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There is an apparent discrepancy between the widespread view that backward
conditioning does not occur and the experimental evidence which suggests that
it does. Backward pairing of conditioned and unconditioned stimuli frequently
has resulted in effects similar to those produced by forward pairing, and the
results of several recent experiments have established that such effects cannot
be attributed to factors other than stimulus pairing per se. Surprisingly, even
some of the earlier experiments that provided the basis for the current skepticism
concerning backward conditioning provide evidence of its existence. The failure
to recognize backward conditioning as a legitimate phenomenon seems to reflect
theoretical biases rather than a paucity of empirical evidence. Thus backward
conditioning and its properties merit renewed interest and rcexamination.

In a recent experiment by Keith-Lucas
and Guttman (1975), rats that received a
single footshock followed by the presentation
of a toy hedgehog subsequently avoided the
hedgehog. Such a finding probably would
not surprise one unfamiliar with the animal
learning literature, although the imagination
of the experimenters might. As both Hudson
(1950) and Keith-Lucas and Guttman
pointed out, common sense would lead one
to expect animals to have the ability to re-
spond defensively to a novel stimulus de-
tected after a sudden aversive event. An an-
imal that sighted an unfamiliar predator
following an abortive attack surely would
not submit to another attack (i.e., a forward
pairing of the predator and pain) before re-
acting defensively.

It is therefore interesting that the occur-
rence of such backward conditioning would
not be predicted from a survey of the animal
learning literature. The prevailing view is
that conditioned responses (CRs) develop as
a result of stimulus pairing only when the
conditioned stimulus (CS) precedes the un-
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conditioned stimulus (US), In most textbook
discussions of classical conditioning (e.g.,
Hulse, Deese, & Egerth, 1975; Kimble,
1961; Millenson & Leslie, 1979; Osgood,
1953; Schwartz, 1978), the unqualified con-
clusion is that conditioning does not occur
if the CS follows the US (but cf. Fantino
& Logan, 1979). Opinions on what does oc-
cur as a result of such backward pairings,
however, are divided. Mackintosh (1974)
and Terrace (1973), among others, believe
that backward pairings have little effect and
that the occasional instances of apparent
CRs can be attributed to factors such as
pseudoconditioning or sensitization rather
than to stimulus pairing. The wide accep-
tance of this view is illustrated by the fact
that backward pairings have been frequently
used as a baseline control in evaluating the
conditioning resulting from forward pairings
(Kalish, 1954; Moeller, 1954; Spence &
Runquist, 1958). In contrast, Moscovitch
and LoLordo (1968), for example, suggested
that backward pairings result in conditioned
inhibition (i.e., a behavior change opposite
to that produced by forward pairings).

What is the empirical basis for the belief
that the outcomes of forward and backward
pairing differ? Pavlov (1927/1960, p. 27)
reported the first failure to demonstrate
backward conditioning, and his conclusion
that backward conditioning does not occur
has been defended in subsequent reviews of
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the literature. Cautela (1965) reviewed sev-
eral American backward conditioning stud-
ies and concluded, "In all of the preceding
studies backward conditioning was not ob-
tained or was attributed to pseudocondition-
ing (by the investigators themselves or by
others)" (p. 140). In perhaps the most au-
thoritative of contemporary surveys of the
conditioning literature, Mackintosh (1974)
concluded, "All in all there is little reason
to accept the reality of backward condition-
ing" (p. 60). Only one major review provides
an exception to this general conclusion. Af-
ter reviewing evidence from several Soviet
and American experiments, Razran (1956)
asserted that backward conditioning pro-
duced genuine CRs and was not a case of
pseudoconditioning. His review was either
largely ignored or criticized (e.g., Mackin-
tosh, 1974), however, and has had little im-
pact on the current status of backward con-
ditioning within the American learning
literature.

Why were Keith-Lucas and Guttman
(1975) able to demonstrate a phenomenon
that has apparently eluded other investiga-
tors for so many years? Keith-Lucas and
Guttman attributed their success to the na-
ture of their CS. The hedgehog CS of their
experiment was a complex stimulus that per-
haps resembled a natural predator of the rat,
whereas the CSs in previous attempts to
demonstrate backward conditioning typi-
cally consisted of arbitrary stimuli such as
lights and tones. They suggested that the
backward conditioning established in their
experiment reflected "an evolved capability
of the rat and many similar species to as-
sociate certain classes of stimulus objects
with exteroceptive pain" (p. 475).

Although such an interpretation meshes
well with the recent interest in adaptive spe-
cializations in learning (e.g. Rozin & Kalat,
1971) and may account for some of the fail-
ures of previous investigators to demonstrate
backward conditioning, other recent exper-
iments (Heth & Rescorla, 1973; Mahoney
& Ayres, 1976; Wagner & Terry, 1975)
have successfully demonstrated backward
conditioning with traditional CSs such as
lights and tones. Thus a closer examination
of the discrepancy between these recent

demonstrations of backward conditioning
and the widespread belief that such condi-
tioning does not occur is warranted.

