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RUN LENGTH, VISIT DURATION, AND REINFORCERS
PER VISIT IN CONCURRENT PERFORMANCE

JAMES S. MACDONALL

FORDHAM UNIVERSITY

The contingencies in each alternative of concurrent procedures consist of reinforcement for staying
and reinforcement for switching. For the stay contingency, behavior directed at one alternative earns
and obtains reinforcers. For the switch contingency, behavior directed at one alternative earns re-
inforcers but behavior directed at the other alternative obtains them. In Experiment 1, responses
on the main lever, in S1, incremented stay and switch schedules and obtained a stay reinforcer when
it became available. Responses on the switch lever changed S1 to S2 and obtained switch reinforcers
when available. In S2, neither responses on the main lever nor on the switch lever were reinforced,
but a switch response changed S2 to S1. Run lengths and visit durations were a function of the ratio
of the scheduled probabilities of reinforcement (staying/switching). From run lengths and visit du-
rations, traditional concurrent performance was synthesized, and that synthesized performance was
consistent with the generalized matching law. Experiment 2 replicated and extended this analysis to
concurrent variable-interval schedules. The synthesized results challenge any theory of matching that
requires a comparison among the alternatives.

Key words: generalized matching law, scheduled reinforcer probability, scheduled reinforcer rate,
run length, visit duration, lever press, rats

Studies of choice using concurrent oper-
ants frequently use two responses, each asso-
ciated with a variable-interval (VI) schedule
of reinforcement. The typical result is that
the allocation of behavior (responses or time
spent responding to one alternative) is pro-
portional to the allocation of reinforcers
(Herrnstein, 1961; Heyman, 1979). Baum
(1974) extended this relationship as the gen-
eralized matching law, which can be ex-
pressed as

log(B /B ) 5 a log(R /R ) 1 log b, (1)1 2 1 2

where B1 and B2 represent the numbers of
Responses 1 and 2 or the times spent at Al-
ternatives 1 and 2, R1 and R2 represent the
numbers of reinforcers for B1 and B2, a is a
constant interpreted as an index of the sen-
sitivity of behavior to different reinforcer al-
locations, and log b is a constant interpreted
as a measure of the bias towards one alter-
native (Baum, 1974). Equation 1 plots as a
straight line with slope a and intercept log b.
Matching also can be obtained with concur-
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rent variable-ratio (VR) schedules, in a pro-
cedure some call synthetic VI schedules
(Green, Rachlin, & Hanson, 1983), in which
responses in each alternative advance the ra-
tio counters in both alternatives (MacDonall,
1988).

Several different accounts of the general-
ized matching law have been proposed, and
support can be found for each of them. A
new approach using largely overlooked in-
dependent and dependent variables may be
useful for developing a comprehensive ac-
count. The following shows that the general-
ized matching law can be expressed using two
independent variables, stay and switch rein-
forcement, and two dependent variables, run
length and visit duration. These modifica-
tions suggest a means of synthesizing perfor-
mance and seeing whether the results are
consistent with the generalized matching law.
Because most investigations of choice use
concurrent VI schedules, the following anal-
ysis will use concurrent VI as examples, but
the conclusions also apply to concurrent VR
procedures as programmed by MacDonall
(1988).

Stay and Switch Schedules

Houston and McNamara (1981) developed
a model to predict distributions of time on
the alternatives that would maximize overall
reinforcement rate on concurrent VI VI pro-
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cedures. In so doing they pointed out that
the typical concurrent VI VI can be consid-
ered to consist of two pairs of schedules. Only
one pair is operating at a time; as the organ-
ism moves between alternatives, the pair of
schedules operating changes. One schedule
in each pair reinforces responses on the cur-
rent alternative and is the stay schedule. The
second schedule in each pair reinforces the
switch to the other alternative, thereby allow-
ing the subject to obtain reinforcers set up
for switching, and is the switch schedule. Ac-
cording to the distinction between earned
and obtained reinforcers (Rachlin, Green, &
Tormey, 1988), on the stay schedule reinforc-
ers are earned and obtained by responses on
the current alternative, whereas on the switch
schedule, reinforcers are earned by responses
on the current alternative but are obtained
following switching. The interval length of
the stay schedule of one pair of schedules is
equal to the interval length of the switch
schedule of the other pair. Thus, concurrent
procedures consist of symmetrical pairs of
schedules. Because only two timers are used
to schedule reinforcers, each timer is used al-
ternately to schedule stay and then switch re-
inforcers. That is, one timer functions as the
stay schedule as the other timer functions as
the switch schedule. Changing alternatives
exchanges the stay and switch functions of
each timer. For example, if Schedule 1 is VI
60 s and Schedule 2 is VI 120 s, then one pair
consists of a VI 60 s for staying on Response
1 and a VI 120 s for switching to Response 2.
As Response 1 occurs, the VI 60 s operates,
and when reinforcement is available the next
Response 1 is reinforced; the VI 120 s oper-
ates simultaneously with the VI 60 s, but when
reinforcement is available, it is held until Re-
sponse 2 occurs. Similarly, as Response 2 oc-
curs, the VI 120 s operates, and when rein-
forcement is available the next Response 2 is
reinforced; the VI 60 s operates simultaneous-
ly with the VI 120 s, and when reinforcement
is available it is held until Response 1 occurs.
If a changeover delay (COD) is used, then
the switch reinforcer is collected by the first
response after the COD elapses (Houston &
McNamara, 1981).

Run Length and Visit Duration

Houston and McNamara (1981) pointed
out (see also Skinner, 1950) that reinforce-

ment for staying and switching may establish
a pattern of responding. That is, organisms
may learn to switch after a certain number of
responses on the present alternative. Run
length, the number of responses before a
switch, would be a function of the scheduled
probabilities of reinforcement for staying and
switching. Alternatively, organisms may learn
to switch after a certain duration on an alter-
native. In this case, visit duration would be a
function of the scheduled probabilities of re-
inforcement for staying and for switching.

Shimp (1982), using pigeons, showed that
reinforcing switching to Key 2 only after a
specific run length on Key 1 controlled the
run length on Key 1. When two different run
lengths were reinforced, the relative frequen-
cy of run lengths was a function of the rela-
tive frequency of reinforcement for those run
lengths. Although these results reveal the in-
fluence of reinforcement for switching on
run length, the joint effects of reinforcement
for staying and switching were not examined.

Mechner (1958) showed that run length
was sensitive to variations in the scheduled
probability of reinforcement for staying and
switching. A fixed-ratio schedule was associ-
ated with one lever, the counting lever. After
responding on the counting lever had set up
the reinforcer according to the fixed-ratio
schedule, either a response on the counting
lever or a response on a second lever collect-
ed the reinforcer. Mechner varied the sched-
uled probability of reinforcement for re-
sponses on the counting lever or the second
lever and found that mean run length was
directly related to the relative scheduled
probability of reinforcement for a response
on the counting lever as opposed to the sec-
ond lever. This procedure can be viewed as
similar to one pair of schedules in a concur-
rent procedure: Reinforcers delivered for re-
sponses on the counting lever are stay rein-
forcers, and reinforcers delivered for
responses on the second lever are switch re-
inforcers. Viewed in these terms, Mechner
(1958) provided data supporting the view
that animals may learn to emit specific run
lengths, depending on the relative scheduled
probabilities of reinforcement for staying and
switching.

