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THE EFFECTS OF TERMINAL-LINK FIXED-INTERVAL
AND VARIABLE-INTERVAL SCHEDULES ON
RESPONDING UNDER CONCURRENT
CHAINED SCHEDULES!

Davip MAcCEwWEN

MARY WASHINGTON COLLEGE OF THE UNIVERSITY OF VIRGINIA

Previous work using variable-interval schedules in the terminal links of concurrent chained
schedules suggested that relative choice proportion in the initial links equalled relative
rate of reinforcement in the terminal links. With fixed-interval terminal-link schedules,
however, matching was not obtained. The present study held pairs of fixed-interval
terminal-link schedules in a constant ratio but varied absolute sizes. Relative choice for
the smaller terminal-link fixed-interval schedule was a negatively accelerated, increasing
function of absolute size of the fixed-interval pairs. Matching was found only with the
fixed-interval pair of 5 and 10 sec. When pairs of variable-interval schedules were ar-
ranged so that the harmonic mean of the intervals equalled the fixed-interval parameter
values, relative choice functions were like those for fixed-interval schedules.

Preference for various schedules of rein-
forcement can be measured with two concur-
rent chain schedules (Autor, 1960). In the
initial links of the chain schedules, the animal
has the option of choosing either chain. A rela-
tive choice proportion for the terminal sched-
ules is defined as the number of responses
emitted on one key in the initial links divided
by the total number of responses on both keys
in the initial links.

Previous work using variable-interval (VI)
schedules in the terminal links of the concur-
rent-chains procedure (Autor, 1960; Herrn-
stein, 1964a; and Killeen, 1968) suggested that
the relative choice proportion was propor-
tional to the relative rate of reinforcement in
the terminal links. Initially, the relative rate
of reinforcement was calculated by taking the
reciprocal of the arithmetic mean of intervals
of one terminal-link schedule divided by the
sum of the reciprocals of the arithmetic means
for both terminal-link schedules. Killeen
(1968) later determined that a more appropri-
ate transformation was the harmonic mean of
the intervals. It appeared that pigeons’ choice
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behavior could be described as “matching” the
relative harmonic rates of reinforcement in the
terminal links.

The harmonic rate of reinforcement is the
average of the reciprocals of intervals from
initial presentation of the terminal link until
reinforcement. If these intervals, termed rein-
forcement immediacies (Chung and Herrn-
stein, 1967; Killeen, 1968), are a crucial factor
affecting choice, and if matching is a general
phenomenon, one should find matching of rel-
ative choice proportions to relative immediacy
if fixed-interval schedules are used in the ter-
minal links. When FI schedules were used in
the terminal links (Herrnstein, 1964b; Killeen,
1970), however, the relative choice proportion
in the initial links did not indicate matching.
Rather than matching relative response rate
to relative reinforcement rate, animals re-
sponded excessively on the side with the
briefer fixed-interval schedule in the terminal
link.

The present experiment provided additional
data on terminal-link FI and VI schedules in
an attempt to develop a formulation consistent
with available data.

METHOD

Subjects

Four experimentally naive, male White
Carneaux pigeons (M1, M3, M5, and M6) were
maintained at approximately 809, of their
free-feeding body weights.
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Apparatus

The experimental chamber was an 11.5 by
11.5 by 13.5 in. (29 by 29 by 34 cm) Masonite
box. Two Gerbrands pigeon keys, separated by
a distance of 4.5 in. (11 cm) from the center of
one key to the other, were mounted 9 in. (22
cm) above the floor. The left key was transil-
luminated by either a white or a blue light
and the right key by either a white or a red
light, according to the particular schedule com-
ponent. A response of at least 15 g (0.15N) on
the lighted key resulted in auditory feedback
provided by the closure of a relay mounted
behind the key. The reinforcer consisted of ac-
cess to mixed grain for 4 sec, with the keylights
out and a 7.5-w white bulb illuminating the
grain. Standard scheduling and recording
equipment was located in an adjacent room.

Procedure

All pigeons were first magazine trained, and
then key pecking was shaped in the presence of
the blue and red lights. The concurrent-chains
procedure was then initiated with white lights
and a VI 30-sec schedule in the initial links,
and equal FI 15-sec schedules associated with
blue and red lights in the terminal links.

