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The Feature-Positive Effect in Adult Human Subjects
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Previous experiments with animals and young children have shown that dis-
criminations based on the presence versus absence of a single feature are learned
more easily when the feature appears on reinforced rather than nonreinforced
displays. Six experiments demonstrated an analogous effect in college students,
across a range of stimulus materials, general procedures, kinds of feedback,
pacing of trials, and instructions to the subject. The results were analyzed in
terms of the exceptionally strong control of behavior by events that are present
on positive trials. These findings have implications for theoretical interpreta-
tions of human concept learning and decision making, and offer additional
examples of the difficulty organisms experience in using "nonoccurrence"
as a cue.

Jenkins and Sainsbury (1969, 1970) used
the term feature-positive effect (FPE) to de-
scribe a surprising asymmetry they ob-
served in the pigeon's learning of dis-
criminations based on the presence versus
absence of a single distinguishing feature.
When the feature was located on the posi-
tive, food-reinforced display (S+), subjects
showed far superior discriminative per-
formance than did subjects for which the
feature appeared on the negative, nonrein-
forced display (S-). As a concrete example,
consider a discrimination in which all of the
trials involve the illumination of a response
key, but on half of the trials a small black
dot is present somewhere on the key and on
half of the trials it is not. If trials with the
dot constitute the S+ condition, and trials
without the dot constitute the S- condition
(i.e., the feature appears on positive trials
[FP]), pigeons acquire a discrimination be-
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tween S+ and S- much more rapidly than
if no-dot trials constitute the S+ condition
and dot trials constitute the S- condition
(i.e., the feature appears on negative trials
[FN]). The asymmetry in discrimination
learning was enormous in the studies of Jen-
kins and Sainsbury; only 1 out of approxi-
mately 50 pigeons ever mastered the FN
discrimination, whereas a large majority of
the FP subjects were successful.

Although the extent of the FP superiority
is usually less dramatic than in Jenkins
and Sainsbury's experiments, the phenome-
non appears to have rather broad generality
across animal species (pigeons, rats, cats,
and monkeys), appetitive and aversive re-
inforcement procedures (food or shock),
types of features (auditory or visual),
sequential and simultaneous presentations
of the stimulus displays, and experimental
settings (see Hearst, 1978, and Hearst &
Jenkins, 1974, for reviews). Furthermore, a
clear FPE has been reported in young chil-
dren by Sainsbury (1971, 1973), who ex-
posed his subjects to a simultaneous dis-
crimination based on the presence versus
absence of a particular symbol (e.g., a tri-
angle) on one of two 2 x 2 matrix displays,
the other seven elements of which were
identical (e.g., squares). Although Sains-
bury obtained a substantial FPE in 5-yr-old
children, the phenomenon was not very pro-
nounced in 7-yr-olds and was absent in 9-yr-
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olds. In experiments with nursery school
children and university students, Norton,
Muldrew, and Strub (1971) found that in
both age groups the subjects learning FN
discriminations made significantly more
incorrect responses than the subjects learn-
ing FP discriminations; in their procedure,
however, no clear-cut differences ap-
parently occurred in terms of the number of
subjects mastering each type of discrimina-
tion. Therefore, except for Sainsbury's re-
sults with 5-yr-olds (see also Bitgood,
Segrave, & Jenkins's, 1976, replication and
extension of Sainsbury's work), the FPE
has not been very large in experiments with
human beings.

Rather than concluding that the phe-
nomenon is either absent or weak in human
subjects older than 5 yr, we felt that the
reported lack of a powerful FPE might be
due to ceiling effects resulting from the
simplicity of the tasks used in prior human
work. Therefore, we set out to devise and
investigate some arrangements that fulfilled
the specifications of the FP versus FN para-
digm and yet involved discriminations that
were reasonably difficult for adults to learn.
In this article we report a series of experi-
ments yielding a robust FPE with college
students in several tasks differing with re-
spect to (a) the type of stimulus material
(geometric symbols; letters in a trigram;
line drawings of everyday objects), (b) the
mode of presentation of the positive and
negative displays (simultaneous; succes-
sive), (c) the kind of feedback delivered for
correct and incorrect responses (verbal
reinforcement by the experimenter; auto-
matically controlled increases or decreases
in points displayed on a counter; delivery of
poker chips), (d) the length of the postfeed-
back (intertrial) interval, (e) the type of re-
sponse required from the subject (vocal;
manipulatory), (f) the details of the instruc-
tions to the subject, and (g) the size and
nature of the set of "common" irrelevant
elements (either held constant or varied
nonsystematically from trial to trial so that
they could not provide any reliable basis for
discriminative performance). As will be ar-
gued, comparisons of the effects of these dif-
ferent treatments enable us to assess and ex-
clude various alternative explanations of

the FPE obtained in any single type of ar-
rangement. Finally, we describe an experi-
ment with pigeons that utilized virtually the
same apparatus and a procedure analogous
to some of the specific work we performed
with human beings, to determine whether
the relatively complex tasks that we used in
the human studies would also yield a FPE in
the nonhuman organism that has served as
the standard subject for experiments on
this topic.

The focus of this article is primarily em-
pirical; many of our experimental manipula-
tions were designed to parallel investiga-
tions of the FPE with nonhuman subjects.
However, the similarities in procedures
employed and results obtained with both
animal and human subjects prompted us to
begin to integrate theoretical interpreta-
tions of the FPE in animals with the analysis
of human concept learning and hypothesis
testing. The FPE seems to reflect certain
deficiencies and difficulties that human
beings often exhibit in their processing of
negative information and their use of "non-
occurrence" as a cue.

Experiment 1

Method
Subjects. The subjects were 24 Haverford and

Bryn Mawr undergraduates who consented to par-
ticipate in the experiment. There were 12 FP and
12 FN subjects.

Materials. The test materials included 90 3-in. x
5-in. (7.6 cm x 12.7 cm) index cards, each con-
taining four symbols approximately 2.5 cm in height
and .6 cm apart, and a wooden screen behind which
the experimenter could sit and present the cards
through a rectangular cutout. The individual stimulus
elements were six symbols (O, D, A, T, -ft, X), each of
which appeared a total of 60 times over the 90-trial
maximum length of a discrimination session. Each
trial consisted of the presentation of a single index
card containing four different symbols. The triangle
was the distinguishing feature for all subjects and ap-
peared only on Good trials for the FP group and on
Not Good trials for the FN group. The other five
stimuli appeared on the various cards in a non-
systematic fashion.

Procedure. Each subject was shown the first
card and then asked to read the instructions, which
were as follows:

Contrary to what seems to be a prevalent con-
ception of a psychological experiment on this cam-
pus, this is an experiment which is testing what it
purports to.
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THE TEST: There are 90 cards. Each card has 4 sym-
bols (6 symbols are used in all). Some of these cards
are Good and some are Not Good.

THE TASK: The cards will be presented one at a time,
for 5 seconds each. Your task is (1) to guess
whether each card is Good or Not Good (the
experimenter will tell you after each card whether
you are right or wrong), and (2) to guess, as soon as
possible, the solution which reliably predicts
whether a card is Good or Not Good,

It is one symbol and not the relationship between
them which is important.

The experimenter will record the number of cards
used to arrive at a solution, but will not tell you if
your hypothesis is right or wrong until the ex-
periment is over. It is expected that when a sub-
ject has found a solution he or she will use the re-
mainder of the cards to check the validity of his or
her hypothesis. Thanks very much for your
cooperation.

When the subject had finished reading the instruc-
tions, the experimenter read them aloud and clarified
any questions by rereading the relevant part of the
instructions. Then the learning session began. If a
subject failed to respond either "Good" or "Not
Good" within 5 sec after presentation of a card,
another card was immediately presented and no feed-
back was provided for the prior trial. If at any time
during the task the subject offered an incorrect solu-
tion, the experimenter replied, "Okay, continue to test
it out." The experiment was terminated either when
the subject provided the correct solution or after all 90
cards had been presented. The cards were thoroughly
reshuffled for each new subject.

Results and Discussion

In the data analysis, subjects who did not
state the correct solution within the 90-trial
limit were assigned a score of 90 trials.
The mean number of trials required before
verbalization of the correct solution was 17.8
for the FP subjects and 62.9 for the FN
subjects, F(l, 22) = 19.53, M5e = 624.39,
p < .001. All 12 FP subjects eventually
stated the correct solution (the maximum
number of trials taken by any subject in
that group was 61), whereas only 6 of the 12
FN subjects were able to do so. Thus, as in
the animal research mentioned earlier, sub-
jects had considerably more difficulty learn-
ing a discrimination in which the distinguish-
ing feature was located on the negative, as
compared to the positive, display.

