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Hungry rats received food following lever-press durations exceeding a minimum value,
which ranged from 0 to 6.4 sec. When no intertrial intervals separated successive presses,
modal press durations remained at very short values as the minimum value required for
food was increased. This was particularly true immediately after a food presentation. When
an 8-sec intertrial interval followed each lever release, modal press durations were always
at or beyond the minimum value required for food, and outcome of the preceding press
had no effect on press duration. Possible reasons for the effects of intertrial intervals in-
cluded punishment of short presses, increased delay of reinforcement of short presses, and
reduced density of reinforcement. In addition, functions relating discrete-trials lever-press
duration to minimum duration required for food were found to be qualitatively and
quantitatively similar to the power functions recently proposed by Catania (1970) for
interresponse time and response latency. This similarity was taken as support for a gen-
eral psychophysical law of temporal judgments.

Temporal duration is a property of both the
environment and the behavior of an orga-
nism, and there is no shortage of examples of
psychophysical relationships between these
two classes of temporal variables. Within the
context of animal conditioning, some of the
most interesting of such relationships are
those in which the environment selectively
applies consequences on the basis of temporal
properties of an organism's behavior. The re-
sulting differentiation of these temporal prop-
erties is very amenable to study by psy-
chophysical production techniques in which
responses are differentially reinforced accord-
ing to their value on a particular temporal
dimension.

Probably the most frequently studied dimen-
sion of response differentiation in animals has
been interresponse time (IRT), or the time
between two adjacent occurrences of the same
response class (Kramer and Rilling, 1970). Al-
though differentiation of other temporal di-
mensions of behavior, such as the latency of a
single response (Catania, 1970) and the time
between adjacent occurrences of two different
response classes (Mechner and Guevrekian,
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1962) has been investigated, all of these dimen-
sions involve measurement of a temporal in-
terval during which the organism's behavior is
not specified by the experimental dependen-
cies. During an IRT, for instance, the only re-
quirement placed on a subject is that it not
emit an instance of the response class that ter-
minates the IRT. It is possible that IRTs may
be influenced by a wide variety of uncontrolled
variables so as to yield an unnecessarily com-
plex and variable index of temporal differen-
tiation. The fact that an IRT may be filled by
almost any behavior in the subject's repertoire
could be expected to contribute considerable
variance to the IRTs actually observed. Al-
though it has commonly been reported (Kra-
mer and Rilling, 1970) that IRTs are filled
witlh fairly stereotyped behaviors, it is also re-
ported that these behaviors are usually differ-
ent for different subjects and vary over time
within a subject.
Another temporal response dimension that

has been used to study differentiation is re-
sponse duration. Altlhough the duration of a
response may also be filled with a variety of
other belhaviors, the range of such behaviors
that would not terminate the measured re-
sponse would usually be considerably narrower
than in the case of an IRT or a latency. An-
other potential advantage of response duration
is that values obtained when long durations
are differentially reinforced seldom occur un-
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der conditions in which duration is not speci-
fied by the reinforcement dependencies (Skin-
ner, 1938). This suggests that differentiation of
response duration may be considerably less
contaminated by nondifferential effects of re-
inforcement than is IRT or latency differen-
tiation. That is to say, reinforced occurrences
of a response may decrease its IRT while non-
reinforced occurrences tend to increase subse-
quent IRTs so that any additional effects of
differentially reinforcing specific IRTs or la-
tencies are difficult to isolate (Norman, 1966).
The considerably smaller effects of nondiffer-
ential reinforcement and nonreinforcement on
response durations potentially diminish this
type of interpretive difficulty.

