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Behavioral contrast in pigeons and rats:
A comparative analysis
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The effects of reinforcement rate on behavioral contrast were examined in pigeons and rats.
Each species was exposed to a series of 12 multiple variable-interval schedules, divided into four
3-schedule series. Each series consisted of a standard contrast manipulation, and baseline sched
ules provided a different rate of reinforcement in each of the series. The functions relating rein
forcement rate to the magnitude of contrast were different across species. Rats showed a U-shaped
function, with reliable contrast occurring only at high reinforcement rates. Pigeons showed an
inverted U -shaped function, with contrast occurring on all schedules except the schedule provid
ing the lowest rate of reinforcement. Pigeons discriminated between schedule components better
than rats did, although differences in discrimination were probably not responsible for the differ
ences in contrast. The results suggest that behavioral contrast in rats may be a different phenome
non from behavioral contrast in pigeons. The results cannot be explained by current theories,
which view contrast as the product of a single general process.

The rate of a reinforced response is a joint function of
the rate of reinforcement for that response and the rate
of other reinforcers available in the context. One exam
ple is multiple schedule behavioral contrast (Reynolds,
1961). A multiple schedule consists of two or more al
ternating schedules of reinforcement (or components),
each associated with a discriminative stimulus. Behavioral
contrast on multiple schedules is an inverse relationship
between the rate of response during one component of
a multiple schedule and the rate of reinforcement provided
in the other component (McSweeney & Norman, 1979).

Positive behavioral contrast is an increase in the rate
of responding in one component of the multiple schedule
resulting from a decrease in the rate of reinforcement in
the other component. Positive contrast is commonly
studied using a three-schedule series (McSweeney & Nor
man, 1979). During the first, or initial baseline, phase,
the multiple schedule components provide the same rate
of reinforcement. During the second, or contrast, phase,
one of the components (changed component) is changed
to extinction. The reinforcement rate in the other com
ponent (constant component) remains the same. The third,
or baseline recovery, phase is identical to the initial base-
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line phase. Positive contrast occurs if the response rate
in the constant component during the contrast phase is
higher than the response rate in the same component dur
ing the baseline phases

Behavioral contrast has received considerable attention
in the literature (see Williams, 1983, for review). With
a few notable exceptions (e.g., Bitterman, 1975; Pert &
Gonzalez, 1974), extensive study of behavioral contrast
has been limited to pigeons pecking keys and (to a lesser
extent) rats pressing bars. There are indications of spe
cies differences between even this limited set of species.
For example, behavioral contrast is a very robust
phenomenon in pigeons, and it occurs over a wide vari
ety of schedule manipulations (e.g., Schwartz & Gamzu,
1977; Williams, 1983). Although contrast effects clearly
do occur in rats (Beninger & Kendall, 1975; Blough,
1980; Bradshaw, Szabadi, & Bevan, 1978; Dougan,
McSweeney, & Farmer, 1985, 1986; Gutman, 1977; Gut
man, Sutterer, & Brush, 1975; Nallan & McCoy, 1979;
Uhl & Homer, 1974; Wilkie, 1972), they are less robust
than similar effects in pigeons. Some authors (e.g., Rach
lin. 1973; Schwartz & Gamzu, 1977) have even argued
that contrast does not occur in rats.

Despite suggestions that contrast in pigeons is differ
ent from contrast in rats, these differences have been im
possible to interpret. Comparisons across studies are
difficult because earlier studies have used different sched
ules and procedures, with little direct overlap among
studies. In addition, little effort has been made to isolate
the factors that contribute to species differences. Thus,
despite apparent species differences, little is known about
the variables of which these differences are a function.
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McSweeney (1978) suggested that Bitterman's (1960,
1965) functional relations approach is appropriate for the
study of behavioral contrast across species and response
systems. In the functional relations approach, species are
compared across several levels of an independent vari
able to determine whether responding in the species
changes in the same way as a function of the same vari
ables. The functional relations approach, therefore, may
be used to determine the dimensions along which species
differ.