To hold constant the total number of pre-
sentations of each of the six stimuli, trials
containing the feature necessarily consti-

tuted 67% of the total number of trials in
the experiment, that is, 60 out of 90 trials.
This aspect of the procedure could possibly
have introduced a bias in favor of the FP
group. However, we will shortly describe
several successive-discrimination experi-
ments in which an equal number of positive
and negative displays were presented to FP
and FN groups and in which a robust FPE
was still obtained.

Experiment 2

Experiment 1 revealed a highly significant
FPE in college students exposed to a suc-
cessive discrimination. Our next experi-
ment employed a simultaneous discrimina-
tion, which might be expected to facilitate
learning because subjects could concur-
rently compare the feature and nonfeature
displays. Instead of using symbols as the
stimulus elements, the discrimination was
based on the presence of a particular let-
ter in one of the two trigrams presented on
each trial. For the FP subjects this trigram
was the correct choice, whereas for the FN
subjects it was incorrect.

Method
Subjects. The subjects were 32 undergraduates at

Indiana University who participated in the experiment
to fulfill a psychology course requirement. Sixteen sub-
jects were placed on a FP procedure and 16 on a
FN procedure.

Materials. The test materials comprised 60 3-in. x
5-in. cards, each containing two typewritten tri-
grams located side by side on the card. A wooden
screen with a rectangular cutout allowed presentation
of the cards by the experimenter. The potential stim-
ulus elements in this experiment consisted of all of the
(capital) letters of the English alphabet. For half of
the FP or FN subjects, the feature was a vowel
(the letter A), whereas for the other half it was a
consonant (the letter T). In addition to the feature,
which always appeared on one of the two trigrams,
each of the other letters of the alphabet appeared
equally often on the 60 cards in a random fashion,
except that (a) actual three-letter words were not used
as trigrams, and (b) no vowels (including Y) were
used on the trigrams for subjects that had a con-
sonant as the feature. The feature appeared equally
often in the left, middle, or right position of the trigram
containing it. Nonfeature letters could be repeated on
the other trigram, but not within a given trigram.

Procedure. Each subject was read the following
standard set of instructions:

I have here 60 file cards. Each card contains two
trigrams. A trigram is a meaningless combination of
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three letters. One of the trigrams on each card is
Good and one is Not Good. Now there is nothing
inherently Good or Not Good about a trigram ex-
cept that a system was used which does differen-
tiate them. Your task is to figure out this system—
in other words, what makes a trigram Good or
Not Good. Any questions?

I am going to show you the cards one at a time
at a rate of one card every 5 sec. You tell me
whether the left or right trigram is Good, and I'll
tell you whether you were right or wrong. Finally,
it is very important that you tell me as soon as you
think you have a solution. I will not tell you whether
it is right or wrong, but I will write it down and
then we will continue the test. Any questions?

If a subject failed to respond "left" or "right"
within 5 sec after presentation of a card, another
card was immediately displayed and no feedback
was given for the prior trial. If a correct solution
was never provided by the subject, the experiment
ended after 60 trials; otherwise, it ended when the
subject stated the correct solution. In the absence of
any statements by the subject, every 10 trials the
experimenter asked the subject what hypothesis he or
she was using. The cards were thoroughly reshuffled
for each new subject. For the FP subjects the pres-
ence of the feature in one of the trigrams made it the
correct choice, whereas for the FN subjects the cor-
rect trigram was the one without that particular letter.

Delayed feedback condition. After the preceding
conditions had been tested, 18 additional naive sub-
jects, drawn from the same subject pool, were used
in an extension of the work. There were 8 FP and 10
FN subjects. The stimulus cards were the same as
those used in the "consonant" groups just described;
that is, the letter T was the feature for all subjects.
Except for the fact that each card was removed from
sight for 5 sec before the experimenter provided
feedback about the correctness of the subject's last
response, the procedure and general instructions were
the same as those in the previous treatments.

Results and Discussion

In the data analysis, subjects who did not
verbalize the correct solution within the
60-trial limit were assigned a score of 60
trials. The mean number of trials required
before verbalization of the correct solution
in the immediate-feedback condition em-
ploying a vowel as the feature was 33.0
for the FP group and 56.3 for the FN group,
F(l, 14) = 12.01, M5e = 179.96, p < .01;
seven of the eight FP subjects were able to
state the solution before the 60-card limit
had been reached, whereas only one of the
eight FN subjects was able to do so. For
the comparable groups that had a consonant
as the feature, the mean number of trials
required before verbalization of the correct

solution was 34.6 for the FP group and 60.0
for the FN group, F(l, 14) = 8.63, M5e =
298.42, p < .02; five of the eight FP sub-
jects were able to verbalize the solution
before the 60-trial limit, whereas none of the
eight FN subjects was successful.

Once again, a powerful FPE was ob-
tained in a discrimination task with adult
humans. Realizing that the information re-
quired to solve the problem appears on
negative displays is apparently very rare.
In both the vowel and the consonant ex-
periments, it was common for subjects in the
FN groups to report that when they had
just chosen the wrong trigram, they re-
hearsed only the other (correct) member of
the pair. They focused on information con-
tained in the positive trigram and ignored
information contained in the negative tri-
gram; however, the latter provided the only
basis on which the discrimination could
be learned.

Since it appeared that subjects failed to
take into account information contained in
the negative trigram, we next examined a
condition that we thought might increase the
probability of the FN subjects' utilizing
such information: The stimulus card was re-
moved from sight after the subject's choice,
and feedback was delayed for 5 sec. Under
these circumstances it seemed reasonable to
expect that FN subjects would be more
likely to rehearse and retain material con-
tained in the negative display, if they had
selected it, than was the case in the previ-
ous experiment when feedback was im-
mediate and both trigrams were still visible
at the time of feedback.

However, introduction of delayed feed-
back had virtually no effect on the magni-
tude of the FPE. The mean number of
trials required before a statement of the cor-
rect solution was 22.3 for the FP group
and 52.0 for the FN group,F(l, 16) = 11.70,
M5e = 336.34, p < .01. Seven of the 8 FP
subjects solved the problem before the
60-trial limit had been reached, whereas
only 2 of the 10 FN subjects were suc-
cessful.

Experiment 3
The foregoing experiments involved

stimuli whose common, irrelevant elements
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were varied from trial to trial, and were
selected from a fairly large set of potential
items (5 items in the symbol discrimina-
tion used in Experiment 1, 19-25 items in
the trigram discrimination of Experiment 2).
In contrast, animal work on the FPE (but
see our Experiment 7) has employed ele-
ments common to the positive and negative
displays that were essentially identical from
trial to trial (e.g., the static, unchanging
physical aspects of the illuminated pigeon
key itself; the presence of stars on a dis-
play). In two pairs of treatments with human
beings, we next used a set of displays that
came closer to the animal paradigm: One or
two particular letters appeared on every tri-
gram. The first pair of treatments involved
a simultaneous discrimination, as in the
prior work with trigrams, whereas the sec-
ond pair of treatments employed a succes-
sive discrimination, as in the prior work
with symbols. Would the FPE in human
beings begin to disappear as the properties
of the stimulus displays presumably became
more and more similar to displays used with
nonhuman subjects, and would the required
discrimination therefore be simpler?

Method
Simultaneous discrimination. Sixteen Indiana

University undergraduates participated in the study
to fulfill a course requirement. The stimulus materials,
the instructions, and the procedure were identical to
the standard consonant-trigram discrimination de-
scribed in Experiment 2, except that all trigrams, Good
and Not Good, contained the letter J, which could
appear in any position within the two trigrams. The
feature was the letter N for all subjects.

Successive discrimination. Fifteen Indiana Uni-
versity undergraduates were exposed either to a FP
discrimination procedure (n = 8) or to a FN dis-
crimination procedure (n = 7) in which only one tri-
gram appeared on each of the 102 cards (the size of
the cards was 3 in. x IVi in. (7.6 cm x 6.4 cm) in
this work). Subjects were instructed that the trigram
appearing on a given card was either Good or Not
Good, and that their task was to discover the rule
differentiating these categories. Each of the trigrams
was composed of the same two letters (R and B)
appearing randomly in any position within a trigram,
and a third letter that was either the feature (T)
or one of the 17 other consonants. Subjects had a
maximum of 102 trials in which to discover the solu-
tion. In contrast to the successive discrimination of
Experiment 1, an equal number of positive and nega-
tive displays were presented to all subjects.