In spite of the possible advantages of re-
sponse duration for studies of differentiation
of temporal properties of behavior, surpris-
ingly few data are available using this dimen-
sion. Most studies that have examined differ-
entiation of response duration have examined
the effects of only one or two values of dura-
tion required for reinforcement during asymp-
totic performance (McMillan and Patton,
1965; Notterman and Mintz, 1965). The sole
exception to this statement is a study by Fer-
raro and Grilly (1970) in which six values of
duration required for food were examined.
However, the largest of these values was only
1.6 sec, and each rat was exposed only to a
single value. Interpretation of these results was
somewhat complicated by the nonreinforce-
ment of press durations more than 0.2 sec
longer than the minimum value required for
reinforcement, regardless of that value. This
resulted in rapidly diminishing probabilities
of reinforcement as the minimum value re-
quired for reinforcement became larger.
The primary purpose of the present studies

was to obtain parametric, asymptotic data on
durations of rats' lever presses at a number of
different values of minimum reinforced dura-
tion, and to compare the resulting functions to
those reported for differentiation of other tem-
poral response properties.

EXPERIMENT I
METHOD

Subjects
Five male albino rats, obtained from the

Holtzman Company, were approximately 120
days old and had free-feeding weights from
415 to 463 g at the beginning of the experi-

ment. Throughout the experiment, each rat
was maintained at 85% of its free-feeding
weight by supplemental rations of Purina Lab
Chow administered in the home cage immedi-
ately after each experimental session.

Apparatus
A single Foringer rat chamber and enclosure

was equipped with a Hawley retractable lever
that required a force of 0.294 N to activate its
microswitch. The levers could be fully ex-
tended or retracted in 0.4 sec. A Foringer pel-
let magazine dispensed 45-mg Noyes rat food
pellets into a tray immediately adjacent to the
response lever. Houselights were two, No. 1819
pilot lamps mounted above and to eitlher side
of the lever. Schedules were arranged by solid-
state logic, and response durations and IRTs
were recorded with 0.1 sec resolution on
punched paper tape.

Procedure
Rats were initially trained to press the lever

in a single session by being placed into the
experimental clhamber with several pellets in
the food tray, the lever extended, and the
houselights illuminated. Any lever release was
followed by the delivery of one food pellet. A
lever release was any opening of the lever mi-
croswitch for at least 25 msec. All daily ses-
sions througlhout the experiment consisted of
100 food presentations. Following this initial
training, all rats received 14 additional ses-
sions in whichi each lever release produced a
food pellet (CRF).

All further sessions of the experiment in-
volved differential reinforcement of lever-press
durations. All lever releases following press
durations greater than a specified time (t) pro-
duced a food pellet. All other lever presses
were without scheduled consequences. The suc-
cessive values of t employed were 0.4, 0.8, 1.6,
and 3.2 sec. The number of sessions at each
value of t were 10, 24, 14, and 14, respectively.
These numbers of sessions ensured that no rat
showed more than +0.05 variation in the prob-
ability of food presentation per lever press
over the last three sessions. Transitions be-
tween successive values of t were made directly,
with no intermediate values being employed.

RESULTS
All data analyses were based on lever presses

between the fifth and the fiftieth food presen-
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tations on each of the last three sessions under
each experimental condition. Presses before
the fifth food presentation were not considered
because press durations at the beginning of a
session tended to be much more variable than
those later in the session. Presses beyond the
fiftieth food presentation of a session were
omitted from consideration to avoid possible
fatigue or satiation effects. Although press
durations showed little, if any, indication of
such extended within-session effects, press IRTs
sometimes became longer late in a session.

Figure 1 displays relative frequency distri-
butions of lever press durations for each rat
under each value of t. Solid bars indicate
presses followed by food. Under CRF, all rats
displayed rapidly decaying relative frequencies
of presses across duration values with various
rats placing 68 to 77% of their presses at or be-
low 0.6 sec. Making food presentations depen-
dent on press durations longer than 0.4 sec
produced only slight changes in the press-dura-
tion distributions. These changes consisted
mainly of decreases in relative frequencies in
the first class interval (0.2 sec and below).
Clhanges also occurred in the extent of the
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positive tails of the distributions, but the di-
rection of change was inconsistent across in-
dividual rats.

Furtlher increases in the value of t produced
corresponding increases in the relative fre-
quencies of longer presses. In spite of these
changes, however, all rats at all values of t
continued to display a mode in one of the first
tlhree class intervals (0.6 sec and below) of their
duration distributions. With the exception of
Rat #5 at t = 3.2 sec, the height of this mode
decreased as t increased. For some rats, at some
values of t, a secondary mode developed in the
duration distribution near the value of t. This
secondary mode can be seen in Rats # 1, 4,
and 5 at t = 0.8 sec and in Rats #1, 2, 3, and
5 at t = 1.6 sec.

