mfnggf N Western Michigan University

UNIVERSITY ScholarWorks at WMU

Master's Theses Graduate College

8-1981

Response Latency: A Function of Within-Session Differences in
Intertrial Interval, Training History, Cue Condition, and Ratio
Requirement

James Bryant Nuzzo

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses

0 Part of the Experimental Analysis of Behavior Commons

Recommended Citation

Nuzzo, James Bryant, "Response Latency: A Function of Within-Session Differences in Intertrial Interval,
Training History, Cue Condition, and Ratio Requirement" (1981). Master's Theses. 1813.
https://scholarworks.wmich.edu/masters_theses/1813

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

WESTERN
MICHIGAN

UNIVERSITY



http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1813&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1236?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1813&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/1813?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F1813&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/

RESPONSE LATENCY: A FUNCTION OF WITHIN-SESSION
DIFFERENCES IN INTERTRIAL INTERVAL, TRAINING HISTORY,
CUE CONDITION, AND RATIO REQUIREMENT

by

James Bryant Nuzzo

A Thesis
Submitted to the
Faculty of The Graduate College
in partial fulfillment of the
requirements for the
Degree of Master of Arts
Department of Psychology

Western Michigan University
Kalamazoo, Michigan
August 1981

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RESPONSE LATENCY: A FUNCTION OF WITHIN-SESSION
DIFFERENCES IN INTERTRIAL INTERVAL, TRAINING HISTORY,
CUE CONDITION, AND RATIO REQUIREMENT
James Bryant Nuzzo, M.A.

Western Michigan University, 1981

Skinner has suggested that latency does not vary in an oxderly
manner and short latencies result from the development of effective
waiting behavior not specified by the experimental contingencies.
Recent experimentation has found latency to vary as a function of a
within-session difference in parameters of reinforcement correlated
with two components of a discrete-trial multiple schedule. Also
found was the attenuation of within-session differences in latencies
with the change in intertrial interval (ITI) from 5 seconds to 20 sec-
onds. This suggests that the ITI may be a variable which controls
latency. This study investigated the effect on latency of within-
session differences in ITI, ITI training histories, ITI cue conditions,
and manipulations in the ratio requirement. The results suggest that
latency may vary as a function of superstitious ITI response patterns
which determine the subject's position at the moment of stimulus on-
set. Superstitious response patterns varied as a function of changes
in the independent variables. A reaction time procedure is recommended

to avoid the effects of superstitious behavior on latency.
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INTRODUCTION

Iatency (the time from stimulus onset to the occurrence of the
first response) has infrequently been employea as a dependent variable
in the experimental analysis of behavior (Stebbins, 1961). Instead,
response rate has served as the primary dependent variable in operant
research. |
A variety of practical, theoretical, and empirical difficulties has
been cited (Skinner,1961; Stebbins, 1961; Michael, Note 1) as explana-
tions of the infrequent use of latency as a dependent variable.
Skinner (1961) in a review of dependent variables cites empirical
findings (1946) which suggest that response latency "does not vary
continuously or in an orderly fashion" (1961, p. 44). 1In addition,
Skinner (1961) speculates that latency is partly a function of "ef-
fective waiting behavior" or behavior which "marked time" (p. 47),
both of which are not explicitly related to the experimental contin-
gencies.

Moody, Stebbins, and Islauer (1971) note the similar problem of
specifying the subject's position in the chamber at the moment of
stimulus presentation. Second, they suggest that the subject's fail-
ure to respond, resulting in no data, is likely with the presentation
of a negative stimulus (stimulus negatively correlated with reinforce-
ment or S-). An additional difficulty is that latency varies as a

function of stimulus intensity which may further confound the

1
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experimental results of a procedure utilizing more than one anteced-
ent stimulus.

Michael (Note 1) suggests that the unavailability of highly ac-
curate and easily programmed control and data acquisition devices
may have contributed to disinterest in latency as a dependent var-
iable.

Despite Skinner's criticisms, latency has been successfully em~
ployed in a variety of operant procedures. Schuster (1959) found
behavioral contrast with a two-component Multiple Fixed-Ratio, Fixed-
Ratio schedule (Multiple FR, FR) employing latency as the dependent
variable., That is, with the increase in the ratio required for rein-
forcement in one component of the multiple schedule, the latency in
the unchanged component shortened. Stebbins (1962) found latency in
a reaction time procedure varied systematically as a function of be-
tween-session manipulations in the amount of reinforcement. In the
reaction time procedure the subject depresses and holds the manipu-
landum in the presence of S1 for a given duration or "foreperiod"
and releases the manipulandum with the onset of S2; the latency or
"reaction time" is measured from S2 onset to the release of the man-
ipulandum. Iatency has been profitably employed in studies of
stimulus control (Cross & Iane, 1962; Heinz & Eckerman, 1974; Moody
et al., 1971; Stebbins & Lanson, 1961; Stebbins & Reynolds, 1964;.
Terrace, 1963), schedules of reinforcement (Stebbins, Mead, & Martin,

1959; Stebbins, 1962; Stebbins & Lanson, 1962), and animal -
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psychophysics (Blough, 1959; Green, Terman, M., & Terman, J., 1979;
Saslow, 1968; Stebbins & Miller, 1964; Stebbins, 1970; Terman, M., &
Terman, J., 1973).

Local interest in response latency has resulted from the develop-
ment of a student laboratory project at Western Michigan University.
This undergraduate experimental laboratory program, concerned with
latency, has generated a thematic line of research by graduate stu-
dents and faculty. The study which follows is a portion of this
thematic line of research effort.

