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EXTINCTION OR INCREASED EFFORT
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Young men pulled a plunger on mixed and multiple schedules in which periods of vari-
able-interval monetary reinforcement alternated irregularly with periods of extinction (Ex-
periment 1), or in which reinforcement was contingent on different degrees of effort in the
two alternating components (Experiment 2). In the baseline conditions, the pair of stimuli
correlated with the schedule components could be obtained intermittently by pressing either
of two observing keys. In the main conditions, pressing one of the keys continued to pro-
duce both discriminative stimuli as appropriate. Pressing the other key produced only the
stimulus correlated with variable-interval reinforcement or reduced effort; presses on this
key were ineffective during periods of extinction or increased effort. In both experiments,
key presses producing both stimuli occurred at higher rates than key presses producing
only one, demonstrating enhancement of observing behavior by a stimulus correlated with
the less favorable of two contingencies. A control experiment showed that stimulus change
alone was not an important factor in the maintenance of the behavior. These findings sug-
gest that negative as well as positive stimuli may play a role in the conditioned reinforce-
ment of human behavior.
Key words: observing behavior, conditioned reinforcement, information, multiple sched-

ule, stimulus control, response effort, choice, vigilance task, adult humans

Although there is agreement that stimuli
correlated with primary reinforcers may func-
tion as conditioned reinforcers, the precise
character of the correlation is a matter of con-
tention (D'Amato, 1974; Fantino, 1977). A
common point of view is that the principles of
conditioned reinforcement parallel the prin-
ciples of Pavlovian conditioning (Fantino,
1977; Kimble, 1961; Mackintosh, 1974). Re-
cent clarifications of Pavlovian conditioning
(Rescorla & Wagner, 1972) suggest that a posi-
tive correlation between a stimulus and a rein-
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forcer is required and that the underlying
process is excitatory conditioning. Negative
correlations, in which the stimulus is paired
with omission of the reinforcer (Pavlovian in-
hibitory conditioning), should establish the
stimulus as a conditioned punisher (cf. Mul-
vaney, Dinsmoor, Jwaideh, & Hughes, 1974).
A different conception of conditioned rein-

forcement ascribes reinforcing functions to
stimuli that provide information about either
the presentation or omission of reinforcers
(Hendry, 1969). According to this view, a
positive stimulus-reinforcer correlation is not
needed for conditioned reinforcement; rather,
the correlation may be positive or negative,
since information depends on the reliability,
not the sign, of the stimulus-reinforcer rela-
tionship.'
Wyckoff's (1952) observing procedure pro-

vides a way to test the Pavlovian and informa-
tion accounts. In this procedure, stimuli cor-

1Fantino (1977) classified two Pavlovian accounts, the
pairing and delay-reduction hypotheses, under the term
"conditioned reinforcement hypothesis," which he con-
trasted with the information hypothesis. Fantino's dis-
tinction implies that a stimulus that functions as a re-
inforcer because it is informative is not a "conditioned"
reinforcer. We are not committed to such a view.
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related with the components of a complex
schedule are produced by responses. These
observing responses in no way alter the occur-

rence of primary reinforcement; their only
consequence is to present the stimulus corre-

lated with the current schedule component.
When the schedule of primary reinforcement
involves periods of reinforced responding al-
ternating with periods of extinction, the func-
tions of a stimulus positively correlated with
reinforcement (S+) can be compared with
those of a stimulus negatively correlated with
reinforcement (S-).
Both Pavlovian and information accounts

ascribe reinforcing functions to S+; the major
point of contention concerns S-. According to
Pavlovian accounts, S- should function not

as a conditioned reinforcer, but as a condi-
tioned punisher. According to the information
hypothesis, S- should serve as a positive rein-
forcer, because a stimulus correlated with the
unavailability of primary reinforcement is as

informative as a stimulus correlated with its
availability.

Experiments designed specifically to assess

the functions of S+ and S- have favored Pav-
lovian accounts. While S+ has been found to
strengthen observing behavior, S- has sup-

pressed it (Blanchard, 1975; Browne & Dins-
moor, 1974; Dinsmoor, Browne, & Lawrence,
1972; Jenkins 8c Boakes, 1973; Mulvaney et al.,
1974). For example, Mulvaney et al. trained
pigeons to peck two concurrently available
observing keys to produce stimuli correlated
with the components of a mixed variable-inter-
val extinction schedule of food reinforcement.
In the main phase, pecks on one key intermit-
tently produced S+ or S-, and pecks on the
other key produced only S+. Rates were lower
on the key that produced both S+ and S-
than on the key that produced only S+, and
this difference was maintained when the roles
of the keys were interchanged. These findings
led Mulvaney et al. to conclude that S- was a

conditioned aversive stimulus, since it de-
creased the probability of the response that
produced it.
To our knowledge, only one study has di-

rectly examined the properties of the negative
discriminative stimulus in subjects other than
pigeons. Lieberman (1972, Experiment 3)
trained rhesus monkeys on a mixed variable-
ratio extinction schedule with discriminative
stimuli available through an observing re-

sponse. When S- was withheld as a possible
consequence of observing, rates declined, sug-
gesting that S- had been a conditioned rein-
forcer. Thus, whereas results obtained with
pigeons support Pavlovian accounts, Lieber-
man's findings with monkeys support the in-
formation hypothesis. Although the methodo-
logical adequacy of Lieberman's study has
been questioned (Dinsmoor et al., 1972; Fan-
tino, 1977), the findings suggest at least the
possibility that there may be species differences
in the extent to which information is a deter-
minant of conditioned reinforcement.
The present research analyzed observing be-

havior of humans. Experimental analyses of
conditioned reinforcement in humans are
scarce (but, see Birnbrauer, 1971), even though
conditioned reinforcement plays a prominent
role in theoretical accounts of human behavior
(Miller & Dollard, 1941; Skinner, 1953). The
reinforcing value of informative stimuli is an
essential feature of Skinner's (1957) analysis of
verbal behavior. The tact is a verbal operant
in which the form of the response is controlled
by some environmental event, so that the re-
sponse may be said to "report" the event. Skin-
ner suggested that tacts reinforce the attention
of a listener by extending the listener's contact
with events that are directly accessible only to
the speaker. Similarly, in the observing para-
digm the subject's observing behavior is rein-
forced by stimuli correlated with contingen-
cies that may not be readily discriminable.
The reinforcing function of stimuli corre-

lated with the less favorable of two contingen-
cies was studied in the present research. Two
experiments examined stimuli correlated with
periods of extinction or increased effort, events
generally considered aversive. A third experi-
ment compared informative and noninforma-
tive stimuli to determine whether observing
behavior depends on sensory aspects of stimu-
lus presentation rather than on stimulus-rein-
forcer relationships.

EXPERIMENT 1

The first experiment studied the functions
of stimuli positively and negatively correlated
with monetary reinforcement. The basic pro-
cedure was derived from Holland's (1958) vigi-
lance task. Young men pulled a plunger to
view a meter, reporting occasional deflections
of its pointer. Money was given for correct re-
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ports. Components in which deflections were
presented on a variable-interval (VI) schedule
alternated irregularly with components of ex-
tinction (EXT), and initially the components
were correlated with colored stimulus lights.
In the main phase, which replicated and ex-
tended research conducted with pigeons (Mul-
vaney et al., 1974), the stimuli were not pre-
sented unless either of two observing responses
was made. The functions of S+, the stimulus
correlated with the VI component, and S-, the
stimulus correlated with the EXT component,
were assessed in a series of comparisons. In the
comparison of greatest interest, one observing
response produced both S+ and S- (depend-
ing on the schedule component in progress)
while the other response produced only S+. If
S- is aversive, as predicted by Pavlovian ac-
counts, then the response producing both S+
and S- should be suppressed relative to the
response producing only S+. However, if S-
is a reinforcer, as predicted by the information
hypothesis, then the response producing both
stimuli should be enhanced relative to the re-
sponse producing only S+. Finally, in two fur-
ther comparisons the consequences of the ob-
serving responses were S+ and S- vs. S-
alone, and S+ alone vs. S- alone.

METHOD
Subjects
Male industrial workers, aged 26 to 34 years,

volunteered to participate in a laboratory job
simulation in which payment depended on
performance.2 They signed a contract to work
at least 40 hr over a two-week period, sched-
uled 4 hr per day, 5 days per week. To ensure
completion of the project, a bonus of $2.50/hr
was contingent on completing all sessions. The
bonus was in addition to money earned during
the sessions.
Data from seven men are reported. Four

(DL, JS, GK, and DB) were experimentally

'These subjects, as well as those in Experiments 2
and 3, had responded to an announcement from their
local unions soliciting paid volunteers to provide data
concerning job performance and drug use among in-
dustrial workers (e.g., Perone, DeWaard, & Baron, 1979).
Their participation was in the nature of a temporary
job held in addition to their regular employment. Se-
lection was based in part on the subjects' histories of
illicit drug use, with approximately half of the subjects
classified as users and the others as nonusers. No system-
atic relationship was discerned between drug history
and experimental performance.

naive at the start of training. Two others (ST
and JP) had experience with multiple sched-
ules and concurrent observing schedules in
pilot studies, and the seventh man (RV) served
in Experiment 2 immediately before the pres-
ent experiment. Two additional men partici-
pated, but their data are not reported. One
failed to observe often enough to permit
study; the other, while observing at high rates,
developed a stereotyped pattern of alterna-
tions between the keys that was resistant to
remedial procedures.