Empirical Requirements for a
Demonstration of Backward Conditioning

Is there an unequivocal demonstration of
backward conditioning? The answer ob-
viously depends on the particular criteria
used as a basis for the evaluation. In eval-
uating whether a phenomenon exists, the
criteria should be strictly empirical ones.
Empirical criteria require that the phenom-
enon can be demonstrated and can be at-
tributed to the experimental manipulation
in question (in this case to the backward
pairings of a US and a CS). Theories of con-
ditioning often incorporate additional crite-
ria that may be used to evaluate whether the
phenomenon supports the theory. But such
theoretical criteria should not be used to
evaluate evidence for the existence of a phe-
nomenon because the same evidence may be
evaluated differently: positively using the
criteria of one theory, negatively using cri-
teria of a different theory. Four empirical
requirements are basic to a demonstration
of backward conditioning.

1. The most obvious requirement is, of
course, the backward pairing of the US and
CS. There is considerable disagreement in
the literature as to what constitutes back-
ward pairing. In some classification schemes
(e.g., Kimble, 1961), all procedures in which
CS onset follows US onset are defined as
backward pairing. In this article we reserve
the term backward pairings for only the
most unambiguous of such cases—ones with
no temporal overlap between the US and the
CS. Evidence from only those experiments
in which CS onset follows US offset (im-
mediately or after a delay) are considered.
According to traditional views, however,
none of the procedures in which CS onset
follows or even occurs simultaneously with
US onset would be expected to produce con-
ditioning.

There have been several recent reports of
backward conditioning of taste aversions (cf.
Logue, 1979). Although these may represent
genuine instances of backward conditioning,
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the problem of specifying the time course of
the US (toxicosis) in the taste aversion par-
adigm makes it difficult to determine whether
a true backward pairing has been used. For
this reason, we do not evaluate evidence for
backward conditioning of taste aversions.

2. Evidence must be provided that the
observed behavioral change is a direct con-
sequence of the backward pairing of the US
and the CS. Thus the experiments must in-
clude controls that enable the investigator
to specify the degree to which behavioral
changes resembling CRs may have resulted
from exposure to the US or CS rather than
to their pairing. Two processes that could be
confused with backward conditioning in in-
appropriately controlled studies have been
identified. Pseudoconditioning is a change
in behavior to a CS that results from prior
exposure to the US (Grether, 1938). For
example, an animal that has just received a
painful shock may exhibit a fear response
to a subsequent novel stimulus. If this occurs,
regardless of whether this stimulus has been
paired with shock, the fear response can be
attributed to pseudoconditioning. Sensiti-
zation is an augmentation of an uncondi-
tioned response (UR) to a CS as a result of
prior exposure to the US (Grant & Adams,
1944) or to the CS (Groves & Thompson,
1970). Sensitization controls are particularly
important whenever the naturally occurring
responses (i.e., URs) to the CS topograph-
ically resemble the CRs that are established
through pairings with the US.

Random occurrence of both the CS and
US (Rescorla's 1967, "truly random control
procedure") generally is held to be the most
appropriate control procedure for both pseu-
doconditioning and sensitization. This pro-
cedure is impractical, however, when con-
ditioning occurs in a few trials. For example,
with only two random presentations of the
CS and US, it is possible to end up with two
forward or two backward pairings. For stud-
ies of backward conditioning in which con-
ditioning is asymptotic in a few trials, the
best control procedure is one in which the
CS and US are explicitly unpaired (i.e., the
CS and US are both presented, but never
close in time). Discriminative conditioning
in which the US is paired with one CS but

not another is a version of this explicitly
unpaired control (cf. Rescorla, 1967).

The explicitly unpaired procedure is pref-
erable to either the CS-alone or US-alone
procedures because it controls for effects of
prior exposure both to the CS and to the US.
Rescorla (1967) argued that the explicitly
unpaired procedure introduces a negative
CS-US contingency that may endow the CS
with inhibitory properties. He also argued,
however, that the same negative CS-US
contingency is present in the backward pro-
cedure. Since any inhibitory tendencies that
might result from such a contingency should
be reflected equally in both groups, the un-
paired procedure seems to be an appropriate
control for backward conditioning.

3. The interval between trials must be
long enough to rule out the possibility that
apparent backward conditioning effects are
the result of delayed forward pairings of the
CS presented on one trial and the US pre-
sented on the following one. Alternatively
unpaired control groups that are exposed to
the same intervals between the CS and the
next US presentation also can be used to
assess the possible effects of such delayed
forward pairing. Of course, the most effec-
tive way to completely rule out delayed for-
ward pairing as a factor in backward con-
ditioning is to limit conditioning to a single
US-CS pairing.

4. To rule out inhibitory conditioning,
backward pairing of a US and a CS must
result in a behavioral change to the CS that
is qualitatively similar to that produced by
forward pairing, although the magnitude of
this change and its temporal course need not
be the same as that produced by a forward
pairing. Furthermore, there is no require-
ment as to the nature of such a change (e.g.,
that the CR resemble the UR).

Backward conditioning as defined here
does not specify the nature of the resulting
learning. Issues such as whether the subject
learns a backward association between the
CS and the US or a forward association be-
tween the CS and some memory of the US
are theoretical rather than empirical ques-
tions. As such, they are not relevant to an
evaluation of the empirical evidence for
backward conditioning.
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Recent Demonstrations of Backward
Conditioning

Although many of the earlier backward
conditioning experiments did not include the
necessary control procedures to provide
strong evidence for the existence of back-
ward conditioning, four recent experiments,
including that of Keith-Lucas and Guttman
(1975), appear to meet all of the necessary
empirical criteria.

