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The preference-for-signaled-shock phenomenon: 
Fifty days with scrambled shock 

in the shuttlebox 

GI<~RALD B. Bn~DERMAN and JOHN J. FUREDY 
University a/Toronto, Toronto, Ontario, Canada 

In humans, recent direct investigations of the preference-for-signaled-shock (PSS) phenomenon in over 
500 subjects have failed to confirm the existence of this. phenomenon. In rats, to whom relatively strong 
sho(~ks (~an he given. the evidence is contradictory. and much of it is methodologically confounded. 
lIowev(~r. a reeent shuttlehox study which was free of such confoundings ohtained a clear demonstration 
of PSS in thwe suhjects and suggested that amount of training or experience with the alternatives may he 
I'ritieal for animal PSS. In the present study. the aim was to increase the amount-of· training variahle 
extensively and to usc enough suhjects to allow valid statistical assessment of the results. Fourteen rats 
wer<~ therdore trained for 50 days in a shuttlehox preparation which pitted time spent in a signaled 
unmodifiahle shoek condition against time spent in unsignaled unmodifiahle shock. No significant group 
rJr(~feren<~e emerged for the total sample. although individual suhject demonstrations of an orderly 
prderen<~e for signaled and unsignaled shock were possihle. Accordingly. while amount of training may he 
important for successful demonstrations of stahle preference for signaled or unsignaled shock. the 
training variable does not appear to be relevant for determining group PSS. Insofar as group data are 
concerned, current evidence suggests, then, that, when methodological confoundings are removed, 
neither humans nor animals should he expected to yield PSS. In fact. new unconfounded evidence in the 
animal literature. using valid statistical assessment. suggests that under some conditions unsignaled 
sho(~k is dearly preferred to signaled. inescapable. unmodifiable shock. 

The preference-for-signaled-shoek (PSS) phenomenon 
is relevant to behavioral in terpretations stressing the 
importancc of prcparatory responscs (e.g., Perkins, 
196R), safety (c.g., Seligman, 196R), and information 
pcr sc (Bcrlync, 1(60). 

The information hypothcsis holtls that ncutral 
stimuli acquirc rcinforcing propertics not simply through 
pairing with primary rcinforcemcnt but hecause they 
providc rclevant information ahout such events 
(D' Amato, 1974, p. (0). A typical summary of the 
status of thc prefcrcncc-for-signalcd-shock literature 
is givcn hy thc same author: "Taken as a whole 
Icxpcrimcntsl ... dcaling with aversivc stimulation, 
sccm to offcr striking support for thc information 
hypothcsis." This hclicf is widely hcld dcspitc thc 
cvidcnce from ovcr 500 human suhjccts to thc 
contrary (cf. Furcdy, 1(75). Thc animallitcraturc with 
its morc rcalistic usc of rclativcly high pain Icvcls 
providcs mcthodologically unsatisfactory cvidcncc. 
Support for thc cxistcncc of PSS was first rcported in 
a shuttlehox prcparation in thc 1960s hy a numhcr 
of invcstigators (c.g., Lockard, 1963; Perkins, Scymann, 
Levis, & Spcnccr, 1(66) with time spcnt in thc signalcd-
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shock compartmcnt as the critical index of prcfercncc. 
Ilowcver, as detailcd clscwhcrc (Bicdcrman & Furcdy, 
1(70), thc t hcorct ical importancc of thcse rcportcd 
PSS phcnomcna is diminishcd by the possiblc role of 
modification factors introduced by the fact that the 
PSS cvidcncc was hased primarily on experimcnts 
which uscd unscramhlcd shock grids, thus permitting 
unauthorizcd cscapc and/or avoidance of the 
supposedly inescapablc, unavoidablc shocks. Morc 
reccnt studics havc emphasized thc critical rolc of 
modification in the PSS phenomenon by showing that 
scramhling thc grids not only rcduced but eliminatcd 
thc PSS phcnomcnon, both in a symmetrical two-har 
choicc situation (Bicdcrman & Furedy, 1973) and in 
thc shuttlchox (Furcdy & Biederman, 1976). In 
addition, this indircct cvidcnce for thc rolc of modifi
cation in thc PSS phcnomcnon was further supported 
hy morc dircct cvidcncc that, in hoth thc two-har and 
shuttlchox situations, dcvclopment of (continuously 
monitorcd) unscramhlcd shock modification was 
associatcd with devclopmcnt of PSS. 

