
Abstract Four orangutans and one gorilla matched im-
ages in a delayed matching-to-sample (DMTS) task based
on the relationship between items depicted in those im-
ages, thus demonstrating understanding of both first- and
second-order relations. Subjects matched items on the ba-
sis of identity, color, or shape (first-order relations, exper-
iment 1) or same shape, same color between items (sec-
ond-order relations, experiment 2). Four of the five sub-
jects performed above chance on the second-order rela-
tions DMTS task within the first block of five sessions.
High levels of performance on this task did not result
from reliance on perceptual feature matching and thus in-
dicate the capability for abstract relational concepts in two
species of great ape.
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Introduction

Researchers investigating natural concept formation in
non-human species have had difficulty disentangling the
role of conceptual versus perceptual processing. Because
the concept of how environmental stimuli are related is in-
dependent of their physical properties, some of the strongest
evidence for “abstract” concept formation comes from re-
searchers examining the extent to which non-human spe-
cies can understand the relationships between items. An
understanding of first-order relations is demonstrated
when one perceives the relations between items. For in-

stance, a mother and child may be perceived as exempli-
fying the “parent” relationship. An understanding of sec-
ond-order relations involves understanding the relation-
ship between two other relations and demonstrates an
even more complex cognitive skill (Tomasello and Call
1997; Thompson and Oden 2000). One type of second-or-
der relation is the ability to perceive analogies such that
the relationship between two objects can be equivalent to
the relationship between two other objects. For example,
one understands that the relationship between a mother
and her child is analogous to the relationship between a
father and his child; both relations are that of parent and
child and are understood to be equivalent.

Acquisition of first-order relational concepts such as
identity (sameness) and oddity (difference) has been reli-
ably demonstrated in monkeys through the use of either
same/different (Bhatt and Wright 1992; Fujita 1983) or
matching-to-sample (MTS) tasks (Burdyn and Thomas 1984;
D’Amato et al. 1985, 1986; Thomas and Kerr 1976). In
the former task, subjects are trained to touch two pictures
on a touch screen and then to make a response to indicate
whether the pictures were the same as or different from
one another. Subjects select either symbols or response
buttons that represent the concepts of “same” or “differ-
ent.” In the MTS task, a sample image is presented either
simultaneously or successively (as in DMTS tasks) with
two comparison images, a correct and an incorrect match,
and subjects make a choice between the two comparison
images. In both types of tasks, the generality of the con-
cept is inferred from the subject’s ability to perform accu-
rately with novel stimuli in transfer tests. However, if the
discrimination is perceptually based, it is possible for the
monkeys to perform accurately in these experiments by
way of simpler processes such as feature matching or en-
tropy detection, without necessarily having acquired con-
cepts for “sameness” or “difference.”

Evidence for identity and oddity concepts in non-pri-
mate species has been even more equivocal. Initially it
was concluded that pigeons were unable to understand re-
lations, but more recent studies indicate that this conclu-
sion may have been premature (Cook et al. 1995). It ap-
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pears that when many items are presented in the stimulus
array, pigeons are able to discriminate “same” from “dif-
ferent” displays (Cook et al. 1995, 1997; Wasserman et al.
1995). However, when the number of items in the stimu-
lus array is reduced, neither pigeons nor baboons are able
to do so (Young et al. 1997b; Wasserman et al. 2001b).
Researchers have emphasized the role of entropy in that
both species may attend to the amount of variance in the
arrays (Young and Wasserman 1997; Young et al. 1997b;
Wasserman et al. 2000, 2001a). The amount of variance
differs between same and different displays and this dif-
ference is more pronounced when the stimulus array con-
tains more items.

Alternatively, it may be that the perceptual regularity
of a “same” stimulus array is emphasized when more
items are included in the array, even when items are ran-
domly arranged (Wasserman et al. 2000; Young and
Wasserman 1997). The fact that non-human species might
attend to either entropy or perceptual regularity argues
against their use of a conceptual understanding of same-
ness and difference, and hence first-order relations. How-
ever, Young and colleagues have also presented pigeons
with lists of successively presented “all same,” “all differ-
ent,” or a mixture of same and different items. The pi-
geons were accurately able to indicate whether the list
consisted of same or different items even though they
could not respond until after presentation of the last item
(Young et al. 1997a, 1999). This latter procedure provides
more convincing evidence for non-perceptually based
same/different conceptualization. In addition, Alex, an
African grey parrot, responds accurately to such questions
as “what is same?” between two objects (Pepperberg
1987), when the objects differ in terms of shape, color, or
material. Thus it appears that some bird species might
comprehend first-order relations.

