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Lever pressing by squirrel monkeys was examined under second-order schedules of electric
shock presentation in which different discriminative stimuli were associated with consecu-
tive components (sequence schedules). Components were always two-minute fixed-interval
schedules, and three different overall schedules were studied. Under an overall eight-minute
fixed-interval schedule, the first component completion after at least eight minutes had
elapsed produced electric shock. The number of components actually completed ranged
from one to four; thus, different discriminative stimuli were occasionally associated with
electric shock presentation. Under an overall "yoked" variable-ratio schedule, electric shock
was presented after completion of a variable number of components; the- required number
and the distribution of components were matched to those obtained under the overall
eight-minute fixed-interval schedule. Under an overall fixed-ratio schedule, electric shock
was presented after completion of four components (chained schedule). Under all three
sequence schedules, responding in early components was characterized by a pause followed
by a single response after the end of the two-minute interval; responding in later compo-
nents was characterized by a shorter pause followed by positively accelerated responding.
Manipulation of overall schedules of shock presentation in these complex behavioral situa-
tions produced changes in responding comparable to those ordinarily obtained after similar
manipulation of dependencies under both single and second-order schedules of food pre-
sentation. These experiments extend the range of conditions and levels of complexity under
which responding can be maintained by presentation of electric shock.
Key words: shock-maintained behavior, schedule-controlled behavior, second-order sched-

ules, sequence schedules, lever press, squirrel monkeys

A growing number of studies have examined
the maintenance of responding by intermittent
schedules of electric shock presentation. Many
relations obtained between responding and ex-
perimental manipulations of contingencies of
shock presentation have been similar to those
obtained when comparable manipulations in-
volving food or water presentation have been
made. These include: (1) characteristic rates
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and patterns of responding maintained under
fixed-interval (FI) schedules (e.g., Byrd, 1969,
1972; Kelleher & Morse, 1968, 1969; Malagodi,
Gardner, & Palermo, 1978; McKearney, 1968,
1969; Morse, Mead, & Kelleher, 1967; Mala-
godi, Gardner, Ward, & Magyar, Note 1), vari-
able-interval (VI) schedules (e.g., Barrett, 1975;
Barrett & Spealman, 1978; Malagodi, DeWeese,
Webbe, & Palermo, 1973b; McKearney, 1974c),
concurrent VI VI schedules (Malagodi et al.,
1973b; Webbe, 1974), and multiple fixed-inter-
val, fixed-ratio schedules (McKearney, 1970)
of electric shock presentation; (2) an inverse
relation between rate of responding and pa-
rameter value of an FI schedule of shock pre-
sentation (Malagodi et al., 1973b, 1980; Mc-
Kearney, 1969); (3) a direct relation between
rate of responding and shock intensity (e.g.,
Kelleher & Morse, 1968; McKearney, 1969); (4)
a decrease in rate of responding following in-
troduction of a brief delay between the effec-
tive response and shock presentation (Byrd,
1972); (5) the cessation of responding during
extinction with subsequent recovery of perfor-
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mance following reintroduction of an Fl sched-
ule of shock presentation (Kelleher & Morse,
1968; McKearney, 1969); (6) the maintenance
of higher rates of responding when presenta-

tion of shock depends upon responding than
when shocks are delivered independently of
responding (Bacotti, 1978; Malagodi et al.,
1978; McKearney, 1972b, 1974a; Morse & Kel-
leher, 1970); and (7) an increase and then a

decrease in measures of schedule-induced hose
biting as the parameter value of an FI schedule
of shock presentation is increased (DeWeese,
1977; Malagodi et al., 1973b). These and other
similarities have led most investigators to inter-
pret responding maintained by schedules of
electric shock presentation in terms of the pro-

cesses that ordinarily operate to govern sched-
ule-controlled performance when food or water

is presented and, accordingly, to conceptualize
these results as exemplifying the process of re-

inforcement (cf., Morse Sc Kelleher, 1970, 1977).
Other studies of responding maintained by

presentation of electric shock, however, have
uncovered effects that contrast with those ordi-
narily obtained when food or water presenta-
tion maintains responding. For example,
whereas the effect of scheduling food or water
presentation dependent upon each response is
usually to maintain a high rate of responding,
the comparable arrangement with shock pre-

sentation usually results in suppression of re-

sponding (Kelleher & Morse, 1968; McKearney,
1972a). Although concurrent schedules of food
reinforcement frequently yield "matching" re-

lations between relative response rates and rel-
ative frequencies of food presentation (cf., Ca-
tania, 1966; de Villiers, 1977), concurrent
schedules of shock presentation may produce
different results (Webbe, 1974). Although
many drugs produce consistent effects on Fl
responding regardless of whether responding is
maintained by food or shock presentation, the
effects of other drugs may depend upon

whether food or shock presentation is main-
taining responding (Barrett, 1976; McKearney,
1974b).
Although the experimental history, the pre-

vailing schedule, and the ongoing characteris-
tics of responding are important factors (cf.,
McKearney & Barrett, 1978; Morse Sc Kelleher,
1970, 1977). at present, no theoretical frame-
work exists that precisely predicts whether pre-

sentation of electric shock will produce effects
similar to, or in contrast with, those produced

by presentation of food or water under com-
parable conditions. The absence of such a
framework suggests a need for further research
designed to examine the "boundary condi-
tions" under which responding may be main-
tained by shock presentation. The present
experiment therefore sought to determine
whether responding could be maintained un-
der second-order schedules in which shock
presentation was dependent not upon the
emission of relatively simple responses such as
individual lever presses, but upon sequences of
responses that themselves may be conceptual-
ized as units of behavior (cf., Gollub, 1977; Kel-
leher, 1966a, 1966b; Marr, 1969, 1979). Second-
order schedules of food presentation have been
valuable for examining whether schedule vari-
ables that operate at a relatively simple behav-
ioral level (i.e., single responses) operate simi-
larly at more complex levels (i.e., sequences of
responses and stimuli), and have revealed great
generality across these differing levels of anal-
ysis (e.g., Davison, 1969; Findley, 1962, Mala-
godi, Webbe, & Waddell, 1975; Marr, 1971;
Shull, Guilkey, & Witty, 1972; Webbe & Mala-
godi, 1978). Similar generality under condi-
tions in which responding is maintained by
presentation of electric shock would increase
the range of conditions, and levels of complex-
ity, under which such responding is similar to
that engendered by food or water presentation.
A failure to find similar effects, however,
would be helpful in delineating boundary con-
ditions.