The student laboratory's general procedure involves a discrete-
trial two-component multiple schedule, where the components differ in
various parameters of reinforcement (ratio required to produce rein-
forcement, probability of reinforcement, and duration of reinforcement).
Random component presentations, constituting trials, are separated by
5 sec intertrial intervals (ITI's). Iatency was found to vary system-
atically as a function of the parameters of reinforcement correlated
with each component (Michael, Note 1). Iatencies to the stimulus cor-
related with the better parameters of reinforcement (e.g., fewer
responses required, greater probability of reinforcement, longer dura-
tion of reinforcement) were shorter than those to the stimulus
correlated with the poorer parameters of reinforcement (e.g., more
responses required, lesser probability of reinforcement, shorter dur-
ation of reinforcement)., Michael (Note 2) found during parametric

manipulations of various aépects of the general procedure the change
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in the ITI from 5 sec to 20 sec attenuated the separation in response
latencies correlated with each component (longer latencies became
much shorter while shorter latencies increased slightly). With the
return to the 5 sec ITI the separation in latencies was recovered,

This attenuation of differential responding as a function of an
increase in ITI suggests that ITI duration may be a variable control-
ling absolute and/or relative response latency. Similarly, Holt and
Shafer (1973) found that increasing ITI duration increased matching-
to-sample accuracy in the pigeon in an oxderly fashion, Holt and
Shafer suggest the increased matching-to-sample accuracy is a function
of increased attending or observing of the response key afforded by
the longer ITI's.

The intent of this study was to determine whether response laten-
cy would vary as a function of the duration of the preceding ITI on a
within-session basis. In addition, the effect of ITI training history
was of interest since in the previous study the subjects which demon-~
strated the attenuation of the separation in response latencies had
exclusive 5 sec ITI histories. Also for some subjects ITI's were
cued to increase the likelihood that the different ITI's would develop

differential control of response latencies.
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METHOD

Subjects

Nine 5-to-8-year-old female White Carneaux pigeons served as
subjects. All were experimentally naive at the beginning of the
study. They were maintained at approximately 80% of their free-feed-
ing weight. Access to grain served as. the reinforcement in the
experimental sessions with additional grain rations, necessary to
maintain their 80% weight, provided in the home cage. Water and grit
were continuously available in the subjects' home cages. One subject,

pigeon 2055, died during the course of the experiment.

Apparatus

Three Iehigh Valley Electronics standard three-key pigeon test
chambers were utilized. For this experiment only the - key (re-
sponse key) was employed. The key consisted of a 2.5 cm translucent
disk centered 26 cm from the chamber floor and 17.5 cm from either
side of the intelligence panel as measured to the center of the re-
sponse key. A force of 0.2 N # 0.02 N was required to operate the
key's microswitch, Stimuli transilluminated the response key by an
inline, digital readout projector (Industrial Electronics Engineers,
Inc., Model #10-3043). Stimuli included: Green, Red, and Yellow

(Kodak wratten filters; #74, #72B, and #73, respectively) as well as
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a white cross on a black background composed of superimposed vertical
and horizontal 2 mm wide lines.

Access to mixed grain occurred with the illumination of the 6 cm
X 5 cm hopper opening centered 13.5 cm below the response key. Exper-
imental chamber illumination was provided by a 7.5 watt shielded lamp
located 7 cm above the response key. Externally mounted exhaust fans
provided ventilation and a continuous masking noise for each chamber.
A centrally located 16 X 19 cm one-way mirror in each chamber door
permitted direct observation of the chamber's interior.
Direct observation data were collected using three telegraph keys
wired to a 20-pen Operation Recorder (Esterline Angus Inc.) which op-
erated at 14 cm per minute. The remaining experimental control and
data acquisition procedures were provided by a PDP-8/F minicomputer
and RX01 floppy disk-drives (Digital Control Corporation) which were
located in a separate room. An interface (State Systems Inc.) con-
nected the experimental chambers with the computer. Experimental
control and data acquisition were programmed in SUPERSKED software

(Snapper & Inglis, 1980).
Procedure

Shaping

The nine subjects were initially trained to eat grain from the

illuminated hopper during its presentation. The grain magazine was
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presented at random intervals by means of a hand-activated switch.
Hopper training was completed within 3-5 sessions.

Upon completion of hopper training, response key pecks wexre
shaped by reinforcing successive approximations of responding toward
the key. The key was yellow during this phase. The first peck
closing the response key's microswitch resulted in grain presentation
for 4 sec and the initiation of the computer controlled, key training
program. The key. training program presented 4 sec of reinforcement
following each peck on the yellow response key (continuous reinforce-
ment or CRF); the session terminated after the delivery of 50
reinforcements. All pigeons received 3-5 sessions of such training
until session durations were under 7 minutes. Subsequently the nine
subjects began the basic experimental procedure with each subject as-

signed to different training conditions specified below.

Basic Procedure

The discrete-trial, two-component, multiple or mixed schedule is
diagramed (Figure 1) in terms of State Notation (SUPERSKED, 1980).
Components consisted of 5 sec or 20 sec ITI's preceding a single dis-
criminative stimulus. The session began with the illumination of the
chamber houselight. The computer program randomly selected a number
("5" or "20"), without replacement, from a specified list and eval-
vated the selected value in a decision function. If the selected

number equalled "5" then the ITI preceding onset of the SD would be
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Figure 1. Basic procedure described in State Notation form.
(Circles represent "states" or environmental conditions.
Events occurring before a colon (:) are either the passage
of time or behavior. Events which follow a colon are the
effects of the preceding event resulting in the transition
to the next state, Diamonds indicate "decision" where the
occurrence of one of two possible events is conditional

upon the results of preceding events,)
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5 sec, but if the selected number did not equal "5" then the ITI
would be 20 sec. With the decision a stimulus "cue" (Red, Green,
Cross, or dark key) correlated with a specific ITI duration transil-
luminated the response key and the ITI timer began. Responses to
the key during the ITI reset the ITI timer and began the ITI anew.
Completion of the ITI terminated the cue and transilluminated the re-
sponse key with the yellow discriminative stimulus (SD). As in
previous latency studies (Michael, Note 1, Note 2) completion of a
specified number of responses (ratio requirement) or the passage of
30 sec (abort limit) terminated the S°. If the ratio requirement
was completed within the 30 sec abort limit, then, with a predeter-
mined probability (probability of reinforcement), either a specified
duration of grain was presented (reinforcement duration) or a brief
time out (.5 sec houselight off) occurred. The session terminated
following 60 trials. No more than 6 trials with the same ITI dura-
tion occurred successively.

