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PERFORMANCE ON CONCURRENT VARIABLE-INTERVAL
EXTINCTION SCHEDULES

MICHAEL DAVISON AND B. MAXWELL JONES
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Six homing pigeons were trained on concurrent variable-interval extinction schedules in a switching-
key procedure. The discriminative stimuli and associated schedules in operation were selected ran-
domly after each switch and each reinforcer. More than 80 daily sessions were arranged in each of
five experimental conditions that varied the reinforcer rate on the variable-interval schedule. Be-
havior allocation remained nonexclusive even after extended training and did not change system-
atically as a function of the reinforcer rate. Both of these findings are predicted by a contingency-
discriminability description of choice and are incompatible with a generalized matching description.
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The generalized matching law (Baum,
1974) accurately describes the relative allo-
cation of behavior (responses and time) be-
tween alternatives in typical two-alternative
concurrent variable-interval (VI) choice situ-
ations. The law may be written

B R1 1log 5 a log 1 log c, (1)1 2 1 2B R2 2

where B measures responses or times spent
responding, and R measures obtained num-
bers of reinforcers. The parameter c is called
bias, and it measures any constant propor-
tional preference for B1 versus B2 that is in-
dependent of the variation in R1 and R2. The
parameter a is called sensitivity to reinforce-
ment, and it measures the proportional
change in the log behavior ratio when the log
reinforcer ratio is varied. Although this law
has been highly successful in describing data
from choice research (Davison & McCarthy,
1988), there are areas in which it does not
predict particularly well, and recently the two
parameters a and c have often been used
more as higher order measures of perfor-
mance than as theoretical entities. For in-
stance, both White, Pipe, and McLean (1984)
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and Miller, Saunders, and Bourland (1980),
following a suggestion by Baum (1979), have
used the parameter a to measure the discrim-
inability between the stimuli that signal the
alternatives in concurrent schedules.

Equation 1 makes some clear predictions.
First, the relation between log response and
log reinforcer ratios should be a straight line
with slope a over all changes in log reinforc-
er-ratio values. A corollary to this is that when
one alternative provides no reinforcers (an
extinction schedule), responding should be
exclusively to the alternative that provides the
reinforcers. The first prediction was system-
atically investigated by Davison and Jones
(1995) by varying log reinforcer ratios over a
much wider range than had previously been
used. They reported nonlinearities in the log
response–reinforcer relation at high ratios,
and they argued that their data were more
consistent with a molar choice model pro-
posed by Davison and Jenkins (1985):

B d R 1 R1 r 1 2log 5 log 1 log c. (2)1 2 1 2B d R 1 R2 r 2 1

The variables, and the parameter c, are the
same as in Equation 1. The term dr is called
contingency (or response–reinforcer) discrim-
inability, and it measures the degree to which
the subject discriminates each response–re-
inforcer relation. Its value varies from 1 (no
discrimination, and a 5 0) to infinity (perfect
discrimination, and a 5 1). This equation
predicts that the relation between log re-
sponse and reinforcer ratios is nonlinear, with
diminishing preference changes with more
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extreme reinforcer ratios. The corollary to
Equation 2 is that there is a limiting nonin-
finite value for the response ratio when log
(R1/R2) is infinite. Assuming that R2 is zero,
Equation 2 becomes

B1log 5 log d 1 log c. (3)r1 2B2

Unlike Equation 1, Equation 3 predicts that
as long as dr is not infinite, responding will
be maintained on the extinction alternative.
Further, Equation 3 predicts that the log re-
sponse ratio in concurrent VI extinction
schedules will be independent of the value of
R1, the VI schedule value, which does not ap-
pear in Equation 3. Notice that the general-
ized matching law cannot predict nonexclu-
sive responding in concurrent VI extinction
schedules even if the value of a is supposed
to measure stimulus discrimination between
the alternatives, because the predicted log
(B1/B2) for concurrent VI extinction remains
infinite as a is decreased from 1 to 0. The
generalized matching law also predicts no ef-
fects of VI reinforcer rate on response allo-
cation in concurrent VI extinction, but only
in the sense that that the response ratio will
always be infinite.