Apparatus
The work area was a sound-attenuated

booth approximately 1.8-m square. The sub-
ject sat facing the console depicted in Figure
1. The console was constructed of wood and
Plexiglas and consisted of an upper vertical
panel, 51 by 40 cm, and a lower sloping panel,
51 by 33 cm. Mounted underneath and to the
right was a rectangular wooden housing, 12
by 16 by 25 cm, containing a Lindsley plunger
(Gerbrands No. G6310). On the vertical panel
was a session lamp, two ammeters mounted be-
hind one-way glass, a horizontal bank of five
colored lamps above each meter, and a push-
button between the meters. The left meter and
bank of lamps were not used. The session

a,

Fig. 1. Subjects' console as it appeared in Experiment
1. The right meter is shown illuminated, with its
pointer deflected; the left meter and bank of lamps
were not used. Modified versions of the apparatus were
used in Experiments 2 and 3.
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lamp, in the upper left corner, was lit when-
ever the experiment was in progress. The
meter was not visible unless illuminated by
lamps mounted behind the one-way glass;
otherwise the glass presented a mirror surface
to the subject. The meter could be illumi-
nated for .1 sec by pulling the plunger through
a distance of 2.5 cm, which required a force of
5 lb dead weight (approximately 22 N).
On the lower sloping panel of the console

was a toggle switch flanked by two white
lamps; below this were two translucent keys
(Grason-Stadler No. E8670A). Above each key
was a small feedback lamp. The toggle served
as a changeover switch. When the lower panel
was activated, the subject could throw the
switch to either side to illuminate the corre-
sponding white lamp and the corresponding
key. When illuminated, the key was operative
and presses with a force of .5 to .9 N flashed
its feedback lamp.
White masking noise was present at all

times, and general illumination was provided
by a 25-W wall lamp. Electromechanical pro-
gramming and recording equipment was in a
nearby room.

Procedure
Instructions and general procedure. Before

the first session the subject read typewritten
instructions about the meter and plunger,
bank of colored lamps, and lower panel. A
copy remained in the booth throughout the
experiment. The instructions describing the
meter and plunger were the most detailed.
They informed the subject that: (a) occasion-
ally the pointer of the meter would deflect; (b)
his job was to report the deflections by press-
ing the button in the middle of the upper
panel; (c) he could view the meter by pulling
the plunger; and (d) he would be paid for each
deflection reported. When a deflection was re-
ported, the meter was illuminated for .5 sec
while it reset, allowing the subject to confirm
the pointer's return to its resting position
(Laties & Weiss, 1960). With regard to the
bank of colored lamps, the subject read that
they "will provide you with more information
about how the meter works, so you should pay
attention to them. It will help you on this job
to learn what the lights mean."
The instructions about the lower panel were

the least explicit. In total, they read: "On the
lower part of the console are two push buttons.

a toggle switch, and some more lights. The
two white buttons work only when they are lit.
The toggle switch only works when one of the
lights on either side of it is lit. Right now,
these controls on the lower part of the console
are not lit, so they are not working. Later on,
they may light up. It is up to you to discover
how to use this part of the console in your
work." Finally, the instructions emphasized
that "while you are in the room, you can do
whatever you like, but remember that your
pay depends on what you do."
There were eight 25-min sessions per day,

Monday through Friday. After every other ses-
sion, the subject was informed of his earnings
and allowed to leave the booth for about 5
min. The rate of pay was 15 cents for each
deflection reported, except for GK who re-
sponded on a leaner schedule and received
30 cents per deflection. The schedules of de-
flections and pay rates were arranged so that
the maximum session earning was constant at
$2.00 (not counting the bonus). Payment was
deferred until the end of the experiment. Per-
sonal articles were not allowed in the work
area.

Schedule of deflections. Throughout the ex-
periment, the pointer of the meter deflected
according to a two-component schedule. In
one component, deflections occurred at vari-
able times and held until they were illumi-
nated by a pull on the plunger and reset by a
push on the report button. Thus plunger pull-
ing was reinforced by a VI schedule of deflec-
tions: VI 1-min for six men, VI 2-min for GK.
Intervals were from the Fleshler-Hoffman
(1962) series, modified so that the minimum
interval was 5 sec. In the other, EXT, compo-
nent, deflections never occurred. Except dur-
ing Session 3 (see Discrimination training,
below), the components alternated on the aver-
age of once every 5 min, with a range of 40 to
560 sec. During discrimination training, col-
ored lights were correlated with the compo-
nents (multiple schedule). For different sub-
jects, S+ and S- were either green and red,
blue and yellow, or yellow and blue. During
the observing phase, S+ and S- were not pres-
ent unless a key on the lower panel was
pressed (mixed schedule).

Preliminary training. To simplify adjust-
inent to the procedure, no stimulus lights were
present during Sessions 1 and 2, and the only
responses with scheduled consequences were
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pulling the plunger and pushing the report
button.

Discrimination training. The VI schedule,
accompanied by S+, was in effect continuously
during Session 3. During Session 4 the EXT
component, accompanied by S-, was in effect
for the initial 560 sec (the longest component
duration); thereafter, the components alter-
nated as described above. (Exceptions were
made for ST and JP; because they had pre-
vious experience with a multiple VI EXT
schedule, this initial phase of discrimination
training was not necessary.) So that plunger
pulling in the presence of S- could not be
adventitiously reinforced by onset of S+, off-
set of the EXT component was contingent on
the absence of plunger pulling for at least 15
sec. (For ST the delay was 5 sec.) This delay
contingency operated throughout the experi-
ment when S- was present. The multiple
schedule continued for 11 to 20 sessions, until
discrimination ratios (S+ rates divided by the
sum of S+ and S- rates) were at least .95 for
five consecutive sessions.

Observing contingency. For the remainder
of the experiment, the discriminative stimuli
normally were absent. However, presses on the
observing keys could produce 15-sec presenta-
tions of S+ or S- (depending on the current
schedule component).
Observing behavior was shaped in a single

session. Only one key was operative at a time.
Initially, each press on that key produced the
stimuli, while presses on the other key had no
consequence (other than feedback). After a
variable number (1 to 4) of stimuli was pro-
duced, the functions of the keys were reversed,
and stimuli could be produced only by presses
on the other key. The subject chose which key
to press by throwing the changeover toggle
switch to the corresponding side. The irregu-
lar alternation of the reinforcement schedule
between the two keys was continued until re-
sponding on both the observing keys and the
changeover switch was established.
When observing behavior was established,

presses on either key produced the multiple-
schedule stimuli according to identical, inde-
pendent VI 30-sec schedules (concurrent VI
30-sec VI 30-sec). Again, a modified Fleshler-
Hoffman series was used. During the 15-sec
stimulus presentations, the keys were inopera-
tive and the concurrent observing schedules
were suspended. If the schedule of pointer de-

flections changed components during a stimu-
lus presentation, the stimulus display changed
accordingly.
Two additional delay contingencies were

instituted during the observing phase. First,
to avoid adventitious correlations between ob-
serving and pointer deflections, deflections
could not occur within 2 sec of an observing
response. Similarly, to avoid correlations be-
tween changeovers and the production of stim-
uli, observing responses could not produce
stimuli within 2 sec of throwing the change-
over switch.
Two men received additional training to

facilitate their observing behavior. For JP, a
limited-hold contingency required that deflec-
tions be reported within 1 sec after the meter
was illuminated. The purpose of the limited
hold was to require JP to remain near the con-
sole; during a pilot study his observing rate
fluctuated widely because he often sat out of
reach of the observing keys. The other subject,
JS, rarely used the changeover switch; his ob-
serving behavior was restricted to one key for
long periods. Consequently, a forced-choice
procedure (Stubbs & Pliskoff, 1969) required
that a stimulus presentation set up by one of
the concurrent observing schedules be col-
lected before a presentation could be set up
by the other schedule. After 40 sessions under
this procedure JS changed over regularly, and
the experiment proper was begun with the
independent observing schedules.