Until very recently, evidence for second-order rela-
tional knowledge came from only chimpanzees (Gillan et
al. 1981; Spinozzi 1993; Tanaka 1996; Thompson and Oden
1996, 2000; Thompson et al. 1997). Premack (1983) sug-
gested that perhaps all vertebrates can easily perform
MTS tests that require them to determine simply whether
items look alike. Indeed, honeybees have been shown to
understand sameness and difference in DMTS and non-
MTS procedures, even when required to transfer these
concepts across modalities (Giurfa et al. 2001). On the
other hand, Premack felt that only language-trained chim-
panzees should be able to solve second-order relational
problems, such as analogies, because these latter concepts
must be represented within an abstract code and rely upon
conceptual versus perceptual matching.

Premack’s hypothesis was based in part on the obser-
vation that one language-trained chimpanzee, Sarah, often
succeeded at tasks which her non-language-trained coun-
terparts failed. For example, when the chimpanzees were
presented with a half-filled cylinder as the sample, and
half an apple or three-quarters of an apple as alternatives,
only Sarah was able to select consistently an alternative
that matched the sample in terms of a proportion judg-
ment (Premack 1983). When the apes were instead given,

for example, one-quarter of an apple as a sample with
one-quarter and one-half apples as alternatives, all of the
chimpanzees passed the test. It was thus concluded that
non-language-trained apes could make same/different judg-
ments only on the basis of physical similarity, whereas the
language-trained ape could make judgments on the basis
of a representational code. Sarah was also able to solve
analogical problems on the basis of both physical and re-
lational properties (Gillan et al. 1981).

However, Premack’s (1983) early contention that only
language-trained chimpanzees code identity between ab-
stract relations has been a controversial one. Oden et al.
(1988) found that non-language-trained chimpanzees did
not show transfer on a relational task, consistent with
Premack’s hypothesis. However, the same researchers
(Oden et al. 1990) later determined that young chim-
panzees did perceive similarities and differences between
abstract relations, as evidenced by handling and looking
times, despite failing to use this knowledge in an MTS
task. Furthermore, Thompson et al. (1997) found that
chimpanzees that had had experience with conditional and
numeric token training could spontaneously match rela-
tions between relations, even when correct performance
was not differentially rewarded. They could select cor-
rectly, for example, the BB versus the EF alternative when
given AA as a sample, where these letters denote objects.
Such conceptual matching problems could not be solved
by attending solely to corresponding physical features,
because the sample and alternative objects were not per-
ceptually similar. Instead, the abstract relation between
the objects must be represented for performance to be suc-
cessful. The chimpanzees in this study were equally com-
petent at matching relations and physical dimensions, de-
spite having been consistently rewarded for correct match-
ing of only the latter kind. The researchers concluded that
what was needed was a token for “same” that provided the
chimpanzee with a representational “tag” for the concept
of the relation (see also Thompson and Oden 1996, 2000).

However, at least two studies provide evidence that the
ability to form abstract relations is present in chimpanzees
that have not received prior language or token training, or
differential reinforcement. Tanaka (1996) found that one
female chimpanzee was able to match items (and their
photographs) on the basis of learned functional relation-
ships, in an MTS task. For instance, she could match part
one of a two-part object to its corresponding part or con-
tainer, and she could match tools to their corresponding
containers or assembled parts, even when non-matches
more closely physically resembled the sample. Spinozzi
(1993) found that some chimpanzees spontaneously sorted
objects according to second-order classification schemes.
For instance, when given six objects that differed in either
one or two properties (color or form), they sometimes
constructed two distinct class-consistent groupings.

