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Response patterning as a function of the
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with serial trial position
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In Experiment I , three groups of 10 rats each received 4 trials/day on schedules of partial
reinforcement under which the percentage of reinforcement associated with each successive
serial trial position within days increased across trials (Group I), decreased across trials
(Group D), or varied according to a U-ehaped function (Group U). Three of the four daily
trials occurred in one (e.g., black) runway, and one trial each day, called a probe trial,
occurred in another (e.g., white) runway. Within blocks of 4 days, the probe trial occurred
in each of the four possible serial positions. As the probe trial rotated through Positions 1
4, speeds on that trial increased in Group I, decreased in Group D, and varied according to a
If-shaped function in Group U. Experiment 2 employed two groups of 10 rats each, Groups I
and D, and demonstrated that the patterning behavior obtained in those groups in Experi
ment 1 was a reliable phenomenon. The results are discussed in relation to response pat
terning as a function of variations in reward magnitude across trials and a putative ability
of the rat to keep track of serial trial position by counting.

Rats can learn to respond appropriately to a variety
of complex patterns of reinforcement. For example,
given an alternating pattern of rewarded (R) and non
rewarded (N) trials (e.g., Bloom & Capaldi, 1961) or
an alternating pattern of large (L) and small (S) R trials
(Bloom, Williams, & Metze, 1973) , rats learn to run
faster on R (or L) trials than on N (or S) trials. Given a
series of L trials and a series of either N (Haggbloom &
Tillman , 1980) or S (Haggbloom, 1979) trials on alter
nate days, rats learn to run faster on the more favorably
reinforced days than on the less favorably reinforced
days. Rats can also learn to discriminate the occasions
for reinforcement from those for nonreinforcement
when all daily reinforced trials precede daily nonrein
forced trials and vice versa (Capaldi, 1979 ; Haggbloom,
1981) . Finally, rats can learn to respond appropri
ately to a variety of both monotonic (e.g., Capaldi,
Blitzer, & Molina, 1979; Hulse, 1978) and nonmonotonic
(Capaldi & Molina, 1979) changes in reinforcement
magnitude across daily trials.

Consider nonreward to be the zero value on a reward
magnitude scale. Then the experiments cited above can
all be said to provide evidence of a marked ability in
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the rat to learn to respond appropriately to regular vari
ations in reward magnitude across trials. Both experi
ments reported here were concerned with whether rats
could learn to respond appropriately to variations in
percentage of reinforcement across trials. That they
might be able to do so was initially suggested by the
results of Experiment 1, which was conducted for a
different purpose , and was supported by the results of
Experiment 2.

EXPERIMENT 1

Experiment I was conducted as part of a series of
experiments (e.g., Haggbloom, 1980) that investigated
the effects of sequence of partial reward in the positive
(S+) stimulus on extinction of responding to the nega
tive (S-) stimulus in differential conditioning. The
experiment employed the same reinforcement schedules
used by McHose and Blackwell (I975 , Experiment 2).
Three groups differed with respect to the daily schedule
of Rand N trials received in S+: NRR, RNR, or RRN. A
single, nonrewarded, S- trial was presented each day.
This trial , referred to here as a probe trial, occurred in
each of the four possible trial positions within each suc
cessive block of 4 days.

There were no overall differences between groups in
amount of responding to S- as a function of S+ reward
schedule. However, each of the three groups showed an
idiosyncratic response pattern over successive probe
trials. An examination of the reinforcement schedules
revealed that the percentage of reinforcement associated
with each of the four daily trial positions increased
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rewarded probe (8-) trial each day. The probe trial occurred
in each of Trial Positions 1-4 within successive blocks of 4 days,
according to the following recursive sequence: Trials 3, 2, 1,
and 4.

The percentage of reinforcement associated with each of the
four within-day trial positions was 77.8%, 72.2%, 50.0%, and
0%, respectively, in Group D, 77.8%, 27 .8%, 27.8%, and 77.8%,
respectively, in Group U, and 0%, 50.0 %, 72.2%, and 77.8%,
respectively, in Group I.