Keith-Lucas and Guttman

The experiment by Keith-Lucas and Gutt-
man (1975) was a systematic replication of
an earlier study by Hudson (1950). Hudson
shocked rats while they were eating, then
dropped a bundle of pipe cleaners into the
chamber. In a subsequent test, the rats
avoided the pipe cleaners. Keith-Lucas and
Guttman repeated Hudson's study, using a
toy hedgehog as the backward CS and in-
cluding controls for nonpairing factors. They
exposed four groups of rats to the following
sequence of events. A novel stimulus panel
containing a sugar pellet was inserted into
one end of the chamber. As soon as the rat
removed the pellet, a 750-msec, 1-mA foot-
shock was administered, the chamber lights
were extinguished, and the panel was re-
moved. After a blackout of 1, 5, 10, or 40
sec (1-, 5-, 10-, and 40-sec backward groups),
the lights were turned on and a toy hedgehog
was presented for 1 min. Rats in two control
groups underwent the same procedure ex-
cept that exposure to either the shock
(hedgehog group) or the hedgehog (shock
group) was omitted.

AH the subjects were tested 20 hours later.
During the 10-min test, the panel and the
hedgehog were presented at opposite ends
of the chamber; their locations were reversed
halfway through the test.

Five classes of behavior (location, normal
approach, elongated approach, retraction,
and pellet consumption) were recorded to
assess avoidance of the panel (forward CS),
the hedgehog (backward CS), or the shock
location. This assessment revealed that the
1-, 5-, and 10-sec backward groups avoided
the backward CS (hedgehog) rather than the
forward CS (panel) or the shock location.

The 40-sec backward group and shock con-
trol group avoided the forward CS (striped
panel) rather than the hedgehog; the hedge-
hog control group did not differentially avoid
either stimulus.

Thus, following a single backward pairing
with a US-CS interval of 10 sec or less,
avoidance was conditioned to the CS (hedge-
hog) that followed shock. Factors other than
stimulus pairing were clearly ruled out by
the absence of comparable effects in the con-
trol groups and in the group that received
a backward pairing with a 40-sec US-CS
interval.

Wagner and Terry

Wagner and Terry (1975) hypothesized
that manipulations that ensure the continued
rehearsal of a US should result in more ro-
bust backward conditioning. Assuming that
more rehearsal would occur with a "sur-
prising" US than with an "expected" US,
they designed an experiment to demonstrate
that robust and enduring backward condi-
tioning could be produced by maintaining
the surprise value of the US over the course
of the backward pairings. The surprise value
of a US was established during preliminary
discrimination training sessions in which one
forward stimulus (CS+) was always followed
by the US and another forward stimulus
(CS~) was never followed by the US. Con-
sequently, a US that followed the CS+

should be expected; a US that followed the
CS" should be unexpected or surprising.
Backward pairings were then conducted
with two new stimuli: one paired with an
expected US, the other with a surprising US.

Wagner and Terry tested their hypothesis
on rabbits in an eyelid conditioning para-
digm. During initial discrimination sessions,
a CS+ and CS' consistently preceded the
occurrence or nonoccurrence, respectively,
of a 100-msec, 5-mA eye shock. Once the
blink CRs consistently occurred to the CS+

but not to the CS~, 48 backward condition-
ing and testing sessions were conducted. For
the experimental group, backward pairing
trials and test trials, one of each per session,
were embedded in the regular training trials.
On some days, one backward CS (CSE) was
presented 500 msec after a CS+-US se-
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quence, that is, after an expected US; on the
remaining days, the other backward CS
(CSS) was presented 500 msec after a
CS~-US sequence, that is, after a surprising
US. A 500-msec flashing light or vibrotactile
stimulus served as the backward CSs; their
designation as CSE and CSS was counter-
balanced across subjects. A control group
was included to assess the effect of simple
exposure to a surprising US: Subjects re-
ceived the same schedule of expected and
surprising US trials, but the surprising US
trials were not followed by a backward CS.
For both groups, each session ended with a
test trial in which either the CSS or the CSE
was presented alone and the occurrence of
blink CRs was recorded. The same criterion
for recording blink CRs was used for both
the forward and the backward CSs.

Wagner and Terry found clear evidence
for backward conditioning to the CS that
followed a surprising US. The subjects dis-
played significantly more blink CRs to the
CSS than to the CSE—significantly more
than the control subjects displayed in re-
sponse to either stimulus. Moreover, these
differences increased over the 24 tests with
each stimulus.

Possible pseudoconditioning or sensitiza-
tion effects of exposure to a surprising US
were ruled out by the control subjects that
received the same schedule of surprising USs
but responded much less to the CSS than did
the rabbits in the experimental group. Fur-
thermore, the counterbalanced pairing of
one backward CS with a surprising US and
another CS with an expected US can be
viewed as a variation of the discriminative
conditioning control procedure. The fact
that the rabbits made significantly more re-
sponses to the CSS than to the CSE estab-
lished that neither exposure to the backward
CS prior to testing nor any forward condi-
tioning effects with the US of the next trial
could account for the results.