Previous experiments on responding under
second-order schedules of shock presentation,
using brief-stimulus arrangements, have yielded
disparate results. In one experiment (Byrd,
1969), key pressing in cats was maintained
when shock presentation followed completion
of three consecutive FI 5-min components.
During one experimental phase, a brief burst
of white noise occurred at completion of the
first two components, but not at completion of
the third, when shock was presented (non-
paired-stimulus condition). In another phase,
the brief burst of noise occurred at completion
of all three components (paired-stimulus condi-
tion). Responding was suppressed under the
paired-stimulus condition compared to both
the nonpaired-stimulus condition and a condi-
tion under which white noise was not pre-
sented at completion of components. These
results contrast with those frequently seen un-
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der second-order brief-stimulus schedules of
food presentation (e.g., deLorge, 1971; Kel-
leher, 1966a, 1966b; Malagodi, DeWeese, &
Johnston, 1973a), and with those of a second
experiment (Byrd, 1972) in which lever press-
ing in squirrel monkeys was maintained under
second-order schedules of shock presentation.
In that experiment, effects comparable to those
engendered under second-order schedules of
food presentation were obtained; responding
within Fl components was enhanced under
paired-stimulus conditions compared to non-
paired-stimulus conditions.
The present experiment examined respond-

ing under second-order schedules similar to
those previously examined by Byrd (1969,
1972) in that shock presentation was depen-
dent upon completion of FI components. The
experiment differed in two major respects: the
variable of primary interest was the schedule
according to which completion of components
produced shock presentation; and, another
form of second-order schedule-a sequence
schedule-was studied. Under a sequence
schedule, different discriminative stimuli are
presented throughout successive components
(cf., Marr, 1979). The experiment sought to
determine whether (a) responding could be
maintained under second-order schedules in
which different discriminative stimuli were as-
sociated with consecutive components, (b) such
responding resembled that maintained under
comparable schedules of food presentation
(e.g., Marr, 1971), and (c) patterns of respond-
ing would vary with manipulations of depen-
dencies of shock presentation in a manner
comparable to those ordinarily engendered by
similar manipulations of dependencies under
single and second-order schedules of food pre-
sentation.

METHOD

Subjects
Two adult male squirrel monkeys (Saimiri

sciureus), SM-38 and SM-39, served. Food and
water were continuously available in their in-
dividual home cages.

Apparatus
A Plexiglas chair, similar to the one de-

scribed by Hake and Azrin (1963), was enclosed
within a ventilated, sound-attenuating cham-
ber similar to that described by Weiss (1970).

Each monkey was restrained in the seated posi-
tion by a waist lock, with its tail held motion-
less in a small stock. A BRS-Foringer (model
SG-901) constant-current ac shock generator
delivered electric shock of 100-msec duration
and 6-mA intensity (300 V, 60 Hz, through a
series resistance of 50-K ohms) to two hinged
brass plates that rested on a shaved portion of
the tail. Electrode paste (Grass EC-2) ensured
low resistance between the tail and brass
plates. A lever (Lehigh Valley #1352) was
mounted on the left side of the front wall, 6.0
cm above the waist plate. Lever presses with a
downward force greater than .2 N registered as
responses and briefly operated a feedback re-
lay. Illumination could be provided by four
pairs of 7-W 115-V ac houselights (yellow, blue,
red, and white) located at the top of the front
wall. White noise was present in the chamber
except when otherwise indicated. Electrome-
chanical programming and recording equip-
ment was located in an adjoining room.

Procedure
Pre-experimental histories. Lever pressing

was established following the general proce-
dures described by McKearney (1968). In the
presence of yellow houselights, an avoidance
schedule was in effect: shocks were delivered
every 5 sec in the absence of responding, and
each response postponed scheduled shocks for
20 sec (Sidman, 1953). Sessions lasted 90 min.
After 19 (Monkey SM-38) and seven (Monkey
SM-39) sessions, an FI schedule of electric
shock presentation was added to the avoidance
schedule (FI 10-min for Monkey SM-38 and Fl
8-min for Monkey SM-39). Under these con-
joint schedules of shock postponement and
shock presentation, lever presses continued to
postpone shock programmed according to the
avoidance schedule, and the first response after
each fixed interval had elapsed resulted in im-
mediate shock presentation and initiated an-
other fixed interval. Sessions terminated after
the fifteenth response-produced shock. After
ten (Monkey SM-38) and two (Monkey SM-39)
sessions under the conjoint schedules respond-
ing became slightly positively accelerated be-
tween FI shocks. The avoidance component
was then removed, leaving only the FI sched-
ule of electric shock presentation.