Recently, Dougan et al. (1985, 1986) suggested that
reinforcement rate may be an important dimension of spe
cies differences in behavioral contrast. They found reli
able positive contrast in rats only when baseline sched
ules provided high rates of reinforcement (greater than
240 reinforcers per hour). Pigeons, on the other hand,
show contrast on a wide variety of schedules, and may
in fact show more contrast when baseline schedules pro
vide a relatively low rate of reinforcement (Reynolds,
1963; Spealman & Gollub, 1974; but see McSweeney,
Dougan, Higa, & Farmer, 1986). Again, these apparent
species differences cannot be interpreted because the
studies used different procedures and schedules. A direct
comparison of the effects of reinforcement rate on con
trast in pigeons and rats needs to be conducted so that
the dimensions of species differences may be isolated.

An examination of the effects of reinforcement rate on
behavioral contrast across species is also theoretically im
portant. At least three major theories have been proposed
to account for behavioral contrast: matching theory
(Herrnstein, 1970; Williams, 1983), competition theory
(Ettinger & Staddon, 1982; Hinson & Staddon, 1978;
Staddon, 1982), and additivity theory (Gamzu &
Schwartz, 1973; Hearst & Jenkins, 1974; Rachlin, 1973).
These theories differ on at least two dimensions that are
relevant to the present study. First, both matching the
ory and competition theory fail to predict species differ
ences in behavioral contrast, whereas additivity theory
does predict species differences. Second, both matching
theory and competition theory make direct predictions
about the effects of reinforcement rate on the magnitude
of behavioral contrast. The following brief review demon
strates these differences.

According to matching theory, behavioral contrast is
a by-product of matching (Baum, 1974; Herrnstein,
1970). According to the matching law, the ratio of
responses made on two concurrently available schedules
of reinforcement will equal the ratio of reinforcement rates
provided by those schedules. Herrnstein (1970) extended
the matching law to multiple schedules, in which the two
sources of reinforcement are not concurrently available.
According to Herrnstein's analysis, the magnitude of be
havioral contrast on a standard three-schedule series is
described by Equation 1 (derived from Herrnstein, 1970;
see Staddon, 1982, for a similar derivation):

As in Equation 1, Co is a ratio representing the magni
tude of behavioral contrast, r, is the rate of reinforcement
in the constant component, and r« is a parameter represent
ing reinforcement for alternative responses. Equations 2
and 3 predict that the magnitude of contrast will first in
crease (Equation 3) and then decrease (Equation 2) with
increases in the rate of reinforcement during baseline (rl).
Like Equation 1, Equations 2 and 3 leave little room for
species differences. Species differences might be ex
pressed in the To parameter, but exactly how the parameter
might change has not been specified.

According to additivity theory, behavioral contrast
results from the summation of operant and Pavlovian
responding. Operant responding should occur whenever
reinforcement is contingent on a response, whereas Pav
lovian responding should occur when a stimulus differen
tially predicts reinforcement. During the baseline phase

where Co is a ratio representing the magnitude of be
havioral contrast. Specifically, Co refers to the rate of
responding in the constant component during the contrast
phase divided by the rate of responding in the constant
component during the baseline phases. The rates of rein
forcement provided by the constant and changed compo
nents are represented by r, and r2, respectively. Two free
parameters, m and rs, represent the degree of interaction
between components and the rate of reinforcement from
unscheduled sources, respectively.

Equation 1 predicts that the magnitude of behavioral
contrast (Co) will increase with increases in baseline rein
forcement rate (r, and r2). Equation 1 also leaves little
room for species differences. Species differences might
occur if different species had different values for the m
and r« parameters; however, the ways in which these
parameters might differ across species have not been
specified.

According to competition theory, behavioral contrast
occurs because of reduced competition in the unchanged
component between the instrumental response and the al
ternative responses. When the rate of reinforcement in
the changed component is changed to extinction, alterna
tive responses are re-al1ocated from the unchanged com
ponent to the changed component. This allows instrumen
tal responding in the unchanged component to increase
because of reduced competition with alternative respond
ing. The magnitude of contrast will thus be determined
by the amount of re-allocation that is possible on a given
multiple schedule. The amount of re-allocation possible,
in turn, is a function of the amount of reinforcement for
the instrumental response relative to the amount of rein
forcement for alternative responses. This function is
described by Equations 2 and 3 (from Staddon, 1982):

(3)

(2)

2r1 + ro
Co=--

r, + ro

Co = rl + .5ro,

r 1

and

(1)
r, + mr, + r«

Co= ,
r, + r«



of a contrast series, only operant responding should oc
cur because the two components provide the same rate
of reinforcement. During the contrast phase, however,
Pavlovian responding should also occur because the stimu
lus that signals a change in components differentially
predicts reinforcement.