In addition, two recent studies have suggested that
monkeys, as well as apes, may be capable of a conceptual
understanding of sameness. Bovet and Vauclair (2001)
demonstrated that olive baboons were able to identify
novel pairs of objects as “same” or “different” based on
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the objects’ conceptual or functional relationships (food
versus non-food). Judgments about membership in func-
tional classes cannot be made merely on the basis of phys-
ical similarities between the items because category mem-
bership is defined by function, not appearance (Premack
1983). Fagot et al. (2001) provided support for the idea
that baboons might also be sensitive to information about
the relations between relations. In their task, baboons
learned to match stimulus arrays to a sample based on
whether the sample array included identical or different
items. Because there was no overlap between individual
stimulus icons in the sample and comparison arrays, accu-
rate matching was deemed adequate evidence for the un-
derstanding of relations between icons in the arrays. How-
ever, the baboons required thousands of trials to reach cri-
terion on the training set, so it appears that even if second-
order relational concepts can be learned, it is only after
significant training, and baboons may not spontaneously
perceive such relations. In addition, in Fagot et al.’s (2001)
experiment, “all same” arrays were perceptually distinct
from “different” arrays.

In the current research, a touch screen was utilized to
test the abilities of orangutans and a gorilla to match items
on the basis of first- and second-order relations. Neither
species has previously been tested for understanding of
relational concepts. It was predicted that they would suc-
ceed on the first-order relations task after relatively few
sessions, because choices could be based upon purely per-
ceptual similarities. Accuracy could not be obtained on
the second-order relations task by attending to physical
cues because the incorrect comparison stimulus some-
times shared more perceptual features or entire com-
pounds with the sample than did the correct comparison
stimulus. Moreover, the sample and comparison stimuli
always included only two items. As stated earlier, neither
baboons nor pigeons can differentiate “same” from “dif-
ferent” displays with only two items in the stimulus array
(Young, et al. 1997b; Wasserman et al. 2001b).

Experiment 1

This experiment examined whether orangutans and one
gorilla could match items based on color or shape, in a de-
layed matching-to-sample (DMTS) procedure. Use of a
delay between the sample and comparison stimuli made it
necessary for subjects to maintain a representation of the
sample (or an appropriate response) during the delay and
thus made the task more difficult relative to standard si-
multaneous MTS tasks. The stimuli instantiated first-or-
der relations such that the subjects had to perceive the re-
lationship between the sample and the comparison stim-
uli. On one-third of the trials the correct comparison stim-
ulus was an exact match for the sample. On another third
of the trials the correct comparison stimulus matched the
shape of the sample, and on the last third of the trials the
correct comparison stimulus matched the color of the
sample. On all trials, the incorrect comparison stimulus

did not match the sample or the correct comparison in
terms of either shape or color.

Methods

Subjects

Three adult male Sumatran orangutans (Pongo abelii),
Dinding age 43, Molek, age 22, and Dinar, age 13; one adult
female Sumatran orangutan, Abby, age 41; and one juve-
nile female western lowland gorilla (Gorilla gorilla go-
rilla), Zuri, age 4, served as subjects in this experiment.
All were housed at the Toronto Zoo, Toronto, Ontario,
Canada. Zuri was housed individually and the orangutans
were also housed individually, when they were not on ex-
hibit with four to six other orangutans during the day, 2 or
3 days a week.

Materials

Shapes of various colors were drawn using Deskpaint
software for Macintosh. Four different shapes and colors
each were used: circles, squares, triangles, and crosses, in
blue, yellow, red, and green, for a total of 16 stimuli. Each
object was approximately the same size, about 3.5×4.5 in.
Identical shapes were exact copies of one another in dif-
ferent colors. The objects always filled the center of the
image and were presented against a white background. An
example of stimuli for one possible trial appears in Fig. 1.
None of these images had been presented to any of the
subjects previously. In fact the subjects had been exposed
only to photographs of other animals, foods, and familiar
objects and never to abstract drawings.
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Fig. 1 Example of stimuli for one possible trial for experiment 1.
The blue square is the sample stimulus. The blue triangle is the
correct comparison stimulus and the red circle is the incorrect
comparison stimulus. This is one possible color match trial. The
comparison stimuli appear after a delay once the sample is selected
and disappears



Procedure

The experiment was programmed in Filemaker Pro 3 soft-
ware and was run on a Macintosh 5300 PowerBook com-
puter. The images were presented on a 13-inch Apple
touch screen monitor. The monitor was placed against the
bars of the subjects’ cages and the subjects were required
either to reach through the mesh holes to touch the screen
(the orangutans) or to reach underneath and touch the
monitor (the gorilla). The experiment could be viewed on
the laptop placed behind the monitor. The experimenter
was positioned to one side of the screen and could not di-
rect attention to either of the images on the screen.