The concurrent-chains procedure is sche-
matized in Figure 1. For Conditions I and II,
presentation of the terminal links was ar-
ranged by a single VI 30-sec schedule. The
particular terminal link to be presented under
the VI schedule was determined by a Geller-
man series. The Gellerman series assured an
equal number of presentations of each termi-
nal link with no more than three consecutive
presentations on a given side (Gellerman,
1983). If presentation of the left terminal link
was arranged, the pigeon had to respond on
the left key to produce the terminal link, and
responses on the right key were of no conse-
quence. Conditions were reversed when a right
terminal link was arranged. A response on the
appropriate key ia the initial link produced
the terminal link for that key, illumination
for the other key was removed, and the initial-
link VI 30-sec schedule stopped.

For the first condition, key pecks in the
terminal link produced mixed grain according
to FI schedules. For the second condition, key
pecks in the terminal link produced mixed
grain according to VI schedules. The VI sched-
ules were arranged so that the harmonic mean
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Fig. 1. Pictorial representation of the experimental
procedure. Figures 1A and 1B indicate the sequence
of events following responses on the left or right keys,
respectively. The x and y represent the various
terminal-link schedules used in the study.

of each schedule corresponded in duration to
an FI schedule of the first condition. Following
food in one of the terminal links, the condi-
tions of the initial links were reinstated (Fig-
ure 1).

In Condition III, the terminal links were
presented under two independent VI 60-sec
schedules for the left and right keys to make
conditions more comparable with conditions
used in most previous work with concurrent
chain schedules. If presentation of the left
terminal link was arranged by the left initial-
link VI schedule, the right initiallink VI
schedule continued to operate. The left initial-
link VI schedule continued to operate when
presentation of the right terminal link was ar-
ranged by the right initial-link VI schedule.
Both initial-link VI schedules stopped once a
terminal link had been initiated. If the left
initial-link schedule arranged presentation of
the terminal link, but the pigeon first pecked
and initiated a right-key terminal link, the left-
key terminal link was still available after rein-
forcement on the right key. Similarly, if the
right key arranged presentation of the termi-
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nal link, it was still available after reinforce-
ment on the left key. Key pecks in the terminal
links produced mixed grain according to VI
schedules.

Each experimental session continued for
50 reinforcements. Data were collected from
each bird daily, seven days a week. Each pair
of terminal-link schedules remained in effect
until responding in the initial links satisfied a
visual criterion of stability for at least seven
days. The visual criterion was reached for each
terminal schedule pair in about 30 days. The
order of experimental conditions and values
for the left and right terminal-link schedules
is given for each pigeon in Table 1. The dura-
tion of the terminal links was measured from
presentation of a terminal link until the oc-
currence of reinforcement. All VI schedules
used were equal probability schedules derived
from Catania and Reynolds (1968). Terminal-
link schedule durations are presented as har-
monic means and initial-link schedule dura-
tions are presented as arithmetic means.

The independent variable in this study was
the duration of the terminal-link schedules.
Terminal schedule pairs for all three condi-
tions were selected so that their absolute sizes
varied but the ratios of their harmonic means
were constant. This procedure was followed
even in Condition II where, for two of the
birds, some of the terminal-link schedule pairs
consisted of one VI and one FI schedule. The
particular FI parameters were chosen to cover
a wider range than used by Chung and Herrn-
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stein (1967), Herrnstein (1964b), and Killeen
(1968).

RESULTS

The data for each pigeon are presented as
medians for the last five days on each pair of
terminal-link schedules (Table 2). The main
dependent variable was the proportion of ini-
tial-link responses occurring on the left key,
the key with briefer interreinforcement inter-
vals. Choice proportions were obtained from:

R,
Rr + Rl

where R, is the total number of initial-link
responses emitted on the right key, and R,
is the total number of initial-link responses
emitted on the left key. Choice proportions for
each pigeon on all procedures are shown in
Column (ii) of Table 2. Columns (iii) and (iv)
of Table 2 give the absolute rates of respond-
ing (responses per minute) for each key in both
the initial and terminal links. Column (v)
shows the average time in seconds of initial-
link presentation before the onset of a termi-
nal link. This time was obtained by dividing
the total time in the initial links by the total
number of reinforcements (50). Column (vi)
presents the relative proportion of time spent
on the left key in the initial links. Elapsed time
in seconds was recorded on a counter as soon
as the pigeon pecked a given key. When the
pigeon switched over and pecked the other

