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In a pioneering study, Herrnstein and Loveland (1964)
showed that pigeonswere able to respond to complex real-
scene photographs according to the presence or absence
of human beings—a class of stimuli so diverse that, ac-
cording to the authors, it precluded simple characteriza-
tion. The results—extremely quick discrimination and
complete transfer—and the failure to detect any trivial
visual clues, such as wavelength, intensity, or frequency
(Honig & Urcuioli, 1981;Lubow, 1974;Mostofsky, 1965),
indicated that the pigeons readily came to respond to the
target that we would ourselvescall a person. Consequently,
Herrnstein and Loveland, as well as the authors of sub-
sequent studies on the discrimination of pictures accord-
ing to the presence or absence of people (Greene, 1983;
Malott & Siddall, 1972; Poole & Lander, 1971; Siegel &
Honig, 1970), claimed that classification was due to a
strategy beyond discriminationof simple stimulus dimen-
sions or memorizing individual exemplars by rote. How-
ever, the lack of evidence regarding which features were
actually used by the pigeons to solve the concept task jus-
tifies further examination.

The features that control the birds’ classification be-
havior have hitherto been successfully determined mostly

in experiments using carefully constructed sets of artifi-
cial stimuli such as letters (Blough, 1982), line drawings
(Cerella, 1980), pseudoseeds (Lea, Lohmann, & Ryan,
1993), Brunswik faces (Huber & Lenz, 1993), or pseudo-
butterflies (Jitsumori, 1996). In contrast, attempts to de-
termine which aspects of a complex picture, or class of
complex pictures, such as those found in nature, do acquire
control over the pigeons’ responding have been less suc-
cessful (Fetterman, 1996). In most discrimination tasks
concerned with natural categories, it is difficult, if not im-
possible, to specify the defining features of the classes,
because the separation of classes is based on some set of
features that correlate to some extent with the category.
A polymorphous feature rule, in which no feature is a
singly necessary or jointly sufficient condition, applies to
most naturally occurring perceptual categories.

In the Herrnsteinian concept discrimination tasks,
however, a clearer distinction between category-relevant
and category-irrelevant features can be made. Here, the
concept—for example, human figure—is present in one
set of images and absent in the second. Nevertheless, in the
concept-present class, the critical information is usually
embedded in a visual array that contains many conceptu-
ally irrelevant features. The critical elements in the stim-
ulus array—that is, the features relevant to the concept—
obtain some coherence and constitute the target (Greene,
1983). Therefore, the people/nonpeople discrimination
problem may be seen as a target search task or a figure–
ground separation task.

In general, theories of categorization have always been
determined by the specification of the what of informa-
tion that is acquired through encounters with examples of
the category. Candidates for the what of information in-
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Herrnstein and Loveland (1964, pp. 549–551) successfully trained pigeons to discriminate pictures
showing humans from pictures that did not. In the present study, a go/no-go procedure was employed
to replicateand extend their findings, the primary focus of concern being to reevaluate the role of item-
and category-specificinformation. The pigeons readily acquired the discrimination and were also able
to generalize to novel instances of the two classes (Experiment 1). Classification of scrambled ver-
sions of the stimuli was based on small and local features, rather than on configural and global features
(Experiment 2). The presentation of gray-scalestimuli indicated that color was important for classify-
ing novel stimuli and recognizing familiar ones (Experiments 1 and 2). Finally, the control that could
possibly be exerted by irrelevantbackground features was investigatedby presenting the pigeons with
images of persons contained in former person-absent pictures (Experiment 3). Classificationwas found
to be controlled by both item- and category- specific features, but only in pigeons that were reinforced
on person-present pictures was the latter type of information given precedence over the former.
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clude prototypes, feature lists, complex hypotheses or
descriptions, best examples, or even the exemplars them-
selves. More specifically, exemplars are composed of
category-level information plus idiosyncratic, or item-
specific, information (Medin, Dewey, & Murphy, 1983).
This distinction was already claimed by Restle (1957),
who argued that in concept identification tasks, idiosyn-
cratic information is rendered nonfunctional during
learning in an abstraction process. Alternatively, knowl-
edge about categories can be acquired implicitly by cumu-
lating information from multiple examples. Category-
level knowledge would then have no special status but
would emerge naturally from item memory.

Shortly put, two different types of information may
enter into the representation that is formed during a con-
cept discrimination task, and categorization can be ac-
complished by relying on either the one or the other
(Medin et al., 1983). On the one hand, the animals may
memorize item-specific features of the training stimuli and
generalize to novel stimuli on the basis of psychophysical
similarity to features of past exemplars of the reinforced
and nonreinforced classes (Flannagan,Fried, & Holyoak,
1986). This we may call an item-specific, or nonanalytic,
strategy. On the other hand, they may abstract the category-
specific features, perhaps including relational information
about common properties of the embedded concept, and
then react in the same way to novel stimuli possessing
these features (Cook, Wright, & Kendrick, 1990). This we
may call a categorical, or analytic, solution.

In practice, however, few experiments have to date
been designed so that the collected data may allow a dis-
tinction between item- and category-level information.
The present set of experiments addressed that issue. In
particular, the aim was to determine which of the two
types of information is gathered and stored by the pigeons
during people/nonpeople category training and which in-
formation is then used to classify novel instances.

Furthermore, we sought to specify the informational
content of the internal representation. The term represen-
tation describes a state of the visual system that stands
for a property or object of the environment. It is thus a
model of what it represents. A representational system
includes the represented world outside the information-
processing system (external world, environment), as well
as the representing world within the information-
processing system (internal representation; see Palmer,
1999, p. 77). We attempted to narrow down, in a stepwise
fashion, the possible representations that might be ac-
quired in the classic task of sorting real-scene pictures
according to the presence or absence of humans. Our al-
ternative hypothesis to a rather sophisticated classifica-
tion rule, such as that applied by humans, would be that
pigeons use some independent simple features. Given
that, inadvertently, some simple physical dimension pro-
vides a good basis for discriminating between people-
present and people-absent pictures, it is possible that pi-
geons make use of it and thereby master the task without

responding to the experimenter-defined (semantic) class
rule (see Monen, Brenner, & Reynaerts, 1998). In fact,
this possibility deserves attention, since pigeons were
found to quickly discriminate between male and female
human faces on the basis of simple perceptual dimensions
(Troje, Huber, Loidolt, Aust, & Fieder, 1999). More spe-
cifically, overall brightness and color served as classifi-
cation cues.