Heth and Rescorla

Heth and Rescorla (1973) investigated
simultaneous and backward fear condition-
ing in rats using a conditioned punishment
paradigm. Four groups of rats were exposed
on consecutive days to two conditioning ses-

sions in which a total of 20 2-sec tone-light
compound CSs and 20 4-sec, ,5-MA shock
USs were presented. Each day the rats in
one group received 10 simultaneous pairings
in which CS onset occurred 2 sec after US
onset. The subjects in two other groups re-
ceived 10 backward pairings each day; CS
onset occurred 0 sec or .5 sec after US offset.
The intertrial interval varied between 4 and
8 min. The control group received 20 CS
presentations the 1st day and 20 US presen-
tations the 2nd day.

During a subsequent test session, the pun-
ishing effects of the CS on previously estab-
lished food-reinforced bar pressing were as-
sessed. The degree of suppression produced
by the response-contingent CS presentations
served as the measure of conditioned fear.
In an earlier experiment reported in the
same article, 20 forward pairings of the same
US and CS had resulted in a high degree of
response suppression by the CS.

Although response suppression was great-
est in the simultaneous condition, the bar
pressing of the rats in the two backward
groups was suppressed significantly more
than that of the control rats during the first
10 min of the test. The two backward groups
did not differ significantly from each other.

Mahoney and Ayres

Mahoney and Ayres (1976) investigated
the fear-eliciting properties of a tone CS that
had been paired a single time in a forward,
simultaneous, or backward manner with a
shock US. The suppression of licking by the
thirsty rats during the presentation of the
tone was the index of conditioned fear.

Baseline drinking rates were assessed for
all six groups of rats before the conditioning
session. During the conditioning session, the
subjects in each group were presented with
a single 4-sec tone CS and a 4-sec, 1-mA
footshock US. For the two forward groups,
tone offset preceded shock onset by 0 sec or
4 sec; for the simultaneous group, the tone
and shock occurred simultaneously; for the
two backward groups, tone onset followed
shock offset by 0 or 4 sec. Rats in the sixth
group served as control subjects; the tone
was presented 3 min before shock onset. The
effect of each of these pairings on licking
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was assessed during 2 subsequent test days.
The CS was presented after the 100th lick,
and the time taken to complete 10 more licks
was the dependent measure.

Although forward and simultaneous pair-
ings produced more suppression than the
backward pairing, the licking of the rats that
had received a backward pairing was sup-
pressed significantly more than was the lick-
ing of the control subjects. Subjects in the
two backward groups displayed no signifi-
cant difference in suppression.

Burkhardt (1980) replicated the major
features of these results and demonstrated
that the magnitude of suppression produced
by a backward pairing increased as US in-
tensity increased.

Summary

Each of the preceding experiments satis-
fies all of the empirical criteria and thus
qualifies as a demonstration of backward
conditioning. In each experiment a back-
ward US-CS pairing produced a statistically
significant change in behavior that resem-
bled the effect of forward pairing of the same
stimuli. Each studies included control pro-
cedures that ruled out the possibility that the
change in behavior was due to factors other
than the backward pairings, such as pseu-
doconditioning or sensitization. Finally, in
all four studies the possibility that the effect
was due to a delayed forward pairing of the
CS with the US of a following trial was ruled
out: Heth and Rescorla (1973) used long
intertrial intervals (4-8 min); Wagner and
Terry (1975) used both long intertrial in-
tervals and a discriminative conditioning
control procedure; and in two studies (Keith-
Lucas & Guttman, 1975; Mahoney & Ayres,
1976), backward conditioning occurred after
a single pairing.

Early Studies of Backward Conditioning

The discrepancy between the recent dem-
onstrations of backward conditioning and
the prevalent view that backward condition-
ing does not occur suggests that a reeval-
uation of the early studies of backward con-
ditioning, which serve as a basis for the
current view, is warranted.

Pavlov (1927/1960, p. 27) initially con-
cluded that CRs could not be established if
the CS was presented after the US. This
conclusion was based on unpublished exper-
iments by Krestovnikov in which dogs were
given many (374 or 427) US-CS pairings;
in a subsequent test, the CS presented alone
failed to elicit a CR. In a later lecture (pp.
391-394), however, Pavlov stated that his
earlier position was a "probable error" (p.
391). He described the results of experi-
ments by Pavlov, Kreps, Podkopaev, Pro-
rokov, and Koupalov in which only a few
backward pairings were administered: "The
hitherto neutral stimulus when now tested
alone revealed undoubted conditioned prop-
erties" (p. 393). He then suggested that since
Krestovnikov's experiments assessed only
the effects of multiple trials, his earlier con-
clusions represented
a brilliant illustration of the danger of too hasty gen-
eralizations. We imagined that if it were a true condi-
tioned reflex it would increase in intensity upon repe-
tition of the combination, and not diminish and fi-
nally vanish as happens in these experiments,
(p. 394)

Still later, Pavlov (1928, p. 381) restated his
conclusion that weak CRs develop as a result
of initial backward pairings, adding that
with repeated pairings the CS becomes in-
hibitory. Thus Pavlov's final position was not
that the backward procedure produces no
conditioning but rather that it has "a double
effect: at first temporarily it assists in the
formation of the conditioned reflex, and then
destroys it" (1932, p. 93).