Observing comparisons. Table 1 presents the
observing conditions, the number of sessions
in each, and the order of occurrence (in paren-
theses) for each subject. In addition to a base-
line in which either observing response could
produce both S+ and S-, three experimental
comparisons involved different stimulus con-
sequences for the two responses. In the S+/S-
vs. S+ comparison, one response continued to
produce S+ and S- as during baseline, but the
other produced only S+. That is, the second
observing response could produce stimuli only
when the VI component was in progress; it
had no consequence (other than feedback)
during the EXT component. In the S+/S-
vs. S- comparison, one response again pro-
duced both stimuli, but the other produced
only S-. Finally, in the S+ vs. S- comparison,
one response produced only S+ while the
other produced only S-. After observing sta-
bilized the stimulus consequences of the two
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SESSIONS
Fig. 2. Experiment 1: Plunger rates in the presence and absence of S+ (correlated with the VI component of

a compound schedule) and S- (correlated with the EXT component). During sessions shown on the left, a mul-
tiple schedule was in effect; during sessions shown on the right, the stimuli were contingent on observing re-
sponses. Breaks in the horizontal axis indicate omissions of data to conserve space. Note that the scale of the
vertical axis varies from subject to subject.
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responses were interchanged to verify that they
controlled differences in response rates.
Each experimental condition continued for

16 to 24 sessions, except DL's last two condi-
tions and RV's last four conditions, which
were abbreviated due to time constraints. Oth-
erwise, conditions were continued until there
was no increasing or decreasing trend in the
proportion of presses on the two observing
keys, and the same key was preferred, for five
consecutive sessions-or for a maximum of 24
sessions.

RESULTS AND DISCUSSION
Rates of Plunger Pulling

Figure 2 summarizes rates of plunger pull-
ing, the response that illuminated the meter.
The left portion shows responding during the
multiple-schedule phase and the right portion
shows responding during the remainder of the
experiment when the stimuli appeared only
occasionally, according to the intermittent ob-
serving schedules. All men developed discrim-
inated performances by the third session under
the multiple schedule, with higher plunger
rates in the presence of S+ (filled circles) than
S- (unfilled circles). Although there was con-
siderable subject-to-subject variability in S+
rates, all subjects showed essentially zero S-
rates. This pattern continued throughout the
subsequent observing phase. Depending on
observing rates, the mixed schedule was in ef-
fect (neither stimulus present) from 55%, to
90% of the time. When the schedule was
mixed (triangles), plunger rates tended to be
intermediate to rates in S+ and S-. Cumula-
tive records revealed that these intermediate
rates resulted from the averaging of high
plunger rates, which occurred following pre-
sentations of S+, with lower rates, which oc-
curred following S-. There were a variety of
response patterns as the experiment pro-
gressed, including increasing trends (e.g., DL),
decreasing trends (e.g., GK) and complex cycli-
cal patterns (e.g., ST). But with only occa-
sional exceptions, plunger rates were highest
in the presence of S+ and essentially zero in
the presence of S-.

Observing Responses
Table 1 presents the observing-response

rates and the proportions of time that a re-
sponse-produced stimulus was present, aver-
aged over the last five sessions in each con-

dition. All subjects produced the stimuli
throughout the experiment, although there
was considerable subject-to-subject and session-
to-session variability in the absolute levels of
the observing responses. Despite these differ-
ences, the proportion of time when the stimuli
were present tended to be relatively stable, es-
pecially within individuals.

Relative observing rate (proportion of
presses on a given observing key) and relative
observing time (proportion of time that a
given key was operative) are shown in Figures
3 and 4. Because the relative rates (filled cir-
cles) and times (unfilled circles) were highly
related, the two measures will not be distin-
guished in describing the results. (In cases
where only rate is shown, the rate and time
measures were identical; an exception is ST,
for whom time data were not available for the
first two conditions.) Numbers in the lower
right corner of each frame show the order of
conditions. The broken horizontal line repre-
sents indifference toward the consequences of
the two observing responses; points above this
line indicate preference for the consequences
of the left response and points below it indi-
cate preference for the consequences of the
right response.
The first five observing conditions are shown

in Figure 3. (Data from DB are not shown be-
cause he was exposed to only one of the five
conditions.) In the baseline condition (left
frame), either response could produce both S+
and S-. ST, DL, JS, and RV pressed the two
keys about equally (as did DB), whereas GK
and JP preferred the left key during the termi-
nal baseline sessions. In the remaining condi-
tions in Figure 3, one response produced both
S+ and S- and the other produced either S+
alone or S- alone. Five men (all except JS)
clearly preferred S+/S- to S+ alone and con-
tinued this preference when the roles of the
observing keys were reversed. Although RV's
preference was weak, it was consistent through
an additional reversal. Four men participated
in the S+IS- vs. S- conditions. Three (ST,
DL, and GK) preferred S+ /S- to S- alone
and continued this preference through a re-
versal. In both sets of conditions, JS's prefer-
ences were similar but transitory.
Four men also participated in the S+ vs. S-

conditions, shown in Figure 4. Two (RV and
DB) showed no consistent preference. The
other two did show preferences, but they were

245



MICHAEL PERONE and ALAN BARON

Table 1
Experiment 1: Sessions per observing condition, and mean observing rate and proportion of time
stimuli were present during the last five sessions. Also shown (in parentheses) are the order of the
conditions and the standard deviation for each mean.

Stimulus time +
Stimuli available Observing resp.imin Component time

Subject Comparison Left key Right key Sessions Left key Right key S+ S-

ST [Baseline] S+, S-
S+/S- vs. S+ S+, S-

S+
S+/S- vs. S- S+, S-

S-

DL [Baseline] S+, S-
S+/S- vs. S+ S+, S-

S+
S+/S- vs. S- S+, S-

S-
S+ vs. S- S-

S+
JS [Baseline] S+, S-

S+/S- vs. S+ S+, S-
S+

S+/S- vs. 5- S+, S-
S-

GK [Baseline] S+, S-
S+/S- vs. S+ S+, S-

S+
S+/S- vs. S- S+, S-

S-
S+ vs. S- S-

S+
JP [Baseline] S+, S-

S+/S- vs. S+ S+, S-
S+

RV [Baseline] S+, S-
S+/S- vs. S+ S+, S-

S+
S+

S+ vs. S- S-
S+

S+, S-
S+
S+, S-
S-
S+, S-

S+, S-
S+
S+, S-
S-
S+, S-
S+
S-

S+, S-
S+
S+, S-
S-
S+, S-

S+, S-
S+
S+, S-
S-
S+, S-
S+
S-

S+, S-
S+
S+, S-

S+, S-
S+
S+, S-
S+, S-a

S+
S-

18(1)
20(2)
19(3)
22(4)
16(5)

9(1)
16(2)
20(3)
16(4)
16(5)
13(6)
12(7)
15(3)
24(2)
24(1)
16(5)
16(4)
22(1)
16(3)
16(2)
16(5)
t6(4)
6(7)

16(6)
10(1)
16(3)
16(2)
12(1)
8(3)
16(2)
12(4)
10(6)
10(5)

111 ( 9)
99 (12)
67 (19)
122 ( 7)
58 (18)
133 (35)
210 (27)
84 ( 9)

347 (38)
114 (34)
175 (19)
271 (25)
72 (24)
82 (32)
119 (38)
130 (37)
69 (23)

1.3 ( .3)
1.2 ( .4)
.0 ( .0)

1.2 ( .0)
.0 ( .0)

1.8 ( .4)
.0 ( .0)

1.3 ( .5)
1.1 ( .7)
.0 ( .0)

31.3 (11.0)
33.9 ( 2.2)
29.6 (1.6)
25.8 ( 7.1)
17.9 ( .9)
32.4 ( 8.9)

DB [Baseline] S+, S- S+, S- 15(1) 6.9 ( 1.4)
S+ vs. S- S- S+ 24(2) 7.2 ( 3.4)

S+ S- 24(3) 9.9 ( 5.0)
aSecond determination

112 (12)
63 (16)
140 (49)
52 (14)
98 (27)
161 (41)
120 (18)
319 (10)
67 (35)

303 (34)
238 (22)
147 (21)
84 (23)
85 (56)
110 (29)
66 (36)
93 (30)
.0 ( .0)
.0 ( .0)

1.2 ( .4)
.0 ( .0)

1.0 ( .3)
.0 ( .0)

1.2 ( .0)
.5 ( .3)
.0 ( .0)

2.0 ( .7)
24.6 (5.5)
29.9 (1.9)
31.9 (1.7)
29.5 (5.5)
18.6 (1.5)
23.5 (4.3)
6.5 (2.4)
7.5 (1.9)

12.0 (7.7)

.41 (.02)

.40 (.04)

.41 (.02)

.31 (.05)

.28 (.02)

.43 (.04)

.39 (.05)

.38 (.04)

.29 (.04)

.33 (.04)

.31 (.05)

.31 (.07)

.45 (.02)

.44 (.02)

.44 (.02)

.31 (.05)

.31 (.04)

.15 (.04)

.11 (.04)

.10 (.04)

.10 (.04)

.09 (.03)

.00 (.00)

.00 (.00)

.14 (.07)

.12 (.04)

.23 (.09)

.47 (.05)

.46 (.03)

.47 (.02)

.45 (.04)

.21 (.09)

.25 (.03)

.50 (.02)

.31 (.05)