Results and Discussion

The inclusion of an identical letter on both
trigrams in the simultaneous-discrimina-
tion procedure did not reduce the magni-
tude of the FPE compared to the effects of
similar treatments in Experiment 2. The
mean number of trials to a correct solution
was 22.0 for the FP subjects and 50.0 for
the FN subjects, F(l, 14) = 10.79, MSe =
290.57, p < .01. All eight FP subjects
correctly stated the solution within the 60-
trial limit, whereas only two of the eight FN
subjects did so.

A substantial FP superiority was also
obtained in the successive-discrimination
arrangement. Subjects who did not ver-
balize the correct solution within the 102-
trial limit were assigned a score of 102
trials. The FP subjects required a mean of
40.6 trials to discover the solution and the
FN subjects 79.3 trials, F(l, 13) = 5.28,
M5e = 1057.02, p < .04. All eight FP sub-
jects provided the correct solution, whereas
only three of the seven FN subjects were
successful. Thus, even though two of the
three letters appearing on all trigrams did
not vary, a significant FPE still occurred.
Worth highlighting is the fact that the feature
appeared as the "other" letter 51 times,
whereas the remaining 17 consonants ap-
peared as the other letter only three times
each on the 102 cards. Despite this large
difference, a majority of the FN subjects
did not notice the significance of the feature.

An interesting point in connection with
the successive-discrimination procedure
and results involves the fact that FN sub-
jects were exposed to a much smaller set of
different negative displays (always R, B,
and the feature) than were FP subjects
(whose negative displays contained R, B,
and one of the 17 other nonfeature con-
sonants). Norton et al. (1971) hypothesized
that learning how to respond on S- trials
is the crucial aspect of discrimination learn-
ing, and they therefore suggested that FN
learning was more difficult than FP learn-
ing for their human subjects because five
different negative displays occurred in the
former case and only one in the latter.
Obviously, their hypothesis could not en-
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compass the present findings. Hearst (1971)
has cited a variety of animal studies, often
with inconsistent findings, that are relevant
to this point.

To summarize our trigram experiments,
a large FPE was obtained with vowel or
consonant features, immediate or delayed
feedback, simultaneous or successive
presentations of the positive (Good) and
negative (Not Good) displays, and the in-
clusion of either zero, one, or two unvary-
ing letters on the trigrams.

Experiment 4

An important characteristic of the per-
formance of subjects in prior experiments
showing a FPE has been "sign-tracking"
behavior (see Hearst, 1978; Hearst & Jen-
kins, 1974). In most experiments with
pigeons and young children, subjects con-
tact (peck or touch, respectively) the stimu-
lus element bearing the highest positive cor-
relation with the reinforcer. FP subjects
contact the feature; FN subjects contact an
element or elements common to all stimu-
lus displays. Such responses, which are not
required for reinforcement, appear to reflect
the subject's perception of which aspect of
the environment it considers the "cause"
of the reinforcer. Responding directed
toward the feature facilitates learning in the
FP problem because the feature is present
only on positive trials. However, re-
sponding directed toward a common stimu-
lus in the FN case retards or prevents ac-
quisition of the discrimination between posi-
tive and negative displays, since such a
stimulus appears on both types of dis-
plays. This directed tracking of positively
predictive stimuli may reflect a basic stimu-
lus-outcome learning process.

Contact responses were not appropriate
to the tasks in our first three experiments.
Experiments 4 and 5 used an apparatus,
built in collaboration with Dexter Gormley,
that presented symbols on four keys and re-
quired subjects to make manipulatory re-
sponses to the keys. This apparatus,
similar to those typically used with
pigeons (see Experiment 7), was modified
to provide feedback to the subject by the dis-

play of points on a counter. By asking
human subjects to press anywhere on
the four-key display whenever they ex-
pected responding to add to their point total
and not to press whenever they expected
responding to cost them points, we hoped to
observe both a FPE and sign-tracking be-
havior (e.g., pressing of the feature in the
FP case and pressing of a common stimulus
element in the FN case).

In addition to permitting the measure-
ment of sign tracking, the use of a highly
controlled situation in which feedback con-
sisted of the gain or loss of points on a
counter rather than verbal statements
from the experimenter could resolve some
potential difficulties in our earlier experi-
ments. Demonstration of a strong FPE
under the automated conditions would help
(a) to eliminate the possibility that subtle
cues from the experimenter had in some way
influenced the prior results and (b) to re-
duce the likelihood that our specific instruc-
tions had strongly biased the subjects to-
ward focusing on Good displays and dis-
regarding Not Good displays.

Method

Subjects. The subjects were 12 undergraduates
from Indiana University whose participation in the
experiment fulfilled a course requirement. There were
6 FP and 6 FN subjects.

Apparatus. An aluminum discrimination panel
(approximately 35-cm square), designed also to fit a
standard Lehigh Valley Electronics pigeon cham-
ber, was constructed. It included a row of four spa-
tially contiguous, translucent plastic response keys,
each approximately 4-cm square, on which individual
symbols (circle, triangle, square, cross) could be dis-
played by means of four rear-mounted miniprojec-
tors (Industrial Electronic Engineers Series 10,
fitted with film No. 10-758 and illuminated with No.
1820 lamps). The projected symbols were about 2.5
cm in height and width, and were adjusted to be ap-
proximately equal in intensity. Depression of any
key operated a microswitch connected to an electro-
mechanical counter.

A hole 8.5 cm below the keys was cut to attach
a grain magazine in pigeon experiments, but for the
human work a second, galvanized-sheet-metal mask
was placed over the whole aluminum panel, and
only those parts needed for the human experiments
were left exposed. A slot (1.5 x 4.5 cm) was cut
through the mask, in the grain magazine location, to
permit mounting of a modified calculator readout
panel (Commodore Minuteman MM3R), which pro-
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Figure 1. Schematic diagram of the discrimination
panel used for human beings in Experiments 4 and 5,
and with the replacement of the add-subtract counter
by a grain magazine, for pigeons in Experiment 7.
(See text for additional details.)

vided feedback to human subjects by adding or sub-
tracting points dependent on the subject's responses to
the row of keys. For use in Experiment 5, two addi-
tional miniprojectors were mounted flush behind two
2.3-cm-diameter circular holes approximately 4 cm to
the left and right of the row of response keys;
these two circles could be illuminated with green
light. Figure 1 presents a sketch of the front panel
as it appeared to the subject.

The entire panel, fronted by the mask, slipped into
a grooved metal channel on the face of a box made
of .5-in. (1.3 cm) painted plywood. When in use, the
apparatus was connected to relay circuitry situated in
an adjacent room. The programming of stimulus dis-
plays, intertrial intervals, and the addition or removal
of points on the counter—as well as the recording
of the frequency and location of key presses—was all
accomplished automatically by the relay circuitry.

Procedure. Each subject was allowed time to read
the following instructions before the experimenter him-
self read them aloud and answered any questions:

You are about to view a series of displays. Each
display consists of three symbols and a blank space.
These displays are divided into two categories:
Correct and Incorrect.

When a Correct display appears, you will receive 5
points for pressing anywhere on this display. On the
other hand, you will lose 5 points if you press any-
where on an Incorrect display.
No points will be added or subtracted if you do not
press.

Your task is to gain as many points as you can by
pressing the correct displays and by not pressing
the incorrect displays.

After the subject had indicated that he or she
understood the instructions, the experimenter left the
room and started the discrimination-learning session,
which for each subject consisted of 144 5-sec trials
separated by 7.5-sec intertrial intervals. Each trial
involved presentation of a four-element display
containing three of the four possible symbols (circle,
triangle, square, or cross) and a blank unilluminated
key. Each of these elements could appear in any posi-
tion on the display, but on a particular trial each key
was illuminated with an element different from those
on the other keys. The first phase of the experiment
lasted for 72 trials, 36 of which contained the feature
and 36 of which did not. The feature was the circle
for half of the subjects and the triangle for the other
half, counterbalanced across FP and FN subjects.
The other three (nonfeature) symbols were presented
randomly but equally often. The counter was set at
zero at the beginning of each session. Subjects re-
ceived 5 points, awarded at the end of a trial, for
pressing any key during presentations of S+ displays,
and they lost 5 points at the end of a trial for pressing
any key during presentations of S- displays. The se-
quence of S + s and S - s was irregular, with the con-
straints that no more than three consecutive trials
of the same type could occur and that each block
of 12 successive trials must contain 6 S + s and 6 S -
s. Several different sequences were composed, and dif-
ferent subjects in each group received different
sequences.

