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Preference for signaled or unsignaled shock in goldfish

CAROLINE FISHER and PIETRO BADIA
Bowling Green State University, Bowling Green, Ohio 43403

Unsignaled, inescapable shocks were presented to five goldfish. By making a shuttle response, subjects
could change the condition to signaled shocks for 2 min, after which unsignaled shocks were
au tomatically re instated. All subjects changed from the unsignaled to the signaled condition. Three
different extinction conditions were administered, to assess the extent to which the shock and
shock-free periods controlled changeover performance. The performance of the fish was compared with
the performance of rats obtained in previous studies. This comparison showed a number of similarities.
The argument, by some, that subjects choose the signaled shock condition because of modifiable shock,
was disputed. .

Several studies have shown that rats will choose a
signaled over an unsignaled shock condition (e.g., Badia
& Culbertson, 1972; Badia , Culbertson, & Lewis , 1971).
In these studies, subjects could change the shock
schedule from an unsignaled to a signaled one for brief
tim e periods by pressing a changeover lever. It was found
that rats changed to the signaled condition whether
shock was avoidable, escapable , o r inescapable .

Badia and Culbertso n (19 72) and Badia et al. (1 971)
analyzed the data in terms of shock and shock-free
period s and hyp othesized that the choice of the signaled
shock condi tio n was controlled by the st imulus
conditions in the shock-free periods. The present study
assessed whether similar findings would ob tai n in
goldfish . While the studies previously cited used rats ,
there is also som e eviden ce th at pigeon s (Griffin,
Hon aker , Jones, & Pynes, 1974) and humans (Badia,
Culbert son , & Harsh , 1974) prefer signaled over
unsignaled shock. The use of goldfish also allows on e to
rule out arguments that preference for the signaled
condition is based upon unauthorized avoidance or upon
th e modifiability of sho ck by certain responses.

METHOD

Five naive goldfish, 6 to 8 em in length , were obtained from a
local pet shop to serve as subjects. The fish were fed daily
thro ugho ut the experiment at least I h after the experimental
sessions.

All subjects were tested in an aquatic shutt lebox (Testan
Scientifi c Instrum ents, Davis, California) with round chambers,
10 em in diam, and a round connecting tunnel , 2 em in diam.
The .S-sec 8-V de shocks were delivered to the chamber in which
the fish was located through two curved electrodes, each
covering a 90-deg arc of the chamber wall. The elect rodes were
positioned opposite one anot her. equidistan t from the tunn el.
Two GF IH20 lamps were located opposite the tunn el outside
each chamber. One had a red lens cover and served as the S-sec
signal preceding shock in the signaled situation. The othe r, with
an amber lens cover, served as the stimulus identifying the shock
situation as signaled or unsignaled. For three subjects. the amber
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light served as the correlated stimulus for the signaled situation,
while the unsignaIed schedule opera ted during darkness. These
correlat ed stimuli (amber light vs. dark) were reversed for the
other two subjects.

Two photocells, located along the tunnel connecting the two
chambers, were used to determine when the subject swam from
one chamber to the other. A shuttle response was recorded after
the successive breaking of the two photocell beams.

Subjects were run in 9O-minsessions every second day. Shock
in all conditions was delivered on a VT I20-se c schedule
determined from the tables of Fleshier and Hoffman (1962),
modified so that the shortest interval was S sec. Shock was
unavoidable and inescapable at all times, and the intensity was
equivalent no matter what position the fish adopted.

Initial Training
All subjects were exposed for a minimum of three 9O-min

sessions to an unsignaled schedule and for a minimum of three
sessions to a signaled schedule. During the latte r sessions, the
correlated stimulus was always on and the S-sec red light always
preceded shock. Shuttle responses and the amount of time that
would have been spent in the changeover condition, had the
contingency been in effect, were recorded, although these
responses produced no stimulus changes.