.30 (.05)

.39 (.05)

.41 (.13)

.43 (.04)

.32 (.06)

.28 (.06)

.38 (.03)

.36 (.06)

.33 (.08)

.28 (.04)

.47 (.04)

.30 (.04)

.31 (.05)

.42 (.05)

.47 (.06)

.22 (.03)

.21 (.06)

.21 (.03)

.18 (.02)

.21 (.03)

.24 (.04)

.22 (.02)

.28 (.04)

.21 (.04)

.26 (.02)

.41 (.03)

.28 (.03)

.31 (.02)

.29 (.09)

.23 (.02)

.16 (.05)
.36 (.04) .36 (.03)
.24 (.05) .20 (.06)
.22 (.02) .22 (.02)

for different stimuli: DL preferred S+ and GK
preferred S-.
The patterns of observing behavior shown in

Figures 3 and 4 resulted in systematic changes
in the proportion of time the discriminative
stimuli were present. These data, summarized
in Table 1, indicate that of the six men who
participated in the first two comparisons, four
(ST, DL, JS, and RV) produced S+ more often
than S- during the S+/S- vs. S+ comparison,
and S- more often than S+ during the S+/S-
vs. S- comparison. Thus, for these subjects the
proportion of time a stimulus was present de-
pended on whether the stimulus was available

through one or both observing response, with
the stimulus available through both responses
being produced more often. The other subjects
(GK and JP) produced S- more often than
S+ in both comparisons. Finally, of the four
men in the S+ vs. S- comparison, three (DL,
RV, and DB) produced the stimuli about
equally often in most conditions, whereas GK
produced S- exclusively.
The major finding of Experiment 1 was that

S-, a stimulus negatively correlated with rein-
forcement, showed a response-strengthening
function similar to that of S+, a stimulus posi-
tively correlated with reinforcement. S- main-
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Fig. 3. Experiment 1: Relative observing-response rates and times during the baseline condition (left frame), the

S+/S- vs. S+ comparison (Frames 2 to 3), and the S+/S- vs. S- comparison (Frames 4 to 5). Points above and
below the broken indifference line reflect preference for the consequences of the left and right observing responses,
respectively. When rate and time measures are identical only rate is shown; however, time data were not available
for ST's first two conditions. Numbers in parentheses give the order of the conditions.
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Fig. 4. Experiment 1: Relative observing rates and

times during the S+ vs. S- comparison. Details are as
in Figure 3.

tained observing behavior when it was the sole
consequence of an observing response (S+IS-
vs. S- and S+ vs. S- comparisons), and when
combined with S+, it led to higher rates than
S+ alone (S+/S- vs. S+). These findings par-
alleled those obtained with S+, which also
strengthened behavior when it was the sole
consequence of an observing response (S+/S-
vs. S+ and S+ vs. S-) and when presented in
combination with S- (S+/S- vs. S-).
By showing that the negative discriminative

stimulus as well as the positive one served as

reinforcers, these findings appear to support
the information hypothesis of conditioned re-
inforcement. As such, the results are contrary

to those of similar experiments using pigeons
as subjects (e.g., Mulvaney et al., 1974), but are
consistent with Lieberman's (1972) findings
with rhesus monkeys.

EXPERIMENT 2
Although previous research has shown that

a stimulus correlated with the extinction com-
ponent of a multiple schedule becomes aver-
sive (e.g., Mulvaney et al., 1974; Rilling,
Kramer, & Richards, 1973), Experiment 1 in-
dicated that such a stimulus also can serve as
a reinforcer, perhaps because of its informative
function. Another, Pavlovian, explanation is
suggested by the finding that periods of time-
out from interval schedules (Brown & Flory,
1972; Spealman, 1979) and ratio schedules
(Dardano, 1973; Thompson, 1964) may serve
as reinforcers. Thus, the extinction periods in
Experiment 1 may have terminated an aver-
sive task requiring continuous responding and
sustained vigilance.

Previous research suggests that the plunger
response of Experiment 1 was not aversive.
Miller (1968) trained humans to pull a plunger
whose force requirement varied from 1 lb to
40 lb. Aversiveness of responding was investi-
gated by allowing subjects to escape to a con-
dition in which a 1-lb plunger was available.
Although high rates of escape behavior oc-
curred when the force requirement was 15 lb
or greater, virtually none occurred when the
requirement was 5 lb, as it was in Experiment
1. Miller's findings suggest that reinforcement
of observing behavior by the extinction-corre-
lated stimulus in Experiment 1 is not inter-
pretable as timeout from an aversive response
requirement. Nevertheless, conclusive evidence
on this point requires direct assessment.

In Experiment 2, plunger pulling was main-
tained on a VI schedule with monetary rein-
forcement contingent on different degrees of
effort in two alternating components. Thus,
neither of the stimuli correlated with the
schedule components signaled a timeout from
responding. Interest was in the function of the
stimulus correlated with increased effort, since
high force requirements are aversive (Miller,
1968). According to Pavlovian accounts, this
stimulus also should become aversive. Accord-
ing to the information hypothesis, however,
the high-effort stimulus should become rein-
forcing, because it provides information about
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the response required for monetary reinforce-
ment.

METHOD
Subjects
Three male workers, aged 23 to 27 years, par-

ticipated in the main phases. A fourth sub-
ject's stimulus preference did not appear until
late in training and his data are not reported.
Limited additional data were collected from
a fifth subject to clarify the role of the dis-
criminative stimuli in efficient plunger pull-
ing. This subject (BJ) did not particpate in
the differential observing conditions, and only
his data pertaining to plunger-pulling effi-
ciency in the other conditions are presented.
All of the men were experimentally naive at

the start of training.

Apparatus
The apparatus was modified by mounting a

second plunger under the table to the right of
the console. Pulling the first plunger required
a force of 5 lb dead weight (approximately 22
N); pulling the second required 15 lb (67 N)
for RV and GC and 20 lb (89 N) for FB. In
addition, the changeover toggle switch was re-

placed with a pushbutton, allowing deactiva-
tion of the changeover operandum during
stimulus presentations and before and after
sessions. Electromechanical equipment con-

trolled experimental events, and a computer
(Digital Equipment Corporation PDP 11/40)
recorded the data.

Procedure
Schedule of deflections. A VI 1-min schedule

of pointer deflections was programmed in each
of two irregularly alternating components. A
reported deflection was worth 8 cents. In both
components, pulls on either plunger illumi-
nated the meter, but the further consequences
of the plunger responses differed across the
components. In the low-effort component,
pulls on both the low-effort (5-lb) and high-
effort (15- or 20-lb) plungers revealed deflec-
tions. In the high-effort component, only
high-effort pulls revealed deflections, although
low-effort pulls continued to illuminate the
meter. A .3-sec delay separated initiation of
either plunger response and meter illumina-
tion; during this delay the plunger had to be
held in the extended position and feedback
was provided by the white light above the

meter. In the high-effort component, if the
pointer was deflected, a pull on the low-effort
plunger reset it momentarily so that the deflec-
tion was not revealed. The .3-sec delay ensured
that the pointer had returned to its resting
position by the time the meter was illumi-
nated. Even though neither plunger response
reset pointer deflections in the low-effort com-
ponent, the delay was included in both sched-
ule components so that it could not function
as a discriminative stimulus.
The use of two plungers required contin-

gencies in addition to those of the first experi-
ment. To prevent simultaneous pulls on the
two plungers, a pull on one plunger deacti-
vated the other plunger until the first was re-
leased. To prevent adventitious reinforcement
of alternations between the two plungers, a
changeover delay arranged that pulls on one
plunger were not reinforced by a deflection
within 2 sec of a pull on the other plunger.

In summary, the main features of the sched-
ule were as follows: (a) the pointer of the
meter deflected at variable times in two com-
ponents; (b) the high-effort plunger response
revealed deflections regardless of the compo-
nent; (c) the low-effort response revealed de-
flections in only one component, and in the
other component it illuminated an undeflected
meter; (d) thus, the operant contingency in-
volving the low-effort response was a multiple
(or later mixed) VI EXT schedule comparable
to that of Experiment 1.
During multiple-schedule training, colored

stimulus lights accompanied the components;
in later phases the stimuli were contingent on
observing responses. The stimuli are desig-
nated S+ and S- on the basis of the reinforce-
ment and extinction of the low-effort plunger
response in the two components. Thus, S+
(two blue lights) was correlated with the low-
effort component and S- (two yellow lights)
was correlated with the high-effort component.

Preliminary training. To ensure experience
with the high-effort plunger, only pulls on this
plunger illuminated the meter during the first
session. In subsequent sessions, both plungers
illuminated the meter.