Baum (1982) and Boelens and Kop (1983)
extended the analysis of run length and visit
duration to concurrent schedules. They
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showed, on concurrent VI VI schedules, that
run length and visit duration in one alterna-
tive increased as the relative probability of re-
inforcement for responding in that alterna-
tive increased. The analysis by Houston and
McNamara (1981), that concurrent VI VI
procedures consist of two pairs of schedules
that each reinforce staying and switching, and
the results reported by Baum (1982) and
Boelens and Kop (1983) suggest that run
length and visit duration are important be-
havioral measures in concurrent choice pro-
cedures.

Generalized Matching Law

The generalized matching law can be ex-
pressed in terms of run length or visit dura-
tion. When fitting Equation 1 to response
and obtained reinforcer allocations, the total
numbers of responses on the alternatives are
the numerator and denominator of the left
side of Equation 1. The frequency of chang-
ing to one alternative, Cn, must be within one
of the frequency of changing to the other al-
ternative. As long as the frequency of chang-
ing to each alternative is large (say, greater
than 100), then dividing the numerator and
denominator of the left side of Equation 1 by
the frequency of changing to the other alter-
native is equivalent to dividing by a constant.
Considering this, Equation 1 can be rewritten
as

log[(B /C )/(B /C )]1 2 2 1

5 a log(R /R ) 1 log b. (2)1 2

Just as behavior can be viewed on a per-visit
basis, reinforcers can be as well. Dividing the
numerator and denominator of the right side
of Equation 2 by the frequency of changing
to the other alternative yields

log[(B /C )/(B /C )]1 2 2 1

5 a log[(R /C )/(R /C )] 1 log b. (3)1 2 2 1

Because the changeover response ends the
run, the number of responses and reinforcers
in Alternative 1 are divided by the number of
changes from Alternative 1 to Alternative 2,
which is C2. Similarly, the number of re-
sponses and reinforcers in Alternative 2 are
divided by the frequency of changes from Al-
ternative 2 to Alternative 1, which is C1.

The number of reinforcers per visit on

each alternative is the sum of the reinforcers
obtained from staying per visit on that alter-
native and from switching per visit to that al-
ternative. The reinforcers per visit for staying
on an alternative is the number of reinforcers
for staying (Rtn) divided by the number of
visits, which is the number of switches to the
other alternative, that is, Rt1/C2 and Rt2/C1.
The reinforcers per visit for switching to that
alternative is the number of reinforcers for
switching (Rwn) divided by the number of
switches to that alternative, that is, Rw1/C1

and Rw2/C2. The number of reinforcers per
visit, R1/C2 and R2/C1, equal Rt1/C2 1 Rw1/
C1 and Rt2/C1 1 Rw2/C2, respectively. Substi-
tuting the per-visit number of reinforcers into
Equation 3 yields

log[(B /C )/(B /C )]1 2 2 1

5 a log{[(Rt /C ) 1 (Rw /C )]1 2 1 1

4 [(Rt /C ) 1 (Rw /C )]} 1 log b.2 1 2 2

(4)

Equation 4 states that the log of the ratio of
run lengths is proportional to the log of the
ratio of the sum of the stay and switch rein-
forcers obtained on each visit plus a constant.
The above analysis can also be conducted us-
ing visit duration with an analogous outcome.
Equation 4 suggests that run length or visit
duration could be the behavioral basis of the
generalized matching law.

Synthesizing Concurrent Performance

If the analysis leading to Equation 4 is cor-
rect, then one should be able to synthesize
concurrent performance. Synthesizing a per-
formance is one way of demonstrating the ap-
propriateness of the analysis and the variables
used in the analysis. For example, Shimp
(1967) synthesized performance on VI sched-
ules by first exposing pigeons to an unpaced
VI 1-min schedule. Then, in different condi-
tions he reinforced pecks according to paced
VI 1-min schedules. A paced VI schedule re-
inforces a response only after the VI interval
elapses and when that response terminates an
interresponse time (IRT) within a certain
range. He also recorded the resulting distri-
bution of IRTs. He then combined the differ-
ent paced IRT distributions using a weighted
average. The weight for each paced IRT dis-
tribution was the relative frequency of rein-
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forcement for the IRT in the unpaced sched-
ule. The synthetic IRT distributions closely
resembled the actual IRT distributions of in-
dividual pigeons on the unpaced VI schedule.
This result suggests that the pattern of rein-
forced IRTs determined responding on the
VI schedules. Similarly, synthesizing concur-
rent performance from visit duration, run
length, and stay and switch reinforcers per
visit may demonstrate the appropriateness of
the analysis and these variables.

The decomposition of concurrent proce-
dures into two pairs of stay and switch sched-
ules suggests a means of synthesizing concur-
rent performance. Behavior directed at one
alternative operates only one pair of sched-
ules, and behavior directed at the other al-
ternative operates the other pair of sched-
ules. It should be possible to synthesize
concurrent performance by exposing organ-
isms to a pair of stay and switch schedules and
varying the parameters across conditions. Af-
ter data collection is complete, data from
conditions that consist of symmetrical pairs of
schedules are combined. For example, one
condition consisting of VR 40 for staying and
VR 80 for switching and another condition
consisting of VR 80 for staying and VR 40 for
switching form symmetric pairs. There
should be orderly changes in run length and
visit duration as a function of the schedule
parameters. In addition, Equation 4 should
fit the data.

The purposes of these experiments were
(a) to examine the effect on run length and
visit duration of varying the scheduled prob-
abilities of reinforcement for staying and
switching and (b) to synthesize concurrent
performance from the performance of rats
exposed to symmetrical pairs of schedules. In
Experiment 1, VR rather than VI schedules
were used because with VR schedules the mo-
mentary probability of reinforcement for
switching or staying is roughly constant be-
tween responses. In concurrent VI VI proce-
dures the momentary probability of rein-
forcement for staying and switching is always
changing.

EXPERIMENT 1
METHOD

Subjects
The subjects were 4 male albino Sprague-

Dawley rats obtained from Hilltop Animal

Labs Inc. and maintained at 80% of their
free-feeding weights. They were approximate-
ly 130 days old when the experiment began
and were housed individually in a tempera-
ture-controlled colony room on a 14:10 hr
light/dark cycle with free access to water.

Apparatus

Four operant conditioning chambers were
used. Each was 20 cm wide and 20 cm high,
one was 30 cm long, and three were 20 cm
long. Each was located in a sound- and light-
controlled enclosure. The food cup, 5 cm
square, was centered horizontally on one wall
(20 cm wide) and the lower edge was 1 cm
above the floor. The centers of two response
levers, 5 cm long and 1 cm high (Gerbrands,
G6312), were located 5.5 cm from either side
of the vertical center line of the food cup and
6.5 cm above the floor. A minimum force of
approximately 0.3 N operated each lever. A
24-VDC stimulus light was centered approxi-
mately 6 cm above each lever. A Gerbrands
feeder, located behind the food cup, dis-
pensed 45-mg Noyes Formula A/1 rodent
pellets. A houselight, mounted on the ceiling
of the enclosure, operated during sessions.
White noise provided by a Grason-Stadler
white noise generator (Model 901B) was pre-
sented through a speaker centered on the
ceiling of the chamber. Located in an adja-
cent room was an IBM-compatible computer
with hardware (MED Associates) and software
(MED-PCt), which controlled contingencies
and recorded responses.