After these initial 72 trials, a reversal phase was
run in which the FP subjects were transferred with-
out any warning to the FN discrimination involving
the same feature, whereas the FN subjects were trans-
ferred to the corresponding FP discrimination, for
72 additional trials. After the total of 144 trials was
completed, the subjects were asked to state the basis
for their discriminative responding, to indicate why
they pressed where they did, and to offer any other
comments they might have on the experiment.

Results and Discussion

The data for each subject were grouped
into blocks of 12 trials for purposes of
plotting group learning curves. Figure 2
shows the FP versus FN group median
discrimination ratios (total responses to
S+/total responses to S+ and S-) over the
two phases of the experiment, original learn-
ing and reversal.

After the first block of 12 trials, FP
subjects performed consistently better than
FN subjects and soon achieved a high level
of discriminative performance, which was
maintained over the last 4 blocks of the first
experimental phase. The FP subjects re-
quired a mean of 3.0 blocks before their
first attainment of a discrimination ratio of
1.0, whereas FN subjects required a mean
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Figure 2. Group median successive-discrimination ratios (proportion of responses on positive
trials relative to responses on all trials) over 12-trial blocks for the feature positive (FP) and feature
negative (FN) groups of Experiment 4. (After the sixth block, FP subjects were transferred
without warning or interruption to the FN procedure [but are still indicated by solid circles],
whereas the FN subjects were transferred to the FP procedure [but are still indicated by open circles].)

of 5.7 blocks, F(l, 10) = 9.14,MSe = 2.33,
p < .02; subjects never reaching the 1.0
ratio were assigned a score of 6 blocks in
these calculations. Five of the six subjects
in the FP condition eventually attained a
ratio of 1.0, whereas only one subject in the
FN condition ever did better than .71 dur-
ing a single trial block; this subject achieved
a 1.0 ratio during both the fifth and sixth
blocks.

All five subjects who had learned the FP
discrimination in the first phase successfully
reversed their strategy and mastered the FN
discrimination within the first two blocks of
the reversal phase. On the other hand, only
one or two of the subjects who were
switched from FN to FP showed any evi-
dence of learning the FP discrimination.
The subject who had eventually learned the
FN discrimination in the first phase per-
formed very erratically during the reversal
phase (achieving a discrimination ratio of
1.0 during the second, third, and fifth trial
blocks, but ratios of only .33 and .66 during

the fourth and sixth blocks, respectively);
another subject, who had not learned the
FN discrimination in the first phase, per-
formed at a chance level for the first five
blocks of the reversal phase and then dis-
played a 1.0 ratio during the last block. This
overall result is typical of other (unpub-
lished) feature-reversal experiments with
human subjects conducted in our labora-
tory. Once subjects on procedures anal-
ogous to those described in this article
have failed to learn within 50 or 60 trials,
it is unlikely that a correct solution will
ever be achieved, even if they are subse-
quently placed on a much easier (e.g., FP)
discrimination.

With respect to sign tracking on feature-
present trials, great variability occurred,
and no reliable differences were obtained
between the two groups in the percentage
of total responses that were directed at the
feature. During the debriefing of subjects
after the experiment, several FP subjects
reported that they had avoided pressing
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directly at the feature. The reasons they
gave differed; for example, one subject did
not want the experimenter to know what
strategy she was using and therefore she
pressed only the rightmost key, another felt
he was supposed to press only the blank
key, and another decided that pressing two
keys at once would determine whether
points were awarded.

We decided to replicate the experiment,
with the sole exception of shortening the
trial duration from 5 to 2 sec. Perhaps if
subjects had less time to think about their
reactions they would be less likely to de-
velop response-centered strategies like
those just mentioned. Furthermore, Hearst
and Jenkins (1974, p. 19) reported that
shorter trial durations are more likely than
long durations to produce a strong FPE in
pigeons.

The subjects in this replication were 10
Indiana University undergraduates whose
participation fulfilled a course requirement.
There were 5 FP and 5 FN subjects, each
of whom provided data for six blocks of
original learning and six blocks of reversal,
as in the prior experiment. The results once
again revealed far superior performance by
the FP subjects. The FP subjects required
a mean of 1.8 blocks before their first
attainment of a discrimination ratio of 1.0,
whereas FN subjects required a mean of 5.8
blocks, F(l, 8) = 42.11, MSe = .95, p <
.001. All 5 FP subjects had attained a
discrimination ratio of 1.0 by the last trial
block of original learning, whereas only 1
FN subject showed any learning at all (this
subject finally reached a 1.0 ratio during the
last trial block). Paralleling the results in
the reversal phase of the earlier experiment,
only 2 of the former FN subjects (includ-
ing the one that had eventually learned the
FN task) mastered their new (FP) dis-
crimination, whereas 4 of the 5 former FP
subjects learned their new (FN) discrimina-
tion.

No systematic differences in percentage
of total responses that were directed at the
feature (sign tracking) occurred in this repli-
cation, just as in the prior study. Several
subjects reported that they always re-
sponded to one particular key, regardless of
the symbol on it, because this strategy

required less time than aiming their re-
sponse at a particular symbol. Thus, al-
though the replication did not produce any
consistent sign tracking, it yielded addi-
tional evidence for the superiority of FP
over FN learning in this situation. Worthy
of reiteration is the fact that the intertrial
(postfeedback) interval was 7.5 sec in these
experiments, a much slower pacing of trials
than in Experiments 1-3. Despite this
greater opportunity for subjects to process
trial-by-trial information, the FPE was
still large.

Experiment 5

In other work with successive discrimina-
tions in the key-pressing arrangement (in-
cluding some pilot research in which trials
were not fixed in duration but were ter-
minated by a single response of the subject,
and in which only two symbols were pre-
sented on each trial instead of three),
several subjects had concluded (despite the
statement in the instructions that there
would be both correct and incorrect dis-
plays) that they could successfully obtain
five points onall trials—if only they pressed
a certain symbol during each presentation
of a combination of symbols that formed
a particular display. There appeared to be
some confusion on the subject's part be-
tween "displays" and the specific "sym-
bols" forming a display. Consequently, we
devised a new procedure, resembling to
some extent a probability-learning task (see
Estes, 1976), in which subjects had to guess
whether a visual stimulus would appear
after each trial: Regardless of the subject's
behavior during the trial, two green lights
were programmed to appear on both sides
of the four-key display immediately follow-
ing a S+ display, and not to appear after a
S- display. Such an arrangement would
presumably help to clarify the notion of a
successive discrimination by making it clear
that the visual stimulus was going to occur
on only half of the trials, no matter what the
subject did. Another advantage of this new
arrangement was thai it did not require our
specifically mentioning Good and Not
Good displays, or Correct or Incorrect dis-
plays—as was the case in all of the pre-
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ceding experiments—since we could simply
tell subjects to indicate by making a key
press whether they thought the green lights
would come on after a given trial.

Method

Subjects. The subjects were 12 Indiana University
undergraduates whose participation fulfilled a course
requirement. There were 6 FP and 6 FN subjects.

Apparatus and procedure. The apparatus and gen-
eral procedure were similar to those in the key-press-
ing arrangements described in Experiment 4, with
one important exception: Two green lights, one on
either side of the four-key display (see Figure 1),
were programmed to come on for 2 sec immediately
after every S+ presentation. All displays lasted 5
sec, and the intertrial interval was 7.5 sec. The ex-
perimenter read the following instructions to the
subject:

This is an experiment testing your ability to predict
an outcome on the basis of visual cues. About every
10 sec three symbols will appear somewhere on
this display [experimenter points to it]. The ex-
periment is set up so that two green lights [experi-
menter points to them] will come on after exactly
one half of these presentations.