Additivity theory does not make any direct predictions
about the effects of reinforcement rate on behavioral con
trast. The strong version of the additivity theory (see
McSweeney, Ettinger, & Norman, 1981) does predict spe
cies differences. According to the strong version of ad
ditivity, contrast will occur when operant and Pavlovian
responses have similar topographies. For example, con
trast might occur when pigeons peck keys for food be
cause pigeons also peck keys as a result of Pavlovian train
ing (i.e., autoshaping; Brown & Jenkins, 1968). Because
rats are less likely to press bars during Pavlovian train
ing (Boakes, 1977), they also would be less likely to show
contrast.

The present study, therefore, compared behavioral con
trast in pigeons with behavioral contrast in rats across
different baseline rates of reinforcement. Baseline rein
forcement rate was chosen as an independent variable be
cause previous studies have suggested that it may be an
important dimension of species differences. In addition,
the three major theories of behavioral contrast make
different predictions about the effects of baseline rein
forcement rate on behavioral contrast.

METHOD

Subjects
The subjects were 5 naive Sprague-Dawley rats (RI28, RI29,

R130, R13I, and R132) and 4 naive homing pigeons (P29, P30,
P31, and P32) obtained from the Washington State University Psy
chology Department vivarium. A 5th pigeon (P28) died during the
course of the experiment. The subjects were housed individually
and were maintained at approximately 80% of their ad-lib weights
throughout the experiment.

COMPARATIVE CONTRAST 249

food hopper, approximately 5 x 5 em, was located directly below
the center response key, approximately 1.5 em from the floor of
the chamber. The hopper was illuminated from within by a single
5-W light. A 5-W houselight was located in the upper right-hand
corner of the chamber. The entire chamber was enclosed in a sound
attenuating box, equipped with an exhaust fan that provided mask
ing noise. Computerized control equipment was located in an adja
cent room.

Procedure
The subjects were deprived to 80% of their ad-lib weights. Rats

were hand shaped to press the response bar for food, and pigeons
were autoshaped to peck the key for food. When all subjects were
reliably performing the correct response, they were exposed to 12
multiple variable-interval variable-interval (mult VI VI) and mul
tiple variable-interval extinction imult VI EXT) schedules, as out
lined in Table I.

The 12 schedules may be divided into four 3-schedule series, with
each series representing a standard 3-schedule behavioral contrast
manipulation (McSweeney & Norman, 1919). Each series consisted
of an initial baseline schedule in which both components of the mul
tiple schedule provided the same rate of reinforcement, a contrast
schedule in which one of the components was changed to extinc
tion, and a baseline recovery condition identical to the first sched
ule. Baseline schedules provided a different rate of reinforcement
in each series.

Multiple schedule components alternated once every 90 sec. For
rats, the two lights immediately above the bar were illuminated dur
ing one component and were not illuminated during the other com
ponent. When the two components provided different rates of rein
forcement (mult VI EXT), the lights were on during the VI
component. For pigeons, components were signaled by the color
of the center response key (red or white). When components
provided different reinforcement rates, the keylight was red dur
ing the VI component and white during the EXT component.

Scheduled VI intervals were computed according to the arithmetic
series suggested by Catania and Reynolds (1968, Appendix 2). Ses
sions were conducted daily, and were terminated when a fixed num
ber of reinforcers had been delivered. This number changed across
phases in order to keep session time roughly equal to 30 min. The
number of reinforcers per session was adjusted downward during
mult VI 15-sec VI 15-sec and mult VI 15-sec EXT schedules (sec
ond schedule series overall) to avoid possible satiation effects. Thus,

Table 1
Order of Presentation of Multiple Scbedules Used in the Experiment,
Number of Reinforcers Avllilable per Session on Eacb Schedule,

and Number of Sessions Required for Stability
on Eacb Scbedule for Eacb Species

Apparatus
The apparatus for rats was a standard operant conditioning unit,

21 cm in width, 23 em in length, and 19 cm in height. A single
response bar was located on the front wall, 9 cm from the wire
grid floor and 1.5 em from the left wall. The bar was 5 em wide,
and required a force of .35 N to operate. Two 5-W white cue lights
were mounted 5 em above the bar, 4 em from each other. Food
was delivered through a 5 X 5 em recessed food cup, which was
positioned at floor level in the front wall, 8 em from the side walls.
Two 5-W houselights were mounted in the ceiling of the chamber,
directly adjacent to the rear wall and 8 cm from the two side walls.
The entire apparatus was housed in a sound-attenuating chamber.
An exhaust fan masked noise from the nearby electromechanical
programming equipment.