Nonsymmctrical changcovcr evidence strongly 
supporting PSS has hccn rcportcd by Badia and his 
co-workcrs (Badia, Cokcr, & Harsh, 1973; Badia & 
Culhertson, 1972; Badia, Culbertson, & Harsh, 1973). 
This cvidcncc (which includcs changcover to strongcr, 
longcr, and dcnscr signalcd shock from wcakcr, shortcr, 
and Icss dcnsc unsignalcd shock) is unfortunately mutc 
with rcspcct to preference for signaling, inasmuch as 
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a confounded choice strategy is used. As pointed out 
elsewhere (Furedy & Biederman, Note 1), use of an 
active response (barpress) to change over and a passive 
response (withholding barpress) to remain in the 
normally unsignaled state is not analogous to a 
symmetrical barpress (Biederman & Furedy, 1973) or 
shuttlebox paradigm where behavior may be appro
priately connected with preference. In addition, Furedy 
and Biederman (Note 1) reported a failure to replicate 
the changeover evidence of Badia and associates and 
also report technical problems which suggest that shock 
may have been modifiable in the Badia and associates' 
apparatus, an eventuality which would clearly render 
their methodologically confounded changeover evidence 
irrelevant for problems involving signaling unmodifiable, 
inescapable shock. 

A factor which may have been responsible for the 
Toronto laboratory's consistent failure to obtain PSS 
with unmodifiable shocks, both in symmetrical two-bar 
choice situations and in the shuttlebox context, is 
amount of training. The pattern of results obtained does 
not strongly suggest this possibility, as there was no 
evidence of any systematic increase in PSS over days in 
unmodifiable-shock choice conditions (Biederman & 
Furedy, 1973, Experiment I; Furedy & Biederman, 
1976, Experiments I and II). Nevertheless, both the 
Lockard (l963) and Perkins et al. (l966) studies which 
reported PSS used at least 6 days of training, whereas 
the Toronto studies used only 2 days. Moreover, Miller, 
Daniel, and Berk (l974), who have specifically raised 
this amount of training factor as a possibility, tested 
their subjects for more than 20 days and reported little 
or no PSS over the first 3 days but clear PSS during later 
days of training. In addition, the demonstration of 
PSS by Miller et aI. (1974) was one in which modifi
cation was ruled out by the use of tail shock. However, 
unlike all the other cited studies, statistical evaluation 
of the Miller et aI. (1974) study is problematiC, both 
because of the small number of subjects reported (N = 3) 
and because of the relatively large number of subjects 
(N = 4) eliminated from analyses because of "develop
ing the tail-biting syndrome" (Miller et aI., 1974, 
p. 274). Nevertheless, as a demonstration of PSS with 
clearly unmodiqable shock and a relatively long period 
of training, the Miller et aI. {l974) experiment seems 
at least to suggest that the amount of training variable 
warrants further examination. 

The present study was directed to this issue by testing 
animals for 50 days in the shuttlebox. In addition, 
a relatively large sample (N = 14) was used, as 
in the studies of Lockard (1963) and Perkins et al. 
(1966), providing a more precise test of the null 
hypothesis. Shock modification was prevented by 
scrambling the grid rather than by a fixed-electrode 
tail-shock technique. The two reasons for this were that 
{l) scrambling appears to be as effective as the tail
shock preparation in eliminating modification 
(Biederman & Furedy, 1973, Experiment I), and 

(2) fixed-electrode preparations, whether earclips 
(perkins et aI., 1966, Experiment V) or tail attachments 
(Miller et aI., 1974), seem to be difficult to maintain, 
especially in long-term studies. 