Procedure

During S1 (noise on for Rats 223 and 225;
noise off for Rats 224 and 226), responses on
the main lever incremented the stay and
switch VR counters. When the stay counter
set up a reinforcer, it was delivered immedi-
ately. When the switch counter set up a re-
inforcer, it was delivered for the first press on
the switch lever. Additional presses on the
main lever before the switch reinforcer was
obtained continued to increment the stay
counter and deliver a stay reinforcer if one
set up. The next value for the switch ratio was
not incremented until the switch reinforcer
was collected. Presses on the switch lever
changed S1 to S2 (noise on or off; opposite
to S1) and collected the reinforcer if one was
set up. During S2, presses on the main lever
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Table 1

Parameters of the stay and switch VR schedules and the number of sessions in each condition,
the five-session sums of main-lever responses in S1 and S2, reinforcers obtained from each
schedule, time in S1 and S2, and switches to S2 and S1.

Rat Order

Reinforcement
schedule

Stay Switch Sessions

Main-lever
responses in

S1 S2

Reinforcers

Stay
in S1

Switch
to S2

Time (min) in

S1 S2

Switches to

S2 S1

223 1
2
3
4
5

40
40
40
40
80

40
80

160
40
40

30
18
16
37
17

10,595
13,693
16,395
11,358
14,889

706
1,542

656
220
413

265
333
411
275
182

235
167
89

225
318

192.7
234.6
206.7
125.8
154.2

61.3
77.0
60.8
40.9
56.8

1,413
1,590

669
767

1,238

1,416
1,592

669
767

1,240
6
7
8
9

10

160
40
20

160
40

40
40

160
20
40

12
11
11
10
11

17,658
11,128
8,795

11,678
11,306

215
412
111
132
235

113
272
448
69

280

387
228
52

431
220

175.3
108.3
104.0
118.4
131.3

67.5
38.6
11.6
72.4
41.1

1,769
852
224

1,078
614

1,773
853
219

1,078
617

224 1
2
3

40
40
40

40
20
80

15
12
22

10,459
7,510

14,053

359
137
242

255
176
344

245
324
156

281.4
198.3
161.5

67.0
43.9
20.4

1,749
1,131

594

1,750
1,134

596
4
5
6
7
8

40
40
80

160
40

160
40
40
40
40

14
39
11
12
13

16,576
11,629
15,589
18,000
11,237

139
31
65
88
52

413
289
193
120
278

87
211
307
380
222

180.1
124.4
168.1
228.4
129.5

18.3
18.3
31.1
47.3
22.1

556
503
852

1,497
635

556
506
850

1,495
638

9
10
11

20
160
40

160
20
40

11
12
12

9,259
11,354
10,971

23
6

19

460
72

275

40
428
225

114.7
177.7
169.5

7.1
43.6
33.6

241
991
680

242
995
683

225 1
2
3
4
5

40
40
40
40
40

40
20
80

160
40

18
12
15
21
26

10,567
7,133

13,252
16,163
10,646

141
61

140
85
24

257
168
337
409
261

243
332
163
91

239

232.1
163.0
236.9
238.1
170.6

44.8
36.0
43.1
20.7
26.5

2,627
2,092
1,836
1,317
1,431

2,630
2,093
1,839
1,317
1,432

6
7
8

80
80
20

40
20
80

13
11
20

9,504
9,042
8,200

33
39
4

110
106
411

209
394
89

230.8
186.7
159.1

104.9
56.2
12.0

1,602
2,104

484

1,605
2,109

486

226 1
2
3

40
40
40

40
80

160

37
26
18

10,118
13,775
16,269

680
251
254

257
341
408

243
159
92

133.7
136.3
146.8

44.0
42.6
18.4

2,647
2,126
1,185

2,651
2,127
1,185

4
5
6
7

40
80

160
40

40
40
40
40

20
13
12
11

10,566
13,566
13,252
10,309

133
64

171
164

257
155
75

264

243
313
313
236

91.2
232.2
505.5
114.0

29.7
79.0

151.0
32.0

1,969
3,689
5,899
1,818

1,971
3,686
5,896
1,821

had no effect, no counters incremented, and
no reinforcers were delivered; a press on the
switch lever changed S2 to S1 and was never
reinforced.

In effect, for Rats 223 and 225 responses
were occasionally reinforced for staying in
noise on and for switching to noise off. How-
ever, in noise off, responses were never im-
mediately reinforced for staying in noise off
or for switching to noise on. For Rats 224 and
226, the stimulus conditions were reversed:
Responses were occasionally reinforced for

staying in noise off and for switching to noise
on.

Table 1 lists, for each rat, the sequence of
conditions, and the number of sessions that
each condition was in effect. There was no
COD. The 20 ratios in each VR schedule were
exponentially distributed and obtained by the
method of Fleshler and Hoffman (1962), in
which responses were treated as seconds. Ra-
tios were rounded to the nearest whole num-
ber. Values from the set were randomly se-
lected without replacement. Each day
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Fig. 1. Experiment 1 viewed as a two-lever concurrent procedure; the log ratio of responses and of time as a
function of the log ratio of reinforcers (main lever/switch lever).

random selection began at a different posi-
tion on the list. A condition remained in ef-
fect for at least 10 sessions and until visual
inspection showed there were no apparent
upward or downward trends in the propor-
tional distribution of reinforcers, responses,
and time for five consecutive sessions. The
houselight was on only during sessions. Ses-
sions were typically conducted 6 days a week
and ended after 100 reinforcers.

Initial training. Rats were trained to ap-
proach the food cup at the sound of the food
dispenser operating. Then pressing the main
lever was shaped by the method of successive
approximations. After approximately 40 re-
inforced presses on the main lever, VR sched-
ules for staying and switching began, starting
with VR 2. Ratio parameters increased by one
or two when response rates reached about 15
to 25 responses per minute until VR 8 was
reached. Then ratio parameters increased by
about 25% when response rates were above
40 responses per minute. After about 15 to
20 sessions, the ratio values reached those
used in the first condition. Pressing the
switch lever was not shaped. This response
emerged as the VR schedule for staying in-
creased, producing less frequent reinforce-
ment for responses on the main lever.

RESULTS

All results are based on the sum of the last
5 days’ performance during each condition.

Table 1 presents the sums for frequency of
main-lever responses in S1 and S2, reinforc-
ers obtained from each schedule, time spent
in S1 and S2, and switches to S2 and S1.

Because responses on the main lever and
the switch lever were reinforced, the proce-
dure can be analyzed as a two-lever concur-
rent schedule. Figure 1 shows that log re-
sponse and time allocations are roughly
linearly related to the log reinforcer alloca-
tion. The fits of Equation 1 to these data are
presented in Table 2. The fits for individual
rats were poor to excellent (r2 ranging from
.30 to .93), with moderate to small standard
errors of estimate; the fits for the pooled data
were poor (r2 5 .35 and .48), although stan-
dard errors of estimate were small. For all rats
and the pooled data, there is considerable
undermatching (a less than 1.0) and a large
bias towards the main lever. This bias proba-
bly reflects the contingency that only presses
on the main lever incremented the ratio
schedules.

A response run began with the first re-
sponse on the main lever after a switch and
ended with a response on the switch lever.
Mean run length was the number of re-
sponses on the main lever in an alternative
divided by the number switches out of that
alternative. A visit began when a rat switched
into an alternative and ended with a press on
the switch lever. Mean visit duration was the
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Table 2

From Experiment 1, the slope (a), intercept (log b), standard errors of estimate, and r 2 from
the least squares fits of Equation 1 (two-lever concurrent analysis) and Equation 4 (synthesized
concurrent analysis).