All subjects had previously participated in experiments
using the touch screen and had previously performed
other DMTS tasks; therefore there were no training ses-
sions (J. Vonk, unpublished data; Vonk and MacDonald
2002; unpublished data).

Each session consisted of 12 trials. During a trial, a
sample image was presented in the center of the screen
and stayed on the screen until the subject attended to the
image and touched it, activating the touch screen. The two
comparison images subsequently appeared on the screen
after a brief delay (approximately 3 s). The subject was
then required to select, by touching, only one of the two
comparison images. If the subject selected the stimulus
that matched the sample he or she was given a small food
reward (M&M’s candies or dried fruits and nuts for the
orangutans, and dried fruits or nuts for the gorilla). After
selection of the stimulus and after being rewarded, if cor-
rect, the screen advanced to the next sample image until
all 12 trials were completed.

Within a session, each shape appeared as a sample
stimulus three times and was paired with a different color
each time. Each color was also presented in a sample im-
age three times per session and paired with a different
shape each time. There were three types of trials within a
session. The correct comparison stimulus was either an
exact match for the sample, or matched only the color or
shape of the sample. The incorrect comparison stimulus
always differed from both the sample and the correct
comparison on both dimensions (shape and color). There-
fore, within each session there were four trials in which

only the color matched, four trials in which only the shape
matched, and four trials in which the correct comparison
stimulus was an exact match for the sample stimulus
(identity). Twelve of the stimuli appeared twice each ses-
sion, and the remaining four stimuli appeared three times
each session. On each session, the stimuli were random-
ized so that the stimuli that appeared twice on one session
appeared three times on other sessions. If a stimulus ap-
peared three times it appeared in a different position each
time so that it appeared as a sample, and on both the left
and right side of the screen as test choices. If a stimulus
appeared twice it might appear as a sample and as a com-
parison once or as a comparison twice on different trials
on opposite sides of the screen. Order of presentation and
pairings of stimuli were randomized on each trial. Presen-
tation location was counterbalanced for left/right posi-
tions on the monitor. An example of trials within one pos-
sible session appears in Table 1.

Subjects were tested individually at the same time each
day. The orangutans received 1–4 sessions per day, three
or four times a week, and the gorilla completed between 5
and 12 sessions a day, 4 days a week. This discrepancy
was due to the availability of the subjects and keepers and
may have made it easier for the gorilla to acquire the task
more quickly. Each subject was tested for a total of 30 (six
blocks of 5) sessions, except for the female orangutan,
Abby, who completed 25 (five blocks of 5) sessions. All
subjects except for Abby completed experiment 1 before
they began experiment 2. Abby was given 5 sessions of
experiment 2 first and then sessions from each experiment
were intermixed (typically 1 or 2 sessions of each experi-
ment each day) so that experimental order effects would
not be a factor in her performance.

Results and discussion

Table 2 presents the percentage of correct choices for each
subject for each block of five sessions, both overall and
for each type of discrimination. A binomial test for all
sessions revealed that each subject performed at above-
chance levels (50%), n=300 (for Abby) or 360 (for all
other subjects), all P<0.001. Binomial tests were also con-
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Table 1 Example of stimuli
across trials for one possible
session for experiment 1

Trial Trial Type Sample Correct Comparison Incorrect Comparison

1 Identity Yellow triangle Yellow triangle Red cross
2 Color Green circle Green cross Red square
3 Identity Blue cross Blue cross Green circle
4 Shape Green triangle Yellow triangle Blue square
5 Identity Red circle Red circle Yellow square
6 Color Blue triangle Blue square Yellow cross
7 Shape Red square Green square Yellow circle
8 Shape Yellow cross Blue cross Red triangle
9 Identity Green square Green square Blue triangle