Prior to the present experiment the two
monkeys were exposed to two different series
of experimental manipulations, both involv-

325



MICHAEL L. GARDNER and E. F. MALAGODI

ing the maintenance of responding under
schedules of electric shock presentation. Mon-
key SM-38 responded under several second-
order brief-stimulus, VI, concurrent VI VI,
and two- and three-component tandem and
chained schedules of electric shock presenta-
tion for over one thousand experimental ses-
sions of varying durations-the VI and concur-
rent VI VI procedures are detailed in Webbe
(1974). Monkey SM-39 responded under sev-
eral multiple and second-order chained and
tandem schedules of electric shock presenta-
tion, containing Fl 2-min schedules as compo-
nents, for approximately 100 experimental ses-
sions of between two and three hours duration.
Experimental procedures. At the beginning

of the present study both monkeys were ex-
posed to a second-order schedule of FI 8-min
(FI 2-min) under which different colored
houselights were presented for the duration of
each consecutive Fl 2-min component. That is,
the first lever press after 2 min in the presence
of each component stimulus produced either
(1) the next component stimulus-if less than
8 min had elapsed since the beginning of the
overall FI 8-min schedule, or (2) immediate
electric shock presentation-if 8 min or more
had elapsed since the beginning of the overall
FI 8-min schedule. A 15-sec timeout period fol-
lowed each shock presentation. During this
period the chamber was dark, white noise was
absent, a clicking sound was present, and re-
sponses had no scheduled consequences. After
each timeout another 8-min interval was be-
gun; the yellow houselights were illuminated
first, and the order of component stimuli was
always yellow (S4), blue (S3), red (S2), and white
(Si). Thus, shock could be delivered following
a response in the presence of any of the four
component stimuli depending on how much
time had elapsed within the overall FI 8-min
schedule at the time of component completion.

Table 1

Summary of procedures and number of sessions un-
der each.

Monkey
Schedule SM-38 SM-39

seq FT 8-min (FI 2-min) 67 182
seq VR yoked (FI 2-min) 48 125
seq FT 8-min (FI 2-min) 20 37
seq FR 4 (FI 2-min) 7 55
seq Fl 8-min (FT 2-min) 138

This type of schedule arrangement, a second-
order schedule with different component stim-
uli, has been defined as a sequence (seq) sched-
ule (Marr, 1971). The seq Fl 8-min (Fl 2-min)
schedule remained in effect until daily plots of
both the rate of responding and the percentage
of shocks delivered in each of the four compo-
nents showed no systematic trends for either 24
(Monkey SM-38) or 25 (Monkey SM-39) con-
secutive sessions.
The monkeys were then exposed to a sched-

ule under which the number of component
completions required for each shock presenta-
tion was determined on the basis of previous
performances under the seq Fl 8-min (Fl 2-
min) schedule. For each of the last 24 or 25 ses-
sions of stable responding a "yoked" session
was derived during which shocks occurred ac-
cording to the same distribution of component
completions that had been obtained during
the corresponding session under seq Fl 8-min
(Fl 2-min). Thus, the percentages of shocks that
occurred in the presence of each of the four
component stimuli were identical to those ob-
tained under the Fl sequence schedule, but
shocks now occurred in a predetermined rela-
tion to the component stimuli rather than ac-
cording to the time that had elapsed since the
preceding shock. This schedule will be referred
to as the yoked variable-ratio sequence sched-
ule-seq VR yoked (Fl 2-min). The seq VR
yoked (FI 2-min) schedule remained in effect
until rate of responding in all four components
was stable for a minimum of 15 consecutive
sessions and until a full complement of 24 or
25 yoked sessions was completed. Both mon-
keys were then returned to the Fl sequence
schedule until the rate of responding and per-
centage of shocks delivered in each of the four
components were stable for a minimum of 15
consecutive sessions.
The monkeys were next exposed to a se-

quence schedule under which four component
completions were required for each shock pre-
sentation. This seq FR 4 (FI 2-min) schedule
remained in effect until rate of shock presen-
tation fell below three shocks per hour for
three consecutive sessions. Monkey SM-38 was
then reexposed to the seq Fl 8-min (Fl 2-min)
schedule until the rate of responding and per-
centage of shocks delivered in each of the four
components were stable for 15 sessions.

Sessions terminated after 20 shock presenta-
tions under the seq FI 8-min (Fl 2-min) and
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seq VR yoked (FI 2-min) schedules, and after
the first shock presentation after three hours
had elapsed under the seq FR 4 (FI 2-min)
schedule. Sessions were usually conducted six
day per week. The order of experimental con-
ditions and the number of sessions under eacl
are shown in Table 1.
Data analysis. Average response rates were

computed separately for the four components
by dividing the number of responses made in
the presence of each component stimulus by
the time during that stimulus. Overall rates of
responding and of shock presentation were cal-
culated by dividing the total number of re-
sponses or shock presentations in each session
by the total session time. Responses and time
were cumulated separately during postshock
timeouts and were not used in these computa-
tions. Under the Fl sequence schedule, the per-
centage of shock presentations in each compo-
nent was calculated by dividing the number of
shocks that followed a response in the presence
of each component stimulus by the total num-
ber of shocks (20) per session, and multiplying
by 100.