Discrimination training. Multiple-schedule
training was along the lines of Experiment 1.
The low-effort component, accompanied by
S+, was in effect continuously for the second
session. The third session began with the
high-effort component, accompanied by S-;
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thereafter, the components alternated on the
average of every 5 min. So that pulling the
low-effort plunger in the presence of S- was
not adventitiously reinforced by the appear-
ance of S+, offset of the high-effort compo-
nent was prevented within 15 sec of a pull on
the low-effort plunger in S-. Discrimination
training continued until plunger selection was
differentially controlled by the stimuli. This
required 14 to 30 sessions.

Observing comparisons. For the remainder
of the experiment, a mixed schedule prevailed
unless an observing response was made. After
shaping, observing responses were reinforced
according to independent, concurrent VI 30-sec
schedules. Table 2 presents the observing con-
ditions and number of sessions in each, in
order of occurrence. During the baseline con-
dition, either observing response produced
both S+ and S-. During the experimental
conditions, one response continued to produce
both stimuli whereas the other produced only
S+. The stimulus consequences of the re-
sponses were reversed as many as three times.
Except for FB's last condition, which was ab-
breviated due to time constraints, the experi-
mental conditions were terminated according
to the criteria of Experiment 1.

Uncorrelated stimulus training. A final con-
dition determined whether S+ and S- were
needed for efficient plunger pulling. The ob-
serving keys were deactivated and stimuli were
presented as in the multiple-schedule phase,
except that alternation of the stimuli was un-
correlated with alternation of the schedule
components. Uncorrelated stimulus training
continued for 11 to 14 sessions, until plunger
selection was about equal in the presence of
the two stimuli.
Other procedural details duplicated those

of Experiment 1.

RESULTS AND DISCUSSION
Rates of Plunger Pulling

Figure 5 shows plunger rates in both the
multiple-schedule and observing phases of the
experiment (left and right portions, respec-
tively). Rates on the low-effort and high-effort
plungers are shown in separate panels. Dis-
criminative stimulus control of responding
during multiple-schedule training is evident
in all three cases. In the presence of S- (unfilled
circles), the stimulus correlated with nonrein-
forcement of the low-effort response, most

pulls occurred on the high-effort plunger. By
comparison, in the presence of S+ (filled cir-
cles), when both high- and low-effort responses
could reveal deflections, pulls occurred almost
exclusively on the low-effort plunger. Thus,
behavior in the presence of S+ was consistent
with Miller's (1968) finding that effortful re-
sponding is aversive: when given a choice be-
tween a 5-lb response and a 15- or 20-lb re-
sponse, the subjects almost invariably chose
the 5-lb response.
Although discriminated performances de-

veloped rapidly in RV and GC, FB required
special training (not shown in the figure).
When FB's plunger pulling failed to come
under stimulus control after six sessions of the
standard procedure, the high-effort response
requirement was increased to 20 lb and 12 ses-
sions were conducted in which the schedule
components were lengthened. For the first four
sessions, components lasted a full session and
pulls on only one plunger illuminated the
meter: the low-effort plunger in the low-effort
component and the high-effort plunger in the
high-effort component. Subsequently, compo-
nents lasted four sessions, pulls on either
plunger illuminated the meter, and the
changeover delay between the plungers was
increased from 2 to 10 sec. The upper left
frames of Figure 5 show FB's responding be-
fore and after these procedures, which clearly
enhanced stimulus control. With the exception
of the high-effort response requirement, which
remained at 20 lb, the standard procedure was
reinstated for the remainder of the experi-
ment.

Discriminated plunger performances con-
tinued in the observing phase, despite the in-
termittent appearance of S+ and S-. When
the schedule was mixed (about 60% to 80% of
the time), all three men showed plunger rates
falling between rates in S+ and S- (triangles
in Figure 5). Cumulative records revealed that
the intermediate rates resulted from the aver-
aging of periods of high rates with periods of
low rates. Rates on the low-effort plunger
tended to be high following S+ and low fol-
lowing S-, whereas rates on the high-effort
plunger tended to be high following S- and
low following S+.

Observing Responses
Table 2 presents the means and standard

deviations of the absolute observing rates and
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Fig. 5. Experiment 2: Plunger rates in the presence and absence of S+ (correlated with the low-effort com-

ponent) and S- (correlated with the high-effort component). Breaks in the horizontal axis indicate omissions of
data to conserve space. Note that the scale of the vertical axis varies from subject to subject.

of the proportions of time spent in the pres- in Figure 6. During baseline sessions, when both
ence of the discriminative stimuli for the last observing responses produced S+ and S-, RV
five sessions of each condition. Observing be- and GC pressed the two keys about equally,
havior was maintained by the contingencies but FB tended to press the right key. In sub-
throughout the experiment, and all three men sequent conditions, when one observing re-

consistently produced both S+ and S-. sponse continued to produce S+ and S- but
Relative observing rates and times are shown the other produced only S+, all three men
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Table 2
Experiment 2: Sessions per observing condition, and mean observing rate and proportion of time
stimuli were present during the last five sessions. Also shown (in parentheses) are the order of the
conditions and the standard deviation for each mean.

Stimulus time +
Stimuli available Observing resp./min Component time

Subject Comparison Left key Right ky Sessions Left key Right kg S+ S-

FB [Baseline] S+, S- S+, S- 22(1) .5 ( .2) .7 ( .2) .18 (.06) .19 (.04)
5+/5- vs. S+ S+, S- S+ 24(2) .9 ( .2) .9 ( .2) .19 (.01) .15 (.05)

S+ S+, S- 16(3) .8 ( .2) 1.4 ( .5) .24 (.04) .18 (.03)
S+, S- S+ 16(4) 1.8 ( .5) 1.5 ( .4) .28 (.05) .17 (.03)
S+ S+, S- 8(5) .7 ( .4) 1.4 ( .5) .20 (.03) .19 (.04)

RV [Baseline] S+, S- S+, S- 15(1) 7.4 ( .8) 7.3 ( .9) .42 (.03) .44 (.02)
5+/5- vs. S+ S+, S- S+ 16(2) 17.0 (2.2) 14.6 (2.0) .40 (.05) .28 (.03)

S+ S+, S- 16(3) 15.5 ( .8) 18.1 (1.3) .45 (.05) .28 (.05)
S+, S- S+ 17(4) 22.1 (3.5) 18.4 (2.6) .47 (.03) .30 (.04)

GC [Baseline] S+, S- S+, S- 17(1) 2.8 ( .3) 3.9 (1.5) .36 (.03) .34 (.02)
5+/5- vs. S+ S+, S- S+ 24(2) 1.6 (1.0) .7 ( .4) .24 (.04) .19 (.04)

S+ S+, S- 17(3) .8 ( .3) 1.5 ( .4) .26 (.07) .16 (.03)

preferred both stimuli to S+ alone. FB's pref-
erence was least consistent, but close inspec-
tion indicates that the distribution of his
presses shifted systematically as the stimulus
consequences varied across three reversals. Al-
though RV's preference was weak, it was con-
sistent across two reversals. GC's preference
was clear after a single reversal.
As in Experiment 1, the proportion of time

a stimulus was present depended on whether
it was a consequence of one or both observing
responses. Thus, as Table 2 shows, S+ and S-
were produced about equally during the base-
line, but, in subsequent conditions when only
S+ was produced by both responses, S+ was
produced more often than S-.
An important issue raised by the findings is

whether S+ and S- maintained observing be-
havior because they were needed to maximize
monetary reinforcement or minimize effort.
Thus, the stimuli may have been produced be-
cause performance in their presence was more
efficient than in their absence. One way to
evaluate this possibility is to examine rein-
forcement rates and effort expended when
plunger pulling was under discriminative con-
trol and when such control was not possible.
Table 3 shows such data for RV, GC, and BJ:
(a) during multiple-schedule training that pre-
ceded the observing phase; (b) during baseline
observing training when both S+ and S- were
available through either observing response;
and (c) during the final condition when alter-
nation of the stimuli was uncorrelated with

alternation of the schedule components. When
the stimuli were uncorrelated, plunger pulling
was not under discriminative control, whereas
during the multiple-schedule and observing
conditions discriminative control was present
(see Figure 5).
Table 3 shows that the average number of

reinforcers per session did not depend on
discriminative-stimulus control of plunger
pulling (compare the multiple-schedule and
observing conditions with the uncorrelated
condition). In all three cases, the range of 22 to
25 reinforcers was close to the limit imposed
by the VI 1-min schedule during the 25-min
sessions. Table 3 also presents the amount of
effort expended per session, expressed as the
number of plunger pulls and the number of
ft-lb of work required to operate the plungers.
The pattern of results indicates that effort was
not necessarily less when plunger pulling was
under discriminative control than when it was
not. For RV, total work and work per rein-
forcer did increase when the discriminative
stimuli were replaced with the uncorrelated
stimuli, but for GC and BJ work was about
the same regardless of whether the stimuli
were correlated or uncorrelated. Taken as a
whole, these data indicate that S+ and S-
were not necessary for the maintenance of high
rates of monetary reinforcement (all three sub-
jects) nor for reductions in the amount of ef-
fort required for the plunger response (two of
three subjects). Thus, the results argue against
the interpretation that the conditioned rein-
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Fig. 6. Experiment 2: Relative observing-response rates and times during the baseline condition (left frame)

and the S+/S- vs. S+ comparison (remaining frames). Conditions are shown in order of occurrence. Other details
are as in Figure 3.