Your task is to learn to predict when the symbols
will be followed by the green lights. Wait until the
symbols appear—then if you think that they will be
followed by the lights, press on the display [experi-
menter points to the whole display]. If you predict
correctly, that is, if you press the display and then
the lights come on, you will gain five points. If you
press and the lights do not come on, you will lose 5
points [experimenter shows counter, set at zero,
to the subject].

Remember, one half of the presentations will be
followed by the lights, and one half of them will not.
But this is not a guessing game—you can predict
perfectly by using the symbols. Try to gain as many
points as you can by pressing when you think
that the lights will come on and by not pressing
when you think that the symbols will not be fol-
lowed by the lights. Thank you for your cooperation.

Results and Discussion

As in Experiment 4, the results for each
subject were grouped into blocks of 12 trials
for purposes of data analysis. Figure 3
shows the FP versus FN group median
successive-discrimination ratios (total re-
sponses to S+/total responses to S+ and
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Figure 3. Group median successive-discrimination ratios (proportion of responses on positive trials
relative to responses on all trials) and group median sign-tracking ratios (proportion of responses
to the feature on feature-present trials) over 12-trial blocks for the feature positive (FP) and feature
negative (FN) groups of Experiment 5. (After the sixth block, FP subjects were transferred without
warning or interruption to the FN procedure [but are still indicated by solid circles], whereas the FN
subjects were transferred to the FP procedure [but are still indicated by open circles].)
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S-) over the two phases of the experiment.
Also included on this figure are sign-track-
ing measures for each group (median ratio of
total responses to the feature/total re-
sponses on all feature-present trials); ratios
near 1.0 indicate that subjects are pressing
the feature almost exclusively, whereas ra-
tios near 0.0 show that subjects are pressing
only some common element or elements of
the display.

Although FN learning in this experiment
was better than in our prior experiments,
Figure 3 once again demonstrates a clear
superiority of the FP over the FN group
during original learning. The FP subjects
required a mean of 1.5 blocks before their
first attainment of a successive-discrimina-
tion ratio of 1.0, whereas FN subjects re-
quired a mean of 3.5 blocks, F(l, 10) =
5.22, MSe = 2.30, p < .05.

Interestingly, clear evidence of sign
tracking was obtained in this experiment.
Figure 3 indicates that subjects in the FP
group contacted the feature on a very high
proportion of the trials on which it was
present, a ratio much greater than the
chance level of 25% or 33% (depending on
whether the blank key is considered one of
the elements of the display). During original
learning, four of the six FP subjects pressed
the feature virtually 100% of the time after
the first block of trials. On the other hand,
FN subjects rarely pressed the feature;
five of the six subjects never again re-
sponded to the feature after the second
block of original-learning trials. The dif-
ference between FP and FN groups in mean
sign-tracking ratios over the entire six
blocks of original learning was significant,
F(l, 10) = 9.80, MSe = -09, p < .02, as
well as over the final three blocks, F (1,10) =
10.92, MSe = -11, P < -01. These results
are similar to those obtained in pigeon ex-
periments (see, e.g., our Experiment 7),
since FP subjects confined their responses
mainly to the feature, and FN subjects
mainly to the other symbols.

Although during the reversal phase the
original FP subjects performed somewhat
better on their subsequent (FN) successive
discrimination than did the FN subjects
transferred to the FP discrimination—a
trend in the same direction as in Experi-

ment 4—the group differences were not
large in this experiment. Since only one of
the six subjects in the FN group was not
performing reasonably well at the end of
original learning, their good transfer in the
next phase is perhaps not too surprising;
apparently, once the significance of the fea-
ture is noticed, transfer to either FP or FN
learning proceeds efficiently in human
beings. Figure 3 also shows that the sign-
tracking ratio decreased in the new FN
group (solid circles) as they learned the
discrimination, whereas it increased in the
new FP group (open circles)—a change
exhibited by five of the six individual sub-
jects in the respective groups; there was a
crossover in the tracking ratios of the two
groups during the reversal phase. Thus,
when the feature signaled that the green
lights would come on, subjects had a rela-
tively strong tendency to press it, even
though pressing any key on positive trials
was an equally effective indicator of their
prediction about the green lights. When the
feature signaled the absence of green lights,
subjects pressed it infrequently.

The effects displayed in this experi-
ment (a significant FPE, and correlated
changes in sign tracking) were more like
those observed in pigeon experiments than
were the outcomes of our prior experiments
with humans using the apparatus of Figure
1. However, we cannot state with any con-
fidence which aspects of the instructions or
procedure are responsible for the clear-cut
sign-tracking results obtained here as com-
pared to Experiment 4.

Experiment 6

In a final experiment with human sub-
jects, we made some radical changes in ma-
terial and procedure, not only to examine
further the generality of the FPE but also
to assess the importance of certain aspects
of the reinforcement procedures imple-
mented in our earlier work. First of all, we
wanted to use stimulus materials closer to
everyday objects than the trigrams or sym-
bols employed in the prior work; in the pres-
ent experiment, line drawings of boats,
houses, and locomotives served as the
stimuli. More importantly, we wondered
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Figure 4. Examples of feature (left) and nonfeature (right) displays in the smokestack experiment
(Experiment 6). (All displays included four quadrants, three containing pictures and the fourth blank.
On feature displays, "smoke" [two spiral lines] rose from the chimney or smokestack of one of the
pictures, as in the upper right quadrant of the left display. Only one type of display was presented
on any trial, i.e., a successive-discrimination procedure was in force throughout the experiment.)

whether the instructions and reinforcing
outcomes in the previous studies, especially
Experiments 4 and 5, had failed to make it
sufficiently clear to subjects that correct
performance on negative trials of a suc-
cessive discrimination was as critical as cor-
rect performance on positive trials. Per-
haps subjects had felt it was more important
to gain points than to avoid losing points, or
to predict the occurrence of a light than to
predict its nonoccurrence, and it seemed
possible that such interpretations by the
subjects could have played a role in the FPE.

In the present experiment a single poker
chip was delivered not only for correct pre-
dictions about the occurrence of a light but
also for correct predictions about the non-
occurrence of a light. In other words, all
FP and FN subjects could receive equiva-
lent, explicit reinforcement on every trial,
feature and nonfeature, for appropriate re-
sponding. Furthermore, once the experi-
ment began, the experimenter did not
speak until the subject had appeared to
reach a solution; in addition, the instruc-
tions did not imply any particular focus,
since Good and Not Good trials were not
mentioned. The stimulus materials were, in
a way, more similar to those used in pigeon
experiments than had been the case in every

one of the prior studies described in this
article: All of the stimulus elements re-
mained the same from trial to trial, ex-
cept for the presence or absence of a
small distinctive feature. Contrariwise, in
Experiments 1-5 the common elements had
varied from trial to trial.

Method

Subjects. The subjects were 16 Indiana University
undergraduates who participated to satisfy a psy-
chology course requirement. There were 8 FP and 8
FN subjects.

Apparatus and materials. The displays were drawn
on 48 8'/i-in. x ll'/i-in. (21.6 cm x 29.2 cm) sheets
of paper, which were divided into four quadrants
(see Figure 4 for examples of displays with and with-
out the feature). Three of the quadrants on each dis-
play contained pictures, and one quadrant was always
blank. The three pictures on each display comprised
drawings of a house, a boat, and a locomotive.
Each of these pictures occurred an equal number of
times in each of the four quadrants. The feature was
the presence of "smoke" (two spiral lines) rising from
the chimney or smokestack in one of the pictures on
a sheet. Smoke appeared on 24 of the sheets, and
was equally paired with the house, boat, or loco-
motive.

The experimenter sat behind a wooden screen that
contained a light and a rectangular cutout for present-
ing displays. In front of the screen, facing the sub-
ject, was a small metal console with two levers. One
lever was labeled Yes—light and the other No—
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light. Standard poker chips were used to provide
feedback to the subject after each correct response.

Procedure. The subject was seated at a table and
was read the following instructions while he or she
looked at an example of a FP or FN display:

I'm going to show you a series of displays. A
display is a sheet of paper divided into four quadrants,
and three of these quadrants contain pictures.

Some of these displays will be followed by a red
light [experimenter points to it], and some of them
will not be followed by the light. Your task is to
learn how to predict, from the displays, whether the
light will or will not follow.

I will show you one display at a time, and you
must respond within 5 sec. Press the right lever
(Yes—light) if you think that the light will fol-
low or the left lever (No—light) if you think that the
light will not follow. I will give you a poker chip for
every correct prediction.