Changeover for Signaled Shock (CO)
Following initial training, subjects began the next session with

the unsignaled shock schedule. A shutt le response resulted in the
onset of the correlated stimulus and initiated the signaled
schedule. One changeover response produced the correlated
stimulus and signaled schedule for a 2-min period. Addit ional
responses during th is 2-min period were recorded, but were
ineffective. At the end of the period , the correlated stimulus
terminated and subjects could remain in the unsignaled schedule
or reinstate the signaled one by making another changeover
response. A 2-sec changeover delay (COD) was used with all
s ubjects. Additionally, any signals scheduled to occur
immediately afte r a changeover was acqu ired were delayed for
2 sec.

Changeover Extinction I (EXT I)
Under th is extinction procedure, subjects always remained in

the unsignaled conditio n. Neither the correlated stimulus nor th e
signal was presen ted following changeover responses. This
conditio n allowed evaluatio n of the effects on changeover
respond ing exerted by both the correlated stimulus and a signal.

Changeover Extinction 2 (EXT 2)
Effects of the correlated stimulus alone were evaluated with

this procedure. Again the subjects received only unsignaled
shock . Changeover responses produ ced only the correlated
stimulus, but not the signal, for 2-min periods. .
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Changeover Extinction 3 (EXT 3)
Effects of presenting the signal alone, without the

accompanying correlated stimulus , were examined under the
final extinction procedure. A changeover response initiated the
signaled schedule for 2·min periods , but did not produ ce the
correlated stimulus. Thus, by mainta ining a sufficient rate of
changeover responding, subjects could remain in the signaled
condition but with no correlated stimulus to iden tify it.

Stability Criterion
All subjects remained under each changeover condition until a

stability criterion was met. This criterion was three successive
sessions during which the time spent in changeover during the
third session did not vary more than 10% from the time spent in
the preceding sessions. Deaths caused exceptions to this
criterion.

RESULTS

The data clearly show that all subjects chose signaled
over unsignaled shock. Each subject acquired the
changeover response within the first four sessions. The
removal of the changeover contingency (EXT I) resulted
in changeover responding returning to baseline levels.
Changeover responding was quickly reacquired when the
contingency was reinstated and remained at the high
levels when responding produced the correlated stimulus
alone (EXT 2). Baseline levels of responding were found
when signals, but no correlated stimuli , were produced
(EXT 3). Choice of signaled shock was not affected by
the order of exposure to the signaled and unsignaled
situations in training, or by the stimulus (amber light or
dark) correlated with the signaled schedule.

Acquisition and stabilization of the changeover
response were generally quite rapid. Two subjects
acquired the response during the first session ; one
required two sessions; one , three; and one, four.
Responding stabilized within 5, 6, and 7 sessions for
Subjects K, L, and G, respectively. An apparatus failure
necessitated a return to training conditions after CO
responding had been acquired by Subjects Rand N.
However, they stabilized within 7 and 9 sessions
respectively, when again placed in CO.

Figure 1 contains a portion of a typical event record
(Subject R, Session 26), illustrating stable changeover
responding. The performance of Subject R could be
described as average both on percent of time spent in the
signaled condition and total number of responses. This
record indicates both that more responses were made
than necessary to reinstate the signaled condition and
that the signaled condition was reinstated fairly rapidly

after the 2-min signaled period had timed out. A
comparison with the record presented by Badia and
Culbertson (1972) for rats suggests that the stimulus
control was not as complete for fish. First , the rat
reinstated the signal condition more quickly after it had
timed out , and, second , the rat did not make many
excess CO responses.

The difference in the speed of reinstating the signaled
condition can also be seen in the summary graph
(Figure 2). The data points represent the percent time
spent in the changeover condition for each subject
during the last three sessions of each condition
experienced. The percent of time spent in the signaled
situation during CO varied considerably between animals
(range of 42% to 89%), and only Subject K spent better
than 80% of the time in the signaled condition.
Variation between animals in the percent time spent in
the changeover condition occurred during training and
EXT 1. However, every animal spent considerably more
time in the signaled situation when given the
opportunity , relative to their baseline performance.

For the two subjects receiving all extinction
condition , the percent of time spent in the changeover
condition was almost as high during EXT 2, when a
response resulted in two minutes of the correlated
stimulus but no signals, as during the regular CO
condition. The same two subjects showed a decrease in
changeover responding during EXT 3, when responding
resulted in periods of signaled shock but no correlated
stimulus. The levels were comparable to their
performance during EXT 1. The percent time spent in
the signaled condition again increased when the CO
contingency was reinstated.