The apparatus for pigeons was a standard three-key Grason-Stadler
chamber, measuring 34 x 29 x 28 em. Three Plexiglas response
keys, each 2 em in diameter, were spaced evenly across the front
wall. Only the center key, which was located 23 cm from the floor
of the chamber, was used during the experiment. A force of ap
proximately .05 N was required to operate the key. The key was
illuminated from behind by a single 5-W bulb. The color of the
light projected on the key could be varied by projection filters. A

Constant
Component

VI60-sec
VI60-sec
VI60-sec

VI IS-sec
VI I5-sec
VI IS-sec

VI 3D-sec
VI30-sec
VI 3D-sec

VI l20-sec
VI l20-sec
VI l2Q.-sec

Changed
Component

VI 6O-sec
EXT
VI60-sec

VI IS-sec
EXT
VI 15-sec

VI3Q.-sec
EXT
VI 3Q.-sec

VI l20-sec
EXT
VI l20-sec

Reinforcers
per Session

30
15
30

80
40
80

60
30
60

15
8

IS

Sessions
to Stability

(Rats)

23
32
21

30
43
22

29
21
IS

17
II
II

Sessions
to Stability
(Pigeons)

22
29
28

4S
40
46

27
38
40

46
40
45
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the sessions on those schedules were shorter than 30 min. The num
ber of reinforcers available during each session is listed in Table I.
For rats, the reinforcer was a single 45-mg Noyes pellet. For
pigeons, the reinforcer was 4-sec access to mixed grain.

Each schedule remained in effect until responding by all subjects
in a species simultaneously met a stability criterion. Responding
for a subject was considered stable when that subject's response
rate within each component over the previous five sessions on a
schedule was within the range of response rates for all previous
sessions on that schedule. Stability criteria were evaluated separately
for pigeons and rats, so the two species required a slightly differ
ent number of sessions to reach stability on each of the schedules.
The number of sessions required to reach stability is presented in
Table I for each species.

RESULTS
-100-"-----,.--_-,.---_--,.--_-,.--_

30 60 90 120

SCHEDULED INTER-REINFORCER INTERVAL

Response rates were calculated by dividing the num
ber of barpresses or keypecks made in each component
by the number of minutes spent in that component. The
mean response rate in the unchanged component over the
last 5 days of the baseline and contrast phases on each
of the four series are presented in Table 2 for all subjects
in the experiment. Data from the initial baseline and base
line recovery schedules were averaged to yield a single
mean baseline score for each series. Behavioral contrast
(denoted by an asterisk) was considered to occur when
the rate of responding in the unchanged component dur
ing the contrast phase was higher than the rate of respond
ing in the unchanged component during both the initial
baseline and baseline recovery schedules.

As seen in Table 2, behavioral contrast occurred on at
least one schedule series for each animal in the study. In
general, pigeons showed contrast more often than rats,
with most of the difference occurring on those schedule
series that provided a moderate rate of reinforcement. All
pigeons and all rats showed contrast during the mult VI
15-sec series, and only 2 pigeons and I rat showed con-

Table 2
Mean Rate of Response in the Unhanged Component During

Baseline (B) and Contrast (C) Schedules at Each Rate of
Reinforcement, for Each Subject

Scheduled Interreinforcer Interval

VI 15-sec VI30-sec VI60-sec VI 120-sec

Subject B C B C B C B C

Rats

R128 90.4 122.1* 90.5 53.3 27.2 12.3 14.7 13.4
R129 26.6 34.2* 44.0 27.2 27.0 16.1 7.7 10.3*
Rl30 44.2 52.2* 69.7 45.4 12.2 7.3 13.7 11.3
Rl31 63.2 66.8* 49.8 72.0* 23.4 8.0 23.6 14.1
Rl32 72.2 79.6* 34.3 41.1 16.6 4.5 13.2 17.4

Pigeons

P29 97.6 141.7* 70.8 98.0* 93.0 165.3* 79.3 82.0*
P30 108.4 132.8* 87.0 114.0* 77.4 140.4* 64.1 60.1
P31 87.1 133.3* 74.5 106.6* 75.6 112.2* 67.2 80.8*
P32 98.6 137.9* 78.4 81.3 79.9 181.9* 36.6 27.1

Note-Scores for the baseline condition represent the mean of the ini-
tial baseline and baseline recovery schedules. *Instancesof behavioral
contrast.