Using a similar experimental design and modern tech-
nical equipment, we replicated and extended the experi-
ment described in Herrnstein and Loveland (1964). After
training, we carried out two generalization tests (Exper-
iment 1) to obtain first clues regarding the features in-
volved in controlling responding behavior during train-
ing. These preliminary experiments were followed by
several tests that investigated in more detail the relevance
of particular feature domains for classification. First, the
relative importance of features that remain unaffected
through picture decomposition was examined (Experi-
ment 2). That experiment followed the assumption that if
the human figures are progressively fragmented, the crit-
ical category-specific information is gradually destroyed
as well. Consequently, test performance should suffer to
the same extent—on condition that the pigeons’ training
behaviorwas exclusivelycontrolled by category-specific
information. Also, the role of color, which was supposed
to be a likely candidate for governing classification, was
investigatedin Experiments1 and 2. Finally, we conducted
a test similar to those designed by Greene (1983) to find
out whether the pigeons relied on category-irrelevant
background features or whether classification was defi-
nitely coupled to the presence or absence of people (Ex-
periment 3).

EXPERIMENT 1

Experiment 1 was very similar to the experiment de-
scribed in Herrnstein and Loveland (1964). The training
procedure required the pigeons to classify pictures ac-
cording to the presence or absence of people. Apart from
providing a basis for further tests, the training also
served as a control for possible effects of procedural dif-
ferences between our experimental design and the one
used by Herrnstein and Loveland, since comparable lev-
els of performance would point to the irrelevance of dif-
ferences in the discrimination procedures and the stimu-
lus materials for the acquisition of the present task.

Given the relatively small number of training stimuli
in combination with the extraordinary memorial capaci-
ties of pigeons (Vaughan & Greene, 1984), the possibil-
ity of rote learning cannot be ruled out. A common way
to assess the generalizabilityof the acquired classification
is to determine how readily the birds respond to novel ex-
emplars of the two classes. In order to investigatewhether
the pigeons were able to generalize to novel stimuli, a
generalization test with novel, full-color stimuli of both
classes was conducted (Test 1). A second generalization
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test with gray-scale stimuli was carried out to determine
the contribution of color properties to the classification
of novel stimuli (Test 2).

Method
Subjects. In contrast to Herrnstein and Loveland (1964), who

used 5 racing pigeons, we employed 4 pigeons of a local Austrian
race (Columba livia, “Strasser”) as experimental subjects. In previ-
ous experiments (e.g., Huber, 1994; Huber, Aust, Michelbach,
Ölzant, & Nowotny, 1999; Huber & Lenz, 1993; Troje et al., 1999)
that race of pigeons had been shown to be more balanced, as well
as more eager to peck, than racing pigeons, which were generally
less tame and more difficult to handle. Water and grit were freely
available in the aviary, but food was provided only in the learning
boxes and after the experimental sessions. The birds were main-
tained at approximately 90% of their free-feeding weight. All the
pigeons were experimentally naive to the task at the onset of Ex-
periment 1.

Stimuli. In the study by Herrnstein and Loveland (1964), a total
of over 1,200 35-mm color slides were presented at a rate of 80 or
81 per session. Approximately half the photographs shown in each
session contained at least one human being, whereas the remainder
did not. In the present study, 80 full-color photographs served as
training stimuli. They were taken from the database of the PHOTO-
DISC Starter Kit and the PHOTODISC collection (watermarked;
www.photodisc.com). Half of the stimuli showed one or more per-
sons, whereas the other half did not. As in the original study, the
pictures involved a variety of settings, and the people contained in
the people-present stimuli varied with respect to number, identity,
sex, race, age, size, and apparel. Furthermore, they differed from
each other with regard to their position within the picture, their pos-
ture and the context in which they were acting, the degree to which
parts of their bodies were obscured by intervening objects, and the
angle of regard. Some pictures showed close-ups; in others, the peo-
ple appeared at a distance. Examples of the stimuli used in Exper-
iment 1 are shown in Figure 1A. In the generalization tests, 160 test
stimuli were employed, half of which were presented in full color
(Test 1), whereas the other half were presented as gray-scale ver-
sions (Test 2). In each test, half of the test stimuli contained persons,
whereas the other half did not. Examples of the test stimuli are
shown in Figure 1B.

Apparatus. The birds entered an experimental indoor chamber
(Skinner box) from an outdoor aviary compartment through a pass-
way system (Huber, 1994). The interior size of the wooden cham-
ber was 50 3 30 3 40 cm. In the center of the front panel, there was
a clear perspex pecking key (5-cm diameter; ENV-125M, MED
Associates). Directly below the key there was a 6 3 6 cm aperture
for a 28-V DC solenoid activated hopper featured by the grain
feeder (ENV-205M). A hopper light illuminated the receptacle area
whenever grain was accessible. Throughout the experiments (ex-
cept prior to stimulus presentation), the chamber was weakly illu-
minated by a 2-W houselight (ENV-215) located in the rear part of
the chamber. In contrast to the experiment by Herrnstein and Love-
land (1964), stimulus presentation was not accomplished by slide
projectors but was controlled by a Pentium PC running a Delphi pro-
gram that selected the patterns according to a prespecified sequence.
Stimuli were presented on a 15-in. (38-cm, diagonal) PC monotor
(Panasonic PanaSync 4G) at a distance of 5 cm behind the pecking
key. They were presented at a size of 128 3 128 pixels at a resolu-
tion of 1,024 3 768 pixels, thus producing a 45 3 45 mm picture
on the monitor. The MED behavioral control package was used to
control events in the operant chamber, to signal onset and offset of
presentation to the presentation PCs, and to register responses.

