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RESISTANCE TO CHANGE PRODUCED BY ACCESS TO
FIXED-DELAY VERSUS VARIABLE-DELAY TERMINAL LINKS

ROBERT C. MELLON AND RICHARD L. SHULL

UNIVERSITY OF NORTH CAROLINA-GREENSBORO

Pigeons’ responding was reinforced on a multiple schedule consisting of two two-link chain schedules
presented in regular alternation. Responding in initial links (always variable-interval 60-s) produced
a key-color change and access to a terminal link. The terminal link for one chain provided food after
a fixed delay (fixed-interval or fixed-time); the terminal link for the other provided food after a
variable delay (variable-interval or variable-time). The average duration of the terminal-link sched-
ules was varied across conditions, but in every condition the arithmetic mean of the variable-delay
terminal-link schedule was equal to the duration of the fixed delay. Response rates were higher in
the initial links of the chains with the variable-delay terminal links. Response-decreasing operations
(satiation, extinction) were used after performances reached asymptote. Response rates maintained
by access to variable-delay terminal links tended to be more resistant to change than were rates
maintained by access to fixed-delay terminal links. These results are consistent with the preference
for variable- over fixed-interval terminal links observed with concurrent-chains schedules, suggesting
(1) that immediacy of reinforcement influences the conditioned reinforcing potency of access to a
terminal link and (2) that choice in concurrent chains and resistance of responding to change may be
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manifestations of the same effect of reinforcement.
Key words: response strength, conditioned reinforcer value, resistance to change, immediacy of
reinforcement, chain schedules, aperiodicity of reinforcement, satiation, extinction, key peck, pigeon

In a chain schedule of reinforcement, re-
sponding in one stimulus setting, or initial link,
produces a transition to a second stimulus set-
ting, or terminal link, in which primary re-
inforcement (such as food delivery) occurs. The
transition from initial to terminal link is con-
sidered to be conditioned reinforcement of the
response that produces the transition (Kelle-
her & Gollub, 1962), and the reinforcing ef-
fectiveness of the transition varies in degree
depending upon such things as the temporal
distribution of primary reinforcements sched-
uled in the terminal link. For example, other
things being equal, a transition followed by a
short delay to primary reinforcement is more
reinforcing than is a transition followed by a
long delay (Chung & Herrnstein, 1967; Davi-
son, 1969; Hursh & Fantino, 1973). Two
kinds of measures have been used to assess the
conditioned reinforcing strength of a transi-
tion: (a) the relative rates of responding in the
initial links of chains (based on the view that
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reinforcement enhances the emission rate of a
response) and (b) the resistance of response
rates in the initial links of chains to change
when operations are introduced that tend to
decrease response rate (Nevin, 1979). The
present study concerns an apparent discrep-
ancy between the results of these two ap-
proaches.

The use of the concurrent-chains procedure
is based on the first approach. Typically, a
pigeon is confronted with two lighted response
keys, each corresponding to the initial link of
a different chain schedule. A key peck during
the initial link occasionally will produce a
transition to a terminal link correlated with
that key. The color of that key changes, and
the other key darkens. Food presentations oc-
cur in the terminal link according to a sched-
ule correlated with that key. The independent
variable usually involves some difference in
the conditions arranged in the terminal links.
The schedules arranged in the two initial links
usually have been the same—identical vari-
able-interval (VI) schedules—so that any dif-
ference between response rates in the initial
links would be attributable to different rein-
forcing strengths of the terminal links rather
than to differing characteristics of the initial
links. Consequently, differences in response
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rates in the initial links can be used to rank
order the conditioned reinforcement potency
of transitions to various terminal-link sched-
ules.

The second approach (e.g., Nevin, 1979)
views reinforcement as affecting the resistance
of asymptotic responding to change when con-
ditions are altered. In a resistance-to-change
paradigm, two chain schedules are presented
to the organism in regular alternation, com-
prising a multiple chain schedule of reinforce-
ment. Each chain schedule is composed of an
initial and a terminal link, again correlated
with distinctive key colors. As in the concur-
rent-chains procedure, the initial links of the
two chains are identical VI schedules, and the
independent variable usually involves some
difference between conditions arranged in the
terminal links. After initial-link response rates
have become stable, a response-decreasing op-
eration is introduced, such as extinction, sa-
tiation, or punishment. The measure of inter-
est is the degree of decrease in response rate
during a given initial link relative to its pre-
disruption (baseline) rate. Inasmuch as the
schedules in the two initial links are the same,
the assumption is that a systematic difference
between the relative decreases in response rate
is due to a difference between the reinforcing
strengths of the terminal links.

For most comparisons of terminal-link
schedules, resistances of initial-link response
rates to change have been consistent with the
ordering of initial-link response rates in con-
current-chains schedules (Nevin, 1974, 1979;
Nevin, Mandell, & Yarensky, 1981). An ex-
ception, however, has been reported by Man-
dell (1980, Experiment 3) in comparing the
reinforcing effectiveness generated by fixed-
interval (FI) versus VI schedules in the ter-
minal links of chain schedules. To appreciate
the problem, consider first the results obtained
from the concurrent-chains procedure where
one terminal link arranges an FI schedule and
the other arranges a VI schedule whose arith-
metic average delay to primary reinforcement
is the same as the FI (e.g., VI 30 s vs. FI1 305).
With concurrent-chains schedules, a most re-
liable and robust finding is that relative rates
of responding are higher in the initial link
correlated with the VI than with the FI ter-
minal link (Fantino, 1977; Herrnstein, 1964;
Killeen, 1968; MacEwen, 1972). Apparently,
the occasional short delays arranged by the VI