Table 3
Experiment 2: Mean number of plunger pulls and reinforcers, work in ft-lb, and work per rein-
forcer during the last five sessions when stimuli were correlated (Multiple Schedule and Observing
conditions) and uncorrelated with the schedule components. Standard deviations are shown in

parentheses.
5-lb plunger 15-lb plunger Total Work per

Subject Condition Responses Work Responses Work work Reinforcers reinforcer

RV Multiple 671 (152) 296 (63) 635 (111) 794 (139) 1073 ( 82) 25 (2) 43 (6)
Observing 677 (105) 282 (44) 509 ( 52) 636 ( 65) 918 ( 49) 24 (3) 39 (5)
Uncorrelated 783 ( 95) 326 (40) 1016 ( 31) 1270 ( 39) 1596 ( 40) 23 (2) 69 (5)

GC Multiple 170 ( 29) 71 (12) 155 ( 23) 194 ( 29) 265 ( 34) 22 (4) 13 (3)
Observing 182 ( 30) 76 (13) 193 ( 39) 241 ( 49) 317 ( 47) 23 (2) 14 (3)
Uncorrelated 94 ( 25) 39 (10) 183 ( 25) 229 ( 31) 268 ( 28) 23 (2) 12 (2)

BJ' Multiple 632 ( 23) 263 (10) 355 (124) 444 (155) 707 (154) 24 (3) 30 (8)
Observing 384 ( 84) 160 (35) 314 ( 47) 393 ( 59) 553 ( 81) 22 (3) 26 (6)
Uncorrelated 85 ( 28) 36 (12) 539 ( 72) 674 ( 91) 709 ( 96) 23 (3) 31 (3)

aThis subject did not participate in the main phases of Experiment 2.
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forcing properties of S+ and S- during the
observing phases of the experiment required
correlation of the stimuli with more primary
reinforcing events, that is, increased monetary
gain or reduced effort.
The foregoing analysis cannot eliminate the

possibility that the discriminative stimuli may
have facilitated effective behavior in more
complex ways. For example, Table 3 shows
that the relative distribution of low- and high-
effort responses differed in the presence of the
correlated and uncorrelated stimuli, with the
proportion of high-effort responses increasing
when the stimuli were uncorrelated. It also is
likely that the temporal patterns of respond-
ing differed across the stimulus conditions.
However, the relevance of such differences is
unclear. Furthermore, humans have been
found to engage in observing behavior even
when it involves increased work (Baron &c Ga-
lizio, 1976; Galizio, 1979).

Finally, any interpretation of the present
findings in terms of increased efficiency, re-
sponse effectiveness, and the like must show
why such considerations do not apply to the
observing behavior of other species. According
to such interpretations, stimuli that reduce
unnecessary responding should become condi-
tioned reinforcers. But research with pigeons
has shown that stimuli correlated with extinc-
tion suppress, rather than maintain, observing
behavior (e.g., Mulvaney et al., 1974).

EXPERIMENT 3
An alternative to the information account

of the present findings is in terms of sensory
reinforcement (Kish, 1966). Varied visual stim-
ulation can reinforce human behavior under
conditions of sensory deprivation (e.g., Jones,
Wilkinson, & Braden, 1961). A similar process
may have operated in Experiments 1 and 2,
in which subjects performed a monotonous
vigilance task under homogeneous environ-
mental conditions and preferred an observing
response that produced two stimuli over a re-
sponse that produced only one.
Experiment 3 compared responses that pro-

duced stimuli having similar sensory charac-
teristics but different degrees of association
with reinforcement. One observing response
produced stimuli correlated with the compo-
nents of a mixed VI EXT schedule of mone-
tary reinforcement, while the other produced
uncorrelated stimuli. The correlated and un-

correlated stimuli were identical in color and
availability, thus equating the responses in
terms of stimulus variety. If observing behav-
ior is reinforced simply by its sensory effects,
then the two responses should occur at equal
rates; but if reinforcement depends on infor-
mation, then responding should favor the cor-
related stimuli.

METHOD
Subjects
Four male workers, aged 21 to 28 years, par-

ticipated. Although none had previous training
on observing schedules, only RH was experi-
mentally naive. The others (MG, DF, and
DW) had served in an experiment using sched-
ules of pointer deflections similar to those of
the present study.

Apparatus
The console was modified so that there were

two parallel banks of five colored lamps above
the right meter. From left to right, each bank
consisted of two green lamps, one white lamp,
and two red lamps. Of the two plungers
mounted under the table, only the 5-lb
plunger was used. Electromechanical equip-
ment controlled experimental events, and a
computer recorded the data.

Procedure
Instructions. The instructions differed from

earlier versions in two respects. First, to pre-
pare the subjects for conditions in which the
stimulus lights were uncorrelated with the
schedule of meter deflections, the subjects read
that ". . . in real life machines sometimes mal-
function. The part of the apparatus control-
ling the lights is designed to simulate such
malfunctions." Second, the subjects were told
the purpose of the changeover button: "It de-
activates the large white button that is cur-
rently working and activates the other white
button. Thus, it lets you choose which of the
large white buttons to press." The instructions
did not mention the function of the observing
keys. This second portion of the instructions
was given immediately before introduction of
the observing contingencies, several days after
the start of the experiment. By comparison, in
Experiments 1 and 2 all instructions were
given before the first session.

Discrimination training. Discrimination
training consisted of three phases. The first
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was similar to the early sessions of Experiment
1. After preliminary training under a mixed
VI 1-min EXT schedule of deflections in
which 16 cents were given for each report of
a deflection, multiple-schedule training was
given with the lower bank of colored lights
serving as the discriminative stimuli. Alterna-
tion of the green lights (S+) and red lights
(S-) was correlated with the alternation of the
VI 1-min and EXT components. The multiple
schedule was continued for 12 to 19 sessions,
until discrimination ratios (plunger rates in
green divided by the sum of rates in green and
rates in red) were at least .95 for five consecu-
tive sessions. In Experiment 1, discrimination
training included a delay procedure in which
onset of the VI component was prevented
within 15 sec of a plunger pull in the presence
of S-. However, in the present experiment it
was necessary to increase the delay to 60 sec
to eliminate S- responding in all subjects.
The instructions about malfunctions of the
stimulus lights may have prompted the in-
creased responding in the presence of S-.
During the second phase, the stimuli were

uncorrelated with the components of the
mixed VI 1-min EXT deflection schedule. The
upper bank of colored lights served as the un-
correlated stimuli. The green lights (S1) and
red lights (S2) alternated at the same rate as
the schedule components (every 5 min on the
average), but independently of the compo-
nents. The uncorrelated phase lasted eight ses-
sions, during which plunger rates in S1 and S2
were about equal.
During the third phase of discrimination

training, sessions of the correlated and uncor-
related stimulus conditions alternated irregu-
larly across 16 to 17 sessions. Stimulus control
of plunger pulling was similar to that of the
previous phases: Rates in S+ and S- were well
differentiated (session-by-session discrimina-
tion ratios of .91 to 1.00) whereas rates in SI
and S2 were not differentiated (ratios of .43
to .62).

Observing comparisons. A mixed schedule
prevailed for the remainder of the experiment,
and stimuli were contingent on observing re-
sponses. Presses on the two observing keys had
different consequences. Presses on one key pro-
duced the correlated stimuli and presses on
the other produced the uncorrelated stimuli.
To facilitate discrimination of the different
consequences of the two observing responses,

the white center light of the appropriate bank
of stimuli was illuminated whenever the ob-
serving key associated with that bank was acti-
vated by a changeover response.
The observing contingency was introduced

in a single session. The changeover button was
not operable during this session. During the
first half of the session, only the key producing
the correlated stimuli (S+, S-) was activated,
and during the second half only the key pro-
ducing the uncorrelated stimuli (S1, S2) was
activated. In both cases key presses were
reinforced according to a fixed-ratio (FR 1)
schedule. Since the procedure did not shape
changeover responses, they were prompted by
instructions, as noted above.

Conditions are summarized in Table 5. In
the initial comparison, one response produced
S+ and S- and the other produced S1 and S2
on concurrent FR 1 schedules. As the table
shows, the consequences of the two responses
were interchanged twice. Conditions were ter-
minated by the criteria of the first experiment,
except that a maximum of 15 to 16 sessions
was allotted per initial exposure to a condition,
and 10 sessions for redetermination of a prior
condition.

Following training with concurrent FR 1
FR 1, MG and DF were studied further under
the concurrent VI 30-sec observing schedules
of the previous experiments. There were two
comparisons, each consisting of a differential
observing condition and a reversal. In the first,
one response produced S+ and S- and the
other produced S1 and S2. In the final com-
parison, the choice was between S- alone and
S2 alone.