The existence of the "double effect" first
reported by Pavlov has been confirmed in
subsequent studies. Several investigators have
reported the appearance of CRs following
a few backward pairings (e.g., Switzer,
1930; Wolfle, 1930), whereas those assessing
the effects of multiple backward pairings
have found either no conditioning (e.g.,
Bernstein, 1934; Porter, 1938) or condi-
tioned inhibition (e.g., Moscovitch & Lo-
Lordo, 1968). Spooner and Kellogg (1947)
administered different numbers of backward
pairings and reported that CRs appeared
following initial pairings but diminished
with repeated pairings. Heth (1976) also re-
ported that backward pairings produced a
biphasic acquisition function, with the CS



BACKWARD CONDITIONING 169

controlling excitatory tendencies after 10
pairings and inhibitory tendencies after 160
pairings. Unfortunately, many of the early
studies did not include the necessary controls
to rule out the possibility that factors other
than stimulus pairing were producing the
apparent CRs during the initial backward
pairings. A few studies, however, did include
such controls.

Mowrer and Aiken (1954), for example,
demonstrated backward conditioning using
a conditioned punishment paradigm. One
group of rats received a single backward
pairing of a shock and light on each of 5
successive days. On the 6th day the light was
made contingent on a previously established
bar-press response; suppression of this re-
sponse served as a measure of conditioning.
Suppression in these rats was significantly
greater than rats that had received unpaired
CS and US presentations. Matsumiya (1960)
replicated these results. The Heth and Res-
corla (1973) study was in fact a systematic
replication of these earlier studies.

Two studies have demonstrated backward
conditioning of the galvanic skin response
(GSR). In both, backward pairing produced
significantly greater changes in the GSR
than did unpaired presentations of the CS
and US (Champion & Jones, 1961; Zeiner
& Grings, 1968). Thus empirical evidence
for backward conditioning does exist in the
early literature, and this evidence is not only
consistent with but anticipates the findings
of recent backward conditioning studies.

The frequent reports in the early literature
of unsuccessful backward conditioning ex-
periments also deserve attention. As men-
tioned earlier, several experimenters failed
to observe CRs following multiple backward
pairings (e.g., Pavlov, 1927/1960; Porter,
1938). Others who reported that apparent
CRs occurred early in training concluded
that these were not genuine CRs because
their occurrence declined with repeated pair-
ings (e.g., Spooner & Kellogg, 1947). And
some experimenters (Grether, 1938; Pro-
kasy, Hall, & Fawcett, 1962) reported that
backward groups do not differ from pseu-
doconditioning groups. Because the results
of these studies are frequently cited to sup-
port the conclusion that backward condi-
tioning is not a genuine phenomenon (Cau-

tela, 1965; Gormezano & Moore, 1969;
Mackintosh, 1974), it is worthwhile to care-
fully examine the evidence provided by some
of them.

An experiment by Spooner and Kellogg
(1947) is probably the most commonly cited.
Spooner and Kellogg compared forward, si-
multaneous, and backward conditioning of
the finger withdrawal response in human
subjects. Three features of their data led to
their conclusion that backward and simul-
taneous conditioning are entirely different
phenomena from forward conditioning.

1. Differences in response latency.
Spooner and Kellogg found that the CR la-
tencies of the backward and simultaneous
groups were shorter and more variable than
those of the forward groups and suggested
that these differences reflect "a basic dis-
tinction between the two processes" (Spooner
& Kellogg, 1947, p. 331). When one ex-
amines the mean latencies for all groups,
however, one finds even greater differences
in latencies between forward groups with
different interstimulus intervals. As Pavlov
(1927/1960, p. 88) reported, response la-
tency varied as a direct function of the in-
terval between the CS and the US. Thus
shorter latencies in the backward and si-
multaneous groups may simply represent an
extension of this general principle. Never-
theless, if differences in response latency
constitute evidence for different processes,
one is forced to conclude that different pro-
cesses also underlie forward conditioning at
different interstimulus intervals.

2. Differences in shock threshold. The
US intensity was adjusted for individual sub-
jects throughout the experiment to prevent
adaptation to the shock, and it was found
that the US intensity required to elicit un-
conditioned finger withdrawal was higher for
the backward and simultaneous groups than
for the forward groups. Although Spooner
and Kellogg (1947) presented this as evi-
dence that forward and backward condition-
ing are different phenomena, no statistical
analysis was performed to test the signifi-
cance of these differences, and no evidence
was offered that the US threshold is related
in any way to the conditioning process.
Moreover, because these differences were
present from the first test sessions, it is likely
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that the groups were not evenly matched
with respect to initial threshold levels.

3. Differences in progress. When the
frequency of CRs was plotted as a function
of trials, differences between the forward,
backward, and simultaneous groups emerged.
Whereas the forward groups showed an in-
crease in CR frequency as a function of
training, the backward and simultaneous
groups showed a decrease and eventual ces-
sation of the CR with repeated pairings.
Essentially, these results confirm those re-
ported by Pavlov. Unlike Pavlov (1927/
1960, p. 393), however, Spoonerand Kellogg
(1947) concluded that backward and simul-
taneous conditioning were not "true condi-
tioning." This conclusion was reached in
spite of the fact that their experiment in-
cluded no control groups to assess the effects
of factors other than stimulus pairing. With-
out such controls, it is impossible to deter-
mine whether the CRs produced by the
backward pairings reflect genuine condition-
ing. Nevertheless, their tenuous conclusion
that backward conditioning is a fundamen-
tally different process from forward condi-
tioning frequently has been cited (e.g., Os-
good, 1953; Terrace, 1973).