Procedure. The pigeons were first trained to enter the box vol-
untarily, to find the food hopper, and to peck for food at the illumi-
nated key. Then they were transferred to a standard go/no-go pro-

cedure (see, e.g., Vaughan & Greene, 1984), which required them
to peck in the presence of positive stimuli and to withdraw from peck-
ing in the presence of negative stimuli. In this respect, we deviated
from the original design by Herrnstein and Loveland (1964), who
used an intermittent schedule of reward for pecks emitted in the
presence of a positive stimulus. Whereas Herrnstein and Loveland
had only one experimental group, with all the birds being required
to peck in the presence and withhold pecking in the absence of
“people,” we used a counterbalanced design. The pigeons were ar-
bitrarily assigned to one of two groups, each of which consisted of
2 birds. For one group (Group P: Birds T71-P and T72-P), the stim-
uli containing at least one person (Class P) were designated posi-
tive, and the stimuli that were devoid of persons (Class NP) were
designated negative. These contingencies were reversed for the
other group of pigeons (Group NP: Birds T73-NP and T77-NP).

In the experiment by Herrnstein and Loveland (1964), slides
were changed each day, but many of them were used again in later
sessions. The experiments lasted for several months and obviously
included more than 70 sessions, but nothing is said about the exact
number of sessions that were carried out. In the present experiment,
training involved a total of 12 sessions, with each bird running one
session per day, 5 days a week. Each session consisted of a single
presentation of all 80 training stimuli appearing in random order.
The entire sequences were quasirandom, insofar as they never con-
tained more than three stimuli of the same contingency in immedi-
ate succession and the first stimulus of each session was always a
positive one. Pecks were counted only during the first 10 sec of a
trial. The image remained visible (without any further pecks being
counted) at least during a further variable interval (mean, 10 sec;
range, 1–20 sec) and then until the response requirement was ac-
complished. If the stimulus was positive, two pecks emitted within
2 sec resulted in 5 sec of food access. By contrast, responding to a
negative stimulus was followed by an error delay, which terminated
only after no further responses had occurred within 8 sec. In nega-
tive trials, no food was delivered. Each trial was followed by an in-
tertrial interval, a dark phase of 4 sec that signaled the forthcoming
stimulus presentation (Troje et al., 1999).

In the generalization tests, the test stimuli were interspersed into
sequences of normal training stimuli at a rate of 16 per session,
thereby replacing an equal number of arbitrarily selected training
stimuli. Each test thus consisted of five consecutive sessions. All
the test stimuli of Test 1 were presented with neutral contingency.
This means that the respective trial resulted neither in food access
nor in a delay interval but was terminated immediately after 10 sec
of stimulus presentation, during which pecks were counted. Test 1
was followed by a final session, which consisted of a single pre-
sentation of each of the 80 transfer stimuli only. Therefore, all the
stimuli had training contingency in the final session. For Test 2, we
suspected that the absence of color would make the test stimuli very
easily distinguishable from the training stimuli. The gray-scale pic-
tures were thus presented with training contingency in order to
counteract the pigeons’ previously observed tendency to respond
similarly to all stimuli recognized as novel.

Results
Generally, a sample size of only two in each group

poses a serious problem for statistical analyses, which
are based on intergroup comparisons. Therefore, we de-
cided to assess performance in the present experiment, as
well as in all subsequent experiments, separately for each
bird and not to draw any conclusions about differences
between the two groups unless both birds of each group
performed similarly to each other, but different from the
birds of the other group. However, for reasons of clear-
ness, we decided to depict performance separately not for
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Figure 1. (A) Selection of training stimuli of both classes from Experiment 1. (B) Selection of test stimuli from Test 1
of Experiment 1. (C) One stimulus of each class shown in all scramble degrees (0–6) of Experiment 2. (D) Selection of
stimuli of both classes of Degree 6 of Experiment 2. (E) Example of a stimulus of Class P1 and the original pictures from
which it was derived.
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each bird, but for each group in the figures. Since in most
cases, there turned out to be no significant differences be-
tween the birds belonging to the same group, it seemed
reasonable to take means across them and indicate in-
terindividual within-group variation by the respective
standard deviations only.

Assessment of performance during training was based
on rho values (r).This is a nonparametric statistic intro-
duced by Herrnstein, Loveland, and Cable (1976) that
estimates the probability that the average positive exem-
plar is ranked above the average negative exemplar, using
ranked rates of pecking as the measure of performance.
We chose that measure for reasons of comparison, since
the results presented in the study by Herrnstein and
Loveland (1964) were also based on ranked data. How-
ever, in the generalization tests, as well as in all further
experiments, calculationswere based instead on the mean
standardized response rate, which is a more demanding
measure than the r value. It was obtained by dividing the
peck rate on each trial of a session by the average peck
rate measured over all the trials (except test trials) of the
respective session. Then, pecks on all the trials of the
session—training as well as test trials—were divided by
the mean peck rate.

Training performance is depicted separately for the two
groups on a session-by-session basis in Figure 2. All the
pigeons readily learned to discriminate between the two
classes (limit of significance, r = .620) and had reached a
reasonable level of performance by the end of training.
The results of the generalization tests are illustrated in
Figure 3 as mean standardized response rates, shown
separately for the two groups and in comparison with the
first presentation of the respective training stimuli.

For each test, we carried out a two-sample t test com-
paring performance on the positive and the negative test
stimuli. In Test 1 (full color), all the birds discriminated
significantly between the positive and the negative test

stimuli (all ps # .05). There were significant differences
neither between the 2 birds of each group nor between
any bird of Group P compared with any bird of Group
NP. Although the pigeons showed good transfer to the
novel color stimuli, Figure 3 seems to indicate that per-
formance was nevertheless slightly worse than on the
training component. This was also reflected by the cor-
responding r values, which were .933 for Group P and
.884 for Group NP on the first presentation of the training
stimuli and .729 for Group P and .748 for Group NP on the
test stimuli (averaged across the birds of each group, since
they performed quite similarly; limit of significance,
.626). That difference was probably due to long-term
learning effects in the case of the training stimuli. Per-
formance further improved in the final session, in which
the 80 transfer stimuli were shown with training contin-
gency (all ps # .05). The respective r values were .924
for Group P and .768 for Group NP (averaged across the
birds of each group).