There is evidence for the prediction that
responding is maintained on both alterna-
tives on concurrent VI extinction schedules.
Davison and Hunter (1976) arranged a series
of two- and three-alternative concurrent VI
schedules, with a number of cases in which
one alternative was extinction. The schedules
were arranged on different keys, so presum-
ably dr was high. Despite this, without fail,
some responding was maintained to the ex-
tinction alternative. The same result, from a
single condition, was reported by Davison
and Jones (1995). Baum (personal commu-
nication, February 1995) argued that the
number of sessions arranged in these exper-
iments was insufficient, and that responding
would be eliminated on the extinction alter-
native after extended exposure. Indeed, in-
creasing preference with increasing exposure
has been documented in concurrent VI VI
(Todorov, Castro, Hanna, Bittencourt de Sa,
& Barreto, 1983).

Although Davison and Hunter’s (1976)
data could be used to test the prediction that
response ratios in concurrent VI extinction

performance are independent of the rein-
forcer rate on the VI schedule, their data
were not sufficiently extensive to make a sat-
isfactory test. The present experiment was de-
signed to look at performance on concurrent
VI extinction schedules when the VI reinforc-
er rate was extensively varied over conditions
in order to test the above predictions of
Equation 2. To alleviate concerns about the
amount of training, each condition was con-
ducted for more than 80 sessions. Also, to in-
sure that subjects could not discriminate the
response–reinforcer alternatives by using win-
stay/lose-shift strategies, the random switch-
ing procedure introduced by Alsop and Dav-
ison (1991) was used. In this, the alternative
arranged on the main key and its associated
stimulus were randomly changed after each
switching response and each reinforcer (i.e.,
the same signal was presented with p 5 .5).
The procedure avoids the possibility that re-
sponse allocation could be affected by the ab-
solute difference in reinforcer rates between
the alternatives, with it being easier to dis-
criminate concurrent VI 10 s extinction from
concurrent VI 360 s extinction. Finally, the
response–reinforcer discriminability (dr in
Equations 2 and 3) was maintained at less than
infinity by signaling the two alternatives with
two moderately discriminable intensities of
light (as in Davison & Jones, 1995). Under
these conditions, if we find that response ra-
tios are noninfinite and are constant with re-
spect to changes in the VI reinforcer rate, we
will have produced further evidence that sup-
ports Equation 2, rather than Equation 1, as a
description of performance on concurrent VI
VI and concurrent VI extinction schedules.

METHOD
Subjects

The same 6 homing pigeons as used by
Davison and Jones (1995), numbered 21 to
26, were maintained at 85% 6 15 g of their
free-feeding body weights. Water and grit
were always available in their home cages,
and they were fed an appropriate amount of
mixed grain immediately after the daily train-
ing sessions to maintain their designated
body weights.

Apparatus
The apparatus was the same as that used by

Davison and Jones (1995). The subjects
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Table 1

Sequence of experimental conditions, the schedule ar-
ranged on the bright and dim alternatives, and the num-
ber of sessions in each condition.

Condi-
tion

Schedule

Bright Dim Sessions

1 Ext VI 15 s 85
2 VI 240 s Ext 105
3 Ext VI 10 s 80
4 VI 360 s Ext 120
5 Ext VI 60 s 95

worked in a standard sound-attenuating ex-
perimental chamber that was 330 mm high,
300 mm wide, and 330 mm deep. Two peck-
ing keys, 20 mm in diameter, were situated
on one wall of the chamber, 130 mm apart
and 260 mm above the grid floor. The keys
required about 0.1 N for operation. Centered
on the same wall, 100 mm from the floor, was
a food magazine that contained wheat. Dur-
ing reinforcement, the keys were darkened
and the food magazine was raised and lit for
3 s. There was no chamber illumination other
than the lit keys and the magazine light.

All experimental contingencies were con-
trolled by a remote PC-compatible computer
running MED-PCt software, and all data were
collected within the program.