Subsequent authors further complicated
the issue by exaggerating the claims of
Spooner and Kellogg (1947) regarding the
possibility that backward conditioned CRs
might be due to pseudoconditioning. Spooner
and Kellogg's actual conclusion was that
"it is possible that backward and simulta-
neous CRs are special cases of pseudocon-
ditioning, although our data do not wholly
support such a view" (p. 334). Cautela
(1965) claimed, however, that "they con-
cluded that backward-conditioned responses
probably are special cases of pseudocondi-
tioning" (p. 139), and Gormezano and Moore
(1969) stated that Spooner and Kellogg
"clearly articulated the notion that forward
and backward conditioning are fundamen-
tally different processes with the latter being
a form of pseudoconditioning" (p. 145). Sur-
prisingly, Bugelski (1956) claimed that
Spooner and Kellogg found that "any re-
sponses that appear early in training might
be attributed to sensitization" (p. 129), even
though there was no mention of sensitization
in Spooner and Kellogg's article.

An earlier experiment by Grether (1938)
has also been referenced frequently to sup-
port the view that backward conditioning
may be attributed to pseudoconditioning,
Grether presented two monkeys with 10
backward pairings of a US and a CS. For
one subject, the US was flashlight powder
that exploded 2 feet (.6 m) in front of the
monkey; for the other, the US was a snake
"blowout" that uncurled to 6 inches (15.24
cm) from the monkey's nose and produced
a rattling noise. For both, the sound of an
electric bell served as the CS. Two additional
monkeys served as pseudoconditioning con-
trol subjects and received 10 presentations
of the US alone (exploding powder for one;
the snake blowout for the other). When sub-
sequently tested with the bell, Grether re-
ported, all subjects "reacted violently."

Although, as Grether (1938) suggested,
this experiment demonstrates the need for
pseudoconditioning control groups, it by no
means provides evidence against the possi-
bility that backward conditioning is genuine
conditioning. First, "reacting violently" is
not a quantifiable measure with which to
make fine distinctions between the groups.
Second, because the control subjects appar-
ently responded maximally in terms of this
qualitative measure, the comparison be-
tween the backward and pseudoconditioning
treatments may have suffered from a ceiling
effect. The possibility of such a ceiling effect
cannot be ruled out in the absence of evi-
dence that any experimental treatment, such
as forward pairings, would produce greater
responding than that shown by the pseudo-
conditioning subjects.

In fact, Prokasy et al. (1962) included
such a forward conditioning group in a sub-
sequent failure to demonstrate differences
between backward conditioning and pseu-
doconditioning groups. They compared GSR
conditioning for forward, simultaneous,
backward, randomly paired, US-only, and
CS-only groups. None of the conditioning
groups, including the forward one, differed
significantly from the groups that had re-
ceived random pairings or US-alone presen-
tations. Nevertheless, even these results have
been used to argue that backward condi-
tioning does not exist (e.g., Mackintosh,
1974).
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In summary, these experiments by Grether
(1938), Spooner and Kellogg (1947), and
Prokasy et al. (1962), which have been cited
frequently as evidence that backward con-
ditioning does not exist, in fact provide little
if any support for the view that backward
conditioning is not possible.

Previous Reviews of Backward
Conditioning

Our evaluation of the earlier empirical
evidence for backward conditioning suggests
a conclusion that is similar to that reached
by Razran (1956) in his review of the Rus-
sian and American literature but is clearly
at odds with the influential conclusions of
Cautela (1965) and Mackintosh (1974).
This discrepancy appears to stem in part
from differences in the criteria used.

Cautela

Cautela (1965) evaluated the evidence for
backward conditioning in terms of two the-
oretical views of conditioning: a "substitute
stimulus" definition and a "modifying stim-
ulus" definition. He used criteria derived
from the former definition to evaluate clas-
sical conditioning studies and criteria de-
rived from the second to evaluate studies
that used operant conditioning procedures
to assess the effect of stimulus pairing.

According to the substitute stimulus view,
conditioning is said to have taken place only
if a neutral stimulus, paired with a stimulus
that always elicits a particular response,
elicits that same response: The response to
the CS must resemble the response to the
US, Cautela required as well that CR prob-
ability "increase with repeated reinforce-
ments and remain relatively stable when
some maximum strength is reached. . . .
Unstable or temporary conditioned re-
sponses would be attributed to pseudocon-
ditioning" (p. 136).

Because backward conditioning is maxi-
mal following the initial trials and may dis-
appear with repeated pairings (Spooner &
Kellogg, 1947), it is readily apparent why
Cautela's view of conditioning would lead
to the conclusion that backward conditioning
does not occur. Indeed, after reviewing the

classical conditioning studies, Cautela con-
cluded that

only one study seems unquestionably to have fulfilled
the criteria for the substitute stimulus definition of con-
ditioning. In all other studies, the conditioned responses
were unstable, did not become stronger with practice
or were called pseudoconditioning by some investigator,
(p. 141)

Cautela then reviewed studies that used
an operant conditioning procedure to assess
the effect of prior backward pairings of a CS
and a US, basing his evaluation on criteria
determined by the modifying stimulus def-
inition of conditioning. According to this
view, conditioning is "the process of modi-
fying the effects of a stimulus on the be-
havior of organisms by associating it with
a second stimulus. . . . The stimulus can
inhibit as well as facilitate response proba-
bility" (p. 136). This definition is less re-
strictive than our definition of backward con-
ditioning because it encompasses
demonstrations of inhibitory conditioning
(i.e., behavioral change produced by back-
ward pairings opposite to that produced by
forward pairings of the CS and US). Five
of the six such operant studies reviewed by
Cautela provided evidence of backward con-
ditioning, according to his modifying stim-
ulus criteria. Of these, four were demon-
strations of inhibitory conditioning.