contribute disproportionately to the condi-
tioned reinforcing potency of the terminal link.
Given the usual consistency between the re-
sults of the concurrent-chains and the resis-
tance-to-change procedures, one might expect
that an FI terminal link would produce a less
resistant initial-link response rate than would
a VI terminal link that provided the same
arithmetic average delay. It was surprising,
therefore, that Mandell (1980) reported no
differential resistance to change under these
conditions. Mandell offered two interpreta-
tions of this apparent inconsistency. First, rel-
ative response rates in concurrent-chains
schedules and resistances of initial-link re-
sponse rates to change might be influenced by
different aspects of terminal-link schedules.
For example, resistance to change may be de-
termined by the total access to reinforcement
per terminal-link time, whereas relative re-
sponding in concurrent-chains schedules may
be more influenced by the local densities of
reinforcement that immediately follow the
transitions from initial to terminal links. The
second possibility is that resistance to change
and relative responding may be influenced by
the same properties of terminal-link sched-
ules, but the resistance-to-change measure may
be less sensitive than the relative-response
measure to differences in the reinforcing ef-
fectiveness of transitions to terminal links.
There is, in fact, reason to suspect that the
resistance-to-change measure may be insuffi-
ciently sensitive. In reviewing the resistance-
to-change literature (Nevin, 1974, 1979; Nevin
et al., 1981), we found no observations of dif-
ferential resistance in initial links of multiple
chain schedules when the terminal links dif-
fered by a ratio of less than 3:1. The question,
then, is how different Mandell’s VI terminal
link was relative to its corresponding FI.
When only one primary reinforcement is
scheduled per terminal link, the ordering of
relative response rates in the initial links of
concurrent chains usually corresponds reason-
ably well with the ordering of the average im-
mediacies of primary reinforcement in the ter-
minal links (Killeen, 1968; MacEwen, 1972;
Mazur, 1984; McDiarmid & Rilling, 1965).
The immediacy of primary reinforcement is
the reciprocal of its delay, and so the average
immediacy is the mean of the reciprocals of
all the delays arranged by the VI. The recip-
rocal transformation gives disproportionate
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weight to the shorter intervals. (The question
of whether or not a simple reciprocal trans-
formation provides the most general account
is not critical to the present discussion [cf.
Duncan & Fantino, 1970; Fantino & Davi-
son, 1983; Moore, 1984].) In Mandell’s study,
the mean immediacy of the terminal-link VI
was only 1.5 times higher than that of the
comparable terminal-link FI. The reason was
that the interval values in Mandell’s schedules
were derived from an arithmetic progression
with few short intervals. Perhaps reliable dif-
ferences in resistance to change would be re-
vealed if the VI schedules were derived from
constant-probability progressions (e.g., Flesh-
ler & Hoffman, 1962) or some other type of
progression that arranged a higher proportion
of shorter intervals.

The size of the VI schedules used in the
initial links of Mandell’s Experiment 3 also
might have reduced the sensitivity of the re-
sistance-to-change measure. These schedules
were quite short (VI 20s), and, given the low
response rates reported in the initial links,
many of the transitions from initial to termi-
nal link must have been produced with only
a single response in the initial link. Further-
more, this must have happened most often in
the initial link that led to the FI terminal link.
Thus, although the initial links in Mandell’s
study were nominally identical VI schedules,
they might have differed functionally, with the
more “favorable” initial-link schedule corre-
lated with the FI terminal link. The possibil-
ity of this confound should be reduced by us-
ing longer VI schedules in the initial links.

Based on the considerations outlined above,
the present study was designed as a partial
replication of Mandell’s (1980) Experiment
3, with two major modifications. First, the av-
erage duration of the initial-link VI schedules
was increased from 20 s to 60 s. Second, all VI
schedules used in the present study were de-
rived from a constant-probability progression
of intervals, so that the ratio of the VI-to-FI
mean immediacies was 3.9:1.0. The purpose
was to see if VI versus FI terminal links would
produce different initial-link resistances to
change under these conditions.

METHOD
Subjects

The subjects were 5 adult male pigeons
(Palmetto Pigeon Plant). All were maintained

at about 80% of their free-feeding weights,
except during resistance-to-satiation tests,
during which weights increased. The birds
were individually housed and were given con-
tinuous access to water and grit in their home
cages. All subjects had extensive histories of
reinforcement on operant conditioning sched-
ules.

Apparatus

A hand-built, two-key operant conditioning
chamber was used. The chamber was 50 cm
long, 40 cm wide, and 38 cm high. The two
translucent response keys were mounted 24
cm above the floor and 20 cm apart, center to
center, and could be transilluminated with red,
green, or white light. When lighted, a suffi-
ciently forceful peck (minimum pressure
0.2N) produced a brief click from a relay
mounted behind the front wall of the cham-
ber. An overhead houselight located on the
ceiling near the front wall provided low-level
illumination. Centered below the keys, 10 cm
above the floor, was a rectangular opening that
gave access to mixed grain when the food hop-
per was raised. At those times, the feeder
opening was illuminated and the keylights and
houselight were darkened. An externally
mounted fan provided masking noise and ven-
tilation.

Procedure

The experiment was a partial replication of
Mandell’s (1980) Experiment 3 with the fol-
lowing modifications: (1) Different schedule
values were used in initial and terminal links;
(2) all VI schedules were based on constant-
probability, rather than arithmetic, progres-
sions of interval values; (3) the resistance-to-
satiation tests were somewhat different; and
(4) additional control conditions were added
in which fixed-time and variable-time sched-
ules were programmed in terminal links.