10 Shape Blue circle Red circle Green cross
11 Color Yellow square Yellow circle Green triangle
12 Color Red cross Red triangle Blue circle



ducted to determine how many sessions were required for
each subject to obtain above-chance levels of responding.
Abby was above chance on her 1st session, n=12, P=
0.006, Molek by the 3rd session, n=36, P=0.005, Zuri by
the 6th session, n=72, P=0.04, Dinar by the 9th session,
n=108, P=0.03, and Dinding by the 14th session, n=168,
P=0.05. Abby averaged 78% correct across five blocks,
compared to 69% for Molek, 65% for Zuri, 62% for Dind-
ing, and 61% for Dinar. Independent samples t-tests com-
paring performance on the first block to performance on
the last block of sessions revealed a significant increase in
performance for Dinding, t8=–2.50, P=0.04, and Dinar,
t8=–2.57, P=0.04, and a significant decrease for Abby,
t8=2.68, P=0.04. Thus, there was evidence of learning
only for Dinding and Dinar. The decline in Abby’s perfor-
mance was likely due to poor health as she was beginning
to show signs of weight loss and loss of appetite during
the course of this experiment.

If purely perceptual processes dictated performance on
the task one might expect the identity trials to be per-
formed more accurately than the other types of trials, be-
cause the sample matched the comparison on two dimen-
sions instead of one on only these trials. A series of re-

peated measures analyses of variance (ANOVAs) for each
subject were conducted on the percent correct data for
each session with type of trial (color match, shape match
or identity) as factors. There was no effect of type of trial
for any of the subjects, highest F2,164=1.78, P>0.10. Over-
all, there were no significant differences between average
percent correct across the types of trials, identity (68%),
color (65%), or shape (67%) matches.

Because the incorrect comparison always differed from
the sample on two dimensions whereas the correct com-
parison always matched the sample on at least one dimen-
sion, the correct choice was always perceptually more
similar to the sample than was the incorrect choice. Thus
the subjects would have been able to perform accurately
on this task by making perceptual discriminations. Abby’s
high performance on the very first session suggested that
first-order relations, or perceptual matches, could be per-
ceived spontaneously and did not have to be trained. She
averaged 90% on the first block. The other subjects were
not as accurate initially. Average performance by all of the
subjects taken together was only 67% across all sessions.
Results of this experiment thus demonstrated individual
differences. However, all subjects consistently performed
the task at above chance levels, indicative of the ability to
match stimuli on the basis of perceptual features such as
same color and shape. They were subsequently tested for
their ability to understand more complex second-order re-
lations.

Experiment 2

This experiment examined the ability of the subjects to
match stimuli according to the relationship between items.
Subjects were required to match stimuli according to
whether the two objects within the sample stimulus were
the same shape or the same color as each other. On some
trials the incorrect comparison consisted of the same
shapes or colors as the sample image while only the rela-
tionship between the objects in the images conveyed the
relevant information for choosing the correct comparison.
For example, consider the stimuli in Fig. 2. The sample in
this example consists of a blue and yellow square, two im-
ages of the same shape, but different colors. The correct
comparison stimulus is the red and green circle pair since
they too are the same shape as each other. However the
exact shape itself is different from that in the sample (cir-
cles vs squares). Furthermore, the incorrect comparison
stimulus consists of a blue triangle and a blue circle, thus
exemplifying a same-color versus a same-shape relation-
ship. This incorrect comparison stimulus does, however,
include blue images, which might be perceived as percep-
tually similar to the blue square in the sample. Therefore
this task was thought to be more cognitively demanding
than purely perceptual matching because correct perfor-
mance was dependent on processing the relationship be-
tween the images and not the physical features of particu-
lar images.
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Table 2 Percent correct for each subject across blocks of five ses-
sions, overall, and broken down by type of discrimination, experi-
ment 1

Subject Block Overall Identity Shape Color

Abby 1 89.96 95.0 100 75.0
2 81.64 80.0 85.0 81.0
3 74.98 70.0 85.0 70.0
4 73.34 85.0 70.0 65.0
5 69.98 71.6 64.4 74.0