RESULTS
All three sequence schedules engendered sta-

ble and reproducible patterns of lever pressing
within and across experimental sessions. Figure
1 shows average rates of responding in the pres-
ence of each of the four component stimuli
under the different schedules. Under the seq
Fl 8-min (Fl 2-min) schedule, rate of respond-
ing was low in the presence of the stimulus as-
sociated with the first component (S4), in-
creased in S3, reached a maximum in S2, and
then decreased slightly in Sl.
The major effect of changing from the seq

Fl 8-min (Fl 2-min) schedule to the seq VR
yoked (Fl 2-min) schedule was a decrease in
rate of responding in S2. The effect was reli-
able: in comparisons of pairs of matched Fl
and VR sessions, rate of responding in S2 was
higher during the Fl member of the pair for
24 of the last 25 (Monkey SM-39) or 24 of the
last 24 (Monkey SM-38) possible comparisons.
Response rates in the other three components
were not systematically affected; rate in S4 in-
creased slightly with Monkey SM-39 and de-
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Fig. 1. Distributions of component response rates under all exposures to the three sequence schedules. Circles

and squares represent the median values of the last 15 sessions of exposure to the seq Fl 8-min (FI 2-min) and
seq VR yoked (FT 2-min) schedules, respectively. Triangles represent the median values of the last three sessions
under the seq FR4 (FI 2-min) schedule. Vertical lines through the symbols represent ranges; absence of a verti-
cal line indicates that the range lies within the area occupied by the symbol. The top frames contain data for
Monkey SM-39 and the bottom frames contain data for Monkey SM-38; note the difference in scale of the ordi-
nates in the upper and lower frames.
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creased slightly with Monkey SM-38, whereas
rates in S3 and S1 were essentially unchanged
with both monkeys. The overall result under
the VR sequence schedule was a distribution
of component response rates that increased di-
rectly from S4 to Sl. The VR value (average
number of component completions per shock
presentation) was 3.9 for Monkey SM-39 and
3.2 for Monkey SM-38. Following exposure to
the seq VR yoked (FI 2-min) schedule, the seq
Fl 8-min (Fl 2-min) schedule was reinstated
and responding essentially identical to that
maintained in the first FI 8-min phase was

recovered.
When the monkeys were next exposed to the

seq FR 4 (Fl 2-min) schedule, response rates in
S4 and S3 decreased to levels lower than those
maintained under any preceding schedule;
with Monkey SM-39, rate in S2 also decreased
to a level lower than those previously seen. As
under the VR sequence schedule, component
response rates increased directly from S4 to Sl.
Following exposure to the seq FR 4 (Fl 2-min)
schedule, the seq FI 8-min (Fl 2-min) schedule
was reinstated with Monkey SM-38 and re-

sponding essentially identical to that main-
tained in previous Fl 8-min phases was recov-

ered.
Figure 2 shows the percentage of shock pre-

sentations that followed a response in the pres-
ence of each of the four component stimuli
during the last 15 sessions of each exposure to
the seq Fl 8-min (FI 2-min) schedule. With
both monkeys, the large majority of shock pre-

sentations occurred in the presence of the last
two component stimuli; the percentages of
shocks in S2 and S, were approximately 10 and
90 for Monkey SM-39 and 60 and 30 for Mon-
key SM-38.
Under all three sequence schedules, Monkey

SM-39 rarely responded during the postshock
timeouts, whereas Monkey SM-38 made several
responses in rapid succession immediately after
most shock presentations.
The cumulative records in Figures 3 and 4

show in detail the differences in rates and pat-
terns of responding engendered by the three
sequence schedules. Under the seq FI 8-min
(FI 2-min) schedule (Records 3A and 4A), re-

sponding in S4 typically consisted of a single
response after more than 2 min had elapsed.
Higher response rates occurred in S3, and re-

sponding was usually positively accelerated
(two instances of responding in S3 that termi-
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Fig. 2. Percentage of shock presentations that oc-
curred at completion of each component of the fixed-
interval sequence schedule for Monkeys SM-39 (top
panel) and SM-38 (bottom panel). Circles and vertical
bars represent medians and ranges of the last 15 ses-
sions of each exposure. Leftmost symbols are from the
first exposure and symbols from subsequent exposures
are displaced, in order, to the right.
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ISM-391
b
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Fig. 3. Representative patterns of responding under the three sequence schedules for Monkey SM-39 (two record
segments taken together comprise one complete experimental session). Diagonal marks of the response pen indi-
cate component changes, resetting of the response pen to baseline indicates shock presentations, and the event
pen was displaced downward during the 15-sec timeouts that followed each shock presentation. The schedules in
effect were seq Fl 8-min (Fl 2-min) beside letter A, seq VR yoked (FI 2-min) beside letter B, and seq FR 4 (FI
2-min) beside letter C. Record A is from Session Number 177 of this monkey's first exposure to the overall Fl
schedule, and Record B is from the last session under the overall VR schedule for which the distribution of com-
ponent-shock pairings was derived from the session shown in Record A. The letters a, b, and c mark correspond-
ing points between the two records, illustrating the lower response rates that were maintained in S2 under the
VR yoked schedule. Record C is from the last session under the overall FR schedule; the letter d marks a pro-
longed pause during S2.

nated with electric shock presentation are SM-39 when responding terminated with ei-
shown for Monkey SM-38 at b and c in Record ther electric shock presentation (as at a) or
4A). Despite considerable interval-to-interval presentation of S1 (as at b and c). Response
variability with both monkeys, the pattern of rates in S, were often lower than in S2, pri-
responding in S2 often consisted of a short marily due to longer initial pauses. This pat-
pause followed by acceleration to a sustained tern of a high rate in S2 followed by a lower
high rate of responding. Examples of such re- rate in S1 was not as pronounced with Monkey
sponding are shown in Record 3A for Monkey SM-38 as it was with Monkey SM-39; however,
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Fig. 4. Representative patterns of responding under the three sequence schedules for Monkey SM-38. Display
and recording conventions are the same as in Figure 3. The schedules in effect were seq FI 8-min (Fl 2-min) be-
side letter A, seq VR yoked (FI 2-min) beside letter B, and seq FR 4 (FI 2-min) beside letter C. Record A is from
Session Number 64 of this monkey's first exposure to the overall FI schedule, and Record B is from the last session
under the overall VR schedule for which the distribution of component-shock pairings was derived from the ses-
sion shown in Record A; the letters a, b, and c again mark corresponding points between the two records. Rec-
ord C is from the last session under the overall FR schedule.