Because of the pigeons’ prior experience, no
particular pretraining was needed. All sub-
jects pecked lighted response keys on a two-
chain multiple schedule. Each chain consisted
of an initial and a terminal link, and the two
chains were performed on different keys. The
chain with the FI terminal link (FI chain)
was performed on the left key, and the chain
with the VI terminal link (VI chain) was per-
formed on the right key. The two chains were
presented in strict alternation. (As is detailed
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Table 1

For each pair of terminal-link schedules, the arithmetic mean duration and harmonic mean
duration for the VI terminal-link schedule, together with the VI-to-FI immediacy ratio. Also
presented are the key positions correlated with each condition.

Arithmetic mean Harmonic mean® Immediacy®
Terminal-link condition for VI for VI ratio Key position
Condition 1 60 s 155s 39 FI chain/left
FI 60/VI 60 VI chain/right
Condition 2 1194 s 29.6 s 4.1 FI chain/left
FI 120/VI 120 VI chain/right
Condition 3 30s 74s 4.1 FI chain/left
FI 30/VI 30 VI chain/right
Condition 4 60 s 15.5 s 39 VI chain/left
FI 60/VI 60 FI chain/right
Control 60 s 15.5s 39 VT chain/left
FT 60/VT 60 FT chain/right

¢ Harmonic mean equals 1
N2
ith interval.

1 where N is the number of intervals in the progression and ¢; is the duration of the

¢ Immediacy ratio equals [(

below, for the final condition the chains cor-
related with the left and right keys were re-
versed.) Initial links were correlated with
green (left) and red (right) keylights, and ter-
minal links were correlated with white key-
lights. Across all experimental conditions, re-
sponding during an initial link produced access
to the corresponding terminal link according
to one of two independent VI 60-s schedules
that differed only in the sequence of their in-
tervals. The schedules were arranged in the
following sequence in a continuously repeat-
ing series: 90, 59, 2, 125, 24, 51, 157, 12, 15,
45, 78, 19, 39, 240, 8, 28, 67, 5, 33, and 105 s
for one schedule, and 39, 78, 33, 59, 12, 157,
19, 90, 67, 5, 125, 51, 2, 105, 15, 240, 45, 28,
8, and 24 s for the other. The particular 60-s
initial-link schedule correlated with each key
was varied unsystematically. Primary rein-
forcement in the terminal links was 3-s access
to grain.

Subjects were exposed to four experimental
conditions and to two control conditions. (The
rationale for and the results of the control con-
ditions will be presented in the Discussion.)

The average durations of the terminal-link
schedules varied across experimental condi-
tions, but in every condition the arithmetic
mean of the VI terminal-link schedule was
equal to the FI duration. Thus, the FI and
VI schedules in the terminal links were

1
harmonic mean for VI) N (

1
FI duration)]'

changed in tandem over conditions in the fol-
lowing order: 60, 120, 30, and 60 s. During
the final experimental condition (replication
of the 60-s terminal links), the position of the
schedules was reversed so that now pecking
on the left (green key) initial link produced
the VI terminal link, and pecking on the right
(red key) initial link produced the FI terminal
link. In all cases the VI terminal link con-
sisted of 20 intervals from a constant-proba-
bility progression (Fleshler & Hoffman, 1962).

For the control conditions, the procedure
was identical to the final, 60-s experimental
condition, except that the schedules in the ter-
minal links no longer required a response to
produce food. That is, the terminal-link
schedules were variable-time (VT) and fixed-
time (FT) 60-s schedules. The experimental
and control conditions are summarized in Ta-
ble 1.

Each training session continued until a to-
tal of 40 chains had been completed. Each
chain ended after the presentation of grain;
the end of one terminal link was separated
from the beginning of the next initial link by
a 30-s intertrial interval, during which the
keylights were dark and the houselights were
turned off. The chamber was dark before the
start of each session and after the completion
of the final chain.

Each condition consisted of at least 25 pre-
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satiation training sessions, followed by a test
for resistance to satiation, then at least 8
preextinction training sessions, and finally a
test for resistance to extinction, during which
food presentations were discontinued. In one
of the control conditions, subjects were ex-
posed to at least eight additional training ses-
sions, followed by a test for resistance to ex-
tinction during which both food presentations
and terminal-link keylight presentations were
discontinued.

Resistance-to-satiation tests. Resistance-to-
satiation tests consisted of feeding each bird
in its home cage 1 hr before testing and in-
creasing the number of chain presentations
from 40 to 80 per daily session. (An exception
occurred in Conditions 3 and 4 (30- and 60-s
delays in terminal links); Bird 1279 was not
fed before resistance-to-satiation testing. This
subject’s responding was more easily de-
creased than was the responding of the other
birds.) In Mandell’s procedure, birds were fed
before testing and were run continuously until
1 hr had elapsed with no responses emitted.
It was hoped that the present procedure would
produce more gradual changes in response
rates over sessions; it was not expected to bias
the results otherwise. Data were recorded in
successive 20-chain blocks, which provided for
a finer within-session analysis. Resistance-to-
satiation testing continued daily until 1 hr had
elapsed without a response. If this criterion
had not been met during a daily testing ses-
sion, the session ended automatically after 80
chains had been completed.

Resistance-to-extinction tests. Daily sessions
were conducted as in training except that food
reinforcement was withheld; completion of
each link was response-dependent as in train-
ing, but completion of the terminal links pro-
duced only a 3-s darkening of the keys, fol-
lowed (as usual) by the 30-s intertrial interval
and the next chain. Resistance-to-extinction
tests continued until 1 hr had elapsed without
a response, when testing ended automatically.
If this criterion had not been met during a
session, the session ended after the 40th chain
had been completed. Data were recorded sep-
arately for successive 10-chain blocks. Pigeons
were maintained at 80% of their free-feeding
weights by feedings in the home cages; they
were never fed until at least 1 hr had elapsed
after the end of a daily testing session.