Dinar 1 56.66 60.0 60.0 55.0
2 65.02 70.0 70.0 55.0
3 63.32 75.0 65.0 45.0
4 51.68 55.0 50.0 50.0
5 70.08 70.0 70.0 70.0
6 56.70 48.0 55.0 70.0

Dinding 1 56.66 55.0 60.0 55.0
2 55.00 70.0 51.6 43.0
3 65.00 75.0 60.0 60.0
4 57.70 65.0 50.0 58.4
5 66.76 70.0 60.0 70.0
6 71.70 75.0 62.0 78.4

Molek 1 74.98 75.0 80.0 70.0
2 66.68 55.0 60.0 85.0
3 56.68 75.0 56.3 50.0
4 66.66 60.0 65.0 75.0
5 73.34 85.0 65.0 70.0
6 75.00 75.0 75.0 75.0

Zuri 1 62.88 75.0 45.0 65.0
2 65.02 65.0 75.0 55.0
3 63.32 60.0 70.0 60.0
4 58.42 55.0 65.0 55.0
5 78.30 75.0 85.0 75.0
6 65.00 55.0 75.0 85.0



Methods

Subjects

The same five subjects participated in experiment 2.

Materials

As in experiment 1, stimuli were created using Deskpaint
software. Each stimulus consisted of a pair of shapes
against a white background. All of the shapes were of uni-
form size (approximately 2.5×3 in.) and appeared in one
of four colors: red, blue, green, or yellow. Three different
shapes were used: squares, circles, and triangles. The
stimulus set of 18 images included 6 pairs of images that
were the same shape but different colors (e.g., a red and a
blue circle), 6 pairs of images that were the same color but
different shapes (e.g., a blue circle and a blue square), and
6 pairs of images that matched on neither shape nor color
(e.g., red circle and green triangle). The latter 6 image
types were presented only once each session. Of the re-
maining 12 images, 3 of each type were presented three
times, and the other 3 of each type were presented twice.
The images presented three times appeared as a sample, a
correct comparison stimulus, and as an incorrect stimulus
during the session. The images presented twice appeared
as samples and as correct stimuli. Because the stimuli

were sorted randomly for each session, the items that ap-
peared twice during one session appeared three times dur-
ing other sessions. An example of stimuli for one possible
trial appears in Fig. 2. This figure represents only one pos-
sible combination of stimuli among many. On some trials,
whole compounds were shared between stimuli, while on
other trials, each compound of the three stimuli was
unique. Because of the randomization process, the distri-
bution of trials with varying degrees of perceptual overlap
varied across sessions. For an example of trials within one
possible session, see Table 3.

Procedure

This experiment followed the same procedure as de-
scribed for experiment 1, except for the difference in ma-
terials noted above. During each session, half of the 12 sam-
ples were images of two identical shapes of different col-
ors (shape match), and the other half were images of two
different shapes in the same color (color match). For each
of these two types of trials, half of the incorrect stimuli
consisted of two items that matched on the opposite vari-
able to that matched within the sample stimulus. For in-
stance, on color match trials, half of the incorrect stimuli
were pairs of items that were the same shape but different
colors. On the other six trials, the incorrect stimuli con-
sisted of pairs of items that differed in both shape and
color. Each subject completed five blocks of 5 sessions
for a total of 25 sessions, except for Abby who completed
four blocks of 5 sessions for a total of 20 sessions.

Results and discussion

As can be seen in Table 4, and confirmed with binomial
tests, each subject, except for Dinar, n=300, P>0.10, per-
formed at levels significantly above chance, n=300 for
Molek, Dinding, and Zuri, n=240 for Abby, all P<0.001,
across sessions. Separate binomial tests were also con-
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Fig. 2 Example of stimuli for one possible trial for experiment 2.
The two squares constitute the sample stimulus. The two circles
constitute the correct comparison stimulus and the two blue shapes
constitute the incorrect comparison stimulus. The comparison
stimuli appear after a delay once the sample is selected and disap-
pears. The relation being tested is that of shape, and the incorrect
stimulus represents the color match. Other trials include incorrect
stimuli that do not match on either shape or color