Between-session comparisons were made on the basis of initial
ITI training history and ITI cue condition (cued versus uncued).
Independent variables varied on a between-session basis were the cues
correlated with the ITI duration, ratio requirement, probability of
reinforcement, and reinforcement duration. The independent variable
varied on a within-session basis was the ITI duration preceding the

sP,
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Baseline ITI Durations and Cue Conditions

Each subject having completed key training started the basic
procedure and was assigned to an initial baseline ITI duration and
cue condition constituting training history (Table 1). Birds 2469,
2054, and 2055, respectively, were assigned to 5 sec ITI, 20 sec ITI,
and 5 and 20 sec ITTI uncued training conditions. Subjects with only
one ITI training value (e.g., 5 sec ITI) received 60.trials of that
value while subjects with two ITI values (5 and 20 sec ITI) received
30 trials of each.

Birds 6066, 5172, and 599, respectively, were assigned to 5 sec
ITI, 20 sec ITI, and 5 and 20 sec ITI cued history conditions. The
cross initially cued the 5 sec ITI for these three subjects, while
during the 20 sec ITI the key remained dark or uncued. Similarly,
Birds 1145, 3115, and 5118, respectively, were assigned to 5 sec ITI,
20 sec ITI, and 5 and 20 sec ITI cued history conditions. The cross,
however, initially cued the 20 sec ITI for these three subjects,
while during the 5 sec ITI the key remained uncued. Early in train-
ing the asymmetrically illuminated cue (cross on key versus dark
key) was changed to a symmetrically illuminated cue (each ITI dura-

tion illuminated red or green). The change resulted from noting
| increased responding during cross cued ITI's and coxrelated shorter
latencies. Such data wexre jﬁdged to be consistent with an auto-
shaping analysis, in terms of differential predictiveness by a

conditioned stimulus (CS) (Shwartz & Gamzu, 1977), and the change to
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12
Table 1

Initial ITI Duration and Cue Condition
for Each Subject

Subjects Baseline ITI . ITI Cue Condition™
1145 5 see Dark key/green key
6066 5 sec Cross key/red key
2469 " 5 sec - Daxk key
3115 20 sec Cross key/red key
5172 20 sec Dark key/green key
2054 20 sec Daxk key
5118 5 sec and 20 sec Dark key/green key

Cross key/red key
599 5 sec and 20 sec Cross key/red key

Dark key/green key
2055 5 sec and 20 sec Daxk key

Dark key

#Cues listed following a virgule (/) indicate the new cue

for that ITI intended to avoid the possible autoshaping ef-

fect noted with the cue preceding the virgule.
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13
the symmetrically illuminated cue was intended to reduce the rele-
vance of an autoshaping analysis of the experimental results.
Specifically, Birds 6066, 5172, and 599 had 5 sec ITI's cued Red and
20 sec ITI's cued Green while the cueing of the ITI's for Birds 1145,

3115, and 5118 was just the opposite (Table 1).

Baseline Manipulations

Reinforcement duration, probability of reinforcement, and ratio
requirements constituted the variables manipulated for the nine sub-
Jects during baseline. Initially, all subjects began with a ratio
requirement of one response (1), probability of reinforcement of
100% (1.0), and duration of reinforcement of 4 sec (4") access to
grain (1/1.0/4").

Following at least five sessions the duration of reinforcement
was changed from 1/1.0/4" to 1/1.0/3". Subsequent baseline changes
in the three parameters of reinforcement occurred following five ses-
sions per condition (Table 2). One parameter of reinforcement was
varied per condition change. The sequence of manipulations in the
parameters of reinforcement for the nine subjects was:. 1.1.0/3",
1/.7/3", 3/.7/3", 7/.7/3". When the parametric values of 7/.7/3"
had been reached by each subject and the stability criterion (speci-
fied below) had been met, subsequent ITI, ratio requirement, and cue

manipulations began.
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Table 2
-All Condition Changes by Session for Each Subject

. Subjects
Conditions 145 3115 5118 6066 5172 599 2469 2054 2055
Baseline
1/1.0/4" 1<10 110 1-10 14 1-3 1% 19 1-9 1-6
1/1.0/3" 1 1 16 10 0 12 10 10 7
Color Cue 17 17 1 5 L 5
1/.7/3" : 22 2 a 15 U 17 15 15 12
3/.7/3" 2?7 27 26 20 19 22 20 20 17
7/.7/3" 32 32 31 28 24 28 28 28 25
ITI, Ratio Requirement and
Cue Manipulations
Cues Reversed —— eee— 49 e o 431
Add 5" ITI — 50 mm—e em—— 42 e ———— 43 oo
Add 20" ITI H eemn ceee 40 cone e L R
1/.7/3" 68 66 66 S 55 57 63 61 40
?/.7/3" 85 92 8 77 78 8 B N -
15/.7/3" 103 110 105 93 97 99
1/.7/3" 1% 127 16 109 107 113 83 ) R—
Catch Trialss Test I 131 === 131 ==-w 125 '
Test II 132 === 130 ===~ 123 ry
Test III 133 wee= 132 e 124
Uncued ITI's — 138 —ee- 125 eeee 125
ITI's Cued . 98 - J—
Both ITI's with Same Cue IW  eeee 133 eeee 126

H#T
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ITI, Ratio Requirement, and Cue Manipulations

The addition of 20 sec ITT trials for Subjects 1145, 6066, and
2469; the addition of 5 sec ITI trials for Subjects:.3115, 5172, and
2054; and the reversal of cues for Subjects 5118 and 599 constituted
the first experimental manipulations for each subject. Subsequent
changes for the nine subjects and the initial change for Bird 2055
involved varying the value of the response requirement (see Table 2).
Specifically, for the six pigeons with cued ITI's (1145, 3115, 5118,
6066, 5172, and 599) the ratio requirement was changed in the follow-
ing order to 1, 7, 15, 1 and for the three pigeons with uncued ITI's
(2469, 2054, and 2055) it was changed in the following order to 1,
7, 1.