Procedure

Because the pigeons had extensive previ-
ous experience in the experimental situation,
no magazine or key-peck training was re-
quired, and they were placed immediately on
the first condition of the experiment (Table
1).

The procedure was the same as used by
Davison and Jones (1995). During the ses-
sion, the left key was transilluminated with
one of two intensities of yellow light (0.9 or
0.75 cd/m2), and the right key was transillu-
minated by red light. In the switching-key
procedure used, pecks on the left (main) key
were reinforced on various pairs of VI extinc-
tion or extinction VI schedules that were
changed over conditions (Table 1), and pecks
to the right (switching) key could change
(with a probability of .5) the intensity of the
left keylight and the associated schedule. Af-
ter a switching-key peck, there was a change-
over delay (Herrnstein, 1961) of 3 s, during
which time no reinforcers could be obtained

for pecking the left key. Effective changeovers
could be emitted during the changeover de-
lay. Following the delivery of a reinforcer, the
schedule and associated stimulus arranged
on the left key were selected with a probabil-
ity of .5.

Sessions commenced in blackout, lasted
until 40 reinforcers had been obtained or un-
til 45 min had elapsed, whichever occurred
first, and ended in blackout.

A condition remained in effect for all 6 sub-
jects until plots of log response and time ratios
averaged over five-session blocks looked stable
to the experimenters, who tried to use very
strict, though informal, criteria. This took be-
tween 80 and 105 sessions (Table 1).

The data collected were the times of each
response and reinforcer event in each exper-
imental session. Overall time-allocation data
were calculated by cumulating the times from
each switching response to the next. Averages
over five-session blocks, commencing at the
21st to 25th session, were used in the data
analysis for all conditions.

RESULTS

Figures 1 and 2 show log response- and
time-allocation ratios, respectively, during
training in each experimental condition for
all birds, plotted in five-session blocks. (Re-
sponse rates from the last block are shown in
the Appendix.) Some results are immediately
evident: First, neither measure of choice be-
came consistently exclusive over continued
blocks of training (although there were a few
individual sessions with exclusive respond-
ing). For most subjects in most blocks, abso-
lute log preference ratios were between 1 and
2 (10:1 and 100:1). Second, the block-to-
block variation in log behavior (time and re-
sponse) ratios was surprisingly large. Howev-
er, with response ratios of this size, just a
small variation in sessional responses to the
extinction alternative will produce large
changes in behavior ratios. Third, a compar-
ison of Figures 1 and 2 shows that there was
no consistent difference between response-
and time-allocation measures under concur-
rent VI extinction. Fourth, we are totally un-
able to explain the performance of Bird 24
in Condition 2. There was a small but consis-
tent difference between response allocation
in this condition (Figure 1) and the appro-
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Fig. 1. Log response-allocation ratios as a function of training sessions (averaged over blocks of five sessions) for
all subjects.

priate comparison, Condition 4. However, on
time-allocation measures (Figure 2), perfor-
mance on Condition 2 can be seen as ex-
tremely deviant, with large amounts of time
spent switched into the extinction alternative.
However, the increasing trend (Figure 2) sug-
gests that this errant performance might have
been eliminated by extended training.

Also evident from Figures 1 and 2 is that
behavior allocation did get progressively
more extreme with training, but in general
this change occurred at a low rate. It is dif-
ficult to assess this trend adequately, and in-
deed to demonstrate that it had ceased by the
time conditions were terminated. Looking at
the trends using a linear regression between
log behavior ratio and session number

showed that significant increases (slopes
more than two standard errors away from
zero) occurred for all subjects, except Bird 21
in Condition 2 (VI 240 s) and Birds 22, 23,
24, and 26 in Condition 4 (VI 360 s). There
were no significant trends in the other con-
ditions, except for Bird 25 in Condition 1 (VI
15 s). Whether it is a matter of chance that
most of the significant trends occurred in the
two lowest reinforcer-rate conditions is moot,
although an argument might be mounted
that small differentials in reinforcer rates be-
tween the alternatives might lead to slower
behavior change. However, Mazur (1992)
found no difference in the rate of change of
response ratios after transitions to three dif-
ferent concurrent VI VI reinforcer ratios.
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Fig. 2. Log time-allocation ratios as a function of training sessions (averaged over blocks of five sessions) for all
subjects.