In case of Test 2 (gray-scale), Figure 3 seems to suggest
a difference in respondingbetween the two groups. In fact,
both birds of Group P [T71-P, t (77) = 22.96, p # .05;
T72-P, t (77) = 23.56, p # .001], but no bird of Group NP
discriminated significantly between the positive and the
negative test stimuli.There were no significantdifferences
between the 2 birds of either group. The corresponding r
values were .997 for Group P and .998 for Group NP on
the training componentand .745 for Group P and .571 for
Group NP on the test component (limit of significance,
.626). Thus, both groups performed extraordinarily well
on the training component,but in the case of the test com-
ponent, only Group P achieved a discriminationabove the
criterial level, whereas Group NP clearly performed below
the criterion value. Performance on the test component in
Group P was comparable with that in Test 1, with peck
rates on neither stimulus class differing significantly be-
tween Tests 1 and 2. In Group NP, however, performance

Figure 2. Performance of both groups (P and NP) in training of Experi-
ment 1, shown on a session-by-session basis as r values. Means were taken
across the 2 birds of each group. The dashed line indicates the limit of signifi-
cance (.662).
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on the test component was worse in Test 2 than in Test 1
in the case of the negative stimulus class [t (77) = 23.44,
p # .001].

Discussion
Experiment 1 confirmed the finding of Herrnstein and

Loveland (1964) that pigeons readily learn to discrimi-
nate pictures characterized by the presence or absence of
people and also generalize to novel instances of the two
classes. The acquisitionof the task was obviouslynot ad-
versely affected by the use of a procedure that differed in
several respects from the one employed by Herrnstein
and Loveland.

The results of Test 1 show that the birds were well able
to classify novel color stimuli correctly, which were char-
acterized by either the presence or the absence of human
beings. This seems to indicate that the pigeons exploited
category-specific information. However, a considerable
amount of positive transfer to novel instances could have
been due to stimulus generalization on the basis of item
similarity between previously learned exemplars and novel
stimuli (Cook et al., 1990; D’Amato & Van Sant, 1988;
Greene, 1983;Lea, 1984). Successful transfer per se is not
indicative of what information had entered the pigeons’
representation of the training stimuli.

Group P performed well on both novel color (Test 1)
and gray-scale (Test 2) stimuli, whereas in Group NP per-
formance was worse on the latter than on the former.
Given the differential responding behavior of the two
groups in Test 2, it is difficult to reach any general con-
clusions about the importanceof color for the present task.
The results of Group NP do indicate that color was used
as an important source of information for classifying
novel stimuli in this group. The birds may, for instance,
have exploited color cues typically present in pictures
containing humans (e.g., the color of the skin). Alterna-
tively, color in general may have contributed to structur-
ing the pictures by setting boundaries and thereby facil-
itated singling out the target (i.e., a person; see Jacobs,
1993;Mollon,1989;Wurm, Legge, Isenberg, & Luebker,
1993). As for Group P, it is not quite clear whether color
was generally unimportant for classifying novel stimuli
or whether the pigeonsused a classification code that was
sufficiently wide to compensate for the loss of color in-
formation.

EXPERIMENT 2

Experiment 1 showed that pigeons are able to classify
pictures according to the presence or absence of human

Figure 3. Generalization performance in Experiment 1, shown separately for
the two groups and in comparison with the first presentation of the respective
training component as mean standardized response rates (6SD). Means were
taken across the birds of each group.
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beings and that this ability also generalizes to novel stim-
uli. However, it is not yet obvious what information a pi-
geon might be able to extract about such stimuli. In order
to elucidate the nature of the representation, we chose an
approach of progressive elimination in which we step-
wisely excluded specific stimulus properties. First, we
examined the importance of global, as compared with
local, features contained in the stimuli.

As we will use the term, global features are character-
istics of the whole stimulus, such as size, orientation, and
brightness. They roughly correspond to the type of fea-
tures that are computed automatically and in parallel—
that is, at every location in the visual field at the same time
(see, e.g., Theeuwes, 1996; Treisman & Gelade, 1980).
A visual scene may quickly (preattentatively) be coded
along a number of such dimensions that elicit separate
representations.

In contrast, distinct stimulus locationsmay be processed
serially—that is, one item and one location at a time—by
driving an attentional focus through the visual field. Se-
quentially focusing attentionon different parts of the dis-
play may occur in an attempt to find differences between
individual stimulus elements. For instance, by applying
a selective, analytic process to the images, the stimulus
array may be decomposed into objects and background.
In addition, complex objects may themselves be decom-
posed into distinct parts. In this sense, local features are
restricted portions of an image that have semiautonomous,
objectlike status in visual perception (Palmer, 1999). A
human body, for example, is perceived as being composed
of a head, a torso, two arms, and two legs. Object per-
ception includes the spatial relations among the parts—
that is, its coherence—for a disassembled pile of legs,
arms, and heads does not look even remotely the same as
an intact human figure.

It would be interesting to know whether the features
that controlled discrimination and generalization in Ex-
periment 1 were global or local, in the usage of the terms
given above. Without this information, inferences about
the nature of the representation formed during people/
nonpeoplediscrimination are severely limited. Arguably,
finding that pigeons master the categorization task by
using only global features, instead of responding to the
target human figure, would also have important implica-
tions for the processes underlyingpeople/nonpeople cat-
egorization.

The strategy we used in Experiment 2 was to examine
the effects of stimulus fragmentation. Pictures of both
classes were increasingly scrambled so that many global
properties of the images (e.g., overall brightness) re-
mained intact, whereas the spatial relationships among
stimulus elements, as well as coherent objects (e.g., human
figures) or objectlike parts (e.g., faces), were gradually
destroyed.

The effects of fragmentation were determined by pre-
senting the pigeons test stimuli that increased in the de-
gree of scramble. In the extreme case, the pictures were

divided into 4,096 two-by-two-pixel squares, which were
then distributed arbitrarily over the whole picture area.
To investigate the possibility that transfer to the scram-
bled pictures was mediated by item similarity to previ-
ously learned exemplars, the birds were shown scrambled
versions of familiar stimuli, as well as scrambled ver-
sions of completely novel pictures. The role of color for
classifying scrambled familiar pictures was investigated
by presenting the pigeons with scrambled gray-scale ver-
sions of such stimuli.

Method
Subjects. The experimental subjects were the same as those in

Experiment 1.
Stimuli. The training stimuli were the same as those in Experi-

ment 1. As test stimuli, we generated pictures of six degrees of pro-
gressive scrambling. Up to Degree 2, the pictures were generated
manually in Photoshop (Adobe Systems). Higher scramble degrees
were generated by means of a MATLAB (The Math Works) com-
puter program. Figure 1C shows one stimulus of each class on all
scramble degrees.