Table 3 Example of stimuli across trials for one possible session
for experiment 2. B blue, R red, G green, Y yellow, c circle, t trian-
gle, s square

Trial Sample Correct Incorrect 
comparison comparison

1 (Bc) and (Bt) (Bt) and (Bs) (Bs) and (Gs)
2 (Rt) and (Yt) (Rs) and (Gs) (Rt) and (Rs)
3 (Rc) and (Rs) (Rt) and (Rs) (Rc) and (Bc)
4 (Bc) and (Yc) (Rc) and (Bc) (Yc) and (Yt)
5 (Gc) and (Gs) (Yc) and (Yt) (Rs) and (Gs)
6 (Bs) and (Gs) (Bt) and (Yt) (Bt) and (Yc)
7 (Rc) and (Bc) (Bc) and (Yc) (Bs) and (Yc)
8 (Yc) and (Yt) (Gc) and (Gs) (Rs) and (Yt)
9 (Bt) and (Gt) (Bs) and (Gs) (Rc) and (Rs)

10 (Rs) and (Gs) (Bt) and (Yt) (Gc) and (Bt)
11 (Rt) and (Rs) (Gs) and (Gc) (Rs) and (Bc)
12 (Bt) and (Bs) (Bc) and (Bt) (Gt) and (Rc)



ducted for each subject to determine how many sessions
were required before performance reached above-chance
levels. Abby’s performance was significantly above chance
by the second session, n=24, P=0.02, Molek’s by the third
session, n=36, P=0.03, Zuri’s by the fourth session, n=47,
P=0.04, and Dinding’s by the fifth session, n=60, P=0.05.
Thus on this task, four of the five subjects reached above-
chance levels within the first block of five sessions. Inde-
pendent samples t-tests comparing performance on the
first block to performance on the last block of sessions re-
vealed no significant increase in performance for any of
the subjects, highest t8=–2.34, P=0.06, suggesting that ac-
curacy was not due to learning.

Each subject’s performance as a function of the type of
matching required, across blocks of five sessions, is
shown in Table 4. A repeated measures ANOVA of sub-
jects’ scores on each session by type of sample (color or
shape match) was conducted separately for each subject.
The effect of sample type was significant only for Dind-
ing, F1,24=10.62, P=0.003, and for Molek, F1,24=5.88, P=
0.02. Dinding performed at 74% correct on shape match
trials, but at only 55% correct on color match trials. Molek
performed at 73% correct on shape match trials and at
80% correct on color match trials.

A repeated measures ANOVA of subjects’ percent cor-
rect scores, with type of incorrect stimulus (other match, no
match) as factors, was also conducted for each subject. None
of the subjects’ performances were significantly affected by
the type of incorrect stimulus, highest F1,24=3.24, P=0.09.

On some trials, one of the two compounds in the sam-
ple also appeared in one or both of the correct and incor-
rect comparison stimuli. For instance, if the sample con-
sisted of a blue square and a blue triangle, the correct
comparison might consist of a blue square and a blue cir-
cle, and the incorrect comparison might consist of a blue
triangle and a green circle; thus each comparison stimulus
would share one compound with the sample. This is just
one example of several possible stimulus combinations.
On some trials, none of the compounds were shared
across the three stimuli and on other trials a compound
was shared only between the sample and either the correct
or the incorrect comparison stimulus, but not both. (See
Table 2 for one sample session.)

Table 5 presents each subject’s percentage of correct
choices depending upon the number of shared compounds
between the sample and each of the comparison stimuli.
An ANOVA of scores on each trial with compound
matches (one or none) between the sample and the correct
comparison and with compound matches between the
sample and the incorrect comparison as independent vari-
ables was conducted for each subject. These analyses re-
vealed no significant effects for any of the orangutan 
subjects, highest F1,308=1.44, P=0.23. Thus they were 
no more likely to choose the correct comparison if it
shared a physical compound of the sample stimulus than
if it did not, and they were no more likely to avoid select-
ing the incorrect comparison if it did not share a com-
pound with the sample. Although the gorilla’s responses
were affected by an interaction between the presence of a
shared compound between the sample and the correct
comparison, and between the sample and the incorrect
comparison, F1,308=3.78, P=0.05, Bonferroni post hoc
tests revealed no significant differences between the con-
ditions.