Figure 1. Mean percent deviation from baseline plotted as a func
tion of scheduled baseline interreinforcer interval for both pigeons
and rats. A positive value represents positive behavioral contrast.

trast on the mult VI l20-sec series. On the mult VI 30
sec schedule, 3 of 4 pigeons showed contrast, but only
I rat showed contrast. Likewise, all of the pigeons showed
contrast during the mult VI 6O-secseries, but none of the
rats showed contrast on that series.

The rate measures in Table 2 were transformed into
deviation from baseline scores by dividing the rate of
responding in the constant component during the contrast
schedule by the average rate of responding in that com
ponent during the two surrounding baseline schedules,
multiplying by 100, and subtracting 100 from the result.
This yields a percentage of deviation from baseline score,
in which a positive value represents positive behavioral
contrast, a zero value represents no change in response
rate relative to baseline, and a negative score represents
negative induction.

Figure I plots the mean percentage of deviation from
baseline over the last 5 days of each schedule series as
a function of the scheduled baseline interreinforcer interval
for both rats and pigeons. Visual inspection of Figure I
suggests that the function relating percentage of devia
tion from baseline to the reinforcement rate provided dur
ing baseline was quite different in rats and pigeons. A
two-factor (species X schedule) mixed-design analysis of
variance confirmed this visual analysis. There was a sig
nificant effect of species [F(l,7) = 134.21, P < .001]
and a significant species x schedule interation [F(3,21)
= 10.87, P < .001]. There was no significant effect of
schedule.

Two additional tests were used to analyze the devia
tion from baseline data presented in Figure I. First, the
reliability of behavioral contrast was assessed with a one
tailed t test for comparison between a sample mean (the
mean percentage of deviation for each species on each
schedule series) and a population mean (the null hypothesis
of zero or negative deviation). Thus, a significant t score
would represent a reliable positive deviation from base
line, or positive behavioral contrast. For rats, the addi-
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Figure 2. Mean discrimination coefficients plotted as a function
of scheduled baseline interreinforcer interval for both pigeons and
rats. A value above 0.5 represents discrimination.

tional comparisons showed significant positive behavioral
contrast only on the schedule providing the highest rate
of reinforcement [t(4) = 3.62, p < .05]. Pigeons showed
significant positive contrast when the baseline schedule
was mult VI IS-sec VI IS-sec [t(3) = 6.30, p < .005],
mult VI 30-sec VI 30-sec [t(3) = 3.29, p < .025], and
mult VI 6O-sec VI 6O-sec [t(3) = 5.12, p < .01].

An analysis of orthogonal polynomials assessed whether
the function relating percentage of deviation to baseline
reinforcement rate was different for the two species.
Linear and quadratic weightings were obtained from the
logarithm of scheduled interreinforcement interval be
cause this allowed the use of equal-interval weightings.
There was a significant interaction between species and
the quadratic comparison [F( 1,7) = 19.81, p < .01], in
dicating that the functions were indeed different for the
two species, and that the difference lies in the quadratic
component.

The results suggest that pigeons and rats show differ
ent functions relating the magnitude of contrast to the rate
of reinforcement provided by baseline schedules. It is pos
sible that the different functions are related to discrimi
nation. For example, if discrimination were better in one
of the species, then that species might be more sensitive
to changes in reinforcement rate, and thus show more be
havioral contrast (Rachlin, 1973; Williams, 1983). Coeffi
cients of discrimination were calculated in order to as
sess this possibility. The coefficients were calculated for
each subject on each schedule series by dividing the rate
of responding in the VI component during contrast sched
ules by the sum of the rates of responding in both VI and
EXT components during contrast schedules. The degree
to which this score exceeds 0.5 indicates the degree of
discrimination between the two multiple schedule com
ponents during mult VI EXT. The mean discrimination
ratio in each species on each schedule is plotted as a func
tion of scheduled baseline reinforcement rate in Figure 2.