As noted above, a second kind of resistance-
to-extinction test was added in the control se-

1500
AR
,\100: & \\
woor %gq AL e
) ! o-Q O -0
S sof \b T o? /,’#“ﬁ
» o} a’é\ oPv ® 13 d
v} k) 0
= A @
z | *
T -0
—
B 10
6’ 00, 7744 291 499 1279 201
o F
Ot
= oof N&
2 L
z
s @
(-4
w
a 10
» L
2 F
v 5
z i a—a
INITIAL FI ®

O L[| e—enmaLv
by & - -ATERMINAL FI
w || o--OTERMINAL VI
o

30 60 120 30 60 120 30 60 120 30 60 30 60 120

TERMINAL LINK VALUE (SECONDS)

Fig. 1. Responses per minute, on a logarithmic scale,
in initial and terminal links of a multiple chain schedule,
plotted as a function of terminal-link schedule duration
(seconds). Response rates from the 60-s replication con-
dition (Condition 4) are plotted separately and circled.
Each group of connected points represents the data from
a single subject. Subjects are identified by the numbers
above or below each group of points. The schedules in the
initial links were identical VI schedules that gave access
either to an FI terminal link (triangles) or a VI terminal
link (circles).

ries: Responding in the initial links produced
neither the primary reinforcer nor the condi-
tioned reinforcer. That is, the terminal-link
keylight presentations were withheld so that
an initial-link response that would have pro-
duced a terminal link instead produced only
a 3-s darkening of the keys followed (as usual)
by a 30-s intertrial interval.

RESULTS

Before considering the resistance-to-change
data, it seemed important to examine the re-
lation between response rate and the duration
of the terminal-link schedules to see if well
established functional relations were repli-
cated in the present study. The response-rate
data to be presented are means derived from
daily totals summed over the last five sessions
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Fig. 2. Responses per minute, on a logarithmic scale,
in initial and terminal links of a multiple chain schedule,
plotted as a function of successive quarters (20-trial blocks)
of daily (80-trial) resistance-to-satiation tests. The first
point in each function represents the mean response rate
during the last 5 days of pre-satiation training. These data
are from Condition 4 (60-s terminal delay replication).
Subjects are identified by the numbers in the lower left
corners. Horizontal lines intersecting each function indi-
cate proportions of baseline responding (see text).

of each pre-satiation (baseline) condition.
There were four different response rates for
each condition: initial link leading to the VI,
initial link leading to the FI, terminal-link
VI, and terminal-link FI.

Figure 1 shows, for each bird, each of the
mean response rates plotted as a function of
the schedule duration in the terminal link (i.e.,

arithmetic mean delay to reinforcement). Both
axes are scaled logarithmically. The findings
are similar to well established relations in sev-
eral respects: (a) In most cases, response rate
was lower in an initial link of a chain than in
its corresponding terminal link. (b) In most
cases, the rate of responding during an initial
link was lower when it led to an FI than when
it led to the corresponding VI terminal link.
(c) Increasing the duration of the terminal-
link schedule usually caused the rate of re-
sponding in the initial link of the chain to
decrease (although, as in Mandell’s [1980]
study, there were exceptions).

Because response rate is plotted on a loga-
rithmic scale, parallel functions would indi-
cate that the two initial-link response rates
decreased to the same proportion of their ini-
tial rates at each of the average terminal-link
durations. That is, parallel functions would
indicate equal resistance to change—if one
viewed increasing the terminal-link schedule
as a change-inducing operation on response
rate in the initial links. However, the func-
tions tended to diverge, being steeper when
the terminal-link schedule was an FI (solid
triangles) than when it was a VI (solid cir-
cles). By this score, then, responding that pro-
duced the VI terminal link was more resistant
to change than was responding that produced
the FI terminal link. As Mandell (1980) points
out, this finding is consistent with results ob-
tained using relative response rates in initial
links of concurrent-chains schedules to scale
the reinforcing effectiveness of transitions to
FI and VI terminal links.

Next to be considered are the effects of sa-
tiation and extinction operations on the resis-
tances of the performances to change. Figure
2 shows response-rate data from resistance-
to-satiation tests from Condition 4, the 60-s
terminal-link replication. Each panel shows
data from a different bird, identified by the
number in the lower left corner. Mean re-
sponse rates (initial and terminal links) are
plotted on a logarithmic scale as a function of
successive quarters (20-chain blocks) of daily
(80-chain) resistance-to-satiation tests for ini-
tial and terminal links of each chain. The left-
most point in each function represents the
baseline response rate—that is, the mean rate
of responding during the 5 sessions immedi-
ately preceding the satiation test.

The primary question was whether re-
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Fig. 3. Responses per minute, on a logarithmic scale,
in initial and terminal links of a multiple chain schedule,
plotted as a function of successive quarters (10-trial blocks)
of daily (40-trial) extinction tests. The first point in each
function represents the mean response rate during the last
5 days of preextinction training. These data are from
Condition 4 (60-s terminal delay replication). Subjects are
identified by the numbers in the lower left corners. Hor-
izontal lines intersecting each function indicate propor-
tions of baseline responding (see text).

sponse rates in the initial links were differ-
entially resistant to the effects of satiation, de-
pending on whether an FI or a VI was
scheduled in the terminal link. Again, because
response rates are plotted on a logarithmic
scale, the slope of the response-rate function
indicates the amount of change relative to
baseline levels. In most cases, the initial-link
response-rate functions were flatter when the
terminal-link schedule was a V1 (solid circles)
than when it was an FI (solid triangles). In
other words, the VI terminal link usually en-

gendered the more resistant initial-link per-
formance.