Subjects 1145, 5172, and 5118 with cued ITI's, following the
ratio requirement manipulations, were given three one-session tests
involving "catch trials" (Stebbins, 1970, p. 56). Catch trials in-
volved following the cued ITI with some stimulus change other than
the S° to ascertain whether the onset of the S° or some other var-
iable was responsible for the emission of the first response. For-
Test I the ITI was followed by a dark key. Catch trials for Test II
consisted of the ITI followed by a .05 sec flicker and continuation
of the cue. Test IIT included catch trials with one cue followed
by the other cue color instead of the SD. Catch trials occurred on

30% of the 60 trials in a session. Following testing these three
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pigeons were blaced on a procedure where the cues for both ITI values
were the same hue,

Subjects 2469 and 2054, following manipulations of the ratio
requirement, were exposed to cued ITI's., Subjects 3115, 6066, and
599, following manipulation. of the ratio requirement, were exposed
to uncued ITI's. |

Such manipulations occurred,- following a minimum of 10 sessions
on a given condition, with the last five data points showing neither
an increasing nor decreasing trend or a trend in the opposite direc-

tion of that expected from the subsequent manipulation.

Dependent Variables

Sequential response latencies with codes were recorded. Indi-
vidual latenéies were coded for the preceding ITI duration, whether
the subsequent response ratio was completed within the 30 sec abort
limit and whether or not that trial had resulted in reinforcement.

A latency distribution for each ITI value was also collected in semi-
log bins (Michael, ﬁote 1), rermitting the computation of extrapolated
median latgncy which served as the primary dependent variable for
this study. The semi-log latency distribution began with a bin

width of .05 sec which when multiplied by a constant (1.2) formed

the next bin., The 16 remaining bins were formed by multiplying the
resulting bin width by the constant to create the next bin width,

and so on. The direct observation event recorder was used to
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document the subject's behavior in the chamber. Recorded was the
subject's time 10 cm away from the response key, responses to the

intelligence panel during the ITI, reinforcement time, and time outs.
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RESULTS

Figures 2 through 10 present median latency as a function of
sessions for individual subjects; the two graphs within each figure
are distinguished by the within-session differences in ITI duration

preceding the stimulus presentation. These median latencies were
calculated from the semi-log frequency distributions recorded during
each session.

Subjects 1145 and 6066 (Figures 2 and 3, respectively), with
cued 5 sec ITI histories, following the introduction of differential-
ly cued 20 sec ITI trials developed a separation in median latencies
as a function of the ITI preceding the SP. For these two subjects
the 5 sec ITI trials had the shorter latencies while the 20 sec ITI
trials had longer latencies.

For Subject 2469 (Figure 4), with an uncued 5 sec ITI history,
following the introduction of uncued 20 seb ITI trials no clear sep-
aration of median latencies occurred; however, 5 sec ITI latencies
tended to be shorter than 20 sec ITI latencies.

With the removal of cues during the ITI for Subject 6066 and
the identical cueing of both ITI yalues for 1145, the separation of
median latencies reversed for the former and became attenuated for
the latter. That is, for Bird 6066 the median latencies preceded by
20 sec ITI's became shorter than those preceded by 5 sec ITI's, as

contrasted with the cued ITI condition.

18
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Figure 2. Median session latencies for Subject 1145 with a cued
5 sec ITI training history. (Closed circles are .media.n
latencies preceded by 5 sec ITI's while open circles are
median latencies preceded by 20 sec ITI's. Vertical
lines separate different phases of the study. The new
conditions corresponding to each phase are represented
at the top of each figure. The three numbers at the top
of some phases represent, from top to bottom, the ratio
requirement, probability of reinforcement, and duration

of reinforcement.)
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Figure 3. Median session latencies for Subject 6066 with a cued
5 sec ITI training history. (Closed circles are me-
dian latencies preceded by 5 sec ITI's while open
circles are median latencies preceded by 20 sec ITI's.
Vertical lines separate different phases of the studt.
The new conditions corresponding to each phase are
represented at the top of each figure. The three
numbers at the top of some phases represent, from top
to bottom, the ratio requirement, probability of re-

inforcement, and duration of reinforcement.)
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Figure 4, Median session latencies for Subject 2469 with an uncued
5 sec ITI training history. (Closed circles are median
latencies preceded by 5 sec ITI's while open circles are
median latencies preceded by 20 sec ITI's. Vertical lines
separate different phases of the study. The new condi-
tions corresponding to each phase are represented at the
top of each figure. The three numbers at the top of some
phases represent, from top to bottom, the ratio require-
ment, probability of reinforcement, and duration of

reinforcement. )
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With the introduction of differentially cued ITI's for Subject
2469 a clear and stable separation in median latencies developed with
the shorter latencies preceded by 5 sec ITI's similar to the separa-
tions for Subjects 1145 and 6066 during cued ITI conditions.

Manipulations of the ratio requirement (RR) typically had no
clear systematic effect on the median latencies of these three sub-
jects (Figures 2, 3, and 4). The only clear effects were for Subjects
1145 and 6066 in which, for both ITI's, latencies increased with the
change to a RR of 15 for the former and a transitory increase in the
separation of median latencies with a2 RR of 1 for the latter.