The individual scramble degrees were defined by the following
rules. The unscrambled originals, presented prior to tests with their
scrambled derivatives in Sets 3 and 4, had a scramble degree of 0.
For Scramble Degrees 1–6, the pictures were divided into squares
of 16 3 16 pixels (Degrees 1 and 2), 8 3 8 pixels (Degrees 3, 4, and
5), or 2 3 2 pixels (Degree 6). In addition to square size, the scram-
ble degrees were defined by the distribution of the squares over the
picture. Thus, degrees characterized by the same square size dif-
ferred from each other with respect to the rules according to which
the squares were arranged. On Degree 1, 8 squares were displaced
arbitrarily, but the 28 marginal squares were always excluded from
dislocation. On Degree 2, every second square of every second row
changed place with its right diagonal neighbor from the row directly
below. On Degree 3, the squares were arranged arbitrarily within
each picture quadrant only, and on Degree 4 only within the upper
and the lower half of the picture. On Degrees 5 and 6, all the squares
were arranged arbitrarily.

Apparatus. The apparatus was the same as that in Experiment 1.
Procedure. We presented the pigeons with scrambled versions

of stimuli belonging to four different stimulus sets. First, they were
shown scrambled derivatives of the 80 training stimuli (Set 1, fa-
miliar) and of the 80 test stimuli from Experiment 1 (Set 2, semi-
familiar). In both sets, the scrambled stimuli were interspersed into
sequences of normal training stimuli from Experiment 1 at a rate of
10 per session in the cases of Degrees 1 and 2 and at a rate of 16 per
session in the cases of Degrees 3–6. (Since it turned out that the
presentation of scrambled stimuli did not disrupt performance, the
number of test stimuli per session was increased, in order to accel-
erate the progress of the experiment). Set 3 (novel) involved the pre-
sentation of completely unfamiliar stimuli. The pigeons were
shown 20 stimuli of each scramble degree (1–6), as well as 20 un-
scrambled stimuli (this condition was labeled as Degree 0). The test
set therefore consisted of 140 different stimuli, each of which oc-
curred only once and in only one particular scramble degree (0, 1,
2, 3, 4, 5, or 6). The test stimuli were interspersed into sets of train-
ing stimuli at a rate of 10 per session. Finally, we presented the pi-
geons with gray-scale versions of a random assortment of 20 stim-
uli from the training set used in Experiment 1 (Set 4, familiar
gray-scale ). Those 20 stimuli were presented unscrambled (Scram-
ble Degree 0) and in all six scramble degrees (1–6) at a rate of 10
per session. As the characteristic appearance of scrambled stimuli
probably made them easily distinguishable from the originals, all
the scrambled stimuli of all the sets were subjected to the same re-
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inforcement schedule as the training stimuli. Figure 1D shows ex-
amples of the stimuli of Class P and Class NP of Degree 6. The de-
picted stimuli were taken from the training set and were presented
in color in the case of Set 1 and in gray-scale in the case of Set 4.

Results
Figure 4 shows the results of Experiment 2 as mean

standardized response rates to the positive and the nega-
tive test stimuli as a function of scramble degree, sepa-
rately for the two groups. Variations between the 2 birds
of each group are indicated by the standard deviations. In
the case of Set 3 (novel) and Set 4 ( familiar grayscale),
the pigeons were also presented with unscrambled orig-
inals of the same type as the test stimuli (Degree 0). To
provide a baseline value, performance on the first presen-
tation of the respective training stimuli (tr) is depicted as
well.

Performance was assessed by computing for each set
and scramble degree a two-sample t test comparing per-
formance on the positive and on the negative test stimuli.
In Set 1 (familiar), 2 birds performed at a highly signif-
icant level up to Degree 5 [Bird T71–P, t (77) = 24.84,
p # .0001; Bird T72-P, t (66) = 25.36, p # .0001]. At
Degree 6, discrimination of Birds T71-P and T72-P was
no longer significant. Birds T73-NP and T77-NP per-
formed significantly at all degrees (with the exception of
Degree 5 in the case of Bird T77-NP), even at Degree 6
[Bird T73-NP, t (76) = 22.21, p # .05; Bird T77-NP,
t (77) = 23.01, p # .001]. In conclusion, all the pigeons
were well able to classify even strongly scrambled famil-
iar stimuli correctly, although progressive scrambling re-
sulted in a reduction of discrimination (see Figure 4).

A similar pattern of results was found for Set 2 (semi-
familiar). Bird T71-P performed significantly up to De-
gree 6 [t (70) = 24.30, p # .0001], Birds T72-P and T77-
NP up to Degree 5 [T72-P, t (65) = 24.94, p # .0001;
T77-NP, t (77) = 22.52, p # .05]. Discrimination per-
formance of Bird T73-NP was significant at all degrees
(except at Degree 4), up to Degree 6 [t (77) = 22.12, p #
.05]. Discrimination performance was higher for both
birds in Group P than for both birds of Group NP, except
at Scramble Degree 6. Overall, the pigeons mastered the
task quite well, with the birds of Group P doing somewhat
better than those of Group NP. Nevertheless, as in Set 1,
performance decreased as scramble degree increased
(see Figure 4).

The pigeons performed considerably less well when
tested with scrambled versions of novel stimuli (Set 3) or
familiar gray-scale stimuli (Set 4). In the case of Set 3, all
the birds performed poorly from low scramble degrees
onward. Discrimination performance of Birds T71-P,
T72-NP, and T77-NP was (with the exceptionof Degree 1
in the case of Bird T77-NP and of Degree 2 in the case of
Birds T71-P and T72-P) significant up to Degree 3 [Bird
T71-P, t (17) = 21.77, p # .05; Bird T72-P, t (13) =
25.22, p # .001; Bird T77-NP, t (13) = 22.34, p # .05].
Performance of Bird T73-NP was never significant, ex-
cept at Degree 5 [t (17) = 23.03, p # .01].