Although not directly related to the main
concern of the present study, it is worth noting
that response rate in a terminal link tended to
be more resistant to the effects of satiation
than was the response rate in the correspond-
ing initial link (compare open with solid cir-
cles and open with solid triangles).

In Figure 3 the resistance-to-extinction data
from the same condition are presented in a
similar manner, except that the successive
quarters of sessions here represent 10-chain
blocks of daily 40-chain resistance-to-extinc-
tion sessions (vs. 20-chain blocks). Recall that
extinction consisted of replacing the feeder
presentation at the end of a terminal link with
a brief darkening of the keylight. As would be
expected, response rates declined as extinction
continued. The main question was whether
the response rates in the initial links would
decline at the same rate or at different rates.
Visual scanning indicates that the results of
the extinction procedure appear to be conso-
nant with the results of the resistance-to-sa-
tiation procedure: Initial-link response rate
tended to be more resistant to the effects of
extinction when the terminal link was a VI
than when it was an FI schedule. (Again, al-
though somewhat less consistent than before,
response rates in the terminal links usually
were more resistant to the effects of extinction
than were the response rates in the corre-
sponding initial links.) Although there were
exceptions to these trends, most of the devia-
tions appeared to be unsystematic, except that
differences in resistances to change were less
frequently observed for Birds 291 and 201
than they were for the other 3 birds. Clear
differences were invariably observed for Bird
7744. As will be shown, the tendencies re-
ported for this one condition (the replication
of the 60-s terminal links with the key posi-
tions reversed) were consistent with the ten-
dencies observed in the other conditions.

Although a visual-scan analysis has some
appeal, it is imprecise and inefficient for sum-
marizing the results of the various conditions.
Consequently, the following summary statis-
tics were developed. Each horizontal line that
intersects a function in Figures 2 and 3 rep-
resents a particular proportion of the mean
response rate during the baseline. For exam-
ple, when a function intersects a horizontal
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Table 2

Comparison of resistance to change of initial-link responding in FI and VI chains. Entries
show the number of instances (and the proportion of instances) of each of four possible outcomes
summed over birds and terminal-link durations. Rows indicate the four criterion proportions
of average baseline rate at which relative resistance to change was assessed. Columns represent
the four possible outcomes. Numbers in lower margins indicate the proportion of all observa-
tions (for each test) corresponding to each outcome. Numbers in right margins indicate, at each
test criterion, the proportion of cases in which VI-chain responding was found to be more
resistant when “no differential strength” and “differential strength untestable” cases were
omitted. Numbers in the lower right corners (set off in parentheses) indicate the overall pro-
portion of VI-stronger cases when these other cases were omitted.

Diff. strength Proportion

Test criterion  FI chain stronger VI chain stronger  No diff. strength untestable VI stronger

Resistance-to-satiation tests

75 3=.17 10 = .56 4 =22 1=.06 77

.50 1=.06 8= .44 8 =.44 1=.06 .89

.25 4=.22 10 = .56 2=1 2=.11 71

.10 5=.28 6=.33 0=.00 7=.39 .55

13 = .18 34 = 47 14 = .19 11 = .15 (.73)
Resistance-to-extinction tests

.75 0=.0 10 = .56 8=.44 0=.0 1.00

.50 1=.06 13=.72 4=.22 0=.0 93

.25 0=.0 14 =.78 4=.22 0=.0 1.00

.10 1=.06 10 = .56 5=.28 2=.11 91

2=.03 47 = .65 21 =.29 2=.03 (.96)

line marked “75,” the response rate in that
link has decreased to .75 of its baseline level.
In this manner, it was possible to determine
the number of quarter-sessions (and, by linear
interpolation, fractions of quarter-sessions)
taken for each response rate function to reach
each of several criterion proportions (.75, .50,
.25, and .10) of its baseline level.

Frequently, the response rate in a given link
failed to decrease to one or more of the four
criterion proportions of the mean baseline rate
for that link before performance in another
link declined to such an extent (1 hr without
a response) that the session and test condition
ended. When that happened, a conservative
score was inferred for the response rate in the
link that was still “going strong”’—namely,
the number of quarter-sessions that had
elapsed when the session ended.

The number of quarter-sessions taken to
reach the various proportions of baseline re-
sponse rate was used to determine which of
two response rates was the more resistant—
for example, the rate in the initial link of the
VI chain or the rate in the initial link of the
FI chain. For a given comparison, the resis-
tances to change were regarded as “nondiffer-
ential” (a tie) if equal numbers of quarter-

sessions (*+0.2 quarter-sessions) were required
for the two performances to decrease to the
particular proportion. If the requisite number
of quarter-sessions differed by more than 0.2
quarter-sessions, the performance that took
more session time to reach the given propor-
tion was scored as the more resistant to change,
or stronger, at that criterion level. (The 0.2
criterion was chosen because it appeared to be
a conservative indicator of a difference in slope
between the two functions. Use of a more con-
servative criterion (0.4) resulted in a larger
number of nondifferential cases but did not
otherwise affect the trends reported.) These
statistics were collected from the behavior of
all subjects in all conditions; the results of these
comparisons appear in Tables 2 through 5.
Table 2 shows the comparison of greatest
interest: the resistances of response rates in
the initial links to effects of satiation and ex-
tinction as a function of whether the schedule
in the terminal link was an FI or an equal
arithmetic-mean VI. Entries are based on fre-
quencies summed over all subjects and con-
ditions. Rows indicate the four criterion pro-
portions of average baseline rate, and columns
represent the four possible outcomes: FI chain
responding stronger, VI chain responding
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Table 3

Individual performance comparisons in initial links. The results of comparisons of perfor-
mances in initial links of FI and VI chains, for resistance-to-satiation and resistance-to-ex-
tinction tests. Columns indicate the terminal-link durations (conditions). Each group of columns
indicates one of the four criterion proportions at which differential resistance to change was
tested. “VI” indicates that the VI performance was recorded as stronger, “FI” indicates that
the FI performance was stronger, “T” indicates that the performances were recorded as tied,
and “U” indicates that the differential strengths were untestable.