If the subject had no questions, the experimenter
began presenting a random sequence of feature and
nonfeature displays, one every 5 sec. Half of the
displays were followed by a flash of red light and a
new display, whereas the other half were followed
only by a new display. All responses were manually
recorded by the experimenter. Whenever the subject
made five consecutive correct predictions, the ex-
perimenter asked the subject whether he or she had a
solution. If the answer was not correct, the subject was
instructed to continue to test his or her hypothesis.
The experiment terminated when the subject reported
the correct solution or after a maximum of 96 trials,
that is, twice through the sequence of displays.

Results and Discussion

Subjects who did not state the correct
solution within the 96-trial limit were as-
signed a score of 96 trials. The mean num-
ber of trials required before verbalization
of the correct solution was 28.0 for the FP
subjects and 85.3 for the FN subjects,
F(l, 14) = 14.13, M5e = 927.96, p < .01.
Seven of the eight FP subjects eventually
provided the correct solution, whereas
only one of the eight FN subjects was
successful.

Thus, a powerful FP superiority occurred
in this experiment even though drawings of
familiar objects served as stimuli, and even
though the same tangible reinforcer (a poker
chip) was delivered for correct predictions
about either the occurrence or nonoccur-
rence of a light. Like the pigeon experi-
ments of Jenkins and Sainsbury (1969,
1970), the common elements of the displays,
although varied in location, were the same

from trial to trial, and the obtained FPE
was quite analogous to that observed in
pigeons. Since Experiments 1-5 had in-
volved common elements that varied from
trial to trial, we wondered whether pigeons
would still show a FPE under those rela-
tively complex conditions. Therefore, in a
final experiment we attempted to move in
the opposite direction from the rest of the
work described here and to demonstrate
that results for human beings would also
hold for pigeons.

Experiment 7

This experiment returned to the four-key
discrimination apparatus of Experiments 4
and 5 but employed the nonhuman species
most commonly used in previous studies of
the FPE (see the review in Hearst, 1978).
Except for substitution of a grain maga-
zine for the add-subtract counter, the
general method of Experiments 4 and 5 was
followed as closely as possible. The com-
mon elements appearing on the display were
varied from trial to trial, 'unlike in prior
pigeon work, and this complication might
make even the FP task too difficult for
pigeons. However, if a clear FP superiority
continued to appear under these new cir-
cumstances, it would not only extend the
generality of the earlier pigeon findings—
our major goal in the experiment—but
might also reduce the plausibility of certain
alternative explanations of the human find-
ings. For example, a clear FPE in this
pigeon study would strengthen the implica-
tion from Experiments 1-6 that the par-
ticular instructions given to our human sub-
jects, or other experimenter-subject inter-
changes occurring during the experiments
(e.g., interruptions for statements about
hypotheses being tested by the subject),
were not necessary for the phenomenon.
Furthermore, partly as a tour de force, we
hoped to show that pigeons would behave
like human beings in a situation that seemed
to us very similar for both organisms.

Method
Subjects. Sixteen experimentally naive female

White Carneaux pigeons, maintained at 75% of their
free-feeding body weights, served in the study. Birds
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were housed individually in a constantly illuminated
room with water always available. There were 8 FP and
8 FN subjects.

Apparatus. The discrimination panel that had
been used for human subjects in Experiments 4 and
5 (see Figure 1) was removed from its old setting
and placed in a standard Lehigh Valley Electronics
pigeon chamber. Just as in the human work, four
response keys were available on which different sym-
bols (circle, triangle, square, cross) could be dis-
played. The only major change from the human
arrangement was the replacement of the add-sub-
tract counter by a grain magazine, which was illu-
minated with white light during the 3-sec periods when
grain was accessible. A white noise remained on con-
tinuously in the experimental room and masked ex-
ternal sounds. A dim house light providing general
chamber illumination went on in the experimental box
at the beginning of a session and stayed on until the
total of 48 daily trials had been completed. Program-
ming and recording equipment was located outside
the experiment room.

Procedure. All birds were initially given 2 consecu-
tive days of magazine training. On the first day, the
experimenter held the subject's head in the lighted
magazine aperture and allowed it to eat for 5-10 sec.
The bird was then given 6-12 additional grain pre-
sentations at times controlled by the observing experi-
menter, followed by approximately 30 3-sec reinforce-
ments delivered automatically according to a 30-sec
variable time schedule. On the second day all birds
received approximately 30 more reinforcements ac-
cording to the automatic schedule.

After completion of magazine training, all birds
were assigned randomly to either the FP or FN
group. Discrimination training for both groups began
on the next day. For all subjects, every trial involved
a 5-sec illumination of any three of the four keys,
each with a different symbol on it; the fourth key
remained unilluminated as in the human work. A ses-
sion consisted of 48 trials separated by intertrial
intervals averaging 30 sec. Half of the trials were posi-
tive and were followed immediately by a 3-sec grain
delivery, and half were negative and were never fol-
lowed by grain. Thus a classical conditioning pro-
cedure (discriminative autoshaping; see Hearst &
Jenkins, 1974) was used, and trial outcomes were never
affected by the subject's responding (as was also the
case for the colored lights in Experiments 5 and 6
involving humans).

The symbol that served as the feature was dif-
ferent for different subjects in the FP and FN groups;
two birds in each group had the circle as the feature,
two had the square, two the triangle, and two the
cross. The three nonfeature (common) symbols for a
given subject appeared 40 times each during a daily
session, 10 times on each of the four different keys;
a particular nonfeature symbol thus occurred on 16
of the 24 trials containing the feature, as well as on
all 24 trials without the feature. The sequence of posi-
tive and negative trials was irregular, with the con-
straint that no more than 3 consecutive trials of the
same type could occur. Different daily sequences of
positive and negative trials were composed, and each

subject was exposed to them in a random order. The
experiment lasted 30 sessions, scheduled every day of
the week.

Results and Discussion

By the second or third day of training,
almost every subject had begun to peck at
the four-key display on a large majority of
the trials. This outcome is typical of pigeons
placed on autoshaping procedures: Subjects
approach and contact signals positively cor-
related with grain delivery, even though
these responses are not required for re-
inforcement.

Figure 5 shows mean discrimination-
learning curves for the FP and FN groups;
subjects that had been assigned different
symbols as their feature are pooled for each
group. Two measures are plotted in the fig-
ure for both the FP and FN subjects (see
also Figure 3). One measure represents
learning of the successive discrimination
(positive vs. negative displays); it is the
ratio of the total number of responses on
any key during presentations of the 24 daily
positive trials to the total number of re-
sponses on any key during all 48 daily trials.
The other measure (sign tracking) traces
the development of the discrimination be-
tween common and feature symbols within
displays containing the feature and is cal-
culated by dividing the total number of re-
sponses to the feature key by the total num-
ber of responses to all displays containing
the feature. No data points are plotted for
Day 1 in Figure 5 because a number of sub-
jects made very few or no pecks during their
first session.

Figure 5 exhibits a powerful FP superi-
ority, analogous to that obtained from
pigeons in many experiments in which the
common elements remain identical from
trial to trial, unlike this experiment. Typi-
cally, the individual FP subjects soon began
to peck almost exclusively at the feature on
positive trials (see the sign-tracking ratios)
and then stopped pecking on negative trials
(see the successive-discrimination ratios).
On the other hand, all of the FN subjects
soon stopped pecking the feature on nega-
tive trials (very low sign-tracking ratios) but
continued to peck common features on both
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Figure 5. Group mean successive-discrimination ratios (proportion of pecks on positive trials relative
to pecks on all trials) and group mean sign-tracking ratios (proportion of pecks to the feature
on feature-present trials) over 30 sessions of training for the feature positive and feature negative
pigeons of Experiment 7.

positive and negative trials throughout the
30 days of the experiment. The fact that the
mean successive-discrimination ratio for the
FN subjects was eventually closer to .60
than to the baseline of .50 that would be
expected if there were no learning of the
successive discrimination can be primarily
attributed to certain aspects of our pro-
cedure for equally distributing the four sym-
bols across the four key locations during
daily sessions. Recall that a particular non-
feature symbol occurred on all 24 trials
without the feature as well as on 16 trials
containing the feature. About half of the FN
subjects began to peck almost exclusively at
one particular nonfeature symbol, and by
doing so at an approximately equal rate
whenever that symbol appeared, they could
achieve successive-discrimination ratios of
about .60 without learning any discrimination
(since 24 of the 40 daily trials contained
that symbol).