In Set 4, statistical analysis failed to reveal significant
discrimination at any scramble degree for Birds T71-P,
T72-P, and T73-NP. Bird T77-NP performed significantly
at least on the unscrambled originals (Degree 0) and at
Degree 1 [t (13) = 23.40, p # .01]. There were hardly
any inter- and intragroup differences between the indi-
vidual birds.

Discussion
The key findings to emerge from Experiment 2 were

the following. (1) Overall, there was an effect of scram-
bling; progressive scrambling resulted in a reduction of
discrimination ability in all four stimulus sets. (2) The
effect of scrambling depended on the familiarity of the
test stimuli. Although the pigeons were well able to dis-
criminate even strongly scrambled versions of familiar
(Set 1) and semifamiliar (Set 2) stimuli, they performed
rather badly when presented with scrambled novel stimuli
(Set 3). (3) Performance was worst when the test stimuli
were gray-scale versions of scrambled training stimuli.

What do these results tell us about the pigeons’ repre-
sentation of the people-present or the people-absent
class? First, it cannot be ruled out completely that the de-
cline in performance was due to some kind of alienation
effect caused by scrambling itself. However, we found no
evidence for such an effect. It should, for example, be
noted that one finding common to all four sets was the fact
that deterioration of performance with increasing scram-
ble degree was mainly due to increasing peck rates on
the negative stimuli, whereas peck rates on the positive
stimuli dropped only slightly or not at all. It is thus evident
that the pigeons were at least not taken aback by the un-
usual appearance of the stimuli.

Second, the decline in performance indicates that the pi-
geons’ identification of positives could not depend on the
computation of global features that remained intact across
all six scramble degrees. This finding supports Herrnstein
and Loveland’s (1964) basic assumption that the preci-
sion of the pigeons’ classification performances did not
arise from some trivial and unsuspectedvisual clue in the
slides. However, whereas Herrnstein and Loveland only
checked the possibility of some correlation between the
presence of a human being and color distribution in the
slides, we expanded the proof to a wide range of global
stimulus properties.

An alternative to relying on global features would be
the use of local stimulus properties. This would account
for correct classification of moderately scrambled ver-
sions of familiar stimuli (Sets 1 and 2), in which the cru-
cial features were still intact. Such particulate percep-
tion would also be in agreement with Cerella’s (1980)
finding that pigeons treated partial views, as well as scram-
bled versions, of a Charlie Brown figure in a way that
was similar to that for complete, intact instances of the
respective category.

However, if the pigeons’ representation of people/
nonpeople consisted of local features, why were they able
to correctly classify the test stimuli of Sets 1 and 2 not
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only on moderate, but up to very high degrees of scram-
bling?For instance, the pigeonsof both groups succeeded
even with stimuli from Experiment 1 that consisted of 256
arbitrarily mixed 8 3 8 pixel squares. Such tiny fragments
hardly involved objectlike parts, such as faces, hands, or
legs. For example, the rectangle that roughly enclosed the
inner part of the face (i.e., eyes, nose, and mouth), aver-
aged over all 52 faces present in the 40 training stimuli of
Experiment 1, consisted of about 560 pixels. We therefore
conclude that correct classification on high scramble de-
grees was mediated by recognition of tiny identification
elements of the previously learned exemplars that sur-
vived the fragmentation of the stimulus. Such information
units are likely to be characterized by the specific appear-
ance of individual pixels or small pixel blocks corre-
sponding to distinct colors or brightness values.

Insensitivity to scrambling also suggests that the ab-
solute or relative placement of items within the image is
unimportant. Thus, stimulus representation formed dur-
ing training could not be stored in the form of exact inter-
nal copies of individual pictures—that is, templates that
consist of the idiosyncratic properties of complete stim-
uli, together with their spatial relations.

The fact that performance on Set 3 (novel) was worse,
less stable, and subjected to wider variations than perfor-
mance on Sets 1 and 2 is further evidence that the pigeons
had used item-specific features (tiny identification ele-
ments) as the main source of information when confronted
with scrambled versions of novel images. If they had been
able to exploit global features that correlated with the pres-
ence or absence of humans, they should have done better
on Set 3.

In Experiment 1, Test 2, we had investigated the rele-
vance of color for classifying novel stimuli and consid-
ered the color of the skin to be a possible cue for identi-
fying a novel stimulus as a member of Class P. However,
the fact that the pigeons failed on Set 3 of the present ex-
periment, although those pictures still contained skin-
colored fragments, indicates a less important role of skin
color as a category cue. Considering the difference in per-
formance between Sets 1 and 3, we assume that, in the
case of scrambled familiar stimuli, pigeons used item-
specific color elements—that is, absolute color aspects of
stored exemplars—as cues for identifying them.

The fact that the birds of Group NP performed better
on Degree 0 of Set 4 (unscrambled familiar gray-scale
stimuli) than on Test 2 of Experiment 1 (novel gray-scale
stimuli; see Figures 3 and 4) shows that in the case of fa-
miliar stimuli, the pigeons were obviously able to make
use of item-specific properties other than color (e.g., the
distribution of brightness values or the presence of fa-
miliar objectlike stimulus elements)—provided that the
stimulus as a whole was intact. The failure of all birds (re-
gardless of group membership) on scrambled gray-scale
versions of familiar stimuli suggests that in the scrambled
condition, the loss of item-specific color cues could not
be compensated for by other features.

Figure 4. Performance on the positive and the negative test stim-
uli in the four sets of Experiment 2, shown separately for the two
groups. Mean standardized response rates (6SD) are depicted as
a function of scramble degree. A scramble degree of 0 relates to
the unscrambled originals that were shown in Sets 3 and 4. To
provide a baseline value, performance on the first presentation of
the training stimuli is depicted as well (tr). Means were taken
across the 2 birds of each group. S+, positive test stimuli; S2, neg-
ative test stimuli.
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EXPERIMENT 3

So far, our experiments do not permit general conclu-
sions about the importance of item-specific information,
as compared with category-specificinformation.The good
transfer performance to novel images in Experiment 1
could be accounted for either by physical similarities be-
tween familiar and novel exemplars (i.e., item-specific
information) or by the acquisition of a category-specific
representation of the people concept. The findings of Ex-
periment 2 suggested that item-specific information was
used to correctly classify severely scrambled images.
One possible way out of this dilemma is to assume that
both types of information were stored during training but
only item-specific information was retrieved to master the
scramble test.