Table 1

Order of Experimental Conditions for Each Pigeon

Conditions and
Schedule(s) in

Schedules in
Terminal Links
(Left Key—Right Key)

Initial Links MI M3 M5 Mé
Condition 1 FI-10 FI-20 FI-40 FI-80 FI-5 FI-10 FI-20 FI-40
Single VI 30-sec FI-40 FI-80 FI-10 FI-20 FI-20 FI-40 FI-5 FI-10

FI-20 FI-40 F1-5 FI-10 FI-10 FI-20 FI-40 FI-80
FI-5 FI-10 FI-20 FI-40 FI-40 FI-80 FI-10 FI-20
Condition II VI-20 VI-40 VI-20 VI-40 VI-20 VI-40 VI-20 VI-40
Single VI 30-sec VI-10 VI-20 VvI-10 VI-20 VI-10 VI-20 VI-10 VI-20
VI-5 VI-1I0 VI-5 VI-10 VI-5 VI-10 VI-5  VI-10
F1-20 VI-40 FI-20 VI40
Condition III
Two VI 60-sec VI-20 VI-40 VI-20 V140

Terminal-link schedule durations are harmonic means in seconds; initial-link schedule durations are arithmetic

means in seconds.
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key, a second counter began recording elapsed
time in seconds and the first counter stopped.
When the procedure returned to the initial
links after reinforcement, initial time was re-
corded on the key last pecked before terminal-
link presentation. In this way, total separate
time spent on each key was recorded. Total
time spent on the left key was divided by the
total separate time spent on both left and right
keys to obtain relative time.

Column (vii) presents changeover response
rate (responses per minute), i.e., the total num-
ber of times the pigeon switched from one key
to the other in the initial links divided by the
total time spent in the initial links. Column
(viii) presents the average time in seconds spent
responding on a key in the initial links before
switching to the other key. The data in Col-
umn (viii) were obtained by dividing the total
time spent on a given side in the initial links
by one-half of the total number of changeover
responses.

Data from Columns (iv) and (ii) indicate
that absolute rates of responding in the termi-
nal links were not systematically related to
choice proportions in the initial links. The
effect shown in Column (iv) has been a rather
general finding with the concurrent-chains
procedure (Autor, 1960; Herrnstein, 1964a).

A comparison can be made between Col-
umns (ii) and (vi). Column (ii) presents relative
number of responses in the initial links, while
Column (vi) presents relative time in the ini-
tial links. The relative proportions in each col-
umn increased as the parameter values of the
terminal-link schedules increased, although
their absolute values were often quite different
from each other. The difference between the
absolute values of these two measures was per-
haps due to the birds not responding at a con-
stant rate. If the birds had responded at a
perfectly constant rate on each key for each
condition, time and number of responses
would be redundant. It should also be pointed
out that separate time spent on each key in-
cludes time spent during the changeover re-
sponses. Catania (1961) showed that this
changeover time may vary with experimental
conditions. This limitation in the separate
time measure would also hold with respect to
Column (viii), where one-half the number of
changeover responses was divided by the sep-
arate time spent on the keys.

Column (iii) shows that generally, the abso-
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lute response rate in the initial links is higher
the briefer the duration of the terminal link
schedule pairs. There is some correlation be-
tween Columns (iii) and (v), i.e., the higher the
response rate the less time spent in the initial
links. The correlation would be expected, since
a higher response rate would minimize the
time between a scheduled terminal-link pre-
sentation and actual presentation. Column
(vii) shows that the briefer the length of the
terminal-link schedule pairs, the higher the
rate of changeover responses. This is reflected
in Column (viii), where the mean duration of
responding on a given side before changing to
the other side was briefer the briefer the dura-
tion of the terminal-link schedule pairs.