Rat

Responses

a SE log b SE r2

Time

a SE log b SE r2 df

Two-lever analysis
223
224
225
226
Pooled

0.303
0.349
0.463
0.576
0.397

0.102
0.113
0.109
0.070
0.093

0.841
0.886
0.493
0.400
0.691

0.050
0.056
0.047
0.027
0.043

.526

.514

.750

.931

.350

0.306
0.321
0.509
0.201
0.338

0.065
0.050
0.108
0.135
0.061

0.477
0.773
0.711
0.577
0.640

0.032
0.025
0.046
0.051
0.028

.736

.823

.787

.306

.476

8
9
6
5

34

Synthesized concurrent analysis
223
224
225
226
Pooled

0.984
1.003
1.304
1.443
1.033

0.139
0.241
0.103
0.138
0.137

0.305
0.340
0.267
0.168
0.241

0.078
0.146
0.042
0.057
0.071

.962

.896

.994

.991

.826

0.805
0.601
1.065
0.180
0.688

0.099
0.137
0.437
0.415
0.120

0.075
0.111
0.200
0.037
0.111

0.056
0.083
0.180
0.172
0.062

.971

.906

.856

.159

.733

2
2
1
1

12

time in S1 divided by the number of switches
to S2. Figure 2 shows, on log-log coordinates,
the mean run length and the mean visit du-
ration in S1 as a function of the ratio of the
scheduled probabilities of reinforcement
(the scheduled probability of reinforcement
for staying divided by the scheduled proba-
bility of reinforcement for switching). The
scheduled probability of reinforcement for
staying or switching was the inverse of the
mean scheduled VR parameter (1/VR). Run
length and visit duration increased as the ra-
tio of the scheduled probabilities of rein-
forcement increased. Because responding in
S2 was never reinforced and those run
lengths never exceeded one, they are not
shown.

Figure 2 also shows the rates of pressing
the switch lever as a function of the ratio of
scheduled probabilities of reinforcement.
Rate of switching was the total number of
presses of the switch lever divided by total ses-
sion time. For 3 rats, rate of switching de-
creased as a function of the ratio of sched-
uled reinforcement probabilities. When the
ratio of the scheduled probabilities of rein-
forcement was low, the rate of switching was
high.

Equation 4 expresses the generalized
matching law as the ratio of run lengths, or
visit durations, as a function of the ratio of
the sums of the per-visit frequencies of rein-
forcement for staying on one alternative and
switching to that alternative. Performance on

concurrent schedules was synthesized by fit-
ting Equation 4 to the run lengths, visit du-
rations, and frequencies of reinforcement for
staying and switching obtained from symmet-
rical pairs of schedules. For example, con-
sider Conditions 2 and 5 for Rat 223. The
schedules in Condition 2 consisted of VR 40
for staying and VR 80 for switching. The
schedules in Condition 5 consisted of VR 80
for staying and VR 40 for switching. Combin-
ing these symmetric pairs into one procedure
produces the equivalent of concurrent VR 40
VR 80, with responses at either alternative ad-
vancing counters for both alternatives (cf.
Green et al., 1983; MacDonall, 1988).

The synthetic performance was calculated
according to Equation 4, from the run
lengths or visit durations shown in Figure 2
and the reinforcers per run calculated anal-
ogously from Table 1. Again assuming the pa-
rameters for Rat 223 in Conditions 2 and 5,
the synthetic performance was a run in Alter-
native A (VR 80 stay and VR 40 switch) ter-
minated by a response on the switch lever,
and then a run in Alternative B (VR 40 stay
and VR 80 switch) terminated by a response
on the switch lever and returning to Alter-
native A. Because Conditions 2 and 5 pro-
duced different numbers of switches, run
lengths and visit durations (rather than total
responses and time) were used in calculating
response and time ratios. The response ratio
was the run length in Alternative A divided
by the run length in Alternative B. Consulting
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Fig. 2. From Experiment 1, on log-log coordinates, run length, visit duration, and rate of pressing the switch lever
as a function of ratio of the scheduled probabilities of reinforcement for staying and switching (1/VR stay)/(1/VR
switch).

Table 1, we see that run length in Alternative
A was 13,693 main-lever responses in Alter-
native A divided by 1,590 switches to Alter-
native B; run length in Alternative B was
14,889 main-lever responses in Alternative B
divided by 1,238 switches to Alternative A.
The time ratio was the ratio of the visit du-
rations and was calculated analogously to re-
sponse ratio.

Reinforcement ratios were also calculated
from the mean reinforcers per run (rather
than total reinforcers). Reinforcers for stay-
ing per run was the total number of reinforc-
ers for staying divided by the number of
switches out of that alternative; total reinforc-
ers for switching per run was the total num-
ber of reinforcers for switching to that alter-
native divided by the total number of switches
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Fig. 3. From Experiment 1, the log of the synthesized response and time ratios as a function of the log of the
synthesized reinforcer ratio. Concurrent performance was synthesized by combining run lengths, visit durations, and
reinforcers per visit from symmetric schedule pairs that, if run at the same time, would have been equivalent to one-
lever concurrent procedures. For example, data from the condition consisting of VR x for staying and VR y for
switching was combined with data from the condition VR y for staying and VR x for switching.

to that alternative. For example, the mean re-
inforcers per run in Alternative A was the 182
stay reinforcers from Alternative A divided by
1,238 switches to Alternative B, plus the 167
reinforcers for switching to Alternative A di-
vided by 1,592 switches to A. Similarly, the
mean reinforcers per run in Alternative B was
the 333 stay reinforcers from Alternative B
divided by 1,590 switches to Alternative A,
plus the 318 reinforcers for switching to Al-
ternative B divided by 1,240 switches to B.
The reinforcement ratio was the ratio of
these two sums.

The denominator of the ratios always con-
sisted of the data from the first of the two
conditions that comprised the symmetric
pair. Because there were more switches on
the first exposure to VR 40 for staying and
VR 40 for switching than on repetitions of
that condition, only the last two replications
were used to calculate synthetic performance.
These rules, when applied to the data for Rat
223, produced Conditions 5, 6, 9, and 10 as
the numerators and Conditions 2, 3, 7, and 8
as the respective denominators.

Figure 3 shows that log synthesized re-
sponse allocations are roughly linearly related
to log synthesized reinforcer allocations. Ta-
ble 2 presents the fits of Equation 4 to indi-

vidual and pooled data. The individual fits
were very good (r2 . .90), and the pooled fit
was good (r2 5 .83). Slopes ranged from 0.98
to 1.44, with large to moderate standard er-
rors of estimate of slope. A bias for all rats
was apparent despite the large standard error
of estimate for bias.

Figure 3 also shows that log synthesized
time allocations were roughly linearly related
to log synthesized reinforcer allocations for 3
rats; there appears to be no systematic rela-
tion for Rat 226. Table 2 presents fits of Equa-
tion 4 to individual and pooled data. For 3
rats the fits were good (r2 . .85), and the
pooled fit was fair (r2 5 .73). Slopes ranged
from 0.60 to 1.06, with large to moderate
standard errors of slope. There was no relia-
ble bias because of the large standard errors
of bias.

Table 3 presents, for each condition, the
obtained mean number of responses per re-
inforcer for each rat as a percentage of the
mean minimum number of responses per re-
inforcer. The minimum number of responses
per reinforcer was the sum of the inverse of
the scheduled probabilities of reinforcement
(see Herrnstein, 1961). In 22 conditions the
obtained responses per reinforcer were with-
in 9.9% of the minimum, and in 12 condi-
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Table 3

Molar maximizing predicts that rats will make the fewest
responses per reinforcer on concurrent VR VR proce-
dures. For each condition, the minimum number of re-
sponses per reinforcer and the obtained number of re-
sponses per reinforcer as a percentage of the minimum
for each rat are given.