one clear instance with Monkey SM-38 is
shown at a in Record 4A.
Under the seq VR yoked (FI 2-min) sched-

ule, responding in S4 again generally consisted
of a single response emitted after more than 2
min had elapsed (Records 3B and 4B). Average
pause durations in S4 decreased slightly with
Monkey SM-39 and increased with Monkey
SM-38, resulting in a higher overall rate of
shock presentation for Monkey SM-39 (7.3
shocks per hour under the VR sequence sched-
ule vs. 7.0 shocks per hour under the Fl se-
quence schedule) and a lower rate of shock pre-
sentation for Monkey SM-38 (5.1 shocks per
hour vs. 7.0 shocks per hour). Rate of respond-
ing in S3 decreased slightly with Monkey SM-
39 and remained unchanged with Monkey SM-
38. Comparison of Records A and B in Figures
3 and 4 shows that responding in S2 was still
positively accelerated under the VR sequence
schedule, but that it generally occurred at a
lower rate than under the Fl sequence sched-

ule. Responding in S, was similar to that pre-
viously maintained under the FI sequence
schedule with both monkeys.
Under the seq FR 4 (Fl 2-min) schedule

(Records 3C and 4C), extended pauses devel-
oped in S4 and S3 with both monkeys, and oc-
casionally in S2 with Monkey SM-39 (at d,
Record 3C). When prolonged pauses did not
occur in a given component responding gen-
erally was positively accelerated.

DISCUSSION
Rates and patterns of responding within in-

dividual components and throughout se-
quences of components under second-order
schedules are controlled by interactions among
(1) the type and parameter value of the com-
ponent schedule; (2) the type and parameter
value of the overall schedule; and (3) the man-
ner of presenting exteroceptive stimuli at com-
pletion of components. In the present study,
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performance within the FI 2-min components
was generally characterized by either a rela-
tively long pause followed by a single response
after more than 2 min, or by a shorter initial
pause followed by positively accelerated re-
sponding until component completion. With
few exceptions, the first pattern occurred in S4,
and is characteristic of performance during
early Fl components of sequence schedules of
food presentation (e.g., Byrd, 1971; Findley,
1962; Gollub, 1958; Kelleher & Fry, 1962;
Malagodi et al., 1973a; Marr, 1971). The sec-
ond pattern, which predominated in S3, S2,
and Si, is characteristic of performance under
both single FI schedules of food presentation
(e.g., Branch & Gollub, 1974; Dews, 1978;
Ferster & Skinner, 1957; Schneider, 1969) and
during later FI components of sequence sched-
ules of food presentation.

Rates and patterns of responding across se-
quential components in the present study de-
pended upon the overall schedule of shock pre-
sentation. Under the seq Fl 8-min (FI 2-min)
schedule, rate of responding was low in S4, in-
creased in S3, peaked in S2, then decreased
slightly in Sl. Although completion of only
one component was required for each shock
presentation, most shocks occurred after com-
pletion of three or four components, in the
presence of either S2 or SI. The characteristics
of lever pressing under the Fl sequence sched-
ule were very similar to those previously re-
ported by Marr (1971) for key pecking by pi-
geons under comparable sequence schedules of
food presentation. In Marr's (1971) study, com-
pletion of component FI 1-, 2-, or 4-min sched-
ules produced grain according to overall FI 4-,
8-, or 16-min schedules, respectively, and con-
secutive component stimuli differed. The high-
est rate of responding often occurred in S2 and
most grain presentations occurred in either S2
or SI. Responding under the Fl sequence
schedule in the present study was also similar
to responding in previous studies in which key
pecking by pigeons produced brief stimulus
changes according to either FR (e.g., Kelleher,
1966a; Shull et al., 1972) or Fl (e.g., deLorge,
1967; Stubbs, 1971) component schedules, and
component completions produced grain accord-
ing to overall FI schedules. In those studies,
rates of responding were lowest immediately
after grain presentation and either increased
or reached steady levels as sequential compo-
nents were completed. As in the present study

and Marr's (1971) previous study with FI
sequence schedules, the average number of
component completions under the Fl brief-
stimulus schedules far exceeded the minimum
requirement of one per interval.

Results consistent with those of the present
study also have been obtained with rats when
lever pressing produced tokens according to
FR schedules, and token presentations pro-
duced the opportunity to exchange the tokens
for food according to FI exchange schedules
(Malagodi et al., 1975; Waddell, Leander,
Webbe, & Malagodi, 1972). Numerous tokens
were obtained during most FL exchange inter-
vals and rate of responding increased as the in-
tervals elapsed. It seems that just as single Fl
schedules generate few responses early in the
interval and many responses near the end of
the interval (cf., Ferster & Skinner, 1957; Kil-
leen, 1975), second-order Fl schedules operate
similarly to control patterns of responding
across sequences of component schedules. Per-
formance under the FI sequence schedule of
the present study probably reflected the inter-
action between component FI and overall Fl
schedule dependencies (cf., Marr, 1971, 1979).
Responding in Sl, which always terminated
with shock presentation and may have been
controlled primarily by the component Fl 2-
min schedule, was characterized by the distinc-
tive initial pause typical of single FI schedules.
Responding in S4, S3, and S2, which only inter-
mittently terminated with shock presentation,
may have been under greater control by the
overall Fl 8-min contingencies, reflecting this
control in accelerated responding across the
first three components.
Changing from the seq Fl 8-min (FI 2-min)