Column (ii) of Table 2 shows that the choice
proportions for the briefer interreinforcement
interval (left key) increased as the duration of
the terminal-link schedule pairs increased for
both VI and FI schedules. Figure 2 presents
the relation more clearly. Solid line functions
in Figure 2 show the choice proportions for the
left key as a function of the fixed-interval ter-
minal schedules. None of these functions is
consistent with the simple matching rule de-
rived from earlier work with VI terminal-link
schedules. Instead of being constant at 0.66, the
functions could be characterized as negatively
accelerating as the absolute duration of the FI
pairs increased. In two of the four birds, Ml
and M5, the choice proportion function
crossed the matching line when the FI param-
eters were 5 and 10 sec. That is, when FI pair
5 and 10 sec was used in the terminal links, the
choice proportion in the initial links was con-
sistent with the simple matching rule. How-
ever, as soon as the absolute durations of the
terminal-link FI pairs increased, matching was
not obtained.

Dashed line functions in Figure 2 show the
choice proportion functions with terminal-link
VI schedules. The VI schedules were arranged
so that the harmonic means of the intervals
corresponded to the durations of terminal-link
FI schedule pairs. It can be seen that the choice
proportions for the briefer reinforcement inter-
val increased as the absolute duration of the
terminal-link schedule pairs increased. The
function generated with the terminal-link VI
schedules was like the function for the FI
schedules.

The triangles in Figure 2 for M3 and Mb
show choice proportions when the terminal
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Fig. 2. Relative choice proportions in the initial links
as a function of interreinforcement intervals in the
terminal links. Solid line functions indicate relative
choice for the shorter terminal-link schedule (left key)
when the interreinforcement intervals were pairs of
fixed-interval schedules of reinforcement. Dashed line
functions indicate relative choice when the interrein-
forcement intervals in the terminal links were variable-
interval schedules, arranged so that the harmonic mean
of the intervals equalled the parameters of the fixed-
interval schedules. Values on the abscissa are the dura-
tions in seconds of the terminal-link schedule pairs.
Triangles for M3 and M5 are choice proportions when
the terminal links were FI 20-sec, and a VI schedule
arranged so that the harmonic mean of the intervals
equalled 40 sec.
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links consisted of an FI 20-sec schedule and a
VI schedule arranged so that the harmonic
mean of the intervals equalled 40 sec. The
choice proportions in the initial links were
nearly identical to the proportions when either
FI pairs alone or VI pairs alone were used in
the terminal links.

Table 2 also compares results of the two
procedures for arranging terminal-link pre-
sentation. Conditions I and II, during which
all data presented so far were collected, used
a single VI 30-sec schedule in the initial links.
Condition IIT used two independent VI 60-sec
schedules for each key in the initial links.
These data are presented in Table 2, indicated
by an asterisk. The data, which are medians
from the last five days, indicate that results
were somewhat different for the two proced-
ures. Column (ii) shows that choice propor-
tions were higher when two independent sched-
ules arranged terminal-link presentation than
when a single schedule was used. Column (viii)
shows mean time in seconds spent responding
on each initial-link key before switching over
to the other key. The distribution of time spent
shifted such that when two independent VI
schedules arranged terminal-link presentation,
pigeons spent more time on the briefer inter-
reinforcement side and less time on the longer
interreinforcement side.

Additional data, not given in Table 2,
showed that there was not an equal number of
reinforcements with left and right terminal
links during Condition III. Bird M3 showed
36 reinforcements under the left terminal-link
schedule and 14 under the right. Bird M5
showed 43 reinforcements under the left termi-
nallink schedule and seven under the right.
With the single schedule procedures, presenta-
tion of the terminal links was arranged such
that there were an equal number of reinforce-
ments, i.e., 25 under the left terminal link and
25 under the right.

DISCUSSION

Results of the present study indicate that
matching is a function of the absolute duration
of the FI terminallink schedules. For two of
the four birds, matching was found when the
terminal links consisted of FI 5- and 10-sec
schedules. The relative choice proportion was
a negatively accelerating function of the abso-
lute durations of the terminal-link FI schedule
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pairs. Moreover, when terminal-link VI sched-
ules were arranged so that the harmonic mean
of their intervals equalled the parameter val-
ues of the FI schedules, the relative choice
proportion functions were like those for FI
schedules. The close correspondence between
the choice proportion functions suggested that,
perhaps FI and VI terminallink schedules
could be substituted for each other, as long as
the VI schedule was arranged so that the har-
monic mean of the intervals equalled the dura-
tion of the FI schedule it replaced.