In order to obtain more statistically man-
ageable descriptions of the rats' behavior, sev-
eral summary statistics were computed and
submitted to analyses of variance. Table 1
slhows the means and ranges of individual rats'
median press durations at each value of t.
Separate values are shown for presses immedi-
ately preceded by food and for those that were
not. An analysis of variance (Lindquist, 1953,

PRESS DURATION (SEC.)
Fig. 1. Relative frequency distributions of lever-press durations with various minimum durations (t) required

for food. Class intervals are 0.2 sec wide. Solid bars represent presses followed by food and filled circles are overage
classes.
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p. 237) of this data yielded significant F ratios
for the effects of t value, outcome of the previ-
ous press, and the interaction of these two
variables. Median press duration increased
with the value of t; F (3, 12) = 13.73, p <
0.001; but progressively undershot the value of
t. Median press durations were also longer
when the previous press was not followed by
food; F (1, 4) = 9.23, p < 0.05; and the magni-
tude of this effect increased with the value of t;
F (3, 12) = 3.65, p < 0.05.

Table 1

Mean and range of individual rats' median lever-press
duration as a function of t and outconme of the pre-
ceding press.

After No Food After Food

Condition Mean Range Mean Range

CRF 0.3 (0-2-0.4)
t =0.4 0.4 (0.3-0.5) 0.4 (0.4-0.5)
t = 0.8 0.7 (0.4-0.8) 0.6 (0.6-0.8)
t 1.6 1.4 (1.2-1.6) 0.8 (0.4-1.1)
t =3.2 1.8 (1.1-2.1) 1.1 (0.3-2.5)

Table 2 shows the means and ranges of indi-
vidual rats' median IRT at each value of t.
An IRT was the time from releasing the lever
to its next depression. Separate values are

shown for IRTs initiated by food presentation
and for those that were not. Although IRTs
tended to be longer when the preceding press

had produced food, analysis of variance of the
IRT data with t value and outcome of the
preceding press as main effects yielded no sta-
tistically significant F ratios. In addition, no

consistent relationships between press dura-
tions and IRTs were found. A product-mo-
ment correlation coefficient was computed be-
tween IRTs and durations for each rat at each
value of t. The individual coefficients ranged
from -0.22 to +0.40 with no systematic rela-
tionship to the value of t, and little consistency
within a rat across t values. The mean of all
coefficients computed was +0.05.
A final set of analyses attempted to elaborate

the manner in which increases in the value of
t increased the dependence of press durations
on the outcome of the preceding press. Table 3
shows the means and ranges of individual rats'
relative frequency of a press being followed by
food, along with the mean relative frequencies
of food conditionalized on outcome of the pre-

ceding press, for each value of t. Analysis of

Table 2

Mean and range of individual rats' miiedian lever-press
IRT as a function of t and outconme of the preceding
press.

After No Food After Food

Condition Mean Range Mean Range

CRF 1.2 (0.6-2.1)
t = 0.4 0.4 (0.2-0.9) 0.7 (0.3-1.7)
t = 0.8 0.3 (0.2-0.4) 0.5 (0.2-1.5)
t = 1.6 0.4 (0.2-0.6) 0.6 (0.1-1.8)
t = 3.2 0.4 (0.2-0.5) 0.8 (0.2-1.3)