Most often, in stable-state choice research,
data are collected after 15 to 30 sessions of
training. It is of interest, therefore, to com-
pare five-session block performance at 25 ses-
sions with performance in the last five ses-
sions of all conditions of the present
experiment. This analysis showed that there
were significant differences between perfor-
mance after these differing amounts of train-
ing (sign test, z 5 3.10 for both response and
time allocation). These analyses thus confirm
the significant trends in the above analysis.

Figure 3 shows log response and time ratios
for the final five sessions of each condition as
a function of the arranged number of rein-
forcers per minute on a common-log scale.
The approximate constancy of the preference

measures across reinforcer rates was con-
firmed by nonparametric trend tests (Fergu-
son, 1971), which showed that there was no
significant change in either response or time
measures for the group. It can also be seen
that, as in the comparison of Figures 1 and
2, response and time measures were similar.
Thirteen of 30 comparisons showed time al-
location to be more extreme than response
allocation, which is not significant on a bi-
nomial test at p 5 .05.

DISCUSSION

The present experiment showed that be-
havior allocation on concurrent VI extinction
schedules was not exclusive to the VI alter-
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Fig. 3. Log response and time allocation measured over the last five sessions of each experimental condition as
a function of the log of the arranged number of reinforcers per minute on the VI schedule.

native when the stimuli that signaled the al-
ternatives were moderately discriminable
(Figures 1 and 2). This was true even after
extended training in 80 or more experimen-
tal sessions. Although, in some conditions, for
some subjects, it could be argued that behav-
ior allocation was still increasing after 80 to
120 sessions, this was not the case for other
subjects and conditions. This result is not eas-
ily described by the generalized matching re-
lation (Equation 1), which must predict that
behavior allocation on concurrent VI extinc-
tion is infinite even if sensitivity to reinforce-
ment (a) is very low.

Second, Figure 3 and the associated analy-
ses showed that, after extended training,
there were no significant trends in behavior
allocation across the various arranged VI re-

inforcer rates. This result is predicted by the
Davison and Jenkins (1985) model of con-
current-schedule performance. In summary,
then, the present research argues both
against the generalized matching law as an
effective general model of choice and for its
replacement by the contingency-discrimina-
bility model (Equation 2).

However, the finding that behavior ratios
continued to become more extreme from
Sessions 21 to 25 to the end of training on a
condition is problematic. It seems that this
slow stabilization effect is not limited to con-
current VI extinction schedules, in that To-
dorov et al. (1983) reported what appears to
be a similar change in preference with train-
ing on concurrent VI VI schedules (see their
Figures 3 and 4). For 3 of their 4 birds, and
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Fig. 4. Log response ratios averaged over the last five
sessions of each condition, and the asymptotic log re-
sponse ratios predicted by fitting Equation 4, as a func-
tion of the log of the arranged reinforcers per minute
on the VI schedule.

for both response and time measures, sensi-
tivity-to-reinforcement values (a in Equation
1) were greater at 55 sessions than they were
at 25 sessions. Although that result does not
approach statistical significance, the trend is
in the same direction as found here. Todorov
et al. suggested that increasing the number
of sessions per condition increased the
chance of gaining a sensitivity (a, Equation
1) value close to 1.0. The present research
shows that choice increases but that sensitivity
to reinforcement is not an effective measure
of the increasing behavior ratio. In terms of
the contingency-discriminability model, dr in-
creases with increased training, and the rea-
son for this is unknown. This slow increase in
behavior ratios, and the finding by Todorov
et al. that sensitivity decreases with increasing
exposure to different reinforcer ratios, are
consistent with additive models of behavior
allocation (e.g., the cumulative-effects model,
Davis, Staddon, Machado, & Palmer, 1993).