The introduction of the differentially cued 5 sec ITI trials for
Subjects 3115 and 5172 (Figures 5 and 6, respectively), with 20 sec
cued ITI histories, resulted in a slowly developing, relatively small
and variable separation in median latencies. For these two subjects
the median latencies preceded by 5 sec ITI's were shorter than those
preceded by 20 sec ITI's.

However, for 2054 (Figure 7), with an uncued 20 sec ITI history,
the introduction of 5 sec ITI's resulted in a separation of median
latencies with shorter latencies preceded by 20 sec ITI's. The sep-
aration developed immediately and was stable,

The removal of cues during ITI's for 3115 and the identical cue-
ing of both ITI's for 5172 resulted in the reversal of the separation
in median latencies for both subjects such that the shorter median

latencies were preceded by 20 sec ITI's. The introduction of cued

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

Figure 5. Median session latencies for Subject 3115 with a cued 20
sec ITI training history. (Closed circles are median la-
tencies preceded by 5 sec ITI's while open circles are
median latencies preceded by 20 sec ITI's. Vertical lines
separate different phases of the study. The new conditions
corresponding to each phase are represented at the top of
each figure, The three numbers at the top of some phases
represent, from top to bottom, the ratio requirement, prob-

ability of reinforcement, and duration of reinforcement.)
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Figure 6. Median session latencies for Subject 5172 with a cued 20
sec ITI training history. (Closed circles are median la-
tencies preceded by 5 sec ITI's while open circles are
median latencies preceded by 20 sec ITI's. Vertical lines
separate different phases of the study. The new conditions
corresponding to each phase are represented at the top of
each figure. The three numbers at the top of some phases
represent, from top to bottom, the ratio requirement, prob-

ability of reinforcement, and duration of reinforcement.)
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Figure 7. Median session latencies for Subject 205% with an uncued
20 sec ITI training history. (Closed circles are median
latencies preceded by 5 sec ITI's while open circles are
median latencies preceded by 20 sec ITI's. Vertical lines
separate different phases of the study. The new conditions
corresponding to each phase are represented at the top of
each figure. The three numbers at the top of some phases
" represent, from top to bottom, the ratio requirement, prob-

ability of reinforcement, and duration of reinforcement.)
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ITI's for 2054 (Figure 7), similarly, resulted in the reversal of me-
dian latencies such that the shorter latencies were preceded by 5 sec
ITI's.

Manipulation of the RR systematically affected the median laten-
cies for Subjects 3115 and 5172, but not Subject 2054. For the former
two subjects ratio requirements of 7 and 15 were correlated with the
larger separations in the median latencies between ITT conditions
while a RR of 1 attenuated the separation. Additionally, the median
latencies following both ITTI values for Subject 5172 increased with
an increased in the RR to 7.

Subjects 5118 and 599 (Figures 8 and 9, respectively), with 5
and 20 sec cued ITI histories, developed separations in median laten-
cies. These separations, however, were highly variable. For 5118
the shorter median latencies were preceded by 20 sec ITI's when a
clear separation was present. In contrast, Subject 599 maintained
shorter median latencies when preceded by 5 sec ITI's. In addition,
the reversal of cues correlated with each ITI value did not affect
the different ITI median latencies.

Subject 2055 (Figure 10), with a 5 and 20 sec uncued ITI history,
also developed a separation in median latencies., The separation was
relatively small but stable with the shorter latency preceded by 5
sec ITI's.

The identical cueing of both ITI's for 5118 and the removal of

cues during the ITI's for 599 resulted in the attenuation of the
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Figure 8.

Median session latencies for Subject 5118 with a cued 5
and 20 sec ITI training history. (Closed circles are medi-
an latencies preceded by 5 sec ITI's while open circles
are median latencies preceded by 20 sec ITI's. Vertical
lines separate different phases of the study. The new con-
ditions corresponding to each phase are represented at the
top of each figure. The three numbers at the top of some
phases represent, from top to bottom, the ratio require-
ment, probability of reinforcement, and duration of

reinforcement.)
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Figure 9. Median session latencies for Subject 599 with a cued 5 and
20 sec ITI training history. (Closed circles are median
latencies preceded by 5 sec ITI's while open circles are
median latencies preceded by 20 sec ITI's, Vertical lines
separate different phases of the study. The new conditions
corresponding to each phase are represented at the top of
each figure. The three numbers at the top of some phases
represent, from top to bottom, the ratio requirement, prob-

ability of reinforcement, and duration of reinforcement.)
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Figure 10. Median session latencies for Subject 2055 with an uncued
5 and 20 sec ITI training history. (Closed circles are
median latencies preceded by 5 sec ITI's while open cir-
cles are median latencies preceded by 20 sec ITI's.
Vertical lines separated different phases of the study.
The new conditions corresponding to each phase are repre-
sented at the top of each figure. The three numbers at
the top of some phases represent, from top to bottom,
the ratio requirement, probability of reinforcement, and

duration of reinforcement.)
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separation for the former and the reversal of the separation for the
latter. The death of 2055 did not permit the introduction of cued
ITI's.

The manipulation of the RR systematically affected the median
latencies for Subjects 5118 and 599, Initial increases in the RR at-
tenuated the separation for these two subjects. Subséquent reduction
in the RR to 1 resulted in the recovery of the separation for 5118 and .
599. Further increases in the RR to 7 and 15 again attenuated the
separation for 5118; however, attenuation is less evident for 599
(see Figures 8 and 9). For 599 the increase in the RR, additionally,
increased both ITI median latencies. With the return to a RR of 1
the separation was regained for 5118 and stabilized, with both 5 sec
and 20 sec ITI latencies shortening, for 599. Manipulations in ER
value had no effect upon 2055's latencies.

