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Assessment of the relative importance of S+ and
S— inrats, using intercurrent simultaneous
and successive discriminations
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Replaced-stimulus transfer tests were used to assess the relative importance of S+ and S—
without the confoundings typically associated with that procedure. Albino rats were given
intercurrent training on a successive discrimination and a simultaneous discrimination. Then,
two replaced-stimulus transfer tests were given. For one test, the S+ from the simultaneous
discrimination was replaced by a stimulus from the successive discrimination. For the other
test, the S— from the simultaneous discrimination was replaced by the other stimulus from
the successive discrimination. More errors occurred when S— was replaced than when S+ was
replaced. This finding showed that S— was the relatively more important stimulus.

Investigations of the relative importance of S+ and
S— in discrimination learning have used several pro-
cedures: replaced-stimulus transfer tests (e.g., Hall,
1973; Mandler, 1968; Stevens & Fechter, 1968), single-
stimulus training (e.g., Harlow & Hicks, 1957; Vaughter,
Tyer, & Halcomb, 1966), and multiple-stimulus dis-
criminations (e.g., Mandler, 1970, 1971; Mullins &
Winefield, 1979). The interpretation of results obtained
using these procedures is beset by problems in experi-
mental design and errors in fundamental assumptions.

Stevens and Wixon (1976) assessed whether novel or
complex stimuli confound replaced-stimulus transfer
tests, single-stimulus training, and multiple-stimulus
discrimination. They found that the relative complexity
of replacement stimuli significantly biased the results
of replaced-stimulus transfer tests in favor of an inter-
pretation stressing the relative importance of S—. The
relative novelty of the replacement stimulus produced
a similar bias. Finally, manipulating the relative attrac-
tiveness of stimuli produced results consistent with an
interpretation stressing the importance of S+. While
these findings suggest that previous assessments of
relative stimulus control have produced results influ-
enced by nonassociative factors, they did not indicate
which stimulus was relatively more important.

Recently, using a new method, Mason, Stevens,
Wixon, and Owens (1980) reported two studies that
assessed the degree of control exerted by S+ and S—
without confoundings by nonassociative factors. For the
first experiment, training was given on two discrimina-
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tion problems with more training on one problem than
on the other. During transfer tests that followed train-
ing, the more-trained stimuli from the one problem
were paired with the less-trained stimuli from the other.
The transfer test results were consistent with an inter-
pretation stressing the relative importance of S—; that
is, fewer errors were made when a more-trained S—
was paired with a less-trained S+ than when a more-
trained S+ was paired with a less-trained S—. The results
from a control group given uncorrelated reinforcement
during training showed that differences in stimulus expo-
sure could not account for the differences in stimulus
importance. The second experiment by Mason et al.
demonstrated that S— was the relatively more impor-
tant stimulus over various levels of training.

Because these results have theoretical importance,
their confirmation using another technique is required.
Replaced-stimulus transfer tests could be used if the
novelty of the replacement stimulus (and thus its non-
associative attractiveness) could be eliminated in a way
that precludes confounding by differential associative
transfer. Lawrence (1949) provided a means of eliminat-
ing the novelty of the replacement stimulus in replaced-
stimulus transfer tests while precluding differential
associative transfer. Specifically, simultaneous and suc-
cessive discriminations can be presented intercurrently,
so that there is no differential associative transfer. These
intercurrent presentations preclude confounding by
position bias interacting with stimulus configuration and
reinforcement contingencies when successive discrimina-
tion is followed by a simultaneous discrimination
(Siegel, 1967). In the present study, rats were trained
intercurrently on simultaneous and successive discrimi-
nations and then given replaced-stimulus transfer tests
using stimuli for the successive discrimination for
replacement.
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METHOD

Subjects

The subjects were 48 male albino rats of the Charles River
CD strain, bred in our laboratory. All animals were 60 days old
at the start of the experiment.

Apparatus

A medium-gray trapezoidal discrimination box similar to
that described by McGaugh and Thomson (1962, Figure 1) was
used. The box was 68.5 cm long x 30.5 cm wide at one end
and 15.2 cm wide at the other end x 12.7 cm high. A guillotine
door 18 cm from the narrow end of the apparatus defined the
startbox. Two openings, each 7.6 cm square and 15.2 cm apart,
were located in the wall at the wide end. Swinging doors faced
with stimulus cards were located behind these openings. When
pushed, one door (S+) exposed a dish containing .2 ml of water.
The other door (S—) was locked shut. Both stimulus doors were
illuminated by a 15-W bulb 76 cm away. Approaches to within
7.6 cm of S— were detected by an electrical circuit that objec-
tively defined errors (Stevens & Wixon, 1976).