1 2 3 4

SERIAL TRIAL POSITION

Figure 1. Mean speed of each of the three groups in Experi
ment 1 on the last four probe trials as a function of the serial
position of the probe trial.
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Results and Discussion
All time scores were converted to speeds in centi

meters per second. Only speeds over the total alley are
reported here. Figure 1 shows running speeds for each
group on the single daily probe trial on each of the last
4 days of training as a function of probe trial position.
As can be seen, running speeds increased over trial posi
tions along with the increase in reinforcement per
centage in Group I, decreased over trial positions along
with the decrease in reinforcement percentage in
Group D, and varied according to a U-shaped pattern in
Group U, matching the U-shaped pattern of reinforce
ment percentage across trial positions in that group.

It is important to note that the pattern of responding
observed on probe trials and shown in Figure 1 occurred
only on probe trials and varied as a function of the
serial position of the trial. No patterning behavior
occurred in S+.

An analysis of variance (ANOVA) with groups
(three) and brightness (two) as between-subjects vari
ables and trial position (four) as a within-subjects vari
able was applied to speeds over the four probe trials
shown in Figure I . The ANOVA showed that there was
a reliable Groups by Trial Position interaction [F(6,72)
=4.37 , P< .0 I J. Subsequent Newrnan-Keuls tests
showed that Group D ran faster on Trial I than on
Trial4 (p < .05), Group U ran faster on Trials 1 and
4 than on Trials 2 and 3 (ps < .05), and Group I ran

across trials in the NRR schedule condition (identified
here as Group I), decreased across trials in the RRN
schedule condition (identified here as Group D), and
varied according to a If-shaped function in the RNR
schedule condition (identified here as Group 0). As the
probe trial rotated through the four possible trial posi
tions over days, each group's speed of running on that
trial was directly related to the percentage of reinforce
ment associated with that serial trial position. Thus, as
the probe trial rotated through Positions 1-4, speeds
on that trial increased in Group I, decreased in Group D,
and varied according to a If-shaped function in Group U.
It is this patterning behavior on probe trials that is of
interest here.

Method
Subjects. In both of the experiments reported here, 10 male

rats , bred in the laboratory from Holtzman stock and approxi
mately 90 days old at the beginning of the experiment, were
assigned to each group.

Apparatus. The same apparatus was used in both experi
ments. It consisted of two parallel straight alleys, 105 em long
x 9 em high and wide. The walls and floor of one alley were
pain ted white, and the walls and floor of the other alley were
painted black. The last 25 em of each alley constituted a goal
box separated from the rest of the alley by a manually operated
guillotine door. The doors and goalboxes were painted the same
color as the alley in which they were located. Each goalbox
contained an unpainted wooden goal cup. A gray startbox,
9 cm high and wide x 25 cm long, could be aligned to permit
entry into one alley or the other. The startbox had a gray,
manually operated guillotine door. Start times were recorded
from the opening of the startbox door, which triggered a .Ol-sec
clock, to a point 32 em into the alley. Run and goal times were
recorded over the next 40 and 30 em, respectively, of the alley .
The offset of the first clock and the operation of the run and
goal clocks were controlled by photoelectric circuitry .

Procedure. The following procedures were the same in
both experiments. Two weeks prior to the 1st day of experi
mental training, which began on Day 15, all food was removed
from each rat's cage and a daily ration of 12 g of lab chow was
begun. The rats had free access to water at all times. On Days 12
14, the rats were handled in squads of two or three for approxi
mately 3 min/squad. After being handled on those days, the rats
were fed eight 45-mg Noyes pellets in their home cages.

During training, the rats were removed from the goalbox
on R trials after the times were recorded (after approximately
10 sec) unless the reward had not yet been consumed. AlI rein
forcements consisted of eight 45-mg Noyes pellets. On N trials,
the rats were confined to the unbaited goalbox for 20 sec.

A trial was begun by placing a rat in the startbox and open
ing the start box door after approximately 3 sec, regardless of
the rat's orientation. The rats were run in squads containing one
rat from each group. The order in which trials were administered
within a squad varied randomly from day to day, but the order
of successive squads was held constant across days. A maximum
time of 30 sec was allowed in each section of the alley. If 30 sec
was exceeded in any alley section, the additional time was added
to the time score of the next section forward. If the rat did not
enter the goalbox within 90 sec, it was placed in the goalbox.