.75 .50 .25 .10
Criterion Criterion Criterion Criterion
Condition Condition Condition Condition
60 60 60 60 60 60 60 60
(@ 120 30 (b) (a) 120 30 (b) (a 120 30 (b) (a) 120 30 (b)
Subject 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Satiation tests

7744 vI VI VI VI vl VI VI
291 FI T VI VI FI T T
499 T FI T FI T T T

1279 T * vl VI T * T
201 U VI VI ** U VI VI

VI Vi VI VI VI U VI VI U
VI FI FI FI VI FI FI FI U
T Uu V1 T VI Uu U T VI
vi T * FI VI FI * FI VI
b U VI VI ** U VI U **

Extinction tests

7744 viI T Vvl VI viI VI VI
291 T T T VI vi VI T
499 vi T vl VI VI T VI

1279 vl * T A\ F1 * VI
201 T vi T *x T viI T

VI viI VI VI VI VI T VI VI
VI vi VI T Vi U vi T A\
VI vi T VI VI vi T FI VI
VI vl * Vvl VI vl * VI VI
** T vi T bl U vI T b

* This subject failed to maintain a stable baseline performance during Condition 2 (120-s terminal-link duration)

and was not tested in this condition.

** This subject died during initial training for Condition 4 (replication of 60-s terminal-link duration).

stronger, no differential strength across chains
detected, and no opportunity to test relative
strength. The latter category was needed when
both comparison performances had not yet de-
creased to the particular proportion before the
end of testing. The cells in Table 2 contain
the frequencies (and proportions) of each type
of outcome. The lower margins show the fre-
quencies (and proportions) of each type of
outcome summed over criterion proportions.
About 25% of all cases (19% of satiation-test
comparisons and 29% of extinction-test com-
parisons) were recorded as ties. However, in
the majority of cases where differential resis-
tances were observed, initial-link responding
in the VI chain was more resistant than was
initial-link responding in the FI chain (see
proportions in right-hand columns).

Table 3 shows individual comparisons of
initial-link response strength in FI and VI
chains. For all subjects, the resistance-to-ex-
tinction tests showed initial-link response rates
to be more often more resistant to change in
the VI chain than in the corresponding FI
chain. There was greater between-bird vari-

ability in the results of the resistance-to-satia-
tion tests. For Birds 7744 and 201, initial-link
response rates were more often more resistant
to satiation in the VI chain than in the FI
chain; for Birds 499 and 1279, initial-link re-
sponse rates were about equally resistant to
satiation in the VI and FI chain. For Bird
291, initial-link response rates were more often
more resistant to satiation in the FI chain than
in the VI chain. (This anomalous result for
Bird 291 was observed only when the FI chain
was correlated with the left key [cf. results
from Condition 4 where the schedule-key po-
sitions were reversed].)

The final two tables show effects that are
secondary to the main purposes of the exper-
iment, but that bear on the interpretation of
resistance-to-change effects in chain schedules
generally. In chain schedules, initial-link re-
sponse rate has proven to be less resistant to
change than is the terminal-link response rate
under a variety of conditions (e.g., Ferster &
Skinner, 1957; Fischer & Fantino, 1968;
Nevin et al.,, 1981). As Nevin (1979) has
pointed out, these findings make sense if one
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Table 4

Comparison of resistance to change of initial-link responding to terminal-link responding in
FI and VI chains. Entries show the number of instances (and the proportion of instances) of
each of four possible outcomes summed over birds and terminal-link durations. Rows indicate
the four criterion proportions of average baseline rate at which relative resistance to change
was tested. Columns represent the four possible outcomes. Numbers in lower margins indicate
the proportion of all observations (for each test) corresponding to each outcome. Numbers in
right margins indicate, at each test criterion, the proportion of cases in which terminal-link
responding was found to be more resistant when “no differential strength” and “differential
strength untestable” cases were omitted. Numbers in the lower right margins (set off in pa-
rentheses) indicate the overall proportion of terminal-link stronger cases when these other cases

were omitted.

FI chain
Proportion
Diff. strength terminal
Test criterion  Initial stronger Terminal stronger  No diff. strength untestable stronger
Resistance-to-satiation tests
.75 5=.28 8 =.44 =.22 1=.06 .61
.50 4=.22 12 = .67 1=.06 1=.06 .75
.25 3=.17 12 = .67 2=1 1=.06 .80
.10 2=1 6=.33 3=.17 7=.39 .75
14 = .19 38 = .53 10 = .14 10 = .14 (.73)
Resistance-to-extinction tests
.75 3=.17 11 = .61 4=.22 0=.0 79
.50 3=.17 11 = .61 4=.22 0=.0 .79
.25 2=1 13=.72 3=.17 0=.0 .87
.10 2=11 11 = .61 3=.17 2=.11 .85
10 = .14 46 = .64 14 = .19 2=.03 (.82)
VI chain
Proportion
Diff. strength terminal
Test criterion Initial stronger  Terminal stronger  No diff. strength untestable stronger
Resistance-to-satiation tests
.75 4=.22 9 =.50 4=.22 1=.06 .69
.50 1=.06 10 = .56 1=.06 6=.33 91
.25 0=.0 5=.28 3=.17 10 = .56 1.00
.10 0=.0 4 =22 4=.22 11 = .61 1.00
5=.07 28 = .39 12=.17 28 = .39 (.89)
Resistance-to-extinction tests
.75 3=.17 12 = .67 =17 0=.0 .80
.50 2=1 11 = .61 =.17 2=.11 .85
.25 3=.17 8 =.44 3=.17 4=.22 73
.10 1=.06 6=.33 3=.17 8=.44 .86
9=.13 37 = .51 12 =17 14 = .19 (.80)