What, then, is the scientific status of the
large amount of data collected after 15 to 30
sessions on concurrent VI VI schedules, and
what does the slow increase in sensitivity
mean for concurrent-schedule research?
Most researchers use either explicit or im-
plicit stability criteria in their research (Kil-
leen, 1978). The problem for such criteria,
highlighted by the present data, is that when
one finds very slow trends, with quite large
block-to-block variances, stability criteria have
to be exceedingly sensitive to work effectively.
Indeed, if we are interested for theoretical
reasons in final asymptotic performance,
there may never be a point at which we can
be satisfied that the trend had ceased. Two
assumptions can be made about the present
data: (a) The monotonic trend that we found
between the 25th session and the final ses-
sions of each condition would continue lin-
early without end. This seems rather unrea-
sonable, and indeed such a trend will not
account for performances before the 25th
session (see Todorov et al., 1983). (b) We
might assume that the trend is nonlinear and
has an asymptote. Killeen (1978, Experiment
1) used a simple exponential function in his
investigation of stability criteria:

j/cR 5 A(1 2 e ), (4)

where R is the dependent variable value, A is
the asymptote, j is the session number, and c

is a curvature constant. Rather than being in-
terested in stability criteria per se, here we are
more interested in whether approaching the
data in this way will produce a reasonable and
accurate estimate of the asymptote. If this can
be done, then running conditions to stability
may be less important than collecting suffi-
cient transitional data so that the asymptotic
performance can be accurately estimated. In-
deed, theoretical stable-state parameters, be
they a in Equation 1 or dr in Equation 2, can,
and have been, predicted from nonstable per-
formances (e.g., Hunter & Davison, 1985; see
also Belke & Heyman, 1994). To illustrate this
approach, Equation 4 was fitted to the data
from Bird 21 (selected at random), and both
the mean log behavior ratio from the final
five sessions and the predicted asymptotes
from the fits are shown in Figure 4. The data
were not systematically different from the
predicted asymptotes, suggesting that perfor-
mance had generally stabilized by the end of
training in each condition.

Note, however, that a stability criterion
based on the exponential equation, as dis-
cussed by Killeen (1978), will not necessarily
provide accurate asymptotic data. Killeen’s
stopping criterion was that the behavior-
change process was at least 99% of the way to
completion, and the average of the last six
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sessions had to be within 5% of the predicted
asymptote. In general, data (e.g., the average
of the last six sessions) from using such a cri-
terion will systematically underestimate the
true asymptote, especially if the approach to
the asymptote is smooth with no overshoot-
ing. Under these conditions, the predicted as-
ymptote would provide generally more accu-
rate estimates of stable-state performance
than the data obtained when a stability cri-
terion has been satisfied. Some might object
to using an estimate, rather than a straight-
forward calculation based on obtained data,
to determine stability. We believe, however,
that this approach to behavior analysis should
be at least considered.

In conclusion, the present research has
questioned the ability of the generalized
matching law (Equation 1) to describe per-
formance in concurrent VI extinction sched-
ules. It will be argued that our use of less than
perfectly discriminable discriminative stimuli
to signal the alternatives will force less than
exclusive responding to the VI alternative.
This, of course, is true. But two points have
to be made: (a) This procedure does not
force a constant preference ratio that is in-
dependent of the VI reinforcer rate, and (b)
the generalized matching law currently has
no mechanism to predict any result other
than exclusive preference on concurrent VI
extinction schedules. We argue that the con-
tingency-discriminability model does a good
job of describing concurrent VI schedule re-
sults in their entirety. An alternative argu-
ment would be that the generalized matching
law does not provide an adequate description
of the effects of stimulus disparity in concur-
rent schedules, and that it needs to be ex-
tended to do so. Note that this latter argu-
ment accepts that the value of sensitivity to
reinforcement is not an appropriate measure
of stimulus control in concurrent schedules.
How such an extension might be achieved is
unclear but deserves research, because it is
clear that a general understanding of choice
requires an understanding of how choice is dis-
criminatively controlled.

REFERENCES
Alsop, B., & Davison, M. (1991). Effects of varying stim-

ulus disparity and the reinforcer ratio in concurrent-

schedule and signal-detection procedures. Journal of
the Experimental Analysis of Behavior, 56, 67–80.