VR schedule

Stay Switch

Main-lever responses per reinforcer

Mini-
mum

Obtained as a percentage
of minimum

223 224 225 226

20
20
40
40
40

80
160
20
40
40

16
17.8
13.3
20
20

98.9

106.0
113.6

104.2
112.7
104.6
116.3

102.5

107.0
105.7
106.5

101.2
105.7

40
40
40
40
80

40
40
80

160
20

20
20
23.7
32
16

111.3
113.1
102.7
102.5

112.4
109.7
105.4
103.6

99.4
101.0
113.0

103.1

103.3
101.7

80
160
160

40
20
40

26.7
17.8
32

111.7
131.4
110.4

116.9
127.7
112.5

111.7 108.7

106.7

Table 4

The run length predicted by momentary maximizing for
the various schedule combinations used in Experiment 1
and the obtained mean run length for each rat.

Stay
sched-

ule

Switch
sched-

ule

Run length

Pre-
dicted

Obtained

223 224 225 226

160
80

160
80
40

20
20
40
40
20

1
1
1
1
1

10.8

10.0
12.0

11.5

12.0
18.3

4.3

5.9
3.4

2.2
3.7

40
40
40
20
20

40
80

160
80

160

2
3
5
5
9

13.4
8.6

24.5

39.3

15.7
23.7
29.8

38.4

5.7
7.2

16.9

5.0
6.5

13.7

tions the obtained responses per reinforcer
were between 10% and 17% of the minimum.
In only 2 of the 36 conditions were the ob-
tained responses per reinforcer more than
25% of the minimum. The two exceptions
were from the same condition, VR 160 for
staying and VR 20 for switching.

Momentary maximizing predicts specific
run lengths for each condition. Responses on
the main lever increased the momentary
probability of switch reinforcement, and
switch-lever responses did not change the mo-
mentary probability of switch reinforcement.
The momentary probability of reinforcement
for each press of the main lever is estimated
by the reciprocal of the VR for staying. When
the stay VR was greater than the switch VR,
the momentary probability of reinforcement
for switching was always greater than that for
staying. In this case, momentary maximizing
predicts simple alternation, that is, one main-
lever response and then a switch response.
One main-lever response was required be-
cause only main-lever responses incremented
the switch schedules. When the stay VR was
equal to or less than the switch VR, the mo-
mentary probability of reinforcement for
switching starts out as less than the momen-
tary probability of reinforcement for staying

and increases as the main lever is pressed.
The momentary probability of reinforcement
for switching is approximately 1 2 [1 2 (1/
VR)]N, where N represents the number of
main-lever responses since the last switch-lev-
er response, that is, the run length. This ex-
pression says that the momentary probability
of reinforcement for switching starts as the
inverse of the switch schedule value. It in-
creases as the run length increases, until a
response on the switch lever, at which point
the probability returns to the inverse of the
switch schedule value. Table 4 shows the run
lengths predicted by momentary maximizing
and the obtained run lengths. As the pre-
dicted run lengths increased, the obtained
run lengths increased. However, the obtained
run lengths were much longer than predict-
ed.

DISCUSSION

The results support the view that run
length and visit duration are important for
understanding performance on concurrent
schedules. Run length, visit duration, and
switching rate were a function of the sched-
uled probability of reinforcement for staying
and switching (Figure 2). These changes in
run length, visit duration, and switching rate
correspond to those found by Baum (1982)
and Boelens and Kop (1983) in concurrent
VI VI procedures. The present results were
adequately described as either a two-lever
concurrent procedure (Figure 1) or a synthe-
sized concurrent procedure (Figure 3). In
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the synthetic analysis the slopes for respond-
ing were greater than typically found, and
some slopes for time were less than typical
(Baum, 1979; MacDonall, 1988; Wearden &
Burgess, 1982).

Matching was obtained with concurrent
procedures using VR instead of VI schedules,
provided that responses on each alternative
incremented a switch counter and reinforced
switches to the other alternative (MacDonall,
1988). The synthetic procedure was equiva-
lent to MacDonall’s concurrent VR VR pro-
cedure, except that in the synthetic proce-
dure switching was reinforced immediately
after a switch response, whereas in Mac-
Donall’s procedure only responses on the
main lever were reinforced. Although it was
not the usual one-lever concurrent proce-
dure, it seemed reasonable to consider the
synthesis to produce a one-lever concurrent
procedure (Findley, 1958) as programmed by
MacDonall (1988).

EXPERIMENT 2
The purpose of Experiment 2 was to ex-

tend the results of Experiment 1 to concur-
rent VI VI schedules. Rats were exposed to
only one pair of stay and switch schedules in
a condition. Presses on one lever, the main
lever, were occasionally reinforced according
to the stay schedule. Presses on the switch lev-
er were occasionally reinforced according to
the switch schedule and did not change the
stimuli. Across conditions, rats were exposed
to all symmetric pairs of schedules.

METHOD

Subjects and Apparatus
The subjects were 4 male albino Sprague-

Dawley rats obtained from Hilltop Animal
Labs Inc. and maintained at 80% of their
free-feeding weights. They were approximate-
ly 100 days old and experimentally naive
when the present experiment began. They
were housed individually in a temperature-
controlled colony room on a 14:10 hr light/
dark cycle with free access to water.

The apparatus was the same as used in Ex-
periment 1.

Procedure
Throughout the sessions of each condition,

the rats were exposed to one pair of VI sched-

ules. If both VI schedules operated through-
out the session (except when reinforcers set
up) and switching was reinforced immediate-
ly following the response on the switch lever,
then the procedure would resemble a two-lev-
er concurrent procedure. Instead, however,
the switch timer stopped operating after a re-
sponse on the switch lever and resumed op-
erating only after the main lever was pressed.
The stay schedule operated throughout the
session except when a stay reinforcer set up.
In this case, the stay timer stopped until a
response on the main lever, which delivered
the reinforcer. The switch timer stopped
when a switch reinforcer set up. When a
switch reinforcer set up, the next response on
the switch lever delivered the reinforcer.
Switch lever responses had no effect on the
stimuli present, nor did they change the pair
of schedules in effect.

To help simulate the alternatives of a one-
lever concurrent procedure, both stimulus
lights above the levers were on for the entire
session during Conditions 1 through 3 for
Rats 344 and 345 and Conditions 4 through
6 for Rats 346 and 347. The white noise was
on for the entire session during Conditions 4
through 6 for Rats 344 and 345 and Condi-
tions 1 through 3 for Rats 346 and 347. No
COD was used. The 20 schedule values, ex-
ponentially distributed and obtained by the
method of Fleshler and Hoffman (1962),
were randomly selected from the set without
replacement. Other details of the procedure
were as in Experiment 1.

Initial training. After the rats were trained
to approach the food cup at the sound of the
food dispenser operating, responding on the
main lever was shaped by the method of suc-
cessive approximations. Responding on the
switch lever was not shaped. It first occurred
in the course of the first experimental con-
dition, and stabilized before the condition
was changed. Table 5 lists, for all rats, the se-
quence of conditions and the number of ses-
sions in each condition.