METHOD 

Experimental Design 
There are two methodological issues in the shuttlebox 

situation. The fIrst concerns the stimulus arrangement for the 
unsignaled side, the second concerns whether or not subjects 
should be "acquainted" with the two alternatives each 
day by being confIned on each side for "pretraining" sessions 
before testing in the free-shuttle arrangement. On the fIrst 
issue, it was decided to omit the tone-light signal completely 
on the un signaled side, following Lockard's (l963) original 
method, and in contrast with the shock-signal arrangement used 
in all the other cited shuttlebox studies. The Lockard design 
was followed on this point because this study attained the 
highest mean levels of PSS (approaching 90%) with an adequate 
sample size (over 12). However, of course, the shock was 
delivered through scrambled grids to eliminate modifIcation 
in the present study. On the issue of whether to provide pretrain
ing sessions, the decision was not to use these because of 
evidence with modifiable shocks that pre training reduced the 
amount of PSS (Furedy & Biederman, 1976, Experiments I 
and II) in the shuttlebox preparation. 

Subjects 
Sixteen male experimentally naive rats of the Wi star 

strain (90 days old at the start of the experiment) served as 
subjects. The data of two subjects were eliminated from any 
analysis because of an external power failure which disrupted 
timing circuits on their 14th day of training; thus 14 subjects 
served for the entire 50-day training period. 

Apparatus 
Two shuttle boxes were used and constructed according to 

specifications given by Perkins, Levis, and Seymann (1963). 
This apparatus included a rectangular box with a removable 
center partition; preference for one compartment over the other 
was measured by the percentage of time spent on that side. 
Time spent on each side was recorded by independent electro
mechanical running time meters. The scrambled shock was 
.6 mA delivered through foot grids from a Grason-Stadler shock 
generator/grid scrambler (Model E6070B). A compound warning 
stimulus was used consisting of both an 80-dB tone from a 
Mallory Model SC628 audio oscillator and the onset of ceiling 
28-V light bulb, shielded so that it illuminated only the compart
ment occupied by the subject. Shielding was accomplished by 
encasing light bulbs in opaque Plexiglas on top of each half of 
the chamber with the opening of the shield pointing toward 
the end of each chamber. The bulb was situated above the 
transparent Plexiglas ceiling. For all experiments, the boxes 
were housed in sound-attenuating insulated opaque containers 
with one-way observation windows on top and a fan to maintain 
air circulation. All stimuli and interstimulus intervals were 
automatically programmed. 

Procedure 
On each day subjects were allowed free shuttling between 

two compartments. In each compartment 5-sec duration shocks 
were delivered in a response-independent variable interval 
l20-sec schedule (ranging from 60 to 180 sec). In the signaled
shock compartment, tone-light signals were 3 sec in duration, 
and the interval between tone-light and shock onsets was also 
3 sec; that is, the tone-light signal preceded shock onset in a 
3-sec CS-US delay-conditioning paradigm. In the unsignaled 
compartment, shock was presented with no accompanying 
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Figure 1. Preference for signaled-shock 
condition as a function of percentage of 
time spent in signaled side over SO days 
(N = 14)_ 
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stimuli. Subjects were allowed to choose freely between 
compartments for 3 h/day for 50 days. Signaled side was 
counterbalanced across subjects. Each subject was run in the 
same chamber under the same stimulus arrangement for each 
of the 50 days of training. 

RESULTS AND DISCUSSION 

Figure 1 shows the mean day-by-day preference for 
all subjects measured as time spent on the signaled side. 
There is a trend for the mean to be above 50%, but 
there is clearly no sign of any orderly development of 
the PSS phenomenon under these long-term training 
conditions. Moreover, despite the large number of 
measured points (days) and the size of the sample 
involved, a statistical test based on overall performance 
for all subjects did not allow rejection of the null 
hypothesis of no preference (Le., 50% time spent on 
signaled side), t(12) = 1.82. Because this t value 
approaches significance, acceptance of the null hypothe
sis is also probably unwarranted, but it is at least clear 
that the strong PSS effect reported by Lockard (1963) 
and by Miller et al. (1974) did not emerge here. 