considers the transition to the terminal link to
be conditioned reinforcement for initial-link
responding. The effectiveness of the transition
as conditioned reinforcement presumably
would be less than that of the primary rein-
forcement on which it is based. Table 4 shows
the results of comparisons of the resistances to

change of responding in initial versus termi-
nal links of FI chains (Table 4a, top) and of
VI chains (4b, bottom); the data were col-
lected from all birds over all conditions. For
both chains, in both satiation and extinction
tests, there were a number of cases where no
differential strength was detected. However,
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Table 5
Comparison of resistance to change of terminal-link responding in FI and VI chains. Entries
show the number of instances (and the proportion of instances) of each of four possible outcomes
summed over birds and terminal-link durations. Rows indicate the four criterion proportions
of average baseline rate at which relative resistance to change was tested. Columns represent
the four outcomes. Numbers in lower margins indicate the proportion of all observations (for
each test) corresponding to each outcome. Numbers in the right margins indicate, at each test
criterion, the proportion of cases in which VI terminal-link responding was found to be more
resistant than FI terminal-link responding when “no differential strength” and “differential
strength untestable” cases were omitted. Numbers in the lower right corners (set off in paren-
theses) indicate the overall proportion of VI-stronger cases when these other cases were omitted.
Diff. strength Proportion
Test criterion FI chain stronger VI chain stronger  No diff. strength untestable VI stronger
Resistance-to-satiation tests
.75 4=.22 11 = .61 3=.17 0=.0 73
.50 3=.17 7=.39 2=.11 6=.33 .70
.25 2=.11 3=.17 3=.17 10 = .56 .60
.10 1=.06 2=.11 4=.22 11 = .61 .67
10 = .14 23 =31 12=17 27 = .38 (.70)
Resistance-to-extinction tests
.75 1=.06 13=.72 2=.11 2=.11 .93
.50 1=.06 10 = .56 2=.11 5=.28 91
.25 1=.06 9 =.50 2=.11 6=.33 .90
.10 0=.0 6=.33 3=.17 9 =.50 1.00
3=.04 38 = .53 9=.13 22 =31 (.93)

in the majority of cases where differential
strengths were detected, terminal-link perfor-
mances were more resistant to change than
were the corresponding initial-link perfor-
mances. The present results are thus conso-
nant with those from a substantial number of
prior investigations.

Table 5 shows the results of a final com-
parison: the resistances of response rates in
the terminal links of the chains (VI vs. FI).
In the majority of cases where differential
strengths were detected, terminal-link re-
sponse rates were more resistant in the VI
terminal link than in the corresponding FI
terminal link in both the satiation tests and in
the extinction tests.

DISCUSSION

The present results indicate that there may
not be a contradiction between preference
(concurrent-chains) and resistance-to-change
assessments of the relative reinforcement ef-
fectiveness of FI versus equal arithmetic-mean
VI terminal-link schedules. As in concurrent-
chains studies, where transitions to VI ter-
minal links are found to be more effective as
conditioned reinforcement than are transitions

to equal arithmetic-mean FI terminal links,
so here, when differences were observed, the
transition to the terminal-link VI was more
often more effective than was the transition to
the corresponding FI in making initial-link
response rates resistant to change.

The present results seem different from
those reported by Mandell (1980). In her
study, equal arithmetic-mean FI and VI ter-
minal-link schedules produced initial-link re-
sponse rates that were equally resistant to the
effects of extinction and satiation. A likely ba-
sis for these different outcomes was the type
of VI schedules used in the terminal links. As
noted in the introduction, the distribution of
intervals comprising the VI in Mandell’s study
(an arithmetic series) yielded a mean imme-
diacy that was about 1.5 times greater than
that yielded by the equal arithmetic-mean FI.
In contrast, the distribution of intervals com-
prising the VIs used here (a constant-proba-
bility series) yielded a mean immediacy that
was 3.9 times higher than that yielded by the
corresponding FI. Thus, if the conditioned
reinforcing potency of the terminal links is
correlated with the mean immediacy, the VI
and FI schedules used by Mandell were not
nearly as different from each other as were
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those used here. Although the present findings
do not exclude the possibility of additional
control by arithmetic rate of reinforcement,
the more parsimonious conclusion is that the
resistance-to-change measure was insuffi-
ciently sensitive to detect the differential
strength produced by the comparison terminal
links of the Mandell study. That there were
many cases of no differential resistance in the
present study further supports the view that
the resistance-to-change measure is relatively
insensitive to differences in reinforcing effec-
tiveness.