RESULTS

All results are based on the sum of the last
5 days’ performance in each condition. Table
5 presents these sums for number of re-
sponses on the main lever, number of switch-
es (a press of the switch lever following a
press of the main lever), number of presses
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Table 5

In Experiment 2, for each rat, number of sessions in each condition, the VI schedules (in
seconds) in each condition, number of main-lever responses, switches, additional presses on
the switch lever, number of stay and switch reinforcers, and time on main lever and switch
lever. Data are sums over the last five sessions of a condition. A switch occurred when the
switch lever was pressed following a press on the main lever. Additional presses on the switch
lever occurred when presses on the switch lever followed presses on the switch lever.

Rat Order Sessions

Schedules

Stay
VI

Switch
VI

Responses

Main
lever Switches

Additional
switch
lever

Reinforcers

Stay Switch

Time (min)

Main
lever

Switch
lever

344 1
2
3
4
5
6

46
21
24
10
10
10

64
43
36
64

128
320

64
128
320
64
43
36

10,628
8,818
8,157
8,840
6,826
9,266

2,311
1,225

802
1,723
2,457
3,997

70
16
29

513
1,219
3,425

309
396
459
303
209
103

191
104
41

197
291
334

220.97
236.96
239.92
236.79
241.92
228.39

71.78
38.28
19.41
71.46

204.22
326.60

345 1
2

46
26

64
36

64
320

13,833
7,663

4,023
3,013

151
25

349
468

151
32

188.90
157.46

114.06
37.49

3
4
5
6

14
11
11
10

43
64

320
128

128
64
36
43

10,750
13,255
16,145
16,024

3,872
5,143
8,689
6,422

112
217
390
121

426
331
124
224

74
169
376
276

180.14
186.67
232.02
206.13

59.19
121.22
331.92
250.75

346 1
2
3
4
5
6

45
25
17
10
12
13

64
43
36
64

128
320

64
128
320
64
43
36

9,218
9,132
9,293

10,478
11,873
12,981

3,192
2,462
1,480
3,471
4,668
6,764

13
9
1
1
7

103

332
412
464
312
214
120

168
88
36

188
286
357

196.55
201.24
201.74
207.55
213.45
221.31

79.92
45.21
25.37
72.33

143.40
230.28

347 1
2
3
4
5
6

46
23
18
13
10
11

64
128
320
64
43
36

64
43
36
64

128
320

5,778
8,666

11,656
6,153
5,987
5,667

2,159
3,440
6,252
2,217
1,407
1,011

3
257
87
28
8

34

344
228
168
347
422
463

156
207
332
153
78
37

182.16
161.85
209.88
185.15
193.41
218.23

131.06
260.29
599.94
157.88
80.43
42.71

of the switch lever immediately following a
switch, reinforcers obtained from each sched-
ule, and time spent pressing the main lever
and switch lever.

As with Experiment 1, this experiment can
be analyzed as a two-lever concurrent proce-
dure. Figure 4 presents log response ratio
and the log time ratio (main lever/switch lev-
er) as a function of the log reinforcer ratio
(main lever/switch lever). For all rats the re-
lations appear to be reasonably linear. Table
6 presents the fits of Equation 1 to these data.
For time allocation, all fits were excellent; r2

exceeded .97 and standard errors of estimate
of slope and bias were small for each rat. Un-
dermatching was found for each rat’s time al-
location; slopes ranged from 0.51 to 0.84,
with a large bias for 3 of the rats. For these 3
rats, log response ratios were also well fitted
by Equation 1; r2 exceeded .93 and standard

errors of estimate of slope and bias were
small. There was large undermatching for
these rats, and a very large bias. However, for
Rat 345, the fit of Equation 1 to response al-
location was very poor; r25 .36, the slope ap-
proached zero, and the bias was large.

Figure 5 presents, on log-log coordinates,
run length and visit duration as a function of
the ratio of the scheduled rates of reinforce-
ment—the scheduled rate of reinforcement
for staying divided by scheduled rate of re-
inforcement for switching. The scheduled
rate of reinforcement was the inverse of the
programmed schedule value (1/VI). Mean
run length was calculated by dividing the to-
tal presses on the main lever by the number
of switches. Mean visit duration was the total
session duration divided by the number of
switches. For 3 rats, run length increased as
the ratio of the scheduled rates of reinforce-
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Fig. 4. Experiment 2 viewed as a two-lever concurrent procedure; the log ratio of responses and log ratio of time
as a function of the log ratio of reinforcers (main lever/switch lever).

Table 6

From Experiment 2, the slope (a), intercept (log b), standard errors of estimate, and r 2 from
least squares fits to Equation 1 (two-lever analysis) using total responses, time, and reinforcers
on the two levers; and to Equation 4 (synthetic concurrent analysis) using run lengths, visit
durations, and reinforcement per visit for staying and switching.

Rat

Responses

a SE log b SE r2

Time

a SE log b SE r2

Two-lever analysis
344
345
346
347
Pooled

0.716
0.091
0.308
0.349
0.311

0.096
0.060
0.034
0.027
0.057

0.344
0.355
0.408
0.335
0.392

0.052
0.038
0.020
0.016
0.033

.933

.361

.951

.977

.577

0.829
0.514
0.580
0.837
0.634

0.059
0.042
0.033
0.036
0.086

0.279
0.040
0.261

20.211
0.110

0.032
0.026
0.019
0.021
0.051

.980

.974

.987

.993

.710

Synthesized concurrent analysis
344
345
346
347
Pooled

0.718
0.019
0.601
0.510
0.477

0.178
0.116
0.073
0.036
0.079

20.018
20.094
20.067
20.006
20.008

0.105
0.068
0.044
0.021
0.046

.942

.025

.985

.995

.787

0.545
20.114

0.374
0.301
0.290

0.008
0.158
0.080
0.040
0.063

0.138
20.067
20.009
20.038

0.035

0.005
0.092
0.048
0.024
0.037

1.000
.342
.956
.983
.677

ment increased. For the same 3 rats, visit du-
ration increased as the ratio of the scheduled
rates of reinforcement increased. There were
no systematic changes in the run length or
visit duration for Rat 345.

Figure 5 also presents the rate of pressing
the switch lever as a function of the ratio of
the scheduled rates of reinforcement. The
switch rate was the number of presses on the
switch lever (switches plus additional presses
on the switch lever) divided by total session

duration. The rate of pressing the switch lev-
er rather than the rate of switching is pre-
sented because the rate of switching is the
inverse of visit duration. Visit duration as a
function of the ratio of the scheduled rates
of reinforcement has already been presented.
With the exception of Rat 345, the switch rate
increased as the ratio of the scheduled rates
of reinforcement increased.

Concurrent performance was synthesized
from the visit durations, run lengths, and
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Fig. 5. From Experiment 2, on log-log coordinates, run length, visit duration, and rate of pressing the switch lever
as a function of the ratio of the scheduled rates of reinforcement for staying and switching (1/VI stay)/(1/VI switch).

number of reinforcers per visit for staying
and switching in a manner analogous to that
in Experiment 1. The conditions that were
combined were the symmetric pairs. For ex-
ample, one symmetric pair was, for Rat 344,
Condition 2, VI 43 s for staying and VI 128 s
for switching, and Condition 5, VI 128 s for
staying and VI 43 s for switching. All ratios
were calculated by dividing data from the
light condition by data from the noise con-

dition. Because the light was on during Con-
dition 2 and noise was on during Condition
5, the per-visit data from Condition 2 were
divided by the per-visit data from Condition
5. Figure 6 shows that, for 3 rats, log synthe-
sized response and time allocation both in-
creased as a roughly linear function of log
synthesized reinforcer allocation.