In the final section of Cautela's review, it
becomes clear that, in addition to the criteria
made explicit from the start, Cautela had
some implicit criteria based on assumptions
about the nature of the association resulting
from backward pairings. Six studies met
Cautela's explicitly stated criteria for back-
ward conditioning (the one substitute-stim-
ulus study and five modifying-stimulus stud-
ies). Yet, rather than accepting the evidence
from them, Cautela dismissed all six on the
grounds that all had used noxious stimuli as
the US. He first suggested that "the appar-
ent necessary involvement of a noxious stim-
ulus in backward conditioning supports the
sensitization hypothesis" (p. 141). He then
proposed an alternative "duration-of-pain"
hypothesis to account for the appearance of
CRs following backward US-CS pairings:
"Cases of reported backward conditioning
with the use of a noxious stimulus are really
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cases of simultaneous conditioning of the CS
and pain perception" (p. 141).

Interestingly, Cautela proposed these hy-
potheses to explain the appearance of CRs
following a backward pairing, even though
four out of six of the studies that met his
criteria for backward conditioning actually
demonstrated conditioned inhibition. Thus,
although his duration-of-pain hypothesis
might explain at a theoretical level the de-
velopment of backward conditioning, it does
not explain why repeated backward pairings
would produce an effect that is opposite to
that produced by repeated forward pairings.

Cautela concluded, "Before either the sen-
sitization hypothesis or the duration-of-pain
hypothesis can be ruled out, backward con-
ditioning will have to be obtained without
the use of a noxious stimulus" (p. 143). This
conclusion is erroneous on two accounts.
First, even when noxious stimuli are used,
sensitization can be ruled out by the use of
sensitization control groups. Second, the du-
ration-of-pain hypothesis is a theoretical ex-
planation of the results of backward pair-
ings. As we state in the introduction, an
empirical demonstration of backward con-
ditioning does not require evidence that the
association learned be backwards. If one
were to make such a requirement, backward
conditioning could not be demonstrated with
certainty, regardless of the stimulus used.
Any stimulus, noxious or rewarding, can be
hypothesized to produce perceptual after-
effects, the duration of which for an animal
cannot be determined with certainty. Thus
even a demonstration of backward condi-
tioning with an appetitive US would not rule
out the possibility that the underlying as-
sociation was a forward one between the CS
and aftereffects of the US.

Although Cautela's review appeared prior
to many of the more well-controlled dem-
onstrations of backward conditioning, it is
apparent that none of the experimental ev-
idence for backward conditioning to date
would satisfy both his explicit and his im-
plicit criteria. In fact, not even widely ac-
cepted demonstrations of forward condition-
ing (e.g., Peterson, Ackil, Frommer, &
Hearst, 1972; Wasserman, 1973) meet all
of the criteria derived from the stimulus-sub-
stitution definition of conditioning.

Mackintosh

Mackintosh (1974) did not make explicit
the criteria he used. He gave two reasons,
however, for rejecting the apparently suc-
cessful backward conditioning studies: (a)
the numerous failures to replicate successful
experiments and (b) the problems arising
from the use of the GSR as a CR.

In view of the number of successful dem-
onstrations of backward conditioning, fail-
ures to replicate successful studies do not
constitute sufficient evidence for questioning
its existence, especially when several such
failures (e.g., Grether, 1937; Prokasy et al.,
1962) were poorly controlled or provided lit-
tle direct evidence against the effectiveness
of backward conditioning or both. The prob-
lems with the GSR, however, do deserve
some consideration.

Mackintosh stated that, in a test for back-
ward conditioning,

the CS presented alone is a novel event, and the occur-
rence of a GSR on the first few test trials is most simply
thought of as a component of the orientation reaction.
In support of this . . . conditioning is maximal on the
first few test trials and thereafter tends to de-
cline, (p. 59)

Although this argument is potentially viable,
a close examination of the studies that
Mackintosh cited to support his interpreta-
tion reveals that this possibility may have
been ruled out by the control data reported
in the studies. For example, Champion and
Jones (1961) reported conditioning of the
GSR following a small number of backward
or forward pairings of a shock and a tone.
Three groups of people received seven for-
ward CS-US pairings, seven backward
US-CS pairings, or seven unpaired presen-
tations of the US and CS. The forward and
backward groups were tested with the CS
alone following one, three, five, and seven
pairings. The subjects in both groups re-
sponded more on all tests than did the un-
paired control subjects, who were tested fol-
lowing the same number of US and CS
presentations. Because the contribution of
orientation reactions to the GSR should have
been the same in all groups, the higher in-
cidence of responding in the backward group
compared with the unpaired group cannot
be attributed to orientation reactions alone.
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In a footnote Mackintosh stated:
An additional complication (deriving from the use of
students as subjects) has been noted by Zeiner and
Grings (1968): subjects that reported expecting the CS
to signify something showed a markedly higher level of
GSR responding than did less suspicious subjects,
(p. 59)