The present experiment, which we called a reversed
contingencies test, offered a possibility to test this as-
sumption. Similar to the experiments reported by Greene
(1983), the key idea was to bring information about the
presence or absence of people into conflict with informa-
tion about the background.First, the test provided a means
for comparing the control exerted by any item-specific
background feature (be it global or local) with that ex-
erted by the experimenter-intended class rule by pitting
the two against each other. For instance, we showed im-
ages of familiar people in front of familiar backgrounds
from nonpeople images. Because item-specific informa-
tion contained in the targets could have been stored as
well, we also presented familiar backgrounds from non-
people images, onto which novel human figures had been
mounted.

Second, the test also controlled for another possible
way in which the pigeonsmay make category-based judge-
ments. The defining characteristics of category exem-
plars may be correlated with and thus confounded with
category-irrelevant local features in the instances to be
discriminated (e.g., man-made objects), which could en-
hance or even overshadow the acquisition of the dis-
crimination of interest (Edwards & Honig, 1987). The
present experiment investigatedwhether any such feature
provided a spurious basis for discrimination.

Method
Subjects. The experimental subjects were the same as those in

Experiment 1.
Stimuli. The training stimuli were the same as those in Experi-

ment 1. The test stimuli consisted of people from Class P pictures
presented against backgrounds of Class NP pictures. The resulting
P stimuli were called P1. Figure 1D shows a P1 stimulus, as well as
the original pictures (P and NP) from which it has been derived.
The P1 stimuli were created from training stimuli ( familiar, f ) and
test stimuli from Test 1 of Experiment 1 (semifamiliar , sf ), as well
as from completely novel pictures (novel, n). This allowed for sev-
eral interesting combinations between people and backgrounds of
different degrees of familiarity, although only five were actually
tested. 1 An overview of all investigated conditions is given in
Table 1. Stimuli of the types Pf + Bf (familiar people on familiar
backgrounds), Psf + Bf (semifamiliar people on familiar back-
grounds), and Pf + Bsf (familiar people on semifamiliar back-

grounds) provided contradictory information about class member-
ship with respect to what the pigeons had learned about the contin-
gencies of the constituting elements (backgrounds and people). The
stimulus type Pn + Bf (novel people on familiar backgrounds) pro-
vided a contradiction between the class rule (people present) and
the experienced background contingency (nonpeople). Stimuli of
Type Pf + Bn (familiar people on novel backgrounds) did not con-
tain any conflicting information and served mainly as a control. A
total of 25 stimuli of each of the five test stimulus types was created.

Apparatus. The apparatus was the same as that in Experiment 1.
Procedure. The test stimuli (P1) were presented with training

contingencies and were interspersed into sequences of training
stimuli at a rate of 10 per session. Since there were five testing con-
ditions, each involving the presentation of 25 test stimuli, the whole
experiment consisted of 25 sessions.

Results
Figure 5 shows the results of Experiment 3 as mean

standardized response rates separately for the two groups
(within-group variation is indicated by standard devia-
tions) and for the five test conditions, as well as the first
presentation of the corresponding training component to
provide a reference value. We carried out two-sample t
tests to compare performance on the five types of P1 test
stimuli (Pf + Bf, Psf + Bf, Pf + Bsf, Pf + Bn, and Pn + Bf)
with the first presentation of the training stimuli of both
classes (TrP and TrNP).

The results indicate that the birds of Group P classi-
fied the test stimuli (P1) in a way similar to that for reg-
ular training stimuli of Class P (TrP). Performance of
Bird T71-P did not deviate significantly from TrP on any
of the five types of P1 stimuli. By contrast, there were
strong deviationsof all types from TrNP (all ps # .0001).
In case of Bird T72-P, performance on Pf + Bn, Pf + Bsf,
and Pn + Bf did not differ from TrP, but there was a sig-
nificant difference in the case of Psf + Bf [t (25) = 2.81,
p # .01]. Regarding Pf + Bn, test performance even ex-
ceeded training level significantly [t (40) = 22.28, p #
.05]. Differences between all types of P1 and TrNP were
highly significant (all ps # .001). It is noteworthy that
the birds of Group P performed well not only on stimuli
that did not contain any conflicting information (Pf +
Bn), but also on stimuli of the types Pf + Bf, Psf + Bf,
and Pf + Bsf, in which conflicting item-specific informa-
tion interacted with the class rule. Correct classification
was also found for stimuli of the type Pn + Bf, in which
the class rule was pitted against item-specific information
about former background contingency.

By contrast, the birds of Group NP responded to all
types of P1 stimuli in a rather intermediate way of classi-
fication, instead of assigning them to either the positive
or the negative class. Performance of both birds deviated
significantly from TrP on all types of P1 (Bird T73-NP,
all ps # .0001; Bird T77-NP, all ps # .05), as well as
from TrNP (Bird T73-NP, all ps # .05; Bird T77-NP, all
ps # .05).

There were no consistent differences between perfor-
mance on the various types of P1 tests, suggesting that re-
sponding was independent of the degree of familiarity
with either the presented persons or the backgrounds.
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Discussion
The most interesting finding to emerge from the re-

versed contingencies test was the difference between the
two groups on the P1 stimuli. In Group P, performance was
not at all disrupted by the modified contingencies condi-
tions. Even stimuli that contained conflicting informa-
tion with respect to previous contingencies (Pf + Bf, Psf
+ Bf, Pf + Bsf) or in which the class rule was in conflict
with former background contingencies (Pn + Bf ) were
classified correctly. Group P, therefore, did not rely on any
background cues confounded with the presence of a per-
son. Instead, the results suggest that the birds of Group P
made use of a category-based response rule, with classi-
fication being coupled to category-relevant features—
that is, features of the target human figure. Their good
performance with novel people on a familiar background
(Pn + Bf stimuli) lends particularly powerful support to
this assumption.The familiar backgroundshad previously
been paired with nonreinforcement, and they covered a
large area in the pictures. By contrast, the people in the
pictures were unfamiliar, had thus not been previously
paired with reinforcement, and occupied a smaller area
in the pictures. The fact that the pigeons classified these
stimuli as positive strongly supports a category-based re-
sponse rule.