variance (Lindquist, 1953, Ch. 6) of the un-
conditional relative frequencies indicated a
significant decrease across t values; F (3, 12) =
4.82, p < 0.025. This decrease merely reflects
the progressive undershooting of t displayed
by the median press durations. An analysis of
variance of the conditional relative frequen-
cies supported the obvious result that the de-
crease in unconditional relative frequency was
almost entirely attributable to presses immedi-
ately following food presentations. Thus, sig-
nificant effects were found for t values; F (3,
12) = 7.36, p < 0.005; and for the interaction
of t value with outcome of the preceding press;
F (3, 12) = 4.84, p < 0.025. That this strong
negative sequential dependency was attribut-
able to outcome of the preceding press, rather
than a direct sequential property of press dura-
tions, is suggested by a lack of relationship be-
tween press durations separated by the same
outcome event. Two autocorrelation coeffi-
cients were computed for each rat at each
value of t. One of these coefficients represented
the regression of press duration following food
presentation onto the press duration that pro-
duced the food. The other coefficient repre-
sented the correlation between adjacent press
durations not separated by food presentation.
These coefficients ranged from -0.25 to +0.20
and showed no systematic relationship to the
value of t or to whether or not a food presen-
tation separated two successive presses. Fur-
thermore, the mean of the 40 coefficients com-
puted was +0.02.

DISCUSSION
The present experiment demonstrated some

control of the duration of rats' lever presses
by the minimum duration followed by food. It
is also clear that this control was to some ex-
tent temporal in that the obtained press-dura-
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Table 3

Mean and range of individual rats' relative frequency of a press being followed by food
and relative frequencies conditionalized on outcome of the preceding press.

P (Food) P (Food/NAo Food) P (Food/Food)

Condition Mean Range Mean Range Mean Range

t = 0.4 0.47 (0.37-0.57) 0.45 (0.34-0.52) 0.50 (0.38-0.62)
t = 0.8 0.43 (0.36-0.46) 0.45 (0.29-0.53) 0.40 (0.29-0.48)
t = 1.6 0.37 (0.33-0.41) 0.46 (0.34-0.54) 0.22 (0.07-0.39)
t = 3.2 0.33 (0.24-0.40) 0.39 (0.27-0.47) 0.21 (0.02-0.42)

tion distributions contained much higher rela-
tive frequencies of long presses than could be
expected on the basis of a constant conditional
probability of press termination across values
of duration. This conclusion is particularly
clear in those press-duration distributions that
show a secondary mode near the value of t,
but essentially all of the obtained distributions
show more gradual slopes than the geometric
decay that would result from lever releases
that were random with respect to time.
On the other hand, perhaps the most strik-

ing feature of the present data was the rela-
tively poor quality of temporal control ob-
tained. As the value of t was increased, all
rats persisted in emitting relatively high fre-
quencies of short presses, in spite of the in-
creased effort and decreased food density that
resulted. It should be emphasized that this re-
sult is not atypical in that the two other
studies that have published rats' press-duration
distributions with a minimum duration re-
quirement for food presentation have also
reported high relative frequencies of very
short presses (Notterman and Mintz, 1965;
Stevenson and Clayton, 1970). It is clear that
these short duration presses were not due to
the unavailability of "temporal stimuli", since
Stevenson and Clayton's rats were presented
with an 87-dB white noise whenever a press
had been in progress long enough to be fol-
lowed by food. Furthermore, rats for which
food or water is made dependent on long
IRTs do consistently develop a modal IRT
frequency close to minimum requirements at
least as high as 60 sec (Kramer and Rilling,
1970).

It might be suggested that failures to obtain
temporal control of press durations compar-
able to that reported for press IRTs and
latencies is attributable to the very reasons pre-
sented in the Introduction for preferring dura-
tion for studies of temporal differentiation.

That is to say that the availability of a wide
range of behaviors with which to mediate the
interval, or the ability of nonreinforcement
to increase the value of subsequent responses
on the dimension of differential reinforcement,
may be necessary conditions for temporal dif-
ferentiations. Before accepting such a con-
clusion as to the mechanisms of temporal
differentiation, however, less far-reaching pos-
sibilities should be considered and empirically
eliminated.
One aspect of the present results that de-

serves closer attention is the finding that de-
creases in the relative frequency of presses fol-
lowed by food with increases in the value of t
were almost entirely attributable to presses im-
mediately following food presentations. It was
sometimes observed that when the lever was
released after being held long enough to pro-
duce food, the rat would again depress and
immediately release the lever, before emitting
the food tray approach occasioned by the
sound of the food delivery mechanism. If this
occurred frequently, it would inflate the rela-
tive frequency of short presses following food
presentations.
Even if the differences between relative fre-