AlI S+ trials occurred in the black runway and the probe
trial occurred in the white runway for one-half of the subjects
in each group. These conditions were reversed for the remain
ing subjects in each group.

Design. Three groups differed with regard to the sequence
of Rand N trials received in S+: either NRR (identified here
as Group I), RRN (identified here as Group D), or RNR (identi
fied here as Group U). Each group received a single daily non-



faster on Trial 4 than on Trial 1 (p < .05) . Thus, in
the present experiment, speed of running on probe
trials was a function of serial trial position within a
day's trials and was directly related to the percentage
of reinforcement associated with that trial position .

The three groups in Experiment 1 differed with
respect to the first-order probabilities of R or N fol
lowing either R or N. A few examples, however, will
show that these differences cannot account for the
patterning behavior obtained on probe trials. In
Group D, the probability of R following an N trial
(R/N) was .31; the probability of N following an N
trial (N/N) was .14. Nevertheless, running speeds in
Group D were quite slow when the probe trial occurred
in Serial Position 3, although that trial always followed
an N trial. Group D ran fast on Trial 4 whether that
trial occurred in S+ or was a probe trial. When Trial 4
occurred in S+, it always followed an N trial (prob
ability of R/N = .31); when it was a probe trial, it
followed an R trial in S+ and the probability of R fol
lowing and R trial (R/R) in Group D was zero. Group D
ran relatively fast when the probe trial occurred in
Position 2, a trial following an R trial, although the
probability of N/R = .33, a value greater than the prob
ability of R/R = .18. Group D ran slowest when the
probe trial occurred in Serial Position 4, a trial follow
ing an N trial, although the probability of N/N = the
probability ofRjN = .125.

The explanation of the patterning behavior obtained
on probe trials that is favored here is that habit strength
(H) varied over trial positions within each group as a
function of the percentage of reinforcement associated
with a given trial position. Differences in H associated
with each trial position were not reflected in behavioral
differences over trials in S+ because, for each trial posi
tion, H equaled or exceeded the value necessary to pro
duce asymptotic running speeds. On probe trials, how
ever, there was only a generalized tendency to respond.
Consequently, running speeds were below asymptote
and differences in H associated with serial trial position
within each group were reflected in a pattern of respond
ing that matched the pattern of reinforcement percent
age across trial positions. The probe trials detected
differences in H associated with serial trial position
that might otherwise not have been detected.

EXPERIMENT 2

As indicated, Experiment 1 was not designed for
the purpose of investigating response pattern as a func
tion of reinforcement percentage associated with a
particular serial trial position. The purpose of Experi
ment 2 was to check on the reliability of the pattern
ing behavior obtained in Experiment 1 in a design
specifically intended to produce it. There were two
groups in Experiment 2, Group I and Group D. Both
groups received 4 trials/day . Over the course of the
experiment, the percentage of reinforcement associated
with Trial Positions 14 was 0%, 25%, 50%, and 75%,
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respectively, in Group I and 75%, 50%, 25%, and 0%,
respectively, in Group D. As in Experiment 1, three of
the four daily trials occurred in one runway brightness
and a single, always nonrewarded, probe trial occurred
each day in the opposite brightness runway . Within
blocks of 4 days, the probe trial rotated through Trial
Positions 14. It is the pattern of responding across
days on this single daily probe trial that is of primary
interest in Experiment 2.

Method
There were two groups in Experiment 2, Groups I and D.

Both groups received 4 trials/day, 3 in one brightness runway
and the 4th, the probe trial, in the opposite brightness run
way. The probe triaI was always nonrewarded and moved from
Position 1 through Positions 2 and 3 to Position 4 within each
successive block of 4 days for the first 24 days of training . The
probe trial moved from Position 4 through Positions 3 and 2 to
Position 1 within successive blocks of 4 days for the last 8 days
of training. Table 1 presents the reinforcement schedules used on
Days 1-12. The schedules were repeated in the same order for
Days 13-24. Schedule A was used in reverse order (i.e., begin
ning with the probe trial in Position 4) on Days 25-28 and
Schedule B was used in reverse order on Days 29-32 .

