FREE REC

items may provide a unit of frequency, but the occurrence of
high frequency items when the subject attempts to recall the list
may also do so. Hence, the subject would not be able to
discriminate which items were and were not on the list, and
although he makes some high frequency intrusions, his desire to
be accurate means he doesn’t produce as many items as he
might.
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The relative proximity principle
and the postreinforcement pause

RICHARD L. SHULL and AARON J. BROWNSTEIN
University of North Carolina, Greensboro, North Carolina 27412

According to the relative proximity principle, a response measure should vary monotonically with the
relative amount of time elapsed in an interreinforcement interval. Average response rate on fixed-interval
schedules does increase monotonically with relative time, but response rate is nonmonotonically related
to relative elapsed time on conj FT FR1 schedules. The present paper shows that certain characteristics
of the postreinforcement pause distribution are consistent with the relative proximity principle on both
fixed-interval and conjunctive schedules: The probability of terminating the postreinforcement pause,
given the opportunity, increases monotonically with relative time in the interreinforcement interval on
both types of schedules. Thus, the control of postreinforcement pause duration by relative time in an
interreinforcement interval seems to hold over a wider range of conditions than does the control over

average response rate by relative proximity.

On all schedules of reinforcement reinforcers are
distributed in time. The time between successive
reinforcers is the interreinforcement interval. According
to the relative proximity principle (Jenkins, 1970;
Staddon, 1972; see also Catania & Reynolds, 1968;
Dews, 1969), the measure of the reinforced response
should vary monotonically with elapsed time in the
interreinforcement interval. The “relative” indicates that
the response measure is more predictable from the
elapsed time expressed as a proportion of the
interreinforcement interval than from elapsed time
expressed in absolute time units without regard to the
interreinforcement interval.

The pattern of responding on fixed-interval (FI)
schedules is consistent with the relative proximity
principle. Average response rate is lowest at the
beginning of the interval and highest at the end.

Appearing on the surface inconsistent with the
relative proximity principle is the response pattern
produced by a schedule having some features in common
with FI schedule: the conjunctive fixed-time, fixed-ratio

This research was supported by Grant NIMH (MH21368-01).
Reprints may be obtained from R. L. Shull, Department of
Psychology, University of North Carolina at Greensboro,
Greensboro, North Carolina 27412.

one schedule (conj FT FR1). On FI schedules,
reinforcement depends on a response after a fixed
amount of time has elapsed. On a conj FT FR 1 schedule
reinforcement also depends on a response and an interval
of time. But, in contrast with the FI schedule, the order
does not matter. Thus, the required response can occur
at any time during the interreinforcement interval on the
conjunctive schedule. The conj FT FR 1 schedule often
produces a pause-respond-pause response pattern so that
the highest response rate occurs at the middle of the
interreinforcement interval instead of at the end
(Morgan, 1970; Shull, 1970, 1971b; Staddon & Frank,
1974; Zeiler, 1974, see also Barrett, 1974). The relative
proximity principle has difficulty accounting for the
response rates being higher at intermediate relative
proximities than at later relative proximities (see
Staddon, 1972, especially Pp. 242-245).

Perhaps the problem is not with the relative proximity
principle but rather with average response rate as the
dependent measure. If so, it might be advantageous to
consider alternative response measures. One alternative is
to describe responding on these schedules as a
postreinforcement pause and a terminal period.
Duration, or latency measures make the most sense with
this description. One such measure is the latency of the
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Figure 1. Transitions per opportunity plotted over relative
time in the fixed-interval schedule. Points are plotted above the
upper value of the time band. Transitions per opportunity values
were determined by dividing the number of transitions that
occurred in a time band by the number of transitions in that and
all longer time bands. Each panel contains the data for a single
pigeon given extensive training on each of the fixed-interval
schedule durations indicated (see Shull, 1971a). The reinforcer
was grain. Each function was derived from a sample of 300
latencies (5 consecutive sessions with 60 intervals per session).
Data are not presented for bands containing fewer than 20
opportunities.

transition between the pause and the terminal period
(i.e., the duration of the postreinforcement pause).

There is evidence that the transition latency is
systematically related to relative proximity. With FI
schedules and conj FT FR1 schedules the average
transition latency is a linearly increasing function of the
interreinforcement interval. This relation holds for rats
and pigeons (Dukich & Lee, 1973; Morgan, 1970;
Schneider, 1969; Schneider & Neuringer, 1972;
Sherman, 1959, Shull, 1970, 1971a; Shull, Guilkey, &
Witty, 1972; Staddon & Frank, 1974). In other words,
the average amount of time that elapses before the
transition into the terminal period is a constant
proportion of the interreinforcement interval.