schedule to either the seq VR yoked (FI 2-min)
or seq FR 4 (FI 2-min) schedule had effects on
responding consistent with the results of previ-
ous studies of single and second-order sched-
ules of food presentation, and with interpreta-
tions of such responding that emphasize the
combined influence of component and overall
schedules and of discriminative control by
component stimuli (cf. Marr, 1979). The seq
VR yoked (Fl 2-min) schedule eliminated the
fixed relation between time and the availabil-
ity of shock presentation without changing the
percentages of shock presentations that oc-
curred in the presence of each component stim-
ulus. Under the VR sequence schedule, the
high rate of responding in S2 decreased, but re-
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sponding throughout the sequence of compo-
nents was still well-maintained. The seq FR 4
(Fl 2-min) schedule eliminated both the fixed
relation between time and the availability of
shock presentation and the possibility that
shock could occur in the presence of the first
three component stimuli. Under the FR se-
quence schedule, prolonged periods of pausing
developed in the early components. These re-
sults are consistent with the finding that, at
large parameter values, single VR and FI
schedules of food presentation can maintain
an average of many more responses per food
presentation than matched FR schedules
(Zeiler, 1979). And in a study in which lever
pressing by rats produced tokens under an FR
20 schedule, and token presentations produced
the opportunity to exchange the tokens for
food pellets under either VR 6 or FR 6 ex-
change schedules (Webbe 8c Malagodi, 1978),
pauses prior to the initiation of lever pressing
were shorter, and response rates were higher,
under the VR than under the FR exchange
schedule. The effects of associating shock pre-
sentation with early component stimuli (under
both the FI and VR sequence schedules) are
consistent with those obtained under similar
conditions of food presentation. The intermit-
tent association of food presentation with sev-
eral component stimuli in a sequence increases
rates of responding in the presence of those
stimuli (e.g., Byrd, 1971; Findley, 1962; Kel-
leher & Fry, 1962; Marr, 1971). Performance
under sequence schedules in which food is as-
sociated with only the last in a fixed sequence
of components is generally very similar to that
maintained under the FR sequence schedule
in the present study; prolonged pauses and
low rates of responding occur in the early
components (e.g., Byrd, 1971; Findley, 1962;
Gollub, 1958; Kelleher & Fry, 1962; Malagodi
et al., 1973a; Marr, 1971).
The present results are also related to those

obtained by Byrd (1972) in a study of respond-
ing by squirrel monkeys under second-order
brief-stimulus schedules of electric shock pre-
sentation. In one phase of Byrd's study, com-
pletion of four consecutive FI 4-min compo-
nents was required for shock presentation and
a brief flash of light was presented at comple-
tion of each component (paired stimulus-S).
This FR 4 (Fl 4-min: S) schedule is formally
similar to the seq FR 4 (Fl 2-min) schedule of
the present study in both type of component

schedule (FI) and type and parameter value of
overall schedule (FR 4); it differs in the man-
ner of presenting stimulus changes at compo-
nent completions (brief vs. continuous). Posi-
tively accelerated responding was maintained
in all four components of the FR 4 (FI 4-min:
S) schedule. Extended pauses, such as those
that characterized responding during early
components of the seq FR 4 (Fl 2-min) sched-
ule in the present experiment, did not occur.
Responding is often well-maintained during
the early components of second-order brief-
stimulus schedules of either food presentation
or drug injection, even when the completion of
a large number of components is required (e.g.,
Byrd & Marr, 1969; Katz, 1979; Kelleher,
1966b; Kelleher ge Goldberg, 1977; Marr, 1970).
In contrast, responding is usually poorly
maintained during the early components of
similar sequence schedules (cf., Fantino, 1977;
Gollub, 1977; Kelleher 1966a; Marr, 1969,
1979), and sometimes of token reinforcement
schedules (Kelleher, 1957), that require com-
pletion of the same or a fewer number of com-
ponents.
The complexity of the present behavioral

situations in which responding was maintained
by response-dependent presentation of nox-
ious electric shock is perhaps the most im-
portant aspect of the present experiment. Ma-
nipulations of schedule variables within these
complex behavioral situations produced
changes in responding comparable to those ob-
tained with conventional maintaining events
such as food, thus extending the generality of
shock-maintained behavior and of schedule-
controlled behavior to more complex situa-
tions. The present study also provides support
for Morse and Kelleher's (1977) suggestion that
presentation of electric shock may be more
likely to maintain responding when there has
been a history of schedule-controlled respond-
ing, and when that responding is multiply
determined. In previous studies, responding
under single FR schedules of electric shock
presentation has not been maintained for more
than a few sessions (Kelleher gc Morse, 1969;
McKearney, 1970). In the present study, how-
ever, responding under the FR sequence sched-
ule was well-maintained with one monkey for
over 50 sessions. The similarities between re-
sults of the present study and those of previous
studies, across different species, responses,
maintaining events, and levels of analysis, at-
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test to the extensive influence of schedules in
the control of behavior.

REFERENCE NOTE
1. Malagodi E. F., Gardner, M. L., Ward, S. E., & Mag-

yar, R. L. Responding maintained under intermit-
tent schedules of electric shock presentation: Effects
of following fixed-interval shocks with periods of
high.shock density. Manuscript submitted for publi-
cation, 1980.

REFERENCES
Bacotti, A. V. Responding under schedules combining

response-dependent and response-independent shock
delivery. Journal of the Experimental Analysis of
Behavior, 1978, 29, 267-272.

Barrett, J. E. The Estes-Skinner procedure: Inade-
quacy of traditional interpretations. Psychological
Record, 1975, 25, 167-172.

Barrett, J. E. Effects of alcohol, chlordiazepoxide, co-
caine and pentobarbital on responding maintained
under fixed-interval schedules of food or shock pre-
sentation. Journal of Pharmacology and Experimen-
tal Therapeutics, 1976, 196, 605-615.

Barrett, J. E., & Spealman, R. D. Behavior simulta-
neously maintained by both presentation and termi-
nation of noxious stimuli. Journal of the Experi-
mental Analysis of Behavior, 1978, 29, 375-383.