quencies of slhort presses following food and
following no food could be eliminated, there
remains the fact that relative frequencies of
short presses were high even when the previ-
ous press was not followed by food. A number
of factors might account for the persistence of
these short presses. The above described inter-
vention of short presses between some rein-
forced presses and approach to the food tray
may have increased the frequency of short
presses through adventitious reinforcement. In
addition, the close proximity of short followed
by long presses permitted by the free-operant
paradigm may have contributed to the high
relative frequency of short responses via de-
layed reinforcement. Finally, the relatively
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high density of food presentations permitted
by the free-operant paradigm may have made
changes in reinforcement density produced by
small changes in press duration proportionally
too small to exert a strong influence on the
rats' behavior. That the effectiveness of a food
presentation to modify a rat's response produc-
tion is inversely related to the overall density
of food presentation is strongly suggested by a
study of counting behavior in rats (Brandon,
1969).

All of the factors that have been discussed
as possibly contributing to the high relative
frequencies of short presses could be elimi-
nated or greatly attenuated by using a dis-
crete-trials paradigm in which a period of re-
sponse prevention follows each lever press.
Such intertrial intervals would remove the
possibility of short duration presses interven-
ing between a long press and reaction to op-
eration of the food magazine. They would also
reduce the overall density of food presenta-
tion and increase the delay of food presenta-
tion following short presses.

EXPERIMENT II

METHOD

Subjects
Five male albino rats, obtained from the

Holtzman Company, were approximately 100
days old and had free-feeding weights from
355 to 389 g at the beginning of the experi-
ment. Throughout the experiment, each rat
was maintained at 85% of its free-feeding
weight in the manner described for Experi-
ment 1.

Apparatus
The apparatus was identical to that de-

scribed for Experiment I.

Procedure
Rats were initially trained to press the lever

by being placed into the experimental cham-
ber with several pellets in the food tray, the
lever extended, and the houselight illumi-
nated. Any lever release was followed by de-
livery of a single 45-mg food pellet and an 8-sec
intertrial interval during which the lever was
retracted and the houselights extinguished. All
experimental sessions consisted of 50 food pre-
sentations. The CRF training continued for at

least 10 sessions and until a rat's mean press
duration in each of three successive sessions
varied less than +5% from its overall mean for
the tlhree sessions.

All further sessions involved differential re-
inforcement of lever-press durations. All lever
releases following press durations greater than
a specified time (t) produced one food pellet
and an 8-sec intertrial interval. All otlher
presses produced only the 8-sec intertrial in-
terval. The successive values of t employed
were 0.4, 0.8, 1.6, 3.2, 6.4, and 0.4 sec. Each
value of t was in effect for at least 10 sessions,
and until a rat's mean press duration in each
of three successive sessions varied less than
+5% from its overall mean for those three
sessions. The resulting numbers of sessions for
each rat under each experimental condition
are shown in Table 4. Transitions between
successive values of t were made directly, ex-
cept where the rat stopped responding. This
occurred mainly in going from t values of 3.2
to 6.4 sec where it was necessary to increase t
in two or three steps until 10 or 20 food pre-
sentations had occurred at each intervening
value of t.

Table 4

Number of sessions under each experimental condition
for rats in Experiment II.

Suiccessive Valtues of t

Rat CRF 0.4 0.8 1.6 3.2 6.4 0.-

6 10 12 12 10 16 20 14
7 10 14 12 14 12 20 30
8 10 14 12 14 12 20 30
9 10 12 14 12 14 20 20
10 12 10 14 12 14 20 24

RESULTS
All data analyses were based on the last

three sessions under each experimental con-
dition. Presses before the fifth food presenta-
tion of each session were again eliminated
from consideration because of the higlh vari-
ability sometimes shown by their durations.