Characteristic samples of within-session event recordings for
five subjects--1145, 5172, 5118, 2469, and 20 --are presented in Fig-
ure 1ll. Three samples, each from three different experimental
conditions, for each subject are presented. In addition, Table 3 pre-
sents the mean time spent 10 cm from the response key and the mean
rate of pecking toward the intelligence panel for each of the sub-
ject's three experimental sessions from which the samples (Figure 11)
were derived, Included are similar measures (Table 3) computed from
the sample data as an indication of the samples' representativeness

of the entire session. Three variables were recorded in each session:
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Figure 11: Samplé within-session event recordings for five subjects
under three different experimental conditions. (The
three events recorded each session were: on the first
channel, time 10 cm away from the response key; on the
center channel, pecks toward the intelligence panel; and
on the last channel, reinforcements and time outs. The
occurrence of each event is indicated by the upward de-
flection of the pen on the corresponding channel.
Parameters of reinforcement of 7/.7/3" are represented by
"A"; "B" represents the parameters of 1/.7/3". The num-
bers "0", "1", and "2" indicate uncued ITI's, cued ITI's,

and identically cued ITI's, respectively.)
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Session Means and Sample Means for Event-Recorded Sessions

Table 3

Subjects

1145 5172 5118 2469 2054
‘Session conditions™ Bl Bl Bl A0 A0
ITrI IB 5" 20" - 5" zotl 5" 20" . 5" 20" 5" 20"
Session mean: Time away from key o" 28" ov 18" 0" 32" 0" .5" 28" 14
Sample; Time away from key o" 28" ot o9 O" 26" O" oO" 23" -18"
Session mean: Rate of pecks to panel 124 0 132 12 133 o .5 0 86 26
Samples Rate of pecks to panel 132 0 92 9 102 0- .3 0o 72 27
Session conditions Al Al Al BO BO
Session mean; Time away from key o" 34" o" 16" o" Ls» o" o o" &"
Sample' Time a.ua.y from kay 0" 3?" ou llu ou uau Ou o o 8»
Session mean: Rate of pecks to panel 136 0 128 30 122 .3 O© O 24 33
Sample; Rate of pecks to panel 150 0 116 39 102 1 (1] 0 20 30
Session conditions B2 B2 B2 Bl Bl
Sesslon mean: Time away from key 32" 57 O Oo" 31* 32 1" &5t O" 12v
Sample: Time away from key 8 55" 0" Q" 23" 35" 3* 6" o 8"
Session mean; Rate of pecks to panel 0 0 0 0 0 0 108 23 138 30
Sample: Rate of pecks to panel 0 0 0 0 0 0O 102 21 14 23

Note, Time (sec/min) 10 cm away from response key; rate (pecks/min) towards intelligence panel

®A=rfat parameters 7/.7/3";. B=rfmt paramsters 1/.7/3"; O=uncued ITI's; l=cued ITI's; 2=same cued ITI's

(4]
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on the first channel, the time the subject was 10 cm from the re-
sponse key; on the second channel, pecks toward the intelligence
panel and/or toward the response key during the ITI; and on the
third channel, reinforcement and time out times.

For Birds 1145, 5172, and 5118, two sessions had cued ITI's,
one with reinforcement parameters of 1/.7/3" and the other with 7/.7/
3", The third session for these thrge subjects had identically cued
ITI's with reinforcement parametes of 1/.7/3". For Subjects 2469
and 2054, two sessions had uncued ITI's, one with reinforcement pa-
rameters of 1/.7/3" and the other with 7/.7/3". The third session
for these two subjects had cued ITI's with reinforcement parameters
of 1/.7/3".

Subjects 1145, 5172, and 5118, with cued ITI's, developed spe-
cific response patterns correlated with each ITI value. During 20
sec ITI's the three subjects spent time away from the response key
which did not occur during 5 sec ITI's. The three subjects pecked
toward the intelligence panel, with increasing frequency as time
passed, during the 5 sec ITI's. Only Subject 5172 pecked at a high
rate during the 20 sec ITI's. With a change in the RR from 7 to 1
there was a correlated change in the response pattern. For Birds
1145 and 5118 time away from the key during 20 sec ITI's decreased
while it remained relatively unchanged for 5172. With the identical
cueing of ITI's for 1145, 5172, and 5118, time away from the key was

similar in both ITI's. Additionally, pecking during ITI's no longer
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occurred and time away from the key now occurred during 5 sec ITI's
for Birds 1145 and 5118.

For Subjects 2469 and 2094 two of the sessions had uncued ITI's
with parameters of reinforcement of 1/,7/3" for one session and 7/
.7/3" for the other. The third session for these subjects had cued
ITI's with reinforcement parameters.of 1/.7/3".

Subject 2469, with ITI's uncued, developed no stereotypic re-
sponse pattern correlated with each ITI value. In contrast, 2054,
again with uncued ITI's, developed specific response patterns cor-
related with each ITI. Moreover, with the change in the RR from 7
to 1, periods of time away from the key decreased as well as the
rate of pecking during the ITI for 2054%. With the introduction of
cued ITI's 2469 and 2054 developed specific response patterns corre-
lated with each ITI.

In regard to the catch trial test session for 1145, 5172, and
5118 with cued ITI's only Subject 5172 responded on any of the catch
trials., Subject 5172 responded on two trials during Test II, on
which a .05 sec cue flicker and cue continuation occurred instead of
the presentation of the SD. Latencies for both catch trial responses

were over 9 sec as measured for the .05 sec flicker,
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DISCUSSION

Response latency varied as a function of the ITI preceding the
onset of the SP. Initial ITT training generally determined the de-
gree of difference between the latencies preceded by the 5 sec ITI's
and 20 sec ITI's (e.g., subjects with the cued 5 sec ITI histories
developed the largest relative separations in median latencies).