Branch, M. N., & Gollub, L. R. A detailed analysis of
the effects of d-amphetamine on behavior under
fixed-interval schedules. Journal of the Experimental
Analysis of Behavior, 1974, 21, 519-539.

Byrd, L. D. Responding in the cat maintained under
response-independent electric shock and response-
produced electric shock. Journal of the Experimental
Analysis of Behavior, 1969, 12, 1-10.

Byrd, L. D. Responding in the pigeon under chained
schedules of food presentation: The repetition of a
stimulus during alternate components. Journal of
the Experimental Analysis of Behavior, 1971, 16, 31-
38.

Byrd, L. D. Responding in the squirrel monkey under
second-order schedules of shock delivery. Journal of
the Experimental Analysis of Behavior, 1972, 18,
155-167.

Byrd, L. D., & Marr, M. J. Relations between patterns
of responding and the presentation of stimuli under
second-order schedules. Journal of the Experimental
Analysis of Behavior, 1969, 12, 713-722.

Catania, A. C. Concurrent operants. In W. K. Honig
(Ed.), Operant behavior: Areas of research and ap-
plication. New York: Appleton-Century-Crofts, 1966.

Davison, M. C. Successive interresponse times in fixed-
ratio and second-order fixed-ratio performance.
Journal of the Experimental Analysis of Behavior,
1969, 12, 385-389.

de Lorge, J. Fixed-interval behavior maintained by
conditioned reinforcement. Journal of the Experi-
mental Analysis of Behavior, 1967, 10, 271-276.

de Lorge, J. The effects of brief stimuli presented un-
der a multiple schedule of second-order schedules.
Journal of the Experimental Analysis of Behavior,
1971, 15, 19-25.

de Villiers, P. Choice in concurrent schedules and a
quantitative formulation of the law of effect. In
W. K. Honig & J. E. R. Staddon (Eds.), Handbook
of operant behavior. Englewood Cliffs, N.J.: Prentice-
Hall, 1977.

DeWeese, J. Schedule-induced biting under fixed-in-
terval schedules of food or electric-shock presenta-
tion. Journal of the Experimental Analysis of Be-
havior, 1977, 27, 419-431.

Dews, P. B. Studies on responding under fixed-interval
schedules of reinforcement: II. The scalloped pattern
of the cumulative record. Journal of the Experimen-
tal Analysis of Behavior, 1978, 29, 67-75.

Fantino, E. Conditioned reinforcement: Choice and in-
formation. In WAT. K. Honig & J. E. R. Staddon (Eds.),
Handbook of operant behavior. Englewood Cliffs,
N.J.: Prentice-Hall, 1977.

Ferster, C. B., & Skinner, B. F. Schedules of reinforce-
ment. New York: Appleton-Century-Crofts, 1957.

Findley, J. D. An experimental outline for building
and exploring multi-operant behavior repertoires.
Journal of the Experimental Analysis of Behavior,
1962, 5, 113-166.

Gollub, L. R. The chaining of fixed-interval schedules.
Unpublished doctoral dissertation, Harvard Univer-
sity, 1958.

Gollub, L. R. Conditioned reinforcement: Schedule
effects. In W. K. Honig & J. E. R. Staddon (Eds.),
Handbook of operant behavior. Englewood Cliffs,
N.J.: Prentice-Hall, 1977.

Hake, D. F., & Azrin, N. H. An apparatus for deliver-
ing pain shock to monkeys. Journal of the Experi-
mental Analysis of Behavior, 1963, 6, 297-298.

Katz, J. L. A comparison of responding maintained
under second-order schedules of intramuscular co-
caine injection or food presentation in squirrel mon-
keys. Journal of the Experimental Analysis of Be-
havior, 1979, 32, 419-431.

Kelleher, R. T. Conditioned reinforcement in chim-
panzees. Journal of Comparative and Physiological
Psychology, 1957, 50, 571-575.

Kelleher, R. T. Chaining and conditioned reinforce-
ment. In W. K. Honig (Ed.), Operant behavior:
Areas of research and application. New York: Apple-
ton-Century-Crofts, 1966. (a)

Kelleher, R. T. Conditioned reinforcement in second-
order schedules. Journal of the Experimental Anal-
ysis of Behavior, 1966, 9, 475-485. (b)

Kelleher, R. T., & Fry, W. T. Stimulus functions in
chained fixed-interval schedules. Journal of the Ex-
perimental Analysis of Behavior, 1962, 5, 167-173.

Kelleher, R. T., & Goldberg, S. R. Fixed-interval re-
sponding under second-order schedules of food pre-
sentation or cocaine injection. Journal of the Experi-
mental Analysis of Behavior, 1977, 28, 221-231.

Kelleher, R. T., & Morse, W. H. Schedules using nox-
ious stimuli: III. Responding maintained with re-
sponse-produced electric shocks. Journal of the Ex-
perimental Analysis of Behavior, 1968, 11, 819-838.

Kelleher, R. T., & Morse, W. H. Schedules using nox-
ious stimuli: IV. An interlocking shock-postpone-
ment schedule in the squirrel monkey. Journal of
the Experimental Analysis of Behavior, 1969, 12,
1063-1079.

Killeen, P. On the temporal control of behavior. Psy-
chological Review, 1975, 82, 89-115.



334 MICHAEL L. GARDNER and E. F. MALAGODI

Malagodi, E. F., DeWeese, J., & Johnston, J. M. Sec-
ond-order schedules: A comparison of chained, brief-
stimulus, and tandem procedures. Journal of the
Experimental Analysis of Behavior, 1973, 20, 447-460
(a)

Malagodi, E. F., DeWeese, J., Webbe, F. M., & Palermo,
G. Responding maintained by schedules of electric-
shock presentation. Bulletin of the Psychonomic So-
ciety, 1973, 2, 331. (Abstract) (b)

Malagodi, E. F., Gardner, M. L., & Palermo, G. Re-
sponding maintained under fixed-interval and fixed-
time schedules of electric shock presentation. Jour-
nal of the Experimental Analysis of Behavior, 1978,
30, 271-279.