Table 6 presents the fits of Equation 4 to
the synthesized concurrent performance. For
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Fig. 6. From Experiment 2, the log of the synthesized response ratio as a function of the log of the synthesized
reinforcer ratio, and the log of the synthesized time ratio as a function of the log of the synthesized reinforcer ratio.
For Rats 344, 345, and 347 the scheduled rate of reinforcement for the stay schedules in noise was less than or equal
to the scheduled rate of reinforcement for stay schedule in light. Consequently, the data points for these rats are to
the left of zero. The opposite was the case for Rat 346; the data points for Rat 346 are to the right of zero.

Table 7

Molar maximizing predicts that behavior is distributed so
that the maximum number of reinforcers is obtained.
The obtained number of reinforcers (stay plus switch) as
a percentage of the maximum possible to obtain are pre-
sented below. The maximum possible number of rein-
forcers was the total session duration divided by the stay
VI schedule plus the total session duration divided by the
switch VI schedule.

VI schedule

Stay Switch

Obtained reinforcers as
percentage of maximum

344 345 346 347

320
128
64
43
36

36
43
64

128
320

41.8a

59.5
88.2
96.3

102.2

46.9
57.9
87.5

110.3
135.5

55.9a

74.2
95.1

107.4
116.5

32.8
54.7a

81.1
96.9

101.7
a 500 reinforcers were obtained except in these condi-

tions (see Table 5 for the actual number of reinforcers
obtained).

3 rats, the synthesized time distributions were
well fitted by Equation 4, with r2 greater than
.95 and small standard errors of estimate of
slope and bias. The slopes were very low, and
Rat 344’s time allocation was biased towards
the light. The slope of the fit for Rat 345 was
near zero, as was expected from the invariant
visit durations shown in Figure 5. The fits of
response allocation for the same 3 rats were

good (r 2 . .94), with small standard errors
of estimate of slope and bias. Although these
slopes are higher than each rat’s slopes for
time allocation, undermatching still oc-
curred. There was no reliable bias. The fit for
Rat 345 was poor, the slope was close to zero,
and there was no reliable bias. Again, the
near-zero slope reflects the consistent run
lengths shown in Figure 5.

Table 7 presents the obtained mean num-
ber of reinforcers as a percentage of the
mean maximum possible number of reinforc-
ers. The maximum number of reinforcers was
the sum of the session duration divided by
the stay VI schedule, plus the session duration
divided by the switch VI schedule. When the
scheduled rate of reinforcement for staying
was lowest and the scheduled rate of rein-
forcement for switching was highest, rats ob-
tained fewer reinforcers than predicted; they
obtained as little as 33% of the possible re-
inforcers. As the scheduled rates of reinforce-
ment for staying increased and for switching
decreased, the percentage of the mean max-
imum number of reinforcers actually ob-
tained increased, until slightly more than the
mean maximum number of reinforcers were
obtained. Rat 345 obtained the greatest per-
centage of the maximum, at 135.5%. Presum-
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ably, Rats 345 and 346 obtained more than
the maximum possible due to random varia-
tions in sampling from the 20 stay and 20
switch intervals. In the condition that pro-
duced the largest deviation from the maxi-
mum possible number of reinforcers (VI 36
s for staying and VI 320 s for switching), 450
reinforcers were predicted to occur from the
stay schedule and only 50 reinforcers from
the switch schedule. Rats 345 and 346 ob-
tained more stay reinforcers than expected
and fewer switch reinforcers, supporting the
view that variations in sampling resulted in
more short VI intervals being selected for the
stay schedule or more long intervals being se-
lected for the switch schedule. This resulted
in obtaining more than the theoretical max-
imum number of reinforcers.

DISCUSSION

The results from Experiment 2 replicate
and extend the results from Experiment 1 to
concurrent VI VI schedules. These data were
adequately described as a two-lever concur-
rent procedure; the fits for 3 rats’ behavior
allocations by Equation 1 were good (Figure
4 and Table 6). Run lengths and visit dura-
tions were a function of the ratio of the
scheduled reinforcement rates (Figure 5).
These results are consistent with the view that
run length and visit duration are the relevant
measures for understanding performance on
concurrent VI VI procedures, which are com-
monly used in research related to the gen-
eralized matching law. For both responses
and time, Equation 4 fitted the synthesized
concurrent performance of 3 of the 4 rats
(Figure 6 and Table 6).

GENERAL DISCUSSION

The results of these experiments showed
that run length and visit duration increased
as the ratio of the scheduled probabilities
(Experiment 1) and rates (Experiment 2) of
reinforcement increased. In addition, in both
experiments, behavior allocation was well de-
scribed by the generalized matching law
when the procedure was analyzed as either a
two-lever concurrent procedure or a synthe-
sized concurrent procedure.

The results of the synthesized concurrent
analysis support the view that run lengths and
visit durations are the relevant behavioral

measures in studies of concurrent choice.
Changing the scheduled probability (Experi-
ment 1) and rate (Experiment 2) of rein-
forcement for staying and switching changed
the consequences for and thus the likelihood
of staying on one alternative or switching to
the other alternative (Figures 2 and 5). The
changes in run length are consistent with the
expectation that as relative likelihood of re-
inforcement for staying increases, run lengths
increase, and as relative likelihood of rein-
forcement for switching increases, run
lengths decrease.

Equation 4 fitted the synthesized concur-
rent performances well. MacDonall (1988),
using VR schedules, reported slopes ranging
from 0.45 to 0.91 for response and time al-
location. In the synthesis, there was some
overmatching as slopes in Experiment 1
ranged from 0.98 to 1.40 for response allo-
cation and from 0.18 to 1.06 for time alloca-
tion. In Experiment 2, ignoring Rat 345, the
slopes ranged from 0.51 to 0.72 for response
allocation and from 0.30 to 0.54 for time al-
location. Compared with slopes from proce-
dures that do not immediately reinforce a
switch response, the slopes from Experiment
2 are low (Baum, 1979; Wearden & Burgess,
1982). These low slopes may reflect the ab-
sence of a COD. Most researchers use a COD,
and although slopes approximating 1.0 are
reported without a COD (Baum, 1982; Hey-
man, 1979), often the use of a COD increases
slope towards 1.0.

There was one major difference between
the contingencies used in the present exper-
iment and those used in concurrent sched-
ules. In concurrent schedules, the reinforce-
ment for switching into an alternative may
include both the switch reinforcer and the
delayed effects of stay reinforcers delivered
during that visit. Unless the impact of these
more delayed reinforcers on behavior allo-
cation proves to be significant, the present
results support the view that run lengths and
visit durations are the relevant behavioral
measures affected by the scheduled probabil-
ities or rates of reinforcement for staying and
switching.

These results are relevant to theories of
matching. The synthesized performance was
consistent with the generalized matching law
despite rats’ exposure to the two alternatives
occurring on different days. If one assumes
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that matching in the synthesized treatment
occurs for the same reasons as matching un-
der typical concurrent schedules, then these
results could be viewed as challenging any
theory of matching that requires compari-
sons between the two alternatives. Examples
of such theories include: matching as a fun-
damental principle of behavior (Herrnstein,
1970), melioration (Vaughan, 1981), and sca-
lar expectancy theory (SET; Gibbon, Church,
Fairhurst, & Kacelnik, 1988).