As seen in Figure 2, the discrimination coefficient was
higher for pigeons than for rats on all schedules. A two
factor (species X schedule) mixed-design analysis of vari
ance confirmed this, yielding a significant effect for spe-

cies [F(l,7) = 347.12, p < .001]. There was also a sig
nificant effect of schedule [F(3,21) = 5.70, p < .01] and
a significant species X schedule interaction [F(3,21) =
3.10, p < .05]. A t test for differences between a sam
ple mean (the mean discrimination coefficient for each
species on each schedule) and a population mean (the 0.5
null hypothesis) was used to assess the presence or ab
sence of discrimination on each schedule. Discrimination
ratios were significantly (p < .05) greater than 0.5 for
both species on all schedule series except for rats on the
mult VI IS-sec VI IS-sec series [t(4) = 1.37, p > .10].

DISCUSSION

The present experiment used a standard contrast
manipulation to examine the effects of baseline reinforce
ment rate on the magnitude of positive behavioral con
trast in rats and pigeons. Several species differences were
found. First, the function relating contrast to reinforce
ment rate in rats was V-shaped, whereas the function for
pigeons was an inverted V. Second, rats showed reliable
positive behavioral contrast only at high reinforcement
rates, whereas pigeons showed contrast on all schedules
except that providing the lowest rate of reinforcement.
Third, rats showed relatively poor discrimination, whereas
pigeons showed relatively good discrimination. Finally,
rats failed to show significant discrimination on the one
schedule series in which they also showed positive be
havioral contrast. 1 Pigeons showed significant discrimi
nation on all schedules.

The present data support earlier suggestions based on
comparisons between studies (Dougan et al., 1985, 1986;
Reynolds, 1963; Spealman & Gollub, 1974) that be
havioral contrast in rats changes differently from be
havioral contrast in pigeons when the same variables are
manipulated in a standard contrast paradigm. The present
data also extend earlier reports (Dougan et al., 1985,
1986) that found behavioral contrast in rats only when
baseline schedules provide a high rate of reinforcement.
The finding of reliable contrast only at high reinforce
ment rates suggests why some authors (e.g., Rachlin,
1973; Schwartz & Garnzu, 1977) have argued that con
trast does not occur in rats. Most studies of contrast in
rats do not provide such high reinforcement rates.

The implications of the present results rest heavily on
the question of whether the "contrast" observed in rats
is the same phenomenon as the "contrast" observed in
pigeons. Although it is clear that the two species showed
different functions relating contrast to the baseline rein
forcement rate, it is unclear whether the contrast was
really the same phenomenon in the two species. If con
trast were the same phenomenon in the two species, then
the observed species differences must have occurred be
cause some uncontrolled variable(s) changed across the
test conditions for the two species. Alternatively, the ob
served species differences may have occurred because
contrast is actually a completely different phenomenon
in rats and pigeons.
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Although every attempt was made to control variables
across testing conditions for the two species, there are
several possible uncontrolled variables. Perhaps the most
likely of these is discrimination. Figure 2 shows that dis
crimination was relatively poor in rats, whereas discrimi
nation was relatively good in pigeons. Because good dis
crimination is commonly assumed to be necessary for
contrast to occur (Terrace, 1968; Williams, 1983), the
differences in discrimination might explain why contrast
was more reliable in pigeons than in rats.

Comparison with previous studies suggests that the dis
crimination "confound" was not responsible for the
different functions relating contrast to reinforcement rate
in the two species. For example, Dougan et al. (1985,
Experiment 1) examined contrast in rats as a function of
reinforcement rate under conditions roughly comparable
to those in the present study. However, multiple sched
ule components in that study were arranged on different
response bars, resulting in considerably better discrimi
nation. Although the magnitude of contrast was somewhat
higher than in the present study, they reported a decrease
in the magnitude of contrast between VI 10-sec and VI
6O-sec baseline schedules (see also Dougan et al., 1985,
Experiment 2; Dougan et al., 1986). The reported
decrease in the 1985 study virtually parallels the decrease
over the same schedule range reported in the present
study. Thus, changes in the magnitude of contrast appear
to be independent of discrimination across this critical
range of reinforcement rates.

Although discrimination does not explain the observed
species differences, the present results do suggest that the
relationship between contrast and discrimination needs
further investigation. In particular, future research should
investigate the counterintuitive finding of contrast in the
absence of discrimination. This finding may be related
to contrast on mixed schedules (Allison, 1976; Henke,
1972; Pear & Wilkie, 1970) in which explicit discrimina
tive stimuli are not present. Likewise, it is possible that
the performance measures used in the present study
masked a learned discrimination (Hearst, 1987).