Iﬁ addition, the effects of manipulations of the RR were correlated
with ITI training. With changes in the RR for subjects with cued 20
sec and 5 and 20 sec ITI histories latency separations were attenu-
ated; this was not evident for the subjects with cued 5 sec ITI
histories.

The presence or absence of differentially cued ITI's (different
cues correlated with each ITI duration) altered the effect of the
preceding ITT on the subsequent latency and possibly the effects of
RR manipulations. Subject 2469, with an uncued ITI training history,
did not develop a clear separation in latencies until cues during
the ITI's were introduced. For Subject 2045, also with an uncued
history, the introduction of cues reversed the previously developed
separation. For the subjects with cued ITI histories, the removal
of a differential cue either attenuated the latency separation or
reversed it. Also, manipulations in the RR had no effect on the de-
gree of separation or absolute value of median latencies for 2054

and 2055 with uncued histories.

k5
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The development of stereotypic response patterns correlated with
each ITI value resembles that often observed under differential rein-
forcement of low rate (DRL) schedules of reinforcement (Blackman &
Scruton, 1972; Hodos, Ross, & Brady, 1962; laties, Weiss, Clark, &
Reynolds, 1965; laties, Weiss, B., & Weiss, A., 1969; McMillian, 1969;
Snapper, Ramsay, & Schoenfeld, 1969) in delayed match to sample
(Blough, 19595 and delayed alternation schedules (Hearst, 1962).

The common factor in these various paradigms is the experimentally
specified passage of time without the occurrence of the experimenter
specified response.

The stereotypic behaviors observed during the passage of time
are often thought of as collateral responding or behavior "used by
the organism as a controlling stimulus in subsequent behavior" (Fer-
ster & Skinner, 1957, p. 729) which mediates time passage until the
moment a contingency specified response will result in reinforcement.
That is, collateral responding mediates the emission of temporally
differentiated responses. Disruption of collateral response patterns
has been demonstrated to disrupt temporally differentiated responses
(Hodos, Ross, & Brady, 1962; laties, Weiss, Clark, & Reynolds, 1965;
Snapper, Ramsay, & Schoenfeld, 1969).

The discrete trial procedure utilized in this study may be con-
sidered a schedule which differentially reinforces temporal
responding (e.g., DRL), The ITI with its differential reinforcement

of other behavior contingency (DRO) for ITI keypeck responding

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



b7

defines a reinforcement contingency specifying that the first key re-
sponse (if the RR is 1) following a given period of time (ITI
duration) results in reinforcement.

The first difficulty with such an analysis is accounting for
which ITI duration is followed by the shorter latencies. Catania
(1970) using the differential reinforcement of long latencies (DRLL)
found with short DRLL's (e.g., 5 sec) pigeons tend to underestimate
the passage of time while with longer DRIL's (e.g., 20 sec) they
tended to overestimate time passage. That is, for shorter DRLL's
the mean latency exceeded the temporal contingency while with longer
DRLL's the mean latency was below the specified temporal contingency.
Given such results, it would be expected that in the present study
the latencies preceded by 5 sec ITI's, if temporally controlled,
would be longer than those preceded by 20 sec ITI's; the opposite was
typical, however.

The second difficulty of a temporal analysis arises when the
catch trial data are considered. Since no responses occurred on
catch trials which were similar in latency to the typical trial la-
tencies, the variable controlling the emission of the key response
was the onset of the S° and not the passage of time.

Another possible interpretation of the stereotypic responding
during ITI's can be made in terms of "species specific behavior" con-
trolled in a manner similar to respondent behavior (Rand, 1977;

Staddon & Simmelhas, 1971; Staddon, 1977). Such an analysis would
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state that the ITI cue condition correlated with different probabil-
ities of reinforcement elicit appropriate différentiﬁl species
specific response patterns.

This analysis in terms of species sﬁecific response patterns
does not account for the systematic changes in the response pattern
with changes in the RR and changes in the cue condition. The two ITI
values were always correlated with the same probability of reinforce-
ment; therefore, the same response pattern should be elicited no
matter what the correlated cue condition was and the same pattern
should be elicited for all subjects. However, neither of these events
was noted,

Perhaps a better speculative analysis may now be made in terms
of "superstitious" behavior (Skinner, 1961). Behavior not specified
by a reinforcement contingency may become conditioned through the ad-
ventitious relation between the occurrence of the response and the
delivery of reinforcement. Additionally, superstitious behavior can
come to be controlled by én antecedent stimulus (sensory superstition)
through the adventitious reinforcement of the response in the presence
of a given stimulus (Skinner, 1961). .

In“the: experimental procedure the delivery of reinforcement fol-
lowing the completion of the RR might not only strengthen responding
to the key in the presence of the SD but also any responding prior to
it in the presence of the ITI cue. Since the ITT was correlated with

a DRO contingency for response key pecks, any other responses occurring
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during the ITI would tend to be reinforced with the presentation of
the SD, as conditioned reinforcement, and the delivery of grain.

For example, when cued 5 sec ITI trials were introduced, pecks’
to the response key during the ITI occurred. As a function of the
ITI's DRO contingency, the rate of pecks on the response key closing
fhe key's microswitch during the ITI decreased to the point on a
given trial that 5 sec transpired resulting in SD.presentation and
subsequent grain delivery. Such reinforcement would adventitiously
condition other behavior prior to SD onset (e.g., standing near the
intelligence panel) including the pecking of or towards the response
key during the ITI. Such a pattern of responding was typical of
cued 5 sec ITI's (Figure 11). That is, a high rate of pecks toward
the response key without closing the key's microswitch and little
or no time spent away from the key occurred.