One view of the generalized matching law
is that it is a fundamental behavioral process
used to understand other phenomena and
not to be understood by other more funda-
mental processes (Herrnstein, 1970; Herrn-
stein & Heyman, 1979). Matching in the syn-
thetic analyses was obtained from alternatives
(conditions) that did not alternate, and were
sometimes separated by other alternatives
(conditions). Such matching is not easily in-
terpreted as reflecting a fundamental behav-
ioral process, because it was not possible to
compare behavior and reinforcer allocations
across alternatives that were presented on dif-
ferent days.

Melioration (Vaughan, 1981) proposes that
organisms move to the alternative with the
higher local rate of reinforcement. This pro-
duces equal local rates of reinforcement in
the two alternatives of a concurrent proce-
dure, which is another way of expressing the
generalized matching law. The problem with
melioration resembles that with the view that
matching is fundamental. The synthesized
matching reported here cannot be a straight-
forward result of melioration, because there
is no possibility of comparing reinforcement
rates and switching to the alternative with the
higher rate of reinforcement.

Gibbon et al. (1988) used SET to analyze
concurrent choice. They proposed that rats
sample from memory the times to reinforce-
ment and press the lever associated with the
smallest time. SET, as presently conceived,
does not apply to the synthetic results of Ex-
periments 1 or 2. Because the alternatives
were presented on different days, it is not
possible for the rat to sample from two time
or response distributions and to respond to
the shortest expected time or fewest number
of responses to reinforcement. A modifica-
tion of SET may avoid the impossibility of
rats’ comparing expected times or responses

to reinforcement from different conditions in
the present experiments. If SET has rats sam-
ple the times or responses to reinforcement
from the stay and switch schedules, then SET
might account for the synthesized results. But
then in typical concurrent procedures, rats
need to have four separate timers, one for
each of the four schedules.

Molar maximizing, which does not propose
that organisms make comparisons among the
alternatives and does propose that animals
distribute responses to obtain the maximum
reinforcement rate (Green et al., 1983; Hous-
ton & McNamara, 1981; Rachlin, 1978), pre-
dicts some of the results of the present ex-
periments. In Experiment 1, molar maximizing
proposes that rats respond to obtain the min-
imum number of responses per reinforcer in
S1. If molar maximizing occurs in each alter-
native, then molar maximizing could account
for the synthesized performance. With two
exceptions, rats responded within 17% of the
predictions by molar maximizing (Table 3).
These results are consistent with molar max-
imizing, indicating that molar maximizing
could account for the synthesized results. In
Experiment 2, molar maximizing accounts
for the results of conditions in which the
scheduled rate of reinforcement for staying is
equal to or greater than the scheduled rate
of reinforcement for switching. However, in
eight conditions, all conditions in which the
scheduled rate of reinforcement for staying
was less than that for switching, rats obtained
less than 75% of the maximum number of
reinforcers. This result does not follow from
a simple application of molar maximizing.

Momentary maximizing, which does not
propose that organisms make comparisons
among the alternatives and does propose that
animals emit, at the moment, the response
most likely to be reinforced (Shimp, 1966),
accounts in a straightforward fashion for few
of the present results. Because Experiment 1
used VR schedules based on Fleshler and
Hoffman (1962), it was possible to estimate
the run length predicted by momentary max-
imizing. The obtained run lengths were 2 two
15 times longer than those predicted by mo-
mentary maximizing (Table 4). That is, the
rats did not press the switch lever when the
momentary probability of reinforcement for
switching was slightly greater than the mo-
mentary probability of reinforcement for stay-
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ing. Rather, a switch occurred when the mo-
mentary probability of reinforcement for
switching was much greater than the momen-
tary probability of reinforcement for staying.
The difference between the observed and
predicted run lengths increased as the pre-
dicted run lengths decreased. MacDonall
(1988) found similar results.

Three contingencies in the current proce-
dure may have produced these longer-than-
predicted runs. First, after a press on the
main lever, the two response alternatives were
not equivalent. Following a press on the main
lever, another press on the main lever was eas-
ier than moving from the main lever to the
switch lever and then pressing. Second, a
switch-lever response did not increment re-
inforcement probability for any stay or switch
schedule. Third, pressing the switch lever
changed the alternative and schedules in ef-
fect to extinction, which meant that a return
to the alternative in which responses were re-
inforced, and in which main-lever responses
incremented reinforcement probability, re-
quired a second switch-lever response. Each
of these factors might be expected to increase
the run length. Although calculating the ex-
act run lengths for each condition requires a
more complicated model, the function in Fig-
ure 2 is consistent with momentary maximiz-
ing. That is, as the scheduled probability of
reinforcement for switching decreased com-
pared to the scheduled probability of rein-
forcement for staying, the run lengths in-
creased. Because Experiment 2 used VI
schedules, in which the passage of time drives
the momentary probability of reinforcement,
all the sequential IRTs must be known to cal-
culate the precise visit durations predicted by
momentary maximizing. IRTs were not re-
corded in the present experiments.

The present analysis is consistent with the
results of probe tests of the transitivity of pref-
erence (Belke, 1992; Gibbon, 1995; Williams
& Bell, 1996). Pigeons were exposed to two
concurrent procedures in a multiple sched-
ule (Belke, 1992). One component consisted
of VI 20 s and VI 40 s on Keys 1 and 2, re-
spectively. The second component consisted
of VI 40 s and VI 80 s on Keys 3 and 4, re-
spectively. After behavior allocation stabilized,
Belke presented concurrent probes consist-
ing of stimuli associated with the VI 40-s
schedules on Keys 2 and 3, respectively. He

obtained what appeared to be a preference
for the stimulus presented on Key 3 that was
presented during training with the VI 80-s
schedule on Key 4.

Williams and Bell (1996) replicated this
finding and recorded response rates, ob-
tained reinforcement rates, and run lengths
in each alternative. They found that run
length was the best predictor of the pigeons’
preference during the probe trials. The run
length during training trials was the run
length during the probe trials. This suggests
key color and position set the occasion for a
specific run length, and run length varied ac-
cordingly as pigeons moved between differ-
ent colored keys. Williams and Bell were un-
able to identify the variables that produced
the different run lengths. The present re-
search supports Williams and Bell’s interpre-
tation that run length was the critical factor
in Belke’s (1992) result, and suggests that the
ratio of the scheduled rates of reinforcement
for staying and switching was the variable that
produced different run lengths during train-
ing.

Gibbon (1995) also replicated Belke’s
(1992) study and included an additional com-
parison during probe trials. He presented the
stimulus associated with the VI 20 s on Key 1
and presented on Key 3 the stimulus associ-
ated with VI 40 s, which was presented during
training with the VI 80 s on Key 4. He found
a 2:1 preference for the stimulus associated
with the VI 40-s schedule over the stimulus
associated with the VI 20-s schedule. Gibbon’s
data support the view that it is the behavior
during each alternative in training that is crit-
ical for determining choice during probes.
The distribution of visit durations in each
stimulus obtained during training was virtu-
ally identical to the distribution obtained
from the same stimulus during probes. This
finding supports the idea that stimulus con-
trol of run length and visit duration is rele-
vant.

Finally, it is worth noting that the present
analysis of concurrent performance is related
to analyses based on changeover rate or
changeover probability (e.g., Dreyfus, Dor-
man, Fetterman, & Stubbs, 1982; Heyman,
1979; Mark & Gallistel, 1994). In the present
experiments, changeover rate was the inverse
of the visit duration to one alternative. Con-
sistent with the emphasis on changeover
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probability, the results presented in Figures 2
and 5 show that visit durations from each al-
ternative are a function of the ratio of the
probabilities or rates of reinforcement.
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