We also analyzed the results in terms of
measures similar to some of those used in
Experiments 1-6 with human beings. The
FP subjects required a mean of 12.8 ses-

sions before they first achieved a succes-
sive-discrimination ratio of at least .90 in a
single session. Seven of the eight FP sub-
jects eventually reached this value, and with
one slight exception they never fell below it
during the remainder of the experiment.
None of the eight FN subjects ever
achieved better than a .65 ratio during a
single session, and none of them ever per-
formed consistently above .60. These group
differences in the number of sessions re-
quired to attain a .90 ratio were highly sig-
nificant, F(l, 14) = 23.62, M5e = 50.39,
p < .001; in these calculations subjects
never achieving the .90 ratio were assigned
the maximum possible score of 30 sessions.

The data in Figure 5 demonstrate all of
the essential features of the results for
pigeons reported by Jenkins and Sainsbury
(1969, 1970) and Hearst (1975, 1978), who
used unchanging common features. It is
somewhat surprising that variation of the
common features from trial to trial did not
seem to have much effect on the extent of
the FPE and the properties of sign-tracking
behavior. The pigeon data concerning the
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FP superiority also closely resemble the
results reported for human subjects in
Experiments 1-6.

General Discussion

These experiments have demonstrated a
powerful feature-positive effect in a variety
of tasks involving adult human subjects.
When two displays can be discriminated
only on the basis of the presence versus
absence of a single feature, most subjects
acquire the discrimination readily if this
feature appears on displays associated with
a positive event (gain of points; illumina-
tion of a light; assignment to the Good
category). On the other hand, subjects per-
form poorly if the distinctive feature appears
on displays associated with a negative event
(loss of points; nonoccurrence of a light;
assignment to the Not Good category);
they either fail to learn the discrimination at
all or take a relatively long time to acquire it.

We have shown the broad generality of
the FPE in human beings by obtaining a fea-
ture-positive superiority in tasks involving
simultaneous or successive discrimina-
tions, immediate or delayed feedback,
different kinds of features (letters; shapes;
details of pictures), and large differences
in the size and nature of the set of potential
irrelevant (common) elements that could
appear on displays. Furthermore, because
the FP superiority was still large despite
variations in the nature of the feedback pre-
sented, in the length of the intertrial (post-
feedback) interval, and in the details of ex-
perimental instructions, it seems unlikely
that the phenomenon depends on very spe-
cific characteristics of our instructions or
procedures.

Although a robust FPE was obtained
under a wide variety of experimental in-
structions, it is certainly true that more
specific instructions or pretraining can re-
move or reduce the FPE in human beings.
For instance, Newman (Note 1), in exten-
sions of our Experiment 1, found that telling
all subjects that "something about each of
the Good cards makes them Good" pre-
serves the FP superiority, whereas telling
all subjects that "something about each of
the Not Good cards makes them Not

Good" reverses the standard effect (FN
subjects do as well as typical FP subjects,
i.e., in Experiment 1, and FP subjects do
as poorly as typical FN subjects). Simi-
larly, in a rare comparison of the comple-
mentary concepts based on the presence
versus absence of a single feature (affirma-
tion vs. negation), Neisser and Weene
(1962) found that the absence of a certain
letter in a consonant string was somewhat
easier to use as a positive stimulus than
was the presence of the letter. Their in-
structions, which emphasized that only the
presence or absence of particular letters
mattered, and that the absence of a letter
could be as important as its presence,
probably facilitated performance of their
"FN" subjects. All of these results parallel
demonstrations that subjects specially trained
with "nonexamples" may focus on the ab-
sence of a stimulus attribute to quickly
learn some concepts from negative instances
alone (Davidson, 1969; Toppino & Johnson,
1974).

In composing our instructions, we at-
tempted to equate the basic conditions un-
der which different species are tested for
FP versus FN learning by giving our
human subjects only minimal instructions.
They received no advance information
about (a) the relevance of the presence ver-
sus absence relation and (b) the number of
specific elements or attributes that might be
relevant (except for the subjects in Experi-
ment 1, who were told that only one sym-
bol was important in solving the problem).
Our use of relatively open-ended, nondirec-
tive instructions was intended to produce a
learning situation resembling those oc-
curring in natural environments.

Many prior experiments in human con-
cept learning have demonstrated that in the
absence of instructions or training to the
contrary, subjects tend to concentrate on
positive rather than negative instances of
the events they are monitoring (see, e.g.,
Bruner, Goodnow, & Austin, 1956). Post-
experimental protocols strongly suggested
that our subjects adopted such a "positive
focus." Even when equivalent reward (i.e.,
the experimenter's response "right!" in the
successive discriminations of Experiments
1 and 3; a single poker chip in Experiment
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6) was given for appropriate responding to
both kinds of instances, subjects devoted
most of their attention and rehearsal to
stimulus elements presented on positive
rather than negative displays.

A subject's focus seems clearly deter-
mined by the presence of an outcome
event. In our experiments the positive dis-
plays were denoted by the explicit presence
of grain, the occurrence of a light, the addi-
tion of points on a counter, or the verbally
mediated symbolic presence of the criterion
quality (Good or Correct). In contrast,
negative displays were denoted by the ab-
sence of these events (i.e., no grain, no
light, the loss of points on a counter, Not
Good or Incorrect). It follows from this
analysis that if displays are differentiated by
neutral labels (i.e., if the outcome is neither
the presence nor the absence of one event,
but the presence of Event A or the presence
of Event B), then subjects would "focus"
on both categories. Pilot work in our labora-
tory suggests that if the neutral categories
Blue and Green are substituted for the
category labels Good and Not Good in our
Experiment 1, learning is faster and better
than for FN subjects. The color labels Blue
and Green probably represent the presence
of two different outcome events rather
than a polar psychological dichotomy based
on presence versus absence (as would be the
case for Blue vs. Not Blue).

Neumann (1974) has given a different
interpretation to a similar finding. He com-
pared the speed with which subjects par-
titioned stimulus displays as a function of
whether the rule they were using was desig-
nated by neutral labels or by directional
labels based on the presence versus absence
of an outcome (i.e., a primary rule [cf. FP]
or its complement [cf. FN]). He found that
subjects using neutral labels learned at a rate
intermediate between subjects using a pri-
mary rule and subjects using its comple-
ment. Neumann suggested that a random
half of the subjects using neutral labels
solve an analogue of the primary rule and the
other half solve an analogue of the comple-
ment. However, if his interpretation is cor-
rect, the subjects using neutral labels should
have exhibited much more variable per-
formance than subjects using only the

primary rule or the complement. His sub-
jects using neutral labels showed approxi-
mately the same degree of variability as
subjects in the other conditions, and were
probably using a single strategy, namely,
monitoring the presence of two different out-
come events. Correspondingly, the positive
focus exhibited by subjects in our FPE
experiments seems to reflect attention to
those trials that are associated with the pres-
ence of a particular event, in contrast to the
relative inattention devoted to trials associ-
ated with the absence of that event.

Our experiments complement several
studies of concept formation that have indi-
cated that attention to positive instances is
important because subjects focus on the
stimulus attributes present on those trials
(see also Bourne, 1974). Haygood and
Devine (1967) manipulated both the propor-
tion and composition of positive instances
of a concept based on two stimulus di-
mensions and found that learning was influ-
enced primarily by the composition of posi-
tive instances. By varying the composition
of positive instances through the use of
nonconjunctive rules, these authors were
able to demonstrate that learning was more
dependent on whether positive instances
contained both relevant attributes than on
positive instances per se. In a similar para-
digm, Bourne et al. (1976) demonstrated
that learning a given bidimensional concept
is easier when there is a relatively large
differential in the frequency with which
relevant and irrelevant stimulus attributes
appear on positive instances of that concept.
However, the direction of the frequency dif-
ferential proved more important than its
size: If on positive instances the relevant
attributes were present more often than
irrelevant attributes, the problem was easier
than if the relevant attributes were more
often absent (compare Conditions 1 and 2
in Bourne et al.'s, 1976, Experiments 2 and
4). In other words, the rate of learning was
primarily determined by the ease with which
subjects could locate the relevant attributes,
which, in turn, depended on the degree to
which relevant attributes appeared more
frequently than irrelevant attributes on posi-
tive instances. The FP superiority shown in
our Experiments 4, 5, and 7 also demon-
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strates that the presence of the relevant at-
tribute (feature) on positive instances is
more important in learning the discrimina-
tions than is the differential frequency with
which various stimuli appear on positive
instances.