Another potential confound is the maximum possible
response rate. Because the present data were presented
in terms of percentage of deviation, the absolute change
in response rate required to maintain a constant percent
deviation score increases as a function of increasing
response rate during baseline. It is possible that the
decrease in magnitude of contrast at high rates of rein
forcement in pigeons may have occurred because of a ceil
ing effect: The birds might have been unable physically
to produce response rates high enough to produce a
proportionately large deviation from baseline. Examina
tion of Table 2, however, suggests that this was not the
case. For example, 3 of 4 birds showed higher rates of
response during the VI 6O-sec series than during the VI
15-sec series. Thus, a ceiling response rate cannot account
for the lower magnitude of contrast on the VI IS-sec
series.

Satiation is a third potential confounding factor. Rats
showed contrast only at high rates of reinforcement. If

satiation occurred near the end of the session during base
line mult VI 15-sec VI 15-sec schedules, a contrast effect
might occur when conditions were changed to mult VI
15-sec EXT (in which fewer reinforcers were presented
in the session) simply because satiation did not occur dur
ing the contrast phase. However, the number of rein
forcers available per session on the mult VI 15-sec VI 15
sec schedules was adjusted to avoid satiation effects. The
adjustment was made on the basis of pilot data, which sug
gested that satiation would not be a factor. Informal ob
servation also suggested that responding was steady across
the session.

The testing conditions for the two species may have
differed in many other ways. For example, it is not clear
that a 45-mg Noyes pellet is equivalent to 4 sec of access
to mixed grain as a reinforcer, that 80 % deprivation levels
are equivalent in pigeons and rats, or that pigeon keys
and rat levers are equivalent as response manipulanda.
Further research needs to examine the effects of these and
other variables as possible dimensions of species differ
ences. Although the failure to "control" these variables
might be a criticism of the present study, it is important
to note that such "uncontrolled" variables are simply part
of comparative research (i.e., Bitterman, 1960). Although
it is important to make testing conditions as equivalent
as possible across species, it is never possible to know
whether conditions were equivalent in the absence of an
independent metric by which "correct" values for the
relevant variables might be assigned.

Although the present results may be due to uncontrolled
variables, they are also consistent with multiple origin
hypothesis (Dougan et al., 1985, 1986; Hearst & Gorm
ley, 1976); that is, behavioral contrast may actually
represent two (or more) distinct phenomena. Although
contrast is operationally defined as a deviation from base
line responding, the observation of contrast in two situa
tions does not necessarily mean that contrast is the same
phenomenon in those two situations. Instead, contrast in
the two situations might be different phenomena, which
change as a function of different variables. For example,
Dougan et al. (1986) showed that contrast may result from
both matching (Herrnstein, 1970; Williams & Wixted,
1986) and behavioral competition (Ettinger & Staddon,
1982; Hinson & Staddon, 1978; Staddon, 1982). Applied
to the present results, the multiple origin hypothesis sug
gests that contrast in pigeons might represent a phenome
non that is fundamentally different from contrast in rats.
If contrast in the two species were, in fact, two different
phenomena, different functions relating deviations from
baseline responding to baseline reinforcement rate might
be expected. The different relationships observed between
contrast and discrimination across species might also sup
port a multiple origin hypothesis.

It is probably impossible to determine whether the un
controlled variables explanation or the multiple origin ex
planation is correct. In fact, the two explanations may be
logically identical, because the uncontrolled variables may
actually be the sources of the multiple origins. Regard
less of whether the present results are due to uncontrolled



variables or whether contrast is a different phenomenon
across species, they cause severe problems for all cur
rent theories of behavioral contrast. If the multiple ori
gin hypothesis is true, current theories cannot explain the
results because they each treat contrast as a single general
process. If the uncontrolled variable explanation is COf

rect, the theories cannot explain the present results be
cause they do not predict the form of the functions relat
ing contrast to baseline reinforcement rate.

According to matching theory (Equation 1), the mag
nitude of contrast should be a monotonically increasing
function of the baseline reinforcement rate. Neither rats
nor pigeons displayed such a function. The only way that
Equation 1 could predict the form of the functions in
Figure 1 is to assume that either the m or r« parameters
took on different values at the different scheduled rates
of reinforcement, and did so differently across species.
Although studies suggest that these parameters are not
constant across schedule manipulations (Dougan &
McSweeney, 1985; McDowell & Wood, 1985), the way
in which they might change have not been specified. Thus,
changes in the m and r« parameters cannot explain the
present results.