DISCUSSION

In general, the fish in the present study responded much like
the rats in previous stud ies (Badia & Culbertson , 1972; Badia et
al., 1971). They changed from an unsignaled condition to one
that included both correlated stimulus and signal (CO) and
responded for the condition of correlated stimulus alone
(EXT 2) at high rates. However, as with rats , changeover
responding decreased dramatically when neither stimulus was
presented (EXT 1) or when the signal without the correlated
stimulus was presented (EXT 3).

These data indicate that goldfish choose signaled over
unsignaled shock situations, even though the shock is
unavoidable and inescapable. Observation of each fish indicated
no tendency to orient in any direction during the signal
preceding shock, although increased swimming activity was
noted . Thus , the fish apparently were not attenuating the
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Figure 1. Event record during changeover for Subject R, Session 26.
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Figure 2. Perce nt of session time spe nt in changeover during
the last three sessio ns of each co nd ition.

Badia, P., Culbertson , S o, &. Harsh, J. Choice of longer or
st ro nger signalled shock over shorter or weaker unsignalled
sho ck. Journal of the Experimental Analysis of Behavior,
19 73 , 19 , 25 -3 2 .

Badia, P., Culb er tson , So, & Harsh, J . Relative aversiveness of
signa lled vs uns ignalled avoidable and escapable shock
s it ua tions in humans. Journal of Comparati ve a nd
Physiological Psych ology , 1 9 74, 87, 338-346.

Badia, P., Culbertson. S . , & Lewis , P. The relative aversiven ess o f
s ig na ll ed vs un signalled avoidance. J ournal o f th e
Experimental Ana lysis of Behavior, 1971, 16, 113-121.

B i ed erman, G . B ., & Fur edy, J . . J . The
prefere nce- for-signa tled-sh ock phenomenon: Signalli ng sh ock
is reinforc ing only if sh ock is modifiable. Quart er ly Jo urnal of
Exp erimenta l Psycholog y. 1 9 70 . 22, 681 -685 .

Biederman, G. B., & Furedv, J . J . Preference·for-signa led·shock
phenomenon : Effects of shock modifiability and light
reinforcement. J ournal of Experimental Psychology. 197 3 .
100.380-3 86.

Fleshier. M., & Hoffman, H. S. A progression for generating
variable-int erval schedules. Journal of the Exp erimental
Analysis o f Behavior. 1 9 62 , 5 , 5 29-5 30 .

Griffin. Po, Honak er , L. M.. Jones, D. Eo, &. Pynes. L. T.
Pref erence for signa led vs unsignaled shock in pigeons with
im plante d electrodes. Bulletin of th e Psychono mic Society,
19 74 ,4,141-143 .

Harsh , J. , & Badia, P. A co ncurrent assessment o f t he posit ive
and negat ive p rop ert ies of a signaled shock schedule. Anim al
Learning & Behavior , 1974, 2 , 168-172.

Miller , R. R .; Daniel , D., & Berk, A. M. Suc cessive re versals of a
discriminated performance for signaled tailshock. Animal
Learning & Beh avior, 1974, 2, 271 -274.

Woodard, W. T., & Bitterman, M. E. Classical conditioning of
goldfish in th e sh uttlebox. Behavior Research Methods &.
Instrumentation, 1971 , 3 , 193-194.

coEXT II EXT IIIcoEXT Ico

NINETY MINUTE SESSIONS

Bal. ~ i n.

I ~ ~

~
"~ """"

"-.. 0

/ ( '.
j

~
~ X X<,

~

, • • 1. 11 " 20 21 22 21 21 II .. .. .. 31 M . 40 41 42, • • 11 12 13 " " ,. o J4 21 10 " U 31 <HI., 4441"

I • • 11 12 'I
" " 11 " "

• '0 11 Hn • .? .....
, ..212728 32nM

10

30

so

70

80

90

20

~o

60

100

I-
Z
1&.1
~
CI)

