 133, but pun-
ished S+ response rate in most tests for all of
the other pigeons. This result suggests proce-
dural changes between discrimination training
and punishment tests could impact the pun-
ishing efficacy of a contingent S- stimulus, and
that the direction of that impact might differ
between individuals. Alternatively, punishment
for different pigeons in different procedures
might indicate general variability in the extent
to which a contingent S- stimulus will punish
responding maintained by positive reinforcers.
Further research is required in which

experimental conditions are repeated across
cycles to analyze the extent to which punish-
ment by a contingent S- stimulus is maintained
for the same subjects. Ongoing research could
also determine whether procedural changes
between training and the application of a con-
tingent S- stimulus during punishment tests
either enhance or diminish the punishing
effects of the stimulus, or have little effect.
These investigations are important given
applied research that shows punishing stimuli
do not usually require previous discrimination
training to be effective (e.g., Hanley, Piazza,
Fisher & Maglieri, 2005).

A further limitation of the present study is
that all pigeons were exposed to each condi-
tion in the same order. Therefore, it is not
possible to know whether we might have
obtained different results if the order of condi-
tions was counterbalanced across pigeons. For
example, the results of Condition 4, the Con-
trol condition, show that a contingent novel
stimulus tended not to punish S+ response
rate for all pigeons in most tests. However, we
do not know the extent to which the same
result would be observed if the Control condi-
tion was presented before the conditions pre-
senting a contingent S- stimulus.

Condition 5 investigated the effect of the
contingent S- stimulus on S+ choice. Choice
has been found to be more sensitive to conse-
quences compared with simple schedule
responding on multiple schedules (see Davison
& McCarthy, 1988). For example, Catania
(1963) found that unequal reinforcer magni-
tudes strongly impacted choice in pigeons, but
had little impact on response rates on a single-
VI schedule. The suggestion that choice is
more sensitive to consequences than response
rate on simple schedules is supported by the
results of the present study. The contingent S-
stimulus tended to punish S+ response rate for
three of five pigeons on most tests with multi-
ple schedules arranged in Conditions 1 to
3. However, the contingent S- stimulus shifted
choice away from the punished alternative in
Condition 5 and toward the unpunished alter-
native on all tests for four of five pigeons.

One benefit to investigating whether a non-
harmful discriminative stimulus will function
as a punishing consequence is the potential
relevance of these findings for translational
and clinical research on punishment. For
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example, studies that investigate punishment
and choice show whether harmful choice
behavior is able to be subverted or reduced by
punishment (e.g., Vanderschuren, Minnaard,
Smeets & Lesscher, 2017). Therefore, the find-
ings of Condition 5 of the present study are
likely to interest researchers investigating how
to reduce behavior described as ‘addictive’.
Research suggests that addictive behavior

develops as a series of consecutive ‘in the
moment’ choices. Choice that is progressively
more exclusive towards one alternative may
lead to greater overall loss over time
(Herrnstein & Prelec, 1991; Heyman, 2013).
That is, choice can become ‘suboptimal’
(Spetch, Belke, Barnet, Dunn & Pierce, 1990;
Zentall, 2014). Suboptimal choice appears to
be driven partially by a preference for locally
richer alternatives, and partially by the avail-
ability of discriminative stimuli signaling rein-
forcement contingencies (Chow, Smith,
Wilson, Zentall & Beckmann 2017; Zentall &
Laude, 2013; Zentall & Stagner, 2011). The
extent to which any discriminative stimulus
functions as a punisher will depend upon what
that stimulus predicts about the nature and
probability of future events (see Baum, 2012;
Cowie & Davison, 2016; Killeen & Jacobs,
2017; Shahan, 2017). If we accept that behav-
ior changes as a function of events that are
likely to follow, these changes should occur
irrespective of past events, and regardless of
whether discriminative stimuli are appetitive
(e.g., Cowie, Davison & Elliffe, 2011), aversive
(Ayllon & Azrin, 1966; Galbicka & Platt, 1984;
Kelleher & Morse, 1968) or have no phyloge-
netic importance (Boutros, Davison & Elliffe,
2011). In support of this research, the findings
of the present study suggest that, once made
response-contingent, a discriminative stimulus
correlated only with an absence of reinforcers
can effectively reduce responding maintained
by positive reinforcers and shift choice. There-
fore, future studies could investigate the
extent to which a contingent S- stimulus will
shift choice away from a momentarily richer
alternative, subverting suboptimal choice pro-
cesses, to produce a greater overall rate of
reinforcers across time (e.g., Bland, Cowie,
Elliffe & Podlesnik, 2018; Vaughan, 1981).
Applied studies show punishment is

efficacious in reducing rates of harmful
human behavior, including self-injurious and
aggressive behavior (e.g., Didden, Duker, &