Figure 2 displays relative frequency distri-
butions of lever-press durations for each rat
uLnder each experimental condition. Solid bars
represent presses followed by food, and the
distributions for t = 0.4 sec are from the sec-
ond determination. Under CRF, all rats
showed rapidly decaying proportions of
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Fig. 2. Relative frequency distributions of lever-press durations with various minimum durations (t) required

for food and all presses followved by an 8-sec intertrial interval. Class intervals are 0.2 sec wvide. Solid bars represent
presses followed by food and filled circles are overage classes.

presses across duration values with 65 to 94%
of their presses being at or below 0.3 sec. These
CRF distributions were much steeper than
those obtained in Experiment I.

Increasing the minimum press duration fol-
lowed by food produced distributions witlh
modes at or above the lowest class interval fol-
lowed by food. The dispersion of these distri-
butions also increased progressively, with the
exception of those for Rats #6 and #7 at the
lowest valuies of t. In addition to the consistent
maintenance of a mode at or beyond all values
of t employed, the most striking difference be-
tween these distributions and those for Ex-
periment I was the generally low relative fre-
quency of presses in the lowest class intervals.
The higlhest relative frequency of press dura-
tions in the first class interval was 0.11, and in
all but four cases this relative frequency was
no greater than 0.03.

Figure 3 presents each rat's median press
duration (T), as a function of minimum dura-
tion followed by food (t), in logaritlhmic co-
ordinates. Logaritlhmic coordinates were used
because Catania (1970) reported that a wide
variety of results relating response latencies
and IRTs to minimum values followed by
food are well described by power functions.

Redeterminations at t = 0.4 sec are indicated
by open circles, and the group mean function
is shown in the lower right-hand frame. The
broken lines in Figure 3 indicate best-fitting
straight lines to the data points produced by
values of t beyond 0.4 sec. In each case, the
power function describing this line is also
given. As can be seen, the power functions
provided good fits to data points associated
with t values of 0.8 sec or greater. The coeffi-
cients of the fitted power functions ranged
from 1.13 to 1.50 and the exponents ranged
from 0.82 to 0.98.
An analysis of variance of median lever-press

durations using the means of the two determi-
nations at t = 0.4 sec yielded a higlhly signifi-
cant effect of t; F (4, 16) = 423.9, p < 0.001.
There were no statistically reliable effects of
outcome of the previous press; F (1, 4) = 0.39;
or of the interaction of this variable with t; F
(4, 16) = 2.36. The large increases in median
press durations with increases in t, and the
lack of effect of prior outcome were in sharp
contrast to the results shown in Table 1 of Ex-
periment I.

Figure 4 slhows the interquartile range of in-
dividual rat's press durations as a function of
minimum duration followed by food. Redeter-
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minations at t = 0.4 sec are again represented
by open circles, and the group mean function
is shown in the lower riglht-hand frame. Rats
6, 8, andl 9 slhowed esseintially linear increases
in interquartile ranges witlh increases in t, ex-
cept for very low values of t in Rat #9. Rats 7
and 10 departed from linearity in that their in-
terquartile ranges were relatively hiiglh at the
first determination of t = 0.4 sec, and the re-
mainder of their functions displayed positive
and negative acceleration, respectively. The
group mean function relating interquartile
range of press durations to t was approxi-
mately linear, particularly if the second de-
termination at t = 0.4 sec was used. An anal-
ysis of variance using the means of the two
determinations at t = 0.4 sec statistically sup-
ported the effect of t on interquartile ranges;
F (4, 16) = 31.14, p < 0.001.

Table 5 shows the means and ranges of indi-
vidual rats' median latency at eaclh value of t.
A latency was the period from activation of the
lever extension meclhanism to closure of the
lever microswitch by the rat. Separate values
are slhown for latencies preceded by food pre-
sentation and for those that were not. The
only apparent effect in these latencies was a
tendency for them to become longer at large
values of t. This observation was supported by
an analysis of variance using means of the two
determinations at t = 0.4 sec. The effect of t
value on latency was hiiglhly significant; F (4,
16) = 9.19, p < 0.001. The effect of outcome of
the previous press, and its interaction witlh t
value both produced F ratios less than one. In
addition, no consistent relationship was found
between press latencies and durations, except
at t = 6.4 sec. A product-moment correlation
coefficient was computed between latencies and

Table 5

Mean and range of individcual rats' median lever-press
latency as a ftinction of t and outcome of the preceding
press.