To check whether the PSS may, after all, have 
developed over time, as was suggested by Miller et al. 
(1974), the 50 days of the present study were collapsed 
into lOS-day blocks, as shown in Figure 2. A trend 
analysis applied to these data showed no significant 
linear, quadratic, cubic, or quartic effects, Fs < 1.02. 
These results, taken together, indicate that, when the 
shock is made unmodifiable through scrambling but 
subjects are run for a considerable length of time, the 
overall PSS effect that emerges is, at best, a disorderly 
trend which is not· sufficiently robust to achieve 
statistical significance with a sample size of 14 subjects. 

The present investigation of the PSS phenomenon 
did not support its existence as a reliable group effect. 
On the other hand, the data gathered here do permit 
"demonstrations" of PSS, as in the performance of two 
subjects in Figure 3, who show a relatively orderly 
development of PSS. However, an analogous 
"demonstration" of the development of preference for 
unsignaled shock can also be obtained from the present 
data, as in the performance of two other subjects shown 
in Figure 4. The data presented in Figures 3 and 4 
suggest that there are preference phenomena which 
develop over time within subjects, but, as Figures 1 and 
2 indicate,. there is no statistically consistent group 

phenomenon when the time spent of all subjects is 
evaluated. 

In following Lockard's (1963) methodology of 
omitting the signal on the unsignaled side rather than, 
for example, providing the signal to follow the shock 
(e.g., Perkins et al., 1966), it should be recognized that 
we probably biased the experiment in favor of a PSS 
rather than a preference-for-unsignaled-shock outcome. 
Specifically, this arrangement is asymmetrical in terms 
of stimuli present on the signaled vs. unsignaled sides, 
and there is evidence that weak tones and lights are 
reinforcing (e.g., Berlyne, 1960) as well as being 
preferred in the presence of shocks in an analogous 
arrangement (Biederman & Furedy, 1973, Experi
ment II). However, the results indicate that this 
(probably slight) bias toward a PSS outcome was not 
sufficient to produce a clear PSS effect when, in contrast 
to the Lockard (1963) arrangements, the modifiability 
factor was eliminated through scrambling. 

Although, as noted at the outset, most current 
theories of behavior predict PSS (so that there is often 
a tendency to seek to "demonstrate" the phenomenon 
rather than to investigate whether or not it occurs), 
there are other hypotheses with a respectable back
ground (Hull, 1943) which lead to predicting a 
preference for unsignaled shock. Both Furedy and Doob 
(1971, p. 263) and Miller et al. (1974, p. 273) have 
drawn attention to notions of "conditioned fear" and 
"conditioned aversion to the signal," respectively, 
notions which stem from the recognition that the 
signal may not have only beneficial effects and that 
there may, therefore, be factors which work against 
rmding a PSS phenomenon. The conditioned fear 
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Figure 2. Preference for signaled-shock condition as a 
function of percentage of time spent in signaled side over 
50 days in 10 5-4ay blocks (N = 14). 
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Figure 3. Preference for signaled-shock condition for two 
subjects (103 and 104) over 50 days in 10 5.ay blocks. 
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Figure 4. Preference for signaled-shock condition for two 
subjects (108 and 113) over 50 days in 10 5.ay blocks. 

notion would suggest that fear, as a secondary drive, 
increases the impact or aversiveness of signaled shock, 
and thereby makes unsignaled shock preferred. Indeed, 
strong support for a PUS outcome in the shuttlebox has 
recently been published by Arabian and Desiderato 
(1975). In one arrangement, these workers pitted a 
shock signaled by 5-sec tones, indicating precisely 
when shocks would appear, and a lO-min light defining 
shock danger periods against random tones in the 
IO-min shock danger period and found a strong 
preference for the latter relatively unsignaled condition. 

Clearly, it is preferable to concentrate on 
investigating the conditions under which PSS does and 
does not occur, rather than try to provide demonstra
tions of PSS as if that phenomenon were something 
that is inevitable if only "one does it right." The contri
bution of the present study to that search for the 

conditions of occurrence is to indicate that long-term 
experience per se is not a relevant condition. 

REFERENCE NOTE 

I. Furedy. J. Joo and Biederman. G. B. Methodological 
problems in evaluating rat preference for signaled or unsignaled 
shock. Paper read at the meeting of the Psychonomic Society, 
November 1974. 
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