For equal-probability VI schedules, the har-
monic mean of the intervals is considerably
less than the arithmetic mean of the intervals.
In previous studies, the arithmetic mean of
the intervals for VI schedules has generally
ranged between 30 and 120 sec. The durations
in this range are convenient because they pro-
duce intervals such that for 50 or 60 reinforce-
ments, sessions are not too long. For a schedule
with an arithmetic mean of intervals falling
within the above range, the harmonic mean of
the intervals is much briefer and falls within
the range at which matching was found in the
present study with terminal-link FI schedules.
The generality of the matching rule does not
extend beyond a limited range, even for VI
schedules, and the ranges used by Herrnstein
(1964b) and Killeen (1968) were simply not
large enough to show this inadequacy. It is
most likely that what has been called “match-
ing” is simply a point on a continuum, and as
such cannot be thought of as a rule of behavior
at all.

The limitations of the matching rule found
in the present work do not seem to be a result
of using one VI schedule during both initial
links. When two concurrent and independent
VI schedules were used to arrange the terminal
links, the data generated were also inconsistent
with the matching rule. Moreover, relative
choice was greater with respect to the left key
or briefer-interreinforcement side using two
independent VI schedules in the initial links
than with only one VI schedule. This result
was probably due to two factors. A major dif-
ference between the two procedures is that
when the single VI schedule arranged a given
left or right terminal-link presentation, re-
sponses on the opposite key had no effect in
initiating the terminal link. The result of this
was that in order to receive food, the bird had
to make changeover responses. With the two
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independent initial-link VI schedules, change-
over responses were actually not necessary for
reinforcement. The animal could remain on a
given side and continue to initiate the terminal
link and receive food on that side. In this case,
actual presentations of the left and right ter-
minal links were not necessarily equal and
there would be, therefore, a greater number of
reinforcements on one side than the other.
These two features may have combined to in-
crease the choice proportions.

The present study indicated that the trans-
formation function most appropriate for a cor-
respondence between terminal-link VI and FI
schedules seemed to be the harmonic mean of
the intervals. When harmonic means are
equated for the two schedules, they may be
interchanged in the terminal links, and initial-
link performance is unaffected. The behavioral
significance of the harmonic mean of the rein-
forcement interval has been described else-
where (Killeen, 1968).

A study by Fantino (1969) showed that
choice proportions do not follow a simple
matching rule when the length of the initial-
link VI schedule is varied over a large range.
Fantino was able to make suitable predictions
of choice proportions with a model that took
into account the total time to reinforcement
from the onset of the initial links. Table 3
shows that Fantino’s formulation correctly de-
scribes the direction of choice proportions in
the present study, but, in general, the Fantino
formulation predicts choice proportions to be
lower than they actually are.

The fact that the relative choice proportion
functions for the FI and VI terminal-link
schedules were so similar at every point
strongly suggests an analysis of relative re-
sponse rate in terms that can be extended to
both types of schedules. Just what these terms
may be is at this point unclear. Other investi-
gators (Killeen, 1968; Davison, 1969) have
described preference using a power function
of the terminal-link interreinforcement inter-
vals in a VI schedule. Killeen (1968) found
that relative rate could be determined from the
relative ratio of the power functions for each
terminal VI schedule. The present study has
shown, however, that this relation holds only
for rather short terminal-link schedules.

Davison (1969) found that for N equal to
2, relative rate could be accounted for with
r equal to —3 in Killeen’s (1968) equation. In
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Table 3

Choice proportions predicted from the formulation by
Fantino (1969) compared with data from the present
experiment.