After No Food After Food

Condition Mean Ranige Mean Range

CRF 1.3 (0.9-1.5)
t = 0.4 1.0 (0.9-1.8) 1.1 (0.9-1.4)
t = 0.8 0.9 (0.7-1.4) 0.9 (0.8-1.1)
t = 1.6 1.1 (0.8-1.4) 1.1 (0.7-1.7)
t = 3.2 1.2 (1.1-1.3) 1.1 (0.9-1.4)
t =6.4 1.9 (1.5-2.6) 1.6 (1.1-2.1)
t = 0.4 0.9 (0.5-1.3) 0.9 (0.7-1.4)

durations for eaclh rat at each value of t. Ignor-
ing t = 6.4 sec, these coefficients ranged from
-0.43 to +0.30 witlh a mean of -0.05. How-
ever, wlhen t was 6.4 sec the correlations be-
tween latencies and clurations ranged from
-0.26 to -0.47, witlh a mean of -0.40. The
longer median latencies at t = 6.4 resulted
from increased positive skewing of the latency
distributions. The associated negative correla-
tions between latency and duration resulted
because these longer latency presses almost
never had durations long enouglh to produce
food.

GENERAL DISCUSSION

Major differences between the results of
Experiment I and II occurred witlh respect to
botlh overall performance and sequential de-
pendencies. In Experiment I, the modes of
press-duration distribLutions remained at low
values as the minimum value required for food
(t) was increased. In Experiment II, these
modes were always at or above the value of
t. Furtlher-more, rats in Experiment I were
more likely to emit slhort presses immediately
following a food presentation than at other
times, wlhile rats in Experiment II slhowed no
signs of suclh sequential dependencies.

Botlh of these (lifferences between the results
of Experiment I ainid 11 are almost certainly
attril)utable to the addition of an intertrial
interval in Experiment II. Otlher differences
between the two experiments, such as niumber
of food presenitations per session anci defini-
tion of stable performance, do not seem ade-
quate to explain the differences in resuilts. The
attrilbution of differences in results between
Experinmeints I and 1I to the intertrial interval
variable is further strengthened by the results
of several investigators. Catania (1970) exam-
ined the effect of intertrial intervals on the
latency of pigeons' key pecks wlhile the mini-
mum latency required for food presentation in
different birds ranged from 2.75 to 24.4 sec.
As the intertrial interval was reduced from
20.0 to 2.0 to 0.2 sec, the relative frequency
of very slhort latencies increased. Sequential
dependencies were not reported. Kramer and
Rilling (1969) investigated the effects of error-
contingent intertrial intervals on IRTs of
pigeons' key pecks. In this study, IRTs longer
than 20 sec were followed by food wlhile those
shorter than 20 sec were followed by intertrial
intervals of 0, 5, 10, or 20 sec. It was found that
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any of the non-zero intertrial intervals slharply
reduced the relative frequency of very short
IRTs. Kramer and Rilling attributed this re-
sult to a punishing effect of intertrial intervals
on short IRTs; however, the results discussed
above suggest that the effect does not depend
on differential application of intertrial inter-
vals, as miglht be suggested by the punislhment
interpretation.
The Discussion of Experiment I offered

several possible reasons wlhy intertrial intervals
might improve temporal differentiation. These
reasons included elimination of adventitious
reinforcement of slhort presses intervening be-
tween long presses and eating, increased de-
lay of reinforcement of short presses, and in-
creased marginal gain represented by a food
presentation in the context of a lower density
of food presentations. To this list could be
added the possibility that intertrial intervals
may have differentially punished short presses.
Unfortunately, these possible mechanisms for
the effect of intertrial intervals on temporal
differentiation are not mutually exclusive with
respect to the present experiments. Further re-
search into the roles of these mechanisms in
determining intertrial interval effects should
attempt to isolate the effects of intertrial inter-
vals following short presses from those of inter-
trial intervals following food presentations.
The effects of variations in length of intertrial
intervals should also be investigated as should
the effects of other variables that would be ex-
pected to modify reinforcement density. An
example of such a variable would be second-
order random-ratios imposed on the reinforce-
ment sclhedules used in the present experi-
ments.
A second aspect of the present results re-