Zeiner and Grings first replicated the Cham-
pion and Jones (1961) study and found sig-
nificantly greater GSR CRs in subjects who
had received backward pairings than in sub-
jects in an unpaired control group. They then
divided the backward group into two
subgroups on the basis of verbal reports and
responses to a questionnaire regarding the
perceived significance of the CS. A post hoc
comparison of the data of these subgroups
revealed that subjects who attributed signif-
icance to the CS had displayed greater GSR
CRs than had those who did not think the
CS was significant. This is an interesting
correlation, but it has no bearing on the
original finding that subjects in the back-
ward group responded more than those in
the unpaired control group. First, because
the assessment of perceived significance of
the CS was conducted after the conditioning
process, it is impossible to determine whether
subjects who attached more significance to
the CS were more suspicious to start with
or whether they perceived the CS as signif-
icant because of the conditioning process.
Even if one wished to infer from this finding
that suspicious subjects are more easily con-
ditioned, this would not constitute evidence
against the efficacy of backward pairings in
producing such conditioning.

Razran

In his review of Soviet and American
backward conditioning experiments, Razran
(1956) concluded:

On the whole, the analyzed evidence is unmistakable in
demonstrating that B.C. [backward conditioning] is not
a case of pseudoconditioning, but is a genuine CR-as-
sociative manifestation, and that stable backward CR's
can be obtained and maintained under favorable exper-
imental conditions, (p. 67)

Razran did not enumerate the criteria he
used to evaluate the evidence that led to this
conclusion. In fact, it appears that his only
criteria were that a backward procedure was

used and that the backward procedure re-
sulted in the appearance of CRs. He ac-
cepted as evidence of genuine backward con-
ditioning all studies that observed CRs as a
result of backward pairings, regardless of
whether controls for factors other than the
backward pairings were included. In fact,
several of the studies that Razran cited as
the most conclusive demonstrations of back-
ward conditioning (Spooner & Kellogg,
1947; Wolfle, 1930, 1932) did not include
the necessary control groups to rule out pseu-
doconditioning or sensitization effects. Thus,
although we agree with Razran's conclusion
that backward conditioning is a genuine phe-
nomenon, we do not agree with the evidence
on which his conclusion was based. Razran's
unqualified acceptance of evidence from un-
controlled studies is probably why his review
has had little impact on views of backward
conditioning in the American literature.

Possible Frameworks for Backward
Conditioning

The existence of backward conditioning
is incompatible with several traditional views
of classical conditioning (e.g., Hull, 1943)
and poses problems for contemporary views
that emphasize the predictive function of the
CS in the process of learning—for example,
the information hypothesis (Egger & Miller,
1962) or the contingency theory (Rescorla,
1967). Thus the empirical evidence for back-
ward conditioning provides a theoretical
challenge that should stimulate new or mod-
ified views of conditioning processes.

On the other hand, a few contemporary
perspectives do seem able to account for
backward conditioning. For example, the
biphasic effect of backward, pairings, with
excitatory conditioning occurring after ini-
tial pairings and inhibition occurring after
repeated pairings, is consistent with Wagner
and Terry's (1975) postepisodic rehearsal
theory. They proposed that associations be-
tween the CS and US depend on the simul-
taneous rehearsal of the two events in short-
term memory and that more post-US re-
hearsal occurs when the US is surprising.
During initial backward pairings, the US is
relatively surprising, and post-US rehearsal
would be in progress when the CS is pre-
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sented; excitatory conditioning would occur
because of the joint rehearsal of the two
events. On later trials the US would become
expected on the basis of contextual cues, and
post-US rehearsal would be attenuated. Then
CS rehearsal in the absence of US rehearsal
would cause the CS to undergo extinction,
and with repeated pairings the CS might
acquire inhibitory properties.

Both the existence of backward condition-
ing and some of its prominent features might
also be viewed profitably in terms of recent
approaches that emphasize the role for phy-
logenetic factors in learning. Fantino and
Logan (1979) summarized the major prem-
ises that underly this "natural history" per-
spective:

(1) Intricate interactions occur between ontogenetic and
phylogenetic factors in learning. The nature of these
interactions is determined by the ecological demands
placed on the species in question. (2) Learning processes
occur with tremendous diversity, which is governed by
the nature of the situation that renders learning of
adaptive benefit. (3) Only by understanding how learn-
ing functions to maximize reproductive success in the
organism's natural environment can we arrive at com-
plete explanations of the nature of behavior change. For
it is here that the demands for survival are defined,
(p. 386)

Most successful demonstrations of back-
ward conditioning to date have several com-
mon features: the use of noxious stimuli as
USs, the small number of US-CS pairings,
the unpredictability of the US or all three.
Keith-Lucas and Guttman (1975) demon-
strated particularly robust backward con-
ditioning in rats using a CS similar to a nat-
ural predator. The contribution of such
features to the effectiveness of backward
pairings would be expected if the process
that mediates backward conditioning evolved
as an adaptation to attacks by conspecifics
or predators. An animal that could associate
sudden, aversive stimulation with a subse-
quent novel stimulus would gain clear re-
productive advantage.

Regardless of the particular theoretical
framework in which backward conditioning
is considered, the empirical evidence for its
existence can no longer be ignored. Thus the
time for disputing whether backward con-
ditioning is possible is past; it is time, in-
stead, for systematic exploration of the con-
ditions under which it occurs and the

variables that affect the magnitude and du-
ration of the effect.
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