Choice Proportion ~ Predicted

minus

Pigeon  Schedule Predicted Obtained  Obtained
M1 FI 5-10 0.54 0.66 —0.12
M3 FI 510 0.54 0.74 —0.20
M5 FI 5-10 0.54 0.64 -0.10
M6 FI 5-10 0.54 0.76 —0.22
mean FI 5-10 0.54 0.70 —0.16
M1 FI 10-20 0.58 0.81 —0.23
M3 FI 10-20 0.58 0.81 —0.23
M5 FI 10-20 0.58 0.71 —0.13
M6 FI 10-20 0.58 0.92 —0.34
mean FI 10-20 0.58 0.81 —0.23
M1 FI 20-40 0.66 0.93 —0.27
M3 FI 20-40 0.66 0.86 —0.20
M5 FI 20-40 0.66 0.82 —0.16
Mé FI 20-40 0.66 0.97 —0.31
mean FI 20-40 0.66 0.89 —0.23
M1 FI 40-80 0.83 0.95 —0.12
M3 FI 40-80 0.83 0.91 —-0.08
M5 FI 40-80 0.83 0.87 —0.05
M6 FI 40-80 0.83 0.96 —0.13
mean FI 40-80 0.83 0.92 —0.09
Ml Vvl 5-10 0.60 0.68 —0.08
M3 vl 5-10 0.60 0.75 —0.15
M5 vl 5-10 0.60 0.65 —0.05
M6 VI 5-10 0.60 0.76 —0.16
mean VI 5-10 0.60 0.71 —0.11
M1 VI 10-20 0.74 0.81 —0.07
M3 VI 10-20 0.74 0.83 —0.09
M5 VI 10-20 0.74 0.73 +0.01
Mé VI 10-20 0.74 0.92 —0.18
mean VI 10-20 0.74 0.82 —0.08
M1 VI 20-40 0.97 0.93 +0.04
M3 VI 20-40 0.97 0.85 +0.12
M5 VI 20-40 097 0.81 +0.16
M6 VI 20-40 0.97 0.94 +0.03
mean VI 20-40 0.97 0.88 +0.09
M3 VI 20-40* 0.97 0.93 +0.04
M5 VI 20-40* 0.97 0.96 +0.01
mean VI 20-40* 097 0.94 +0.03

*Initial-link schedules were two, independent VI
1-min schedules.

the present study, Killeen’s equation cannot
account for the variation in relative choice as
a function of the absolute duration of the
terminal-link schedules. Regardless of the
value assigned to r, the formulation yields
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constant relative choice when the durations
of the terminal link schedules remain at a two-
to-one ratio.

In Conditions I and II of the present study,
relative rate of reinforcement was held con-
stant for the two keys. The explicit indepen-
dent variable was the absolute duration of the
terminal-link schedules and relative choice
seemed to vary as a function of this variable.
It is possible that the critical variable was the
difference in duration of the interreinforce-
ment intervals between the two terminal-link
schedules. The larger this difference, the easier
it should be to discriminate between the ter-
minal-link schedules and the smaller the dif-
ference, the more difficult would be a dis-
crimination. Utilizing the present procedure,
relative choice might be considered to be the
result of a discrimination between the inter-
reinforcement intervals for the two terminal-
link schedules. When the interreinforcement
intervals for the two terminal-link schedules
are held at an overall two-to-one ratio, it
should be easier to discriminate between a
schedule with a harmonic mean of 20 sec and
one of 40 sec than between a schedule with a
harmonic mean of 5 sec and one of 10 sec.
Thus, the relative choice proportion for the
shorter terminal-link schedule should increase
as the absolute lengths of the terminal-link
schedule pairs increase.

On the other hand, it should be easier to
discriminate between a schedule with a har-
monic mean of 5 sec and one of 10 sec than be-
tween a schedule with a harmonic mean of 35
sec and one of 40 sec. In the latter case, not
tested in the present study, one might predict
that the relative choice proportion for the
briefer terminal-link schedule would be greater
for the 5-sec and 10-sec terminal-link schedule
pair than for the 35-sec and 40-sec pair.

In considering general formulations to pre-
dict choice behavior in the concurrent-chains
procedure, studies (Herrnstein, 1964a; Killeen,
1968; Fantino, 1969; Duncan and Fantino,
1970; and the present study) have enumerated
several apparently important variables. These
are: relative harmonic rate of primary rein-
forcement; the duration of the initial-link VI
schedule; reductions in the expected time to
reinforcement for each key; and the absolute
duration of the terminal schedule pairs. The
last variable is important because it possibly
affects the discriminability between the two
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terminal-link schedules. It would appear that
any successful attempt to predict choice behav-
ior would have to consider all of these variables
in the resulting formulation.
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