While indicating control by relative time, the average
transition latency does not indicate how the probability

of making the transition changes with relative proximity
in an interreinforcement interval. According to the
relative proximity principle, the probability of making
the transition should increase throughout the
interreinforcement interval.

The problem is to determine the probability of
making the transition within each successive time band
in the interreinforcement interval. It is possible to
estimate this probability from a frequency distribution
of latencies by dividing the number of transitions in a
time band by the number of occasions transitions could
have been made in the time band (opportunities). Since
a transition can occur in a time band only if a transition
has not occurred earlier in the interreinforcement
interval, the denominator (opportunities) is the number
of latencies in that and all longer time bands. This ratio,
here termed transitions per opportunity, is
computationally and logically equivalent to Anger’s
(1956) interresponse time per opportunity statistic (see
also McGill, 1963).

The following three figures show how the transitions
per opportunity statistic varies with relative time in an
interreinforcement interval on FI schedules and on conj
FT FR 1 schedules.

Figure 1 shows the relation between transitions per
opportunity and relative time in the interval for
different FI schedule durations (30-, 60-, and 300-sec).
The data are from two pigeons given extensive training
on the FI durations indicated in the figure. (The average
transition latencies— or mean-postreinforcement
pauses—and procedural details have been reported by
Shull, 1971a). With few exceptions, the transitions per
opportunity statistic increased with relative time in the
interreinforcement interval.

Figure 2 also shows transitions per opportunity
functions for a pigeon given extensive training on several
FI schedule durations. The frequency distributions were
reported by Schneider (1969), and the transitions per
opportunity values were calculated from the data in his
Figure 6. Again, the transitions per opportunity statistic
increased with relative time in the interreinforcement
interval. In addition to control by relative proximity,
there is an effect of absolute FI duration on the slope of
the functions: for a given relative proximity the
transitions per opportunity value was lower the longer
the FI duration. It is unclear why there was a stronger
effect of FI duration in the data reported by Schneider
(1969) than in the data shown in Figure 1. One of
several possibilities is that a difference in the definition
of the transition was responsible. For the data in
Figure 1 the transition was defined as the first response
in each interval; Schneider defined the transition as the
point of maximum acceleration of response rate in an
interreinforcement interval. Whatever the reason for the
difference, the inconsistent effect of absolute interval
duration is much less significant than the consistent
finding that the transitions per opportunity functions
increased throughout the interreinforcement interval on
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Figure 2. Transitions per opportunity plotted over relative
time in the fixed-interval schedule. The data are from a single
pigeon given extensive training on each of the fixed-interval
schedule durations indicated. The reinforcer was grain. Each
function was derived from data reported by Schneider (1969,
Figure 6). Data are not presented for bands containing fewer
than 10% of the total sample as opportunities.

the FI schedules.

For FI schedules, then, both average response rate and
transitions per opportunity increase throughout the
interreinforcement interval. As mentioned above,
however, average response rate is nonmonotonically
related to relative proximity on conj FT FR 1 schedules.
Figure 3 shows the transitions per opportunity function
for each of two pigeons trained on a conj FT 300-sec
FR 1 schedule. (The procedural details and average
latency values have been reported previously by Shull,
1970.) Since the highest response rates occurred near the

middle of the interreinforcement interval, it is
particularly significant that the transitions per
opportunity statistic increased throughout the

interreinforcement interval. Thus, the transitions per
opportunity statistic varied in a way consistent with the
relative proximity principle on the conjunctive schedule
even when response rate did not. '

These data suggest two related points: First, transition
latencies (postreinforcement pauses) are controlled by
relative proximity, but appropriate transformations of
the latency distribution are necessary to reveal that
control. Secondly, the control of transition latency by
relative proximity appears to hold over a wider range of
conditions than does the control of response rate by
relative proximity.
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Figure 3. Transitions per opportunity plotted over relative
time in the conj FT 300-sec FR 1 schedule. The data are from
two pigeons trained on the conjunctive schedule for grain
reinforcement (Shull, 1970). Each function was derived from a
sample of 300 latencies (5 consecutive sessions with 60 intervals
per session). Data are not presented for bands containing fewer
than 20 opportunities.
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