1&.1 ........ G
~ <>-o K

I- _L

D-<lN
I- _ R
Z
1&.1
U

'"1&.1
~

zo
~-a
z
ou
'"w
>o
w
c
Z
-c
:l:
U

Z

REFERENCES

avcrsivcncss of the shock by adopt ing any bodily o rienta tion.
The present result s do not support th e co n te ntio n of Biederman
and F uredy ( 1970, 1973 ) th at signaled shock is preferred
beca use it allows modificat io n o f shock int en sit y or because o f
pho tic st imul ation . The qu estion o f phot ic stimulat io n
appa rently result ed from a careless reading of the literature,
since th e very study that Biederman and Furedy c ite (Badia &
Culbertso n, 1972) had the nec essar y con trols, as did other
studies investiga ting the signa led shoc k phenom en a (e.g., Badi a
et ul., 19 71 1. Two recent stud ies a lso cas t dou bt up on their
mod ifica tion of shock hyp othesis. Griffin et al. ( 1974) found
that p igeons preferred signaled over un signaled shock delivered
th rou gh implan ted electrod es. Similarly, ra ts sho wed a
preference for signaled sho ck even tho ugh it was delivered
throu gh fixed tail electrodes (Mille r, Daniel, & Berk , 19 75) . In
both of these studies, as well as the pre sent one, shock intensity
co uld not be easily modified. Additionally , rats were found to
prefer signaled shock that was four to nine times longer or two
to three tim es more intense th an unsignaled shock (Badia,
Culbertson, & Har sh, 19 73).

The factor contro lling the choice of the signaled shoc k
situa tion in the present stud y, as well as in previous st udies,
appear s to be the correla ted stim ulus identifying a shock-free
peri od . Changeo ver resp onding was high if thi s correlated
stim ulus was produced and low if it was not. (See Badia &
Culber tson , 1972 . fo r a mor e co mp lete discu ssion .) Add itional
supp ort for the co n tro l e xer ted by the corre lated s tim ulus stems
fro m previo us unpublished work by the autho rs th at failed to
find any prefer ence fo r signaled o r un signale d shock in go ld fish.
In that a t temp t. signals sched uled to o ccur imm ed iat e ly after a
changeover respon se were not de layed . Thus. a respo nse was
occ asion ally foll owed by a signa l ra the r th an by a co rre lated
s tim u Ius . C ha ngcover resp onding was erra tic, varying
dr amatically from session to session . No clea r pref erence could
be det ermined for any subje ct tested . The presentat ion of the
co rrelated stim ulus immed iately following a respons e wou ld
appear to be necessar y to ma intain responding, whil e the
presen tati on of the signal afte r a respo nse tends to dis rupt
responding. Evide nce by Harsh and Badia (19 74 ) also indicates
th at the patt ern of food respond ing in the presence o f stim uli
iden tify ing sho ck a nd shoc k-f ree period s is very differ en t. (No te
that suppressio n an d facilitat ion oc currcd. )

Acq uisitio n and stabi liza tio n took mo re sessions fo r th e fish in
th is study th an fo r rat s (Badia & Culbe rt so n. 1972 ; Badia et al.,
1971) ; however, th e sessio ns fo r the fish wer e only one-fo urth as
long as for th e rat s. The major difference between the
perfo rmance of th e goldfish in this study and that o f rat s in the
st ud ies cited previ o usly is the number of extra changeover
respon ses that occ urred . The fish made a h igh number o f the se
responses. One possihle reason for these ext ra respon ses is that a
shoc k situat io n elicit s swimming and shutt le respon din g in fish
(Woo dar d & Bitt erm an , 1971 ). This possibility seems te nab le
since a go od prop ortion o f the extra respon ses occurred
immed ia tely fo llowing shoc k (d uring the COD) or during signa ls.
Th is. however , d id not bias result s since these responses did not
produ ce the signa led co ndition. Despi te the higher number o f
exc ess respon ses. the fish chose signa led over un signaled shock ,
and thi s choi ce was con tro lled by th e stimulus ide ntify ing
sho ck-free period s.

Badia, P.. & Culbertso n , S. Th e relat ive aversiveness of signalled
versus un signa lled escapab le and inescapable sh ock . J ournal o f
th e Experimenta l Analysis o f Behavior , 1972 , 17 ,463- 471. (Rec eived for publicat ion May 19,1975 .)
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