Other procedural details duplicated those
of the first experiment.

RESULTS AND DISCUSSION
Rates of Plunger Pulling
Table 4 shows the means and standard de-

N'iations of the plunger rates in the presence of
each stimulus during the terminal sessions of
discrimination training. Rates were well dif-
ferentiated in the presence of the correlated
stimuli and about equal in the presence of the
uncorrelated stimuli. As in the previous exper-
iments, the stimulus control evident during
(liscrimination training continued when the
stimuli were contingent on observing re-
sponses.
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Table 4
Experiment 3: Plunger pulls per min in the presence of the correlated and uncorrelated stimuli
during discrimination training. The means (with standard deviations in parentheses) are based on
the last five sessions of phase 1 (correlated stimuli) and phase 2 (uncorrelated stimuli), and on the last
10 sessions of phase 3, in which five sessions of correlated training and five sessions of uncorrelated
training occurred in irregular order.

Phase 1 Phase 2 Phasec 3
Correlated Uncorrelated Correlated Uncorrelated

Subject S+ S- Si S2 S+ S- Si S2

MG 18 (2) .3 (.1) 13 (1) 13 (1) 16 (1) 1.2 (4) 12 (1) 13 (3)
DF 40 (4) .1 (.1) 5 (3) 4 (1) 26 (2) .1 (.2) 9 (6) 9 (3)
RH 67 (5) 1.7 (.8) 71 (11) 74 (13) 59 (9) 1.3 (.5) 75 (13) 77 (11)
DW 26 (2) .2 (1) 18 ( 1) 19 ( 3) 21 (2) 1.4 (.3) 17 ( 4) 13 ( 4)

addition, all four subjects produced S+ and
Observing Responses S-, whereas only two (RH and DW) produced
Table 5 presents the means and standard Sl and S2.

deviations of the absolute observing rates and Figure 7 shows the relative observing rates
of the proportions of time spent in the pres- and times for the first comparison (including
ence of the correlated and uncorrelated stimuli two reversals) under the FR 1 schedules. (A
for the terminal sessions of each condition. As computer failure lost time data for DF's sec-
in the previous experiments, responding was ond condition and DW's first condition.)
maintained throughout the observing phase, Three of four subjects (MG, DF, RH) pre-
although there were subject-to-subject differ- ferred the correlated over the uncorrelated
ences in the absolute levels of responding. In stimuli; by comparison, DW preferred the un-

Table 5
Experiment 3: Sessions per observing condition, and mean observing rate and proportion of time
stimuli were present during the last five sessions. Also shown (in parentheses) are the order of the
conditions and the standard deviation for each mean.

Stimuli available Observing resp./min. Stimulus time + Component time
Subject Comparison L<ft key Right key Sessions Left key Right key S+ S- S S2

Concurrent FR 1 FR 1 Observing Schedules
MG S+/S- S1,S2 S+,S- 10(1) .2( .2) 30.4( 4.2) .83(.02) .92(.02) .01(.01) .00(.01)

vs. SJ/S2 S+,S- S1,S2 10(2) 43.4(8.9) .0( .0) .90(.02) .93(.02) .00(.00) .00(.00)
S1,S2 S+,S- 5(3) .0( .0) 52.2( 2.0) .91(.02) .94(.01) .00(.00) .00(.00)

DF S+/S- S1,S2 S+,S- 15(1) .1( .1) 17.0( 8.9) .72(.24) .82(.06) .00(.00) .00(.01)
vs. SJ/S2 S+,S- S1,S2 10(2) 20.9(6.6) .1( .2) .79(.05) .87(.04) .00(.01) .00(.00)

S1,S2 S+,S- 5(3) .0( .0) 16.9(11.2) .70(.21) .76(.19) .00(.00) .00(.00)
RH S+/S- S1,S2 S+,S- 16(1) 18.4(3.0) 22.2( 8.6) .72(.17) .20(.03) .42(.14) .41(.08)

vs. SJ/S2 S+,S S1,S2 15(2) 29.7(5.0) 18.3( 2.3) .88(.01) .23(.05) .38(.20) .33(.15)
S1,S2 S+,S- 10(3) 17.2(1.3) 25.5( 3.6) .86(.03) .20(.03) .29(.08) .45(.06)

DW S+/S- S1,S2 S+,S- 15(1) 1.0( .3) .6( .5) .16(.15) .04(.03) .23(.05) .13(.03)
vs. SJ/S2 S+,S- S1,S2 15(2) 1.2(1.1) 2.6( 1.0) .24(.18) .07(.02) .40(.12) .24(.07)

S1,S2 S+,S- 10(3) 1.6( .3) .6( .2) .13(.07) .08(.03) .31(.06) .21(.04)
Concurrent VI 30 VI 30 Observing Schedules

MG S+/S- S1,S2 S+,S- 10(4) .2( .2) 4.6( 1.3) .22(.03) .27(.04) .01(.01) .01(.02)
vs. Sl/S2 S+,S- S1,S2 10(5) 5.4(2.1) .0( .1) .21(.02) .26(.04) .00(.00) .01(.01)
S- vs. S2 S- S2 10(6) 2.8( .6) .0( .1) - .24(.07) - .00(.01)

S2 S- 10(7) .0( .0) 4.1( .4) - .21(.05) - .00(.00)
S- S2 9(8) 3.5( .3) .0( .0) - .25(.04) - .00(.00)

DF S+/S- S1,S2 S+,S- 10(4) .1( .2) 18.5( 9.5) .23(.06) .28(.05) .01(.02) .00(.00)
vs. Sl/S2 S+,S- S1,S2 15(5) 35.3(7.6) 2.0( 3.4) .32(.11) .30(.04) .04(.06) .03(.04)
S- vs. S2 S- S2 9(6) 29.6(8.2) 2.5( 3.6) - .31(.02) - .05(-03)

S2 S- 9(7) 2.2(2.2) 9.8( 1.6) - .26(.04) - .06(.04)

256



HUMAN OBSERVING BEHAVIOR

1.0

Cr .5

+

%%%. 0

i 1.0

U)

LI .5

cco

< 1.0

2 .5

w

-J

w

0I

1.01

.5

0

L:S1,S2
R: S+,S-

0

*MGI

L:S+,S -
R: S1,S2

L:S1,S2
R:S+,S-

0~~~~

0. 0

DF *RES 0
0~~~~~~

De. *RESP '@o D0

0~~~~~

LRH
0

0 * 0*~~~~~~~~~~0000
@0 * 00g

- 0

* -~~~0~0-V .*%% 0

D V

I iii i i
1 W _ ____

SESSIONS
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times during the first S+/S- vs. Sl/S2 comparison, in
which observing responses produced stimuli according
to concurrent FR 1 schedules. Conditions are shown in
order of occurrence. Time data were not available for
DF's second condition and DW's first condition. Other
details are as in Figure 3.

correlated stimuli. The upper part of Table 5
shows that absolute observing rates during the
first comparison ranged from low (about 2 to
4 responses per min for DW) to nearly as high
a rate as possible under the FR 1 schedules
(about 40 to 50 responses per min for MG).
Stimulus production also varied across sub-

jects. Two (MG and DF) produced both S+
and S- at high rates and virtually never pro-
duced SI and S2. The patterns of stimulus
production in the others (RH and DW) were
more complex. These men pressed the observ-
ing keys differently in the two components of
the mixed schedule. During the VI component
they produced S+ in preference to the uncor-
related stimuli, but during the EXT compo-
nent they produced the uncorrelated stimuli
in preference to S-. Overall, RH produced S+
at the highest rate, S- at the lowest rate, and
the uncorrelated stimuli at intermediate rates.
DW produced S+, S1 and S2 at low-to-moder-
ate rates while rarely producing S-.
Data from the two men exposed to the con-

current VI observing schedules are summarized
in Figure 8 and the lower part of Table 5.
Both MG and DF continued nearly exclusive
preferences for the correlated over the uncor-
related stimuli when the intermittent observ-
ing schedules replaced the continuous sched-
ules, and both preferred S- over S2. Table 5
also shows that they continued to produce both
S+ and S- with notable consistency, although
the VI observing schedules did not allow stim-
ulus production at the high levels that were
possible under the FR 1 schedules. Again,
MG and DF rarely produced the uncorrelated
stimuli.
The results of Experiment 3 must be inter-

preted cautiously. Two patterns can be dis-
cerned. First, the results obtained with MG
and DF suggest that when stimuli are corre-
lated with the presence or absence of reinforce-
ment, they gain reinforcing strength which
surpasses that attributable to their sensory
qualities alone. These men preferred the corre-
lated stimuli over physically similar uncorre-
lated stimuli under both continuous and inter-
mittent observing schedules, and preferred a
stimulus correlated with the absence of rein-
forcement over an uncorrelated stimulus in
whose presence reinforcement could occur.
This last comparison demonstrates the mainte-
nance of a response having S- as its sole con-
sequence, a finding also obtained in the S+ vs.
S- and S+IS- vs. S- comparisons of Experi-
ment I. The performances of MG and DF,
then, are in accord with the information
hypothesis.
The second pattern involves the relative

levels of stimulus production by RH and DW.
Although their observing-response distribu-
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tions differed (Figure 7), both men consistently
produced the uncorrelated stimuli at higher
levels than S-, a correlated stimulus. During
the EXT component of the mixed schedule,
they pressed the key that produced SI and S2
more than the one that produced S-. Stimulus
production by RH was correlated with the re-

inforcement rates in the four stimuli. In S+
reinforcers were scheduled at a rate of 1/min
(the value of the VI schedule), in SI and S2 at