Human subjects' focusing on the stimu-
lus elements present on trials on which an
outcome is present parallels the sign track-
ing shown by our birds in Experiment 7 (see
also Hearst & Jenkins, 1974, and the intro-
duction to our Experiment 4). The pigeons
directed approach and contact behavior
toward those kinds of stimuli. The birds
showed that they had monitored the fre-
quency with which different stimulus ele-
ments appeared on positive trials because
even before any clear discrimination be-
tween positive and negative displays began
to appear, they responded differentially on
feature-present displays: FP birds pecked
the feature, whereas FN birds pecked some
common stimulus. In both cases the birds
were tracking stimulus elements bearing the
highest positive correlation with the rein-
forcer. Similar patterns of directed re-
sponding were made by adult human beings
in Experiment 5. Overt tracking responses
are obviously not necessary for adult human
beings to solve the discrimination problems
(tracking did not reliably occur in our Ex-
periment 4), but the use of more difficult
tasks and more sensitive measures such as
eye movements and fixations might yield
evidence of the directedness of subjects'
behavior toward specific stimulus elements.
In any event the processes, if not their
overt manifestations, by which both animal
and human subjects identify relevant at-
tributes and features, appear analogous
with respect to their dependence on stimuli
positively correlated with a particular
outcome.

After the most predictive stimulus ele-
ment has been identified, the nature of the
learning and its reflection in performance
differ for the two species. The humans pre-
sumably use the most predictive cue to
generate or select a hypothesis based on
the presence of that cue. When testing of
the hypothesis leads to the solution of the
problem, processes of verbal mediation per-
mit the easy, flexible reversal of the rule.

For instance, the subjects in Experiments 4
and 5 who had mastered the FP discrimina-
tion were able to acquire a subsequent
FN discrimination quickly. In contrast,
pigeons that are switched to a FN dis-
crimination after learning a FP discrimina-
tion show little, if any, eventual learning of
the new problem; they act like naive FN
subjects (Hearst, 1975). This result suggests
that the FP performance of birds is con-
trolled by specific external stimuli and not
by rules that can be simply modified to
handle new discriminations—a conclusion
analogous to Kendler and Kendler's (1975)
interpretation of species and developmental
differences in discriminative transfer of
other kinds. However, a factor probably in-
volved in the effective use of rules in dis-
crimination reversal by our human sub-
jects is that they were informed or could
infer that there was a perfect solution to
the new problem, whereas the arrangements
with young children and animals have not
been designed to encourage such an
inference.

In spite of possible differences in the na-
ture of learning by different species, the
powerful cross-species FPE demonstrated
in our experiments suggests that discrimina-
tion learning based on the nonoccurrence
of stimuli is a difficult task. Of course,
human beings can learn on the basis of the
nonoccurrence of stimuli if instructions fo-
cus their attention on the absence of the
relevant cue, if they receive only trials in
which the outcome is absent (e.g., Bourne
et al.'s, 1976, Experiment 7), if only a
limited number of hypotheses based on the
presence of stimulus elements are possible
(see Levine, 1966), and probably if the fea-
ture is very salient (see Hearst, 1978). But
under conditions that seem to parallel many
natural discrimination problems, the FPE
illustrates that nonoccurrence is hard to use.
In FP discrimination problems the feature-
present, outcome-present trials permit the
subject monitoring the frequency with
which stimulus elements appear on posi-
tive trials to discover the correct con-
tingency (or hypothesis) relating the feature
and the outcome; feature-absent, outcome-
absent trials can be used to test that hy-
pothesis. In FN discrimination problems
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the feature-absent, outcome-present trials
misdirect the subject to a common stimu-
lus (or to the wrong hypothesis), and fea-
ture-present, outcome-absent trials may
(for human beings) disconfirm that hypothe-
sis but do not lead to the selection of the
correct one.

Although detailed analyses cannot be pur-
sued here, there are several other effects
obtained in studies of human information
processing that deserve mention in connec-
tion with the FPE and the tendency of sub-
jects to focus on information present during
positive instances and to ignore informa-
tion present during negative instances (see
also Hearst, 1978). For example, even when
subjects verbally report the details of both
positive and negative trials in a probability-
learning task, they still base their judgments
primarily on the actual frequency with
which an event is followed by a positive
outcome, and not on the overall probability
that the event is followed by that outcome
(Estes, 1976). In similar fashion, subjects'
estimates of the degree of contingency be-
tween an event and an outcome are deter-
mined mainly by the number of positive
confirming instances (Jenkins & Ward,
1965; Ward & Jenkins, 1965).

Furthermore, in studies of the confirma-
tion bias in human hypothesis testing, sub-
jects concentrate on verification rather than
disproof of alternative explanations; even
in tasks in which cognitive capacities do not
appear unduly strained, subjects overlook
or disregard the importance of information
indicating the nonoccurrence of a predicted
outcome (Snyder & Swann, 1978; Wason &
Johnson-Laird, 1972). Einhorn and Hogarth
(1978) discussed "illusions of validity" preva-
lent in human subjects, and they showed
how large amounts of positive feedback can
lead to reinforcement of a nonvalid rule in
subjects who do not attend sufficiently to
instances in which their judgment was incor-
rect. The nonoccurrence of an action or
prediction is so often discounted by sub-
jects that Einhorn and Hogarth were pessi-
mistic about attempts to overcome such
"illusions" unless specific feedback is given
that is designed to focus attention on dis-
confirming cases. Discussing distortions in
attribution processes studied by social

psychologists, Ross (1977) employed ex-
amples from several sources, including im-
pressions of personal dislike, to illustrate
the failure of people to use information pro-
vided by the nonoccurrence of behavior or
stimuli; he remarked that nonoccurrences
are seldom as salient or as cognitively
"available'' to the potential attributor as are
occurrences. He suggested that absences or
nonoccurrences ought to be better noted
and remembered when the subject is pro-
vided with a positive or active category
label to apply to such instances.

The control of behavior by stimuli pres-
ent on positive instances seems a pervasive
and fundamental phenomenon in human be-
ings and animals. We can speculate that the
development and maintenance of this bias
in processing information may not, as some
writers (e.g., Bourne, 1974; Bruner et al.,
1956) have suggested, be primarily derived
from extensive past experiences of indi-
vidual organisms and thereby represent a
well-learned strategy for attacking a variety
of problems, but could have originated in
the evolutionary history of organisms ca-
pable of learning. The bias may have evolved
as a result of attention to biological events
critical to survival. Since these events are
relatively rare, an organism that monitored
their presence rather than or in addition to
their absence would require a comparatively
simple and economical set of physiological
structures and processes. Furthermore, the
subsequent learning and memory of asso-
ciations between "neutral" environmental
stimuli and biologically significant events
would also very likely be based on the pres-
ence of those stimuli or on stimulus-out-
come sequences; in nature the nonoccur-
rence of various stimuli is normally the
prevailing state and transmits less informa-
tion about other stimuli than would "oc-
currence." In an associative environment
(see Bjorkman, 1966), a sufficient number
of conjunctions of signals and outcomes oc-
cur to render unnecessary the development
of a mechanism for explicitly monitoring
the absence of contiguity between signals
and outcomes. If it is accurate to state that
organisms can more easily form asso-
ciations between the occurrences of two
events than between the nonoccurrence
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of one event and the occurrence of another,
then an additional principle might be added
to the list of biological constraints on learn-
ing that have received so much recent at-
tention (see, e.g., Hinde & Stevenson-
Hinde, 1973).

The FPE can be regarded as a manifesta-
tion of certain widespread but often inap-
propriate information-processing strategies,
and the procedures we devised to investi-
gate it may represent fairly simple tasks
for studying variables that could magnify,
reduce, or even remove some of these in-
efficient or unsuitable forms of behavior.
The pervasiveness of the feature-positive
superiority across species, settings, and
problems seems to call for additional re-
search and thought on the phenomenon,
which might proceed not only by manipulat-
ing intratask factors but also by analyzing
more deeply the possibly different pro-
cesses governing learning and performance in
different species and human develop-
mental levels.
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