The stimuli were a card with a black-and-white four-cell
checkerboard pattern (3.8-cm squares) and cards with black-
and-white alternating 1.3-cm horizontal, vertical, or diagonal
stripes.

Procedure

Animals were gentled and adapted to 23 h 50 min of water
deprivation. Then 10 reinforced pretraining trials were given on
each of 4 consecutive days. Medium-gray stimulus doors were
used. The rats were shaped to run from the startbox to the
other end of the apparatus and to push against the unlocked
door. Approaches to the locked door were prevented by a gray
wooden block placed in front of it. Throughout the experiment,
a correction procedure was used, and the intertrial interval was
approximately 60 sec.

After pretraining, the animals were given reinforced inter-
current training on a simultaneous discrimination problem and a
successive discrimination problem. The design is shown in Fig-
ure 1. The animals were given 10 trials/day on each problem
until a criterion of 9 correct out of 10 responses was reached on
the simultaneous discrimination. Next, two intercurrent replaced-
stimulus transfer tests were given to each subject. For one test,
the S+ from the simultaneous discrimination was replaced by a
stimulus from the successive discrimination. For the other test,
the S— from the simultaneous discrimination was replaced by
the other stimulus from the successive discrimination. Transfer
testing continued until the animals responded correctly on 11
out of 12 trials. To counterbalance potential stimulus effects on
transfer tests, each of the 24 pairs of rats was assigned 1 of the
24 mutually exclusive two-pair stimulus sets that could be
formed from the four stimuli. Spatial placement of stimuli from
trial to trial was determined by Gellerman sequences during
training, in which 20 trials/day were given, and by Fellows
sequences during transfer tests, in which 12 trials/day were
given.

RESULTS AND DISCUSSION

Errors from the training and transfer phases were
analyzed using one-way analyses of variance for repeated
measures. During training, significantly more errors were
made on the successive discrimination problem (mean =
33.10) than on the simultaneous discrimination problem
(mean =22.10) [F(1,47)=75.20, p < .05]. This result
is consistent with those of a variety of studies that have
shown that acquisition of a simultaneous discrimination
problem is more rapid and occurs with fewer errors than
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Figure 1. Experimental design: Animals were trained on
intercurrent simultaneous and successive discriminations, and
then they were given the simultaneous discrimination with one
successive stimulus or the other replacing either S+ or S—. All
possible combinations of stimuli were used; the combination
shown is only an example.

does acquisition of a successive discrimination problem
(e.g., Bitterman & McConnell, 1954; Spence, 1952).
Mackintosh (1974, pp.546-553) concluded that the
relative ease of simultaneous discrimination learning
stems from the subjects’ predisposition to learn by
approaching S+ and/or avoiding S—. The transfer tests in
the present study assess which of these predispositions is
the relatively more important.

On the transfer tests, significantly more errors were
made with S— replaced (mean =10.52) than with S+
replaced (mean = 9.48) [F(1,47)=4.31, p<.05]. This
result indicates that S— is the relatively more important
stimulus. The results of the present investigation are
consistent with those of other recent investigations car-
ried out in our laboratory. In every case, greater transfer
followed more frequent experience with S— than with
S+. Studies carried out in other laboratories have shown
that S— has inhibitory effects; they demonstrated that
a previously given S— functions as a conditioned nega-
tive reinforcer (Terrace, 1972) and that a previously
given S— is resistant to subsequent conditioning as an
S+ (Hearst, Besley, & Farthing, 1970).
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In addition to the instrumental procedures used
here, a number of studies using classical paradigms
have also obtained results that stress the importance of
S—. For example, Rescorla (1969) and Wasserman,
Franklin, and Hearst (1974) found that animals consis-
tently moved away from a stimulus that was correlated
with nonreinforcement and approached a stimulus that
was correlated with reinforcement, even though no
response was required to obtain reinforcement. This
result supports Jenkins’ (1965) statement that inhibition
may be identified with the development of a response to
S— that is incompatible with the reinforced response.

The results obtained here imply that rats learn a
stimulus-nonreinforcement correlation more rapidly
and with fewer errors than they learn a stimulus-
reinforcement correlation. Similar implications follow
from the results obtained using both free-operant and
classical techniques (cf. Hearst etal., 1970). Conse-
quently, we suggest that traditional views of animal
learning that place either relatively greater emphasis
on reinforcement or equal emphasis on reinforcement
and nonreinforcement in discrimination learning require
reevaluation.
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