quiring discussion is the similarity of temporal
differentiation obtained in Experiment II to
that reported by other investigators for IRTs
and latencies. It was noted in the Introduction
that differentiation of response durations
might yield less variable performance tlhan
IRTs or latencies because of the much more
restricted range of behaviors available for
filling the temporal interval. This would mean
that IRT and latency might give underesti-
mates of an organism's differential sensitivity
on temporal dimensions. In what appears to be
the only published study to report differential
sensitivity measures for latency or IRT pro-
duction in animals, Catania (1970) showed

that the critical ratios of standard deviations
of pigeons' key-peck latencies to mean peck
latencies were approximately constant at 0.30
when the minimum latency required for food
ranged from 1.27 to 24.4 sec. In the present
Experiment II, the ratios of interquartile
ranges of rats' lever-press durations (Figure 4)
to median durations (Figure 3) were approxi-
mately constant from t values of 0.8 to 6.4 sec.
The mean values of this nonparametric critical
ratio across t values of 0.8, 1.6, 3.2, and 6.4
sec were 0.28, 0.23, 0.23, and 0.22, respectively.
If Catania's parametric critical ratio of 0.30
was converted to a nonparametric ratio with
an assumption of normal distributions of peck
latencies, a value of about 0.225 would be
obtained. This value clearly falls within the
range of values obtained in Experiment II.
A definitive comparison of relative accuracy of
temporal differentiation of latency and dura-
tion would require use of similar organisms
and equation of other parameters. However,
the striking quantitative similarity of Cat-
ania's critical ratios to the present ones sug-
gest that the relative accuracy of temporal
differentiation of response latencies and dura-
tions is probably not much different. On the
other hand, the similarity of these results sug-
gests that neither the wide variety of behaviors
available for filling a response latency, nor the
extreme sensitivity of this measure to nondif-
ferential reinforcement effects are in any way
necessary to the demonstration of relatively
accurate temporal differentiation. If this is
true, it calls into question the usefulness of
accounts of temporal differentiation in terms
of mediating clhains of incompatible behaviors
(Reynolds and McLeod, 1970) or of nondiffer-
ential effects of reinforcement and nonrein-
forcement (Logan, 1960, Chap. 7).

Considerably more data are available on
central tendencies of temporal productions
than on variabilities. Catania (1970) showed
that a wide variety of results relating the cen-
tral tendencies of IRTs or latencies in rats and
pigeons to the minimum value required for
food, as well as various psychophysical judg-
ments of time in humans, can be described by
power functions. Catania reports that in rats
and pigeons these power functions tend to
have exponents slightly less than 1.0 and co-
efficients somewhat greater than 1.0, but less
than 2.0. In agreement with these generaliza-
tions, it has been shown that the relations be-
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tween median press durations and t values in
Experiment II are well described by power
functions. It should be pointed out that these
relations could have been equally well fit by
linear functions over the range of t values em-
ployed. Best-fitting linear functions would
have had intercepts slightly greater than zero
and slopes slightly greater than 1.0. The only
striking difference between the power func-
tions and linear functions just described would
have occurred at larger values of t. Linear func-
tions with slopes greater than 1.0 predict that
progressively larger values of t would have pro-
duced median press durations that exceeded t
by increasing amounts. Power functions with
exponents less than 1.0 predict that progres-
sively larger values of t would have eventually
produced median press durations that were
less than t. The absence of larger values of t in
the present study precludes this distinction,
but Catania (1970) has clearly shown that the
power function prediction holds for response
latencies and IRTs. In any case, the close
quantitative correspondence between the
power functions fitted to the present data and
those reported by Catania suggest an invari-
ance across several unrelated species and sev-
eral different response dimensions that sup-
ports appeal to a general psychophysical law
of temporal judgments when complications
produced by lack of response spacing are elim-
inated.
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