Results and Discussion
All times were converted to speeds in centimeters

per second. As in Experiment 1, only total speeds are
reported here. Figure 2 shows the speed of running on
the probe trials collapsed across the last 16 days of
training as a function of the serial position of the probe
trial. As can be seen, running speeds increased across
trial positions along with the increase in reinforcement
percentage in Group I and decreased across trial posi
tions along with the decrease in reinforcement per
centage in Group D. With the exception of slow running
in Group I on Trial 1 of all days, always an N trial in
that group, the observation of patterning was confined
to the probe trials.

An ANOVA with groups (two) and brightness (two)
as between-subjects variables and trial position (four)
and blocks of four trials (four) as Within-subjects vari
ables was applied to speeds over the last 16 probe trials.
The ANOVA yielded a highly reliable Groups by Trial
Position interaction [F(3,168) = 24.13, P < .0001] .
Simple effects of trial position at each group showed
that speeds increased across successive probe trials in
Group I [F(3,168) = 16.16 , P < .001] and decreased
across successive trial positions in Group D [F(3 ,168) =

Table 1
Reinforcement Schedules in Blocks of 4 Days Used

in Experiment 2 and Position of Probe Trial

Position of Probe Trial

Schedule 2 3 4

A NNRR NNRR NRNR NNRN
Group I B NNNR NNRR NNNR NRNN

C NNNR NNRR NRNR NNRN

A NRNN RNRN RRNN RRNN
Group D B NNRN RNNN RRNN RNNN

C NRNN RNNN RNNN RNRN
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Figure 2. Mean speed for both groups in Experiment 2 on
probe trials collapsed across the last 16 days of training as a
function of the serial position of the probe trial.

9 .47, p < .001]. Thus, as in Experiment 1, speed of
running on probe trials in Experiment 2 was a function
of serial trial position within a day's trials and was
directly related to the percentage of reinforcement
associated with a given trial position.

GENERALDISCUSSION

Capaldi and Verry (198 1) have recently reported that the
rat' s ability to recall the number of successive N trials contained
in a schedule is sufficiently accurate to suggest an ability to
keep track of trials by count ing. This ability appears not to be
limited to keeping track of goal events. The rat can also dis
criminate the first trial of the day from subsequent trials
(Capaldi & Morris, 1974), and Davis (Note 1) reported that
rat s can keep track of at least three trials by counting.

The patterning behavior obtained in the present experiments
could not be accomplished on the basis of differential response
tendencies acquired to one or more preceding goal events, since
neither R nor N on one trial reliably predicted R or N on the
next trial . The patterning behavior obtained here could be a con
sequence, though , of differential values of H associated with
each serial trial position if the rat can discriminate not just
between Trial 1 and subsequent trials, but among several trials.
It could do this if each trial were accompanied by some distinc
tive cue or if the rat could keep track of serial trial position by
counting. The use of a probe trial , as in the present experiments,
may allow differences in H associated with different trial posi
tions, which might otherwise escape detection, to be measured.

Hulse (1978) suggested that rat s learn monotonically increas
ing or decreasing patterns of reward magnitude by encoding a
cognitive rule defining the pattern structure. In the case of a
monoto nically decreasing pattern , for example, the rat may learn
that every element in the pattern is smaller than the immediat ely
preceding one. None of the reinforcement schedules used in
the present experiments, however, can be described by a rule

stating a relationship between successive elements in the pattern.
Nor is it clear that rat s could encode such a complex and
abstract a rule as " the probability of reinforcem ent increases
(or decreases) across trials." While it would be difficult to
account for the patterning behavior obtained here on the basis
of rule encoding, the present results suggest that patt erning
behavior under mono tonically increasing or decreasing sched
ules of reward magnitud e of the kind employed by Hulse could
be due in part to differences in H associated with each serial
trial position.

REFERENCE NOTE

I. Davis, H. Can rats count to three? Paper presented to the
annual meeting of the Psychonomic Society , Philadelphia,
November 1981.
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