Korzilius, 1997; Fisher et al., 1998; Hanley,
Piazza, Fisher & Maglieri, 2005; Salvy, Mulick,
Butter, Bartlett, & Linscheid, 2004; Wood,
1984). Research investigating punishment is
limited compared to research investigating the
impact of positive reinforcement on behavior.
This problem is largely attributable to ethical
concerns regarding the use of harmful
methods of punishment. Therefore, there is
benefit in developing nonharmful punishing
stimuli. The development of contingent dis-
criminative stimuli previously associated with
unfavorable, but nonharmful, outcomes is one
such approach. The present findings contrib-
ute to the literature on punishment by show-
ing contingent presentation of negative
discriminative stimuli can punish operant
behavior. Such punishing stimuli could be
used in combination with differential-
reinforcement methods to decrease behavior
or shift suboptimal choice.

Although decreases in behavior were small
for some subjects in some conditions in this
study, our findings invite further research.
Future studies might investigate whether pro-
cedural changes could enhance the punishing
effects of a negative discriminative stimulus.
For example, we might investigate the impact
of changes to punisher and reinforcer sched-
ules in simple schedules, and in studies of
choice. If the punishing effects of a contingent
negative discriminative stimulus increase
according to changes in procedural variables,
as they should, the applied implications of the
current findings will be strengthened.
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BL1 PT1 PT2 BL2 PT3 PT4 BL3 PT5 PT6

Condition 1 150.68 146.69 141.42 107.30 137.85 134.70 126.42 140.61 142.68

Condition 2 147.56 165.04 162.66 142.62 135.18 148.39 139.49 144.77 145.87

Condition 3 109.98 95.79 111.68 102.68 95.34 111.02 112.20 102.97 101.08

Condition 4 118.18 125.63 148.52 118.88 135.38 143.05 119.38 152.03 140.09

Condition 5 0.53 (left) 0.50 0.51 0.46 (right) 0.39 0.40

132

BL1 PT1 PT2 BL2 PT3 PT4 BL3 PT5 PT6

Condition 1 120.34 95.13 103.61 125.08 107.50 113.48 125.32 108.66 113.69

Condition 2 116.75 95.56 97.44 106.38 95.53 99.19 120.96 121.18 128.33

Condition 3 122.54 89.96 106.56 116.38 103.89 113.76 119.44 101.78 100.97

Condition 4 125.12 161.42 135.90 133.38 145.58 150.60 147.90 143.78 136.08

Condition 5 0.42 (left) 0.36 0.35 0.55 (right) 0.51 0.51

133

BL1 PT1 PT2 BL2 PT3 PT4 BL3 PT5 PT6

Condition 1 143.00 97.75 117.61 124.22 108.30 124.81 128.28 116.40 122.86

Condition 2 108.41 108.22 114.31 106.25 77.38 80.36 97.45 84.82 83.93

Condition 3 107.30 111.80 124.41 110.22 110.79 114.61 108.78 112.30 96.20

Condition 4 95.20 112.65 104.53 92.08 92.77 93.27 85.90 85.83 94.28

Condition 5 0.41 (left) 0.35 0.32 0.60 (right) 0.52 0.57

134

BL1 PT1 PT2 BL2 PT3 PT4 BL3 PT5 PT6

Condition 1 103.92 96.30 107.87 112.38 113.27 112.71 101.48 119.43 124.91

Condition 2 109.83 114.78 120.69 116.44 117.37 116.91 104.33 105.01 61.39

Condition 3 119.65 122.24 117.33 115.66 122.63 113.32 105.33 102.68 95.12

Condition 4 105.24 110.32 103.61 95.10 104.50 114.61 105.92 109.55 106.34

Condition 5 0.54 (left) 0.47 0.49 0.38 (right) 0.30 0.31

135

BL1 PT1 PT2 BL2 PT3 PT4 BL3 PT5 PT6

Condition 1 91.52 86.69 88.47 80.64 75.95 78.22 78.64 97.22 86.26

Condition 2 85.09 92.94 74.48 78.51 78.26 63.67 72.93 71.36 63.40

Condition 3 44.21 43.74 43.38 47.18 42.71 45.64 42.30 38.89 38.86

Condition 4 50.36 60.86 53.70 50.12 50.47 55.75 60.42 56.14 65.40

Condition 5 0.40 (left) 0.41 0.37 0.56 (right) 0.53 0.56

Fig. A1 Mean S+ responses per min across the last five sessions of each of three baseline conditions (BL), and S+
responses per min in each punishment test (PT), for individual subjects, for Conditions 1 to 4. Also shown is mean pro-
portion of left or right S+ choice across the last five sessions of each of two baseline conditions, and proportion of left or
right S+ choice in each punishment test, for individual subjects, for Condition 5.
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