Competition theory (Equations 2 and 3) predicts a bi
tonic function relating the magnitude of contrast to the
baseline rate of reinforcement. The function should be
monotonically increasing when the rate of scheduled rein
forcement is less than the rate of reinforcement for an al
ternative response (Equation 3), and monotonically
decreasing when the rate of scheduled reinforcement is
greater than the rate of reinforcement for an alternative
response (Equation 2). Pigeons, in fact, showed a bitonic
function quite similar to the functions predicted by com
petition theory (see Staddon, 1982, Figure 11-2, for com
parison). Rats, on the other hand, did not show functions
consistent with Equations 2 and 3.

According to the strong version of additivity theory,
contrast should occur when pigeons peck keys but not
when rats press bars. The present data support this predic
tion to the extent that contrast in pigeons was found more
often than contrast in rats. The finding of reliable con
trast in rats at high reinforcement rates, however, is
problematic for additivity theory. Additivity theory still
might be supported if it were assumed that barpressing
in rats is sensitive to Pavlovian contingencies, but less
so than keypecking in pigeons. If this were true, Pavlo
vian contingencies might affect barpressing only when the
discrrninative stimuli signaled large differences in rein
forcement rate. Two factors argue against this conclusion.
First, if barpressing is sensitive to the Pavlovian contin
gencies only when the difference between reinforcement
rates are very large, then they should also show better
discrimination on those schedules because Pavlovian
responding should occur during S+ but not during S-.
However, discrimination was poor at high rates of rein
forcement in rats. Second, if Pavlovian responding does
increase as a function of increasing differences between
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the reinforcement rates provided by multiple schedule
components, then it should also do so in pigeons.
However, pigeons showed reduced contrast at high rates
of reinforcement.

The failure of contrast theories to explain the present
results may be as much a failure of the theory-driven ap
proach to contrast as it is a failure of the specific theories
themselves. In recent years, the contrast literature has be
come overly burdened by theoretical models. Each of
these models attempts to place contrast within a narrow
theoretical framework. Such narrow definition seemingly
contradicts the empirical data: Contrast is clearly a com
plex phenomenon. Contrast changes as a function of the
baseline reinforcement rate (Dougan et al., 1985, 1986;
McSweeney et al., 1986; Reynolds, 1963; Spealman &
Gollub, 1974), the availability of an alternative response
and deprivation for the reinforcer produced by that alter
native response (Dougan et al., 1986; Hinson & Staddon,
1978), the relation between the discriminative stimulus
and the reinforcer (Hearst & Gormley, 1976; Keller,
1974; Schwartz, 1978), the form of the operant response
(McSweeney, 1978, 1983), the relationship between mul
tiple schedule components (Williams, 1979, 1980), and
the duration of the multiple schedule components (Ettinger
& Staddon, 1982; Hinson, Malone, McNally, & Rowe,
1978; McSweeney, 1982; McSweeney et al., 1986;
Schwartz, 1978; Shimp & Wheatly, 1971; Spealman,
1976; Todorov, 1972; Williams, 1979, 1980). These vari
ables may also interact in unpredictable ways (e.g., Dou
gan et al., 1986). Finally, the present results suggest that
contrast may represent different phenomena in different
species. To date, no theoretical system has been able to
capture the level of complexity suggested by the contrast
literature.

The failure of the theory-driven approach suggests that
a more basic, more inductive approach could be profit
able. The contrast literature needs more parametric studies
and fewer global theories. Only when we have a better
grasp of the dimensions of the contrast phenomenon will
global theories become a possibility.
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NOTE

I. Depending on the definition used, the finding of contrast-like ef
fects in the absence of discrimination mayor may not be considered
a true instance of behavioral contrast. According to Reynolds's (1961)



original definition of contrast, such a result would constitute positive
induction as opposed to contrast. This is because Reynolds defined con
trast as the relationship between two dependent variables (the response
rates in the two components). More recent definitions (McSweeney &
Norman, 1979; Williams, 1983) describe contrast as a relationship be-
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tween an independent variable (reinforcement rate in the changed com
ponent) and a dependent variable (response rate in the constant compo
nent). The present paper uses this more recent definition, so the finding
of contrast-like effects in the absence of discrimination is considered
a true instance of behavioral contrast.
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