So far, we have implied that different re-
sistances to change of initial-link response rates
mean that the two terminal links differ in po-
tency as conditioned reinforcers during base-
line. Although this is the conventional inter-
pretation, there is an ambiguity that applies
to our own and to previous work. If two ini-
tial-link response rates decrease to different
proportions of their initial rates, does this
mean that one terminal link was a more po-
tent conditioned reinforcer than the other prior
to the introduction of the change-inducing op-
eration? Or could it mean that the change-
inducing operation is producing differences in
the conditioned reinforcing strength during the
test? If the latter, perhaps the two initial-link
response rates during the change-inducing op-
eration are best regarded as tracking the
changes in the conditioned reinforcing potency
of the terminal links. (This is an instance of
a more general point—that the change-induc-
ing operation must be assumed to be orthog-
onal to the variable whose effect on strength
is being assessed in order to interpret different
resistances as measuring different initial
strengths.)

There are several ways that the conditioned
reinforcing potency could decline differen-
tially. For example, in the present study ex-
tinction and satiation would tend to engender
pausing during the terminal links. If such
pausing were more prevalent during the FI
than during the VI terminal link, the pigeon
likely would be exposed more to the FI ter-
minal-link stimulus than to the VI terminal-
link stimulus. This differential exposure could
cause the conditioned reinforcing potency to
drop more rapidly for the FI than for the VI
terminal link.

Even without differential pausing, the ex-
tinction operation might have led to a differ-

ential relative loss of conditioned reinforcing
potency. Recall that the extinction procedure
consisted of scheduling the terminal-link stim-
ulus as usual but replacing the food at the end
of the terminal link with a blackout. Perhaps
the conditioned reinforcing function of the ter-
minal link extinguishes more rapidly when
the primary reinforcer has occurred at a con-
stant point in time than when it has occurred
at different points in time (cf. Table 5). Al-
though this interpretation seems less plausible
as an account of the effects of satiation, it could
apply if satiation were regarded as an instance
of extinction—that is, if it were the result of
contact with an event no longer effective as a
reinforcer.

Two additional tests were included in the
present study to address the interpretation that
differential resistances are due to tracking dif-
ferentially declining conditioned reinforce-
ment. In the first, the resistances to the effects
of satiation and extinction were determined as
before except that the schedules in the ter-
minal links no longer required a response to
produce food (i.e., the terminal links were FT
and VT schedules). The response require-
ments in the initial links were retained. The
point here was to ensure that the durations of
the terminal links would be as scheduled re-
gardless of pausing during the terminal links.
The second test consisted of programming ex-
tinction in a different way. Terminal-link
keylight presentations, as well as food, were
withheld. That is, initial-link responding pro-
duced only a 3-s blackout followed (as usual)
by a 30-s intertrial interval. Unfortunately,
although this latter kind of extinction test
might be the cleanest conceptually, it led to
such a rapid decline of responding that the
results were less helpful than we had hoped.

The results of the tests are presented in
Figure 4. The left-most point in each function
represents the mean rate of responding, based
on the last five sessions of each of the three
resistance-to-change tests. The results of the
satiation and the first extinction test (EXT I,
food replaced by blackout at the end of the
terminal link) were comparable to those ob-
tained with the response-dependent schedules
in the terminal links, suggesting that pause-
induced extensions of the terminal links were
not responsible for the differential resistances
reported earlier. The results of the second ex-
tinction test (EXT II, no presentation of ter-
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Fig. 4. Responses per minute, on a logarithmic scale, in initial links of a multiple chain schedule, plotted as a
function of successive quarters of daily resistance-to-satiation and resistance-to-extinction tests. Subjects are identified
by the numbers in the lower left corners. Each set of connected points represents the data from a single test of the
performance of a single subject; resistance to satiation (“‘Satiation”), resistance to extinction via withdrawal of food
(EXT I), and resistance to extinction via withdrawal of food plus terminal-link keylight (EXT II). The first point in
each function represents the mean response rate during the last 5 days of training prior to each test. Quarter-sessions
consist of 20-chain blocks in satiation tests and 10-chain blocks in extinction tests.

minal links) were not as clear because extinc-
tion was so rapid. However, in the one clear
case (Bird 7744), the response that previously
had been reinforced by onset of the VT ter-
minal link was more resistant than was the
response that had been reinforced by onset of
the FT terminal link. Thus, these results,
along with the consistencies between the re-
sults of the extinction and satiation tests, pro-
vide some support for the interpretation that
different resistances were engendered by the
VI versus FI terminal links prior to introduc-
tion of the change-inducing operations.
Assuming that this last interpretation is
correct, the rank ordering of conditioned rein-
forcing potencies of terminal links appears to
be the same whether the ordering is based on

the ability of the terminal link to make its
initial-link performance resistant to change or
whether it is based on preference measures in
concurrent chains. This correspondence sug-
gests that a transition to an FI terminal link
is generally less effective as conditioned rein-
forcement than is a transition to an equal
arithmetic-mean VI terminal link.

Nevin (1979) has indicated how differential
resistances to change could be derived from
Herrnstein’s (1970) quantitative model of the
effects of reinforcement on response rate. This
model applies to situations where more than
one source of reinforcement is scheduled (i.e.,
concurrent schedules) and where only one
source of reinforcement is explicitly scheduled
at any one time. In the latter case, the model
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assumes that there are unscheduled sources of
reinforcement concurrently available (e.g.,
those derived from preening) that act to re-
duce the rate of the measured operant. Within
this framework, change-inducing operations
could be interpreted as increasing the un-
scheduled background reinforcement—equiv-
alently for the two initial links of the multiple
chains. If so, the rate of a less potently rein-
forced initial-link operant would decline rel-
atively more than would the rate of a more
highly reinforced initial-link operant. Thus,
the correspondence between the results of the
different procedures is consistent with the view
that the resistance of responding to change
and choice in concurrent schedules might be
manifestations of the same effect of reinforce-
ment.
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