When cued 20 sec ITT trials were introduced pecking the response
key during the ITI also occurred. Logically, response key pecking
closing the key's microswitch during the ITI would be weakened more
during the 20 sec ITI than during the 5 sec ITI, so that 20 sec may
transpiié, resulting in the SD mresentation and grain delivery. The
greater extinction of response key pecking during the ITI and its
distance from reinforcement would result in the relative absence of
pecking towards the key during the 20 sec ITI. The longer ITI would
also provide the opportunipy for more and varied responding (e.g.,

subject's movement away from the intelligence panel) and its
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superstitious conditioning. Additionally, with continued exposure
to 20 sec cued ITI's the cue at the beginning of the ITI may func-
tion as an S~ for response key pecking, as a function of being
correlated with the lowest mementary probability of reinforcement.
Again, such patterns of responding were typical of cued 20 sec ITI's
(Figure 11), That is, there was a relatively low rate of pecking
towards the response key and more time spent away from.the response
key during the ITI.

With respect to uncued ITI's the analysis of the stereotypic
responding in terms of sensory superstitious behavior is more com-
plex. Presumably with cued ITI's a specific response pattern comes
under the discriminative control of the cue correlated with each ITI
value. Discriminative control by different uncued ITI's is initially
the same (when both durations are programmed). However, after 5 sec

either the sP

is presented or the interval continues. If the sub-
ject's behavior during the initial 5 sec functions as collateral
behavior or a discriminative stimulus then discriminative control of
superstitious patterns of responding correlated with the 20 sec ITI
is po$§ib1e. Such an analysis is consistent with the response pat-
terns for uncued ITI's (Figure 11). That is, responding during the
initial 5 sec of either 5 sec ITI's or 20 sec ITI's is undifferenti-
ated and only becomes so with the subsequent passage of time in 20

sec ITI's.
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With respect to the effects of a cued ITI training history on
superstitious behaviors during the ITI, training with a single ITI
would tend to result in a well-conditioned ITI response pattern.
Generally, as a function of stimulus generalization the well-condi-
tioned ITI response pattern would occur during the newly introduced
ITI and tend to interfere with the development of an equally effec-
.tive ITI response pattern resulting in equally short latencies.
However, since cued 5 sec ITI's tend to generate IYI behavior result-
ing in the subject's position close to the response key at the moment
of SD onset, the likelihood of shorter latencies following cued 5 sec
ITI's would be greater than with cued 20.sec ITI's. Such an analysis,
considering interference and the typical 5 sec ITI response pattern,
may account for the difference in relative separations in median la-
tencies between cued 5 sec ITI trained subjects (1145, 6066; Figures
2 and 3) with the larger relative separations and cued 20 sec ITI
trained subjects (3115, 5172; Figures 5 and 6) with the smaller rela-
tive separations.

For Subject 2054 (Figure 6), with uncued 20 sec ITI training,
the introduction of 5 sec ITI trials lacking a cue did not generate
pecking during 5 sec ITI's. The lack of ITI key responding may ac-
count for the continued relative effectiveness of 20 sec ITI's
generating shorter latencies. For 2469 (Figure 4) with uncued 5 sec
ITI training, no superstitious response pattern was evident. A nec-

essary condition for the conditioning of superstitious responding is
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the passage of sufficient time providing the opportunity for noncon-
tingency specified responses to be emitted. A 5 sec ITT may not be
of sufficient duration to provide the opportunith for a nonspecified
response to be emitted.

Subjects with a cued 5 and 20 sec ITI training, by chance con-
tingencies, may have had more effective (producing shorter latencies)
superstitious response patterns adventitiously conditioned for 5 sec
or 20 sec ITI's. Such a chance contingency can be identified for
5118 with cued ITI's (Figure 8). As a function of the cross cue of
20 sec IT1's, early in training, an effective sensory superstitious
pattern became conditioned relative to the dark key or uncued 5 sec
ITI. Mentioned earlier was the fact that ITI responding was greater
for cross cued ITI's than for those that were uncued. Such ITI re-
sponding would tend to result in the conditioning of a response
pattern similar in effectiveness to that developed during 5 sec
ITI's.

The effect of changes in latency as a function of changes in
the RR may be considered the result of the altered reinforcing effec-
tiveness of the SD, as conditioned reinforcement. The altered
reinforcing effectiveness of the SD and change in the gradient of
reinforcement would differentially strengthen component behaviors of
the ITI response patterns altering the subject's position at the
moment of SD onset. However, such an analysis does not account for

the relative insensitivity of subjects with uncued ITI's to changes
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in the RR. Perhaps experimental conditions were not of sufficient
duration to reveal such effects or perhaps the lack of an extroéep—
tive cue may have been the critical variable,

Response latency on a discrete-trial procedure is partially de-
termined by the ITI duration preceding the onset of the SD.
Specifically, superstitious response patterns determine the subject's
position in the chamber at the moment of stimulus onset which affects
the length of the subsequent latency. Superstitious ITI response
patterns are a function of ITI duration, cue condition, tr§ining
history, and may be affected by changes in the RR.

If a change in the RR affects superstitious ITI responding then
it would be expected that manipulations of other parameters of rein-
forcement would have a similar effect. Such an effect may confound
the experimental results of latency siudies involving changes in var-
ious parametes of reinforcement. That is, the observed change in
latency may be a function of the correlated changes in strength of
the first response and changes in the ITI behavior determining the
subject's chamber position at the moment of stimulus onset. A Steb-
bins reaction time (1970) procedure would control the effect of
subject position at the moment of SD onset by requiring a contingency
specified foreperiod responsé.

Factors for further consideration include the replication of
the student laboratory experiment which resulted in the attenuation

of the separation of response latencies utilizing a reaction time
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procedure., Also worth investigating is the apparent insensitivity
of latency to changes in thev RR with uncued ITI's and subjects with
5 sec ITT training histories. The value of latency as a reliable

dependent variable in operant research is dependent on the resolu-

tion of concerns such as those previously mentioned.
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