Baum, W. M. (1974). On two types of deviation from the
matching law: Bias and undermatching. Journal of the
Experimental Analysis of Behavior, 22, 231–242.

Baum, W. M. (1979). Matching, undermatching, and
overmatching in studies of choice. Journal of the Exper-
imental Analysis of Behavior, 32, 269–281.

Belke, T. W., & Heyman, G. M. (1994). Increasing and
signaling background reinforcement: Effect on the
foreground response-reinforcer relation. Journal of the
Experimental Analysis of Behavior, 61, 65–81.

Davis, D. G. S., Staddon, J. E. R., Machado, A., & Palmer,
R. G. (1993). The process of recurrent choice. Psy-
chological Review, 100, 320–341.

Davison, M. C., & Hunter, I. W. (1976). Performance on
variable-interval schedules arranged singly and con-
currently. Journal of the Experimental Analysis of Behavior,
25, 335–345.

Davison, M., & Jenkins, P. E. (1985). Stimulus discrimin-
ability, contingency discriminability, and schedule per-
formance. Animal Learning & Behavior, 13, 77–84.

Davison, M., & Jones, B. M. (1995). A quantitative anal-
ysis of extreme choice. Journal of the Experimental Anal-
ysis of Behavior, 64, 147–162.

Davison, M., & McCarthy, D. (1988). The matching law: A
research review. Hillsdale, NJ: Erlbaum.

Ferguson, G. A. (1971). Statistical analysis in psychology
and education. New York: McGraw-Hill.

Herrnstein, R. J. (1961). Relative and absolute strength
of response as a function of frequency of reinforce-
ment. Journal of the Experimental Analysis of Behavior, 4,
267–272.

Hunter, I., & Davison, M. (1985). Determination of a
behavioral transfer function: White-noise analysis of
session-to-session response-ratio dynamics on concur-
rent VI VI schedules. Journal of the Experimental Analysis
of Behavior, 43, 43–59.

Killeen, P. R. (1978). Stability criteria. Journal of the Ex-
perimental Analysis of Behavior, 29, 17–25.

Mazur, J. E. (1992). Choice behavior in transition: De-
velopment of preference with ratio and interval
schedules. Journal of Experimental Psychology: Animal Be-
havior Processes, 18, 364–378.

Miller, J. T., Saunders, S. S., & Bourland, G. (1980). The
role of stimulus disparity in concurrently available re-
inforcement schedules. Animal Learning & Behavior, 8,
635–641.

Todorov, J. C., Castro, J. M., Hanna, E. S., Bittencourt de
Sa, M. C. N., & Barreto, M. de Q. (1983). Choice,
experience, and the generalized matching law. Journal
of the Experimental Analysis of Behavior, 40, 99–111.

White, K. G., Pipe, M. E., & McLean, A. P. (1984). Stim-
ulus and reinforcer relativity in multiple schedules:
Local and dimensional effects on sensitivity to rein-
forcement. Journal of the Experimental Analysis of Behav-
ior, 41, 69–81.

Received April 10, 1997
Final acceptance September 16, 1997



57CHOICE BETWEEN VI AND EXTINCTION

APPENDIX

The number of responses per minute emitted in the last five sessions of each condition on
both concurrent-schedule alternatives for all subjects.

Subject

Cond-
ition

21

Bright Dim

22

Bright Dim

23

Bright Dim

24

Bright Dim

25

Bright Dim

26

Bright Dim

1 4.51 93.50 2.03 73.88 29.36 166.71 12.58 70.26 3.23 166.01 21.93 101.90
2 82.01 1.32 26.24 1.40 88.41 12.85 24.23 4.21 60.55 3.21 64.54 14.34
3 13.38 107.54 4.11 79.67 32.54 201.76 7.41 73.77 5.19 200.01 15.81 120.62
4 84.98 3.01 7.60 0.15 41.18 7.35 29.20 1.35 83.46 1.44 93.57 6.62
5 1.76 90.76 2.08 42.29 15.77 101.19 1.66 44.60 2.83 92.78 6.64 97.27