.5/min (because both the VI and EXT com-

ponents were accompanied by these stimuli),
and in S- at 0/min (EXT); production of
these stimuli by RH followed the same rank

order. By comparison, DW produced about

equal levels of the stimuli under which rein-

forcement occurred (S+, SI, S2) but, like RH,
relatively low levels of S-. The finding that

S- was the least produced stimulus does not

allow the inference that S- was a conditioned
aversive stimulus, since preferences under the

procedures of Experiment 3 do not demon-

strate response suppression by S-. Such a dem-

onstration requires a comparison of two re-

sponses whose consequences differ only with

regard to S-, as in the S+ IS- vs. S+ compari-
son of Experiments 1 and 2. The present data

show only that for RH and DW, S- was less
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HUMAN OBSERVING BEHAVIOR

reinforcing than either S+ or the uncorrelated
stimuli-a finding inconsistent with the infor-
mation hypothesis.
The results of Experiment 3 do not support

an account of observing behavior in terms of
sensory reinforcement. According to this ac-

count, rates of the two observing responses

should have been equal, since their sensory

consequences were equal, but instead all sub-
jects showed consistent preferences through at

least two reversals.

GENERAL DISCUSSION

Previous research has shown that a stimulus
correlated with the more favorable of two con-

tingencies will reinforce observing behavior in
pigeons. For example, a stimulus correlated
with the shorter of two interreinforcement in-
tervals or one correlated with a reinforcement
component that alternates with extinction can

function as a reinforcer (cf. Auge, 1974). By
comparison, the present experiments found
that observing in humans could be reinforced
by stimuli correlated with the less favorable,
as well as the more favorable, of two contin-
gencies. In Experiment 1, observing responses
were maintained by stimuli correlated with
monetary reinforcement or nonreinforcement,
and in Experiment 2 by stimuli correlated
with periods of low effort or high effort. Exper-
iment 3 provided control data showing that
the sensory properties of stimulus change were

not sufficient to account for these results.
The present findings are in line with the

prediction of the information hypothesis that
stimuli correlated with nonreinforcement or

other aversive events are reinforcing when
they provide information about those events.
According to Pavlovian views, such stimuli
should become conditioned punishers. Al-
though the concurrent observing response pro-

cedure in Experiments 1 and 2 was designed
specifically to assess the suppressive effects of
a stimulus correlated with the less favorable
of two contingencies, no suppression was de-
tected. In both experiments, a response pro-

ducing both positive and negative stimuli
occurred at higher rates than a response pro-

ducing only the positive stimulus, thus pro-

viding evidence of the reinforcing, rather than
punishing, effects of the negative stimuli. How-
ever, the reinforcing properties of the negative
stimulus in Experiment 3 were less consistent,

appearing in only two of four subjects. Never-
theless, when all three experiments are consid-
ered together, the contention that negative
stimuli can serve as reinforcers is supported in
12 of 14 cases. Our results, then, conflict with
studies of observing behavior in pigeons, and
seem to be at odds with Pavlovian accounts of
conditioned reinforcement.
How might the discrepancy between the

present findings with humans and previous
findings with pigeons be resolved? It is tempt-
ing to attribute the discrepancy to some
predisposition of primates to attend to infor-
mative stimuli, since the only previous experi-
ment purporting to show reinforcement by a
negative stimulus used monkeys (Lieberman,
1972). However, as noted in the Introduction,
the methodological adequacy of this study has
been criticized (Dinsmoor et al., 1972; Fan-
tino, 1977), leaving the significance of the re-
sults open to question. Further research with
a variety of species is needed before conclu-
sions can be reached about species variables in
susceptibility to reinforcement by informative
stimuli.
Of necessity, there were several procedural

differences between the present study with hu-
mans and previous studies with pigeons. One
difference was that in the first and third ex-
periments S- was correlated with the absence
of an opportunity to earn money, whereas in
analogous research with pigeons S- was corre-
lated with the absence of food, a biologically
relevant stimulus of which the birds were de-
prived. However, money has been shown to be
functionally equivalent to biologically rele-
vant stimuli in positive reinforcement (e.g.,
Matthews, Shimoff, Catania, & Sagvolden,
1977), negative reinforcement (e.g., Baron &
Kaufman, 1966), and punishment (e.g., Brad-
shaw, Szabadi, & Bevan, 1977) procedures.
Moreover, in the second experiment S- was
correlated with increased response effort, a
biologically relevant event, and reinforcing
effects were comparable to those found in Ex-
periment 1.
A more significant procedural difference

concerns the extra-experimental experiences
of the subjects. The conditioning histories of
adult humans are extensive and for the most
part unspecifiable, whereas the histories of
other species often are under experimental
control and may be highly restricted. The po-
tential role of historical variables in observing
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behavior is suggested by the finding that the
function of a negative stimulus depends on
the specific procedures used during discrimina-
tion training (Rilling et al., 1973; Terrace,
1971). For example, Rilling et al. found that a
stimulus correlated with extinction was least
likely to become aversive (as evidenced by es-
cape responses that terminated the stimulus)
when introduced early in training. Thus, the
behavioral functions of a stimulus are not de-
pendent exclusively on the current rate of re-
inforcement in its presence, but also on events
in the history of the organism. This analysis
suggests why a negative discriminative stimu-
lus need not suppress observing behavior, but
leaves unclear why a negative stimulus should
reinforce observing behavior.
On more theoretical grounds, Pavlovian and

informational interpretations of the present
findings might be reconciled by taking account
of the special histories of adult humans. Skin-
ner (1957) suggested that a disposition to at-
tend to stimuli may be shaped by contingen-
cies which arise in a verbal community, as il-
lustrated in the following quotation:

One may respond book to an actual book ly-
ing on a table when someone asks What is on
the table?, but the response is slightly less likely
to be made to the question What was on the
table a moment ago? when the book has been
removed and concealed. We say that we did
not "notice the book." A more technical anal-
ysis is possible. In the first case the question can
evoke an observing response, sharpening the
effect of the book as a stimulus. This is not pos-
sible in the second case. If, however, the second
question is often repeated, and especially if
other variables are powerful, one may engage
in explicit observing behavior before questions
are asked. One begins to "notice objects one
may be asked about." (p. 415)

Thus, by adulthood an individual's history
may include extensive reinforcement for at-
tending to environmental events regardless of
their current value. According to this account,
negative discriminative stimuli may become
reinforcing, ultimately, through a positive
Pavlovian association with reinforcement pro-
vided by a verbal community. The critical re-
quirement is that stimuli which are negatively
correlated with one primary event (e.g., mone-
tary reinforcement) be positively correlated
with some other event (e.g., social reinforce-
ment) that exerts a greater influence on be-

havior. The finding that humans respond to
produce stimuli correlated with periods of ex-
tinction and increased response effort can be
taken to reflect the consequences of such a his-
tory. This account is, of course, speculative,
since it is impossible to specify the condition-
ing histories of the men in the present study
or to analyze in detail the variables which
might have maintained their observing behav-
ior within the experimental environment.
However, even in the absence of such data the
hypothesis remains plausible that reinforce-
ment by informative stimuli may itself be a
product of Pavlovian processes, rather than a
basic principle of behavior to be contrasted
with Pavlovian accounts of conditioned rein-
forcement.
The apparent contradiction of the present

findings - that a stimulus can reinforce one
response (observing) and inhibit another
(plunger pulling)-illustrates the multiple
functions that stimuli can serve, depending on
the context in which they occur (cf. Catania,
1979). Such variables as the history of the or-
ganism, the characteristics of ongoing behav-
ior, the parameters of the stimulus, and the
contingency in which the stimulus is involved
all need to be taken into account. (Morse and
Kelleher, 1977, make a similar point about the
multiple properties of a primary event such as
food or electric shock.) Regarded in this light,
the present findings bear an interesting paral-
lel to outcomes when shocks are preceded by
a warning stimulus under free-operant avoid-
ance schedules. Rats characteristically pause
until the stimulus is presented, suggesting that
pausing is positively reinforced by the oppor-
tunity to observe the stimulus. However, fol-
lowing stimulus onset the rats quickly press
the lever to terminate the stimulus, suggesting
that its continued presence is aversive (Ulrich,
HoIz, & Azrin, 1964).
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