Malagodi, E. F., Webbe, F. M., & Waddell, T. R. Sec-
ond-order schedules of token reinforcement: Effects
of varying the schedule of food presentation. Journal
of the Experimental Analysis of Behavior, 1975, 24,
173-181.

Marr, M. J. Second-order schedules. In D. P. Hendry
(Ed.), Conditioned reinforcement. Homewood, Ill.:
Dorsey, 1969.

Marr, M. J. Effects of chlorpromazine in the pigeon
under a second-order schedule of food presentation.
Journal of the Experimental Analysis of Behavior,
1970, 13, 291-299.

Marr, M. J. Sequence schedules of reinforcement.
Journal of the Experimental Analysis of Behavior,
1971, 15, 41-48.

Marr, M. J. Second-order schedules and the generation
of unitary response sequences. In M. D. Zeiler & P.
Harzem (Eds.), Reinforcement and the organization
of behavior. New York: Wiley, 1979.

McKearney, J. W. Maintenance of responding under a
fixed-interval schedule of electric-shock presentation.
Science, 1968, 160, 1249-1251.

McKearney, J. W. Fixed-interval schedules of electric
shock presentation: Extinction and recovery of per-
formance under different shock intensities and fixed-
interval durations. Journal of the Experimental
Analysis of Behavior, 1969, 12, 301-313.

McKearney, J. W. Responding under fixed-ratio and
multiple fixed-interval fixed-ratio schedules of elec-
tric shock presentation. Journal of the Experimental
Analysis of Behavior, 1970, 14, 1-6.

McKearney, J. W. Maintenance and suppression of re-
sponding under schedules of electric shock presen-
tation. Journal of the Experimental Analysis of Be-
havior, 1972, 17, 425-432. (a)

McKearney, J. W. Schedule-dependent effects: Effects
of drugs, and maintenance of responding with re-
sponse-produced electric shocks. In R. M. Gilbert &
J. D. Keehn (Eds.), Schedule effects: Drugs, drinking,
and aggression. Toronto: University of Toronto
Press, 1972. (b)

McKearney, J. W. Differences in responding under
fixed-time and fixed-interval schedules of electric
shock presentation. Psychological Reports, 1974, 34,
907-914. (a)

McKearney, J. W. Effects of d-amphetamine, mor-

phine, and chlorpromazine on responding on fixed-
interval schedules of food presentation or electric
shock presentation. Journal of Pharmacology and
Experimental Therapeutics, 1974, 190, 141-153. (b)

McKearney, J. W. Responding under a constant-prob-
ability schedule of electric shock presentation. Psy-
chological Reports, 1974, 35, 907-914. (c)

McKearney, J. W., & Barrett, J. E. Schedule controlled
behavior and the effects of drugs. In D. E. Blackman
& D. J. Sanger (Eds.), Contemporary research in be-
havioral pharmacology. New York: Plenum Press,
1978.

Morse, W. H., & Kelleher, R. T. Schedules as funda-
mental determinants of behavior. In W. N. Schoen-
feld (Ed.), The theory of reinforcement schedules.
New York: Appleton-Century-Crofts, 1970.

Morse, W. H., & Kelleher, R. T. Determinants of rein-
forcement and punishment. In W. K. Honig & J. E.
R. Staddon (Eds.), Handbook of operant behavior.
Englewood Cliffs, N.J.: Prentice-Hall, 1977.

Morse, W. H., Mead, R. N., & Kelleher, R. T. Modula-
tion of elicited behavior by a fixed-interval schedule
of electric shock presentation. Science, 1967, 157,
215-217.

Schneider, B. A. A two-state analysis of fixed-interval
responding in the pigeon. Journal of the Experimen-
tal Analysis of Behavior, 1969, 12, 677-687.

Shull, R. L., Guilkey, M., & Witty, W. Changing the
response unit from a single peck to a fixed number
of pecks in fixed-interval schedules. Journal of the
Experimental Analysis of Behavior, 1972, 17, 193-200.

Sidman, M. Avoidance conditioning with brief shock
and no exteroceptive warning signal. Science, 1953,
118, 157-158.

Stubbs, D. A. Second-order schedules and the problem
of conditioned reinforcement. Journal of the Experi-
mental Analysis of Behavior, 1971, 16, 289-313.

Waddell, T. R., Leander, J. D., Webbe, F. M., & Mala-
godi, E. F. Schedule interactions in second-order
fixed-interval (fixed-ratio) schedules of token rein-
forcement. Learning and Motivation, 1972, 3, 91-100.

Webbe, F. M. Maintenance and suppression of re-
sponding under concurrent schedules of electric-
shock presentation. Unpublished doctoral disserta-
tion, University of Florida, 1974.

Webbe, F. M., & Malagodi, E. F. Second-order sched-
ules of token reinforcement: Comparisons of perfor-
mance under fixed-ratio and variable-ratio exchange
schedules. Journal of the Experimental Analysis of
Behavior, 1978, 30, 219-224.

Weiss, S. J. An effective and economical sound-atten-
uation chamber. Journal of the Experimental Anal-
ysis of Behavior, 1970, 13, 37-39.

Zeiler, M. D. Output dynamics. In M. D. Zeiler & P.
Harzem (Eds.), Reinforcement and the organization
of behavior. New York: Wiley, 1979.

Received July 31, 1980
Final acceptance October 27, 1980