In Group NP, performance was dominantly controlled
neither by the category rule, as in Group P, nor by the back-
ground,as reported by Greene (1983). Instead, the pigeons
responded to the stimuli of Class P1 in an intermediate
way. A possible explanation for this result may lie in a
parallel use of item- and category-specific information
or, according to Greene’s formulation, insufficient dis-
tinction between relevant and irrelevant features. If fa-
miliar stimuli are recognized by retrieving item-specific
information and novel stimuli are classified by searching
for a target (i.e., a person), combinations of familiar and
novel elements or of familiar elements belonging to con-
verse classes should lead to confusion and decrements in
performance.

Taken together, the results of Experiment 3 are in sharp
contrast with what Greene (1983) has reported from a

similar test with pigeons. She found that when new pos-
itive slides were introduced, consisting of the target SE
(a particular person) added to former negatives, the birds
treated these slides as if they still were negatives. Com-
plementary, all new negatives, formed by removing SE
from former positives, were treated as if they still were
positives. She concluded that “behavior was controlled
much more by the backround of slides, that is, by features
that were conceptually irrelevant, than by the concept SE”
(Greene, 1983, p. 223). It seems, thus, that our pigeons
came closer to the claim of Herrnstein and Loveland
(1964) that pigeons, properly trained, learn to respond to
the presence or absence of human beings in photographs.

GENERAL DISCUSSION

The training (Experiment 1) and the generalizationtest
(Experiment 1, Test 1) confirmed the finding of Herrn-
stein and Loveland (1964) that pigeons learn to classify
complex photorealistic pictures according to the pres-
ence or absence of people and that this ability can be
generalized to novel instances of the two classes. The
presentation of novel gray-scale stimuli (Experiment 1,
Test 2) provided evidence that color was used as an im-
portant source of information for classifying novel stim-
uli in Group NP but that its loss could be compensated
for by other information in Group P. The scramble test
(Experiment 2) suggested that classification was based,
at least in part, on the recognition of tiny idiosyncratic
elements of previously shown training exemplars, rather
than on global or configural properties of the class-
defining human figures. In particular, idiosyncraticpixel
properties, like the color or the brightness values of the
stored training stimuli, turned out to serve as discrimina-
tion cues. Finally, the reversed contingencies test (Ex-
periment 3) showed that both experimental groups had
also learned about aspects that determined category mem-
bership but that only the performance of Group P was
dominantly controlled by that type of information.

In summary, we have found evidence that both types of
information—item-specificas well as category-specific—
were stored in parallel during the people/nonpeople cat-
egory learning in both groups. This is in keeping with
the idea that identification and categorization need not
occur to the exclusion of the other but that item-specific
and category-specific information are just “two sides of
the same coin” (Wasserman, Kiedinger, & Bhatt, 1988).
However, as was shown in Group P in the reversed con-
tingencies test, novel items have not been endorsed as
belonging to the people category as a function of the sim-
ilarity between the new item and the exemplars of the peo-
ple category already stored in memory. Instead, we found
evidence that the members of Group P used only category-
level information to determine category membership of
novel items, whereas idiosyncratic information was ir-
relevant for that decision. Thus, different conditions ob-

Table 1
Combinations of People and Backgrounds

Used as P1 Stimuli in Experiment 3

People Background Test Condition

f f Pf + Bf
sf f Psf + Bf
f sf Pf + Bsf
f n Pf + Bn
n f Pn + Bf

Note—The backgrounds of the P1 stimuli were former NP stimuli. The
test conditioncolumn specifies the different types of resulting test stim-
uli: f, familiar (i.e., stimuli from the training set used in Experiment 1);
sf, semifamiliar (i.e., stimuli from the test set used in Experiment 1,
Test 1); n, novel; P, people; B, background.
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viously encourage the use of different mixtures of these
two types of information, and more of one may imply less
of the other (Medin et al., 1983; Wasserman et al., 1988).

Although differences between the groups must be in-
terpreted with caution because of the small sample size,
it appears that Group P actually performed somewhat
better than Group NP. Compared across experiments,
that difference is reflected by a consistent trend. Figure 2
seems to indicate that in Experiment 1, the training stim-
uli were acquired more rapidly and accurately by Group P
than by Group NP. In Experiment 1 (Test 2) and in Exper-
iment 2 (Set 2), performance of Group P was found to be
superior to that of Group NP. In Experiment 3, Group P,
but not Group NP, was able to classify the test stimuli
of Class P1 correctly. Most likely, that intergroup differ-
ence was rooted in the ways in which the two sources of
information—item-specific and category-specific—
were weighed. Whereas they seemed to be rather equal
in significance for Group NP, the birds of Group P ap-
peared to give precedence to category-specific over item-
specific information. Consequently, Group P was able to
deal more effectively than Group NP with many of the
tasks.

A feature-positive effect may be responsible for that
asymmetry, which means that discrimination was facili-
tated when instances containing the target were presented
on reinforced trials (see, e.g., Bottjer & Hearst, 1979;
Edwards & Honig, 1987; Hearst, 1978; Jenkins & Sains-
bury, 1969, 1970; Manabe & Kawashima, 1982; Pace,
McCoy, & Nallan, 1980; Sainsbury, 1971; Sainsbury &
Jenkins, 1967). The fact that the target appeared on pos-
itive trials may have promoted the pigeons’ ability to dis-
tinguish between relevant and irrelevant features in
Group P. Vice versa, the lack of reinforcement regarding

the category-relevant features may have impeded correct
weighing in Group NP. However, several alternatives—
for instance, effects of stimulus homogeneity—are also
possible and cannot be ruled out with the present data.

The research reported here addressed the relative roles
of item-specific and category-specific information for
classification in a people-present/people-absent discrim-
ination task and also took an initial step toward identify-
ing the feature domains that were exploited to accom-
plish that discrimination (e.g., color). But of course, the
present experiments did not exhaust the conditionsunder
which a stimulus element is recognized as a target (i.e., a
person). They may, however, serve as a starting point for
a more detailed investigationof the target properties that
are actually used for classification.
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NOTE

1. Correspondingly, people depicted in Class P pictures were re-
moved or obscured in order to create stimuli of Class NP. But since the
respective tests provided inconclusive results—probably owing to rem-
nant people cues in the pictures—they were excluded from the present
report.
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