In addition to an entire compound matching between
the various stimuli, several independent dimensions could
also overlap. For instance, the color or shape of one or
both compounds of the sample could either match or not
match the color or shape of one or both compounds of
each of the comparison stimuli on a given trial. For each
comparison between the stimuli (e.g., sample–correct
comparison, sample–incorrect comparison, and correct–
incorrect comparison) the number of possible matching
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Table 4 Percent correct for each subject across blocks of five ses-
sions, overall, and by discrimination type

Subject Block Overall Shape match Color match

Abby 1 78.3 76.0 76.6
2 73.3 80.0 66.8
3 71.7 70.0 73.2
4 73.3 66.6 80.0

Dinar 1 53.3 53.4 56.0
2 56.7 63.4 50.0
3 53.3 50.0 56.8
4 55.0 53.4 56.6
5 55.0 50.0 60.0

Dinding 1 63.3 73.2 53.4
2 56.7 73.4 40.0
3 66.7 61.0 70.2
4 65.0 80.0 49.2
5 70.8 76.8 63.2

Molek 1 70.0 63.4 76.6
2 85.0 80.0 90.0
3 76.7 73.4 76.6
4 73.3 72.6 71.8
5 80.0 76.8 83.2

Zuri 1 65.0 67.8 63.2
2 75.0 77.6 73.4
3 76.7 79.4 76.6
4 75.0 70.0 79.8
5 69.4 73.2 66.8

Table 5 Percent correct for each subject as a function of the num-
ber of matching compounds between the sample and the correct
and incorrect comparisons

Subject Number of matching Number of matching 
compounds between sample compounds between sample 
and correct comparison and incorrect comparison

0 1 0 1

Abby 73.3 82.6 79.9 76.1
Dinar 53.8 62.6 53.6 62.8
Dinding 63.9 73.9 63.6 74.2
Molek 76.0 81.3 78.7 78.6
Zuri 71.4 82.6 70.0 84.1



dimensions was determined. For instance, if the same
color appeared in two stimuli, this was scored as one
matching dimension, and likewise for shape. Table 6 pre-
sents each subject’s percentage of correct choices as a
function of the number of dimensions shared between the
sample and each of the two comparison stimuli.

Univariate ANOVAs were conducted for each subject
individually with score (correct or incorrect) on each trial
as the dependent measure and number of matching di-
mensions between the sample and each of the correct and
incorrect comparisons as separate independent variables.
For Abby, Molek, Dinding, and Zuri, the number of shared
dimensions between the sample and each of the compar-
isons did not significantly affect performance, highest
F=2.34, P=0.07. Thus they were no more accurate when
the sample shared more perceptual features with the cor-
rect comparison, or when the sample shared less percep-
tual features with the incorrect comparison. Dinar’s per-
formance was affected by an interaction between the num-
ber of shared dimensions between the sample and the cor-
rect comparison and the sample and the incorrect compar-
ison, F6,288=2.31, P=0.03. There was no obvious logical
pattern in Dinar’s responses according to these interac-
tions, making them difficult to interpret. Because his re-
sponding was at chance, it was possible that these interac-
tions reflected random biases. In general, it appeared that
the subjects’ responses were not controlled by the number
of matching perceptual dimensions between various com-
binations of the stimuli on any given trial.

To determine if the subjects’ performance differed be-
tween experiments, an ANOVA compared their average
percent correct scores for each session across experi-
ments. For Dinding and Abby there was no difference be-
tween performances on experiments 1 and 2, F1,43=1.74
and 1.24, respectively, both P>0.05. Dinding averaged 60
versus 64% correct and Abby averaged 78 versus 74%
correct on experiments 1 and 2, respectively. Zuri and
Molek had higher average scores for experiment 2,
F1,43=4.85 and 5.69, respectively, P=0.03 and 0.02. (for
Zuri, 66 and 73% correct, for Molek 68 and 76% correct).
Dinar had higher average scores for experiment 1, F1,43=
6.49, P=0.01 (61 vs 55% correct).

The fact that the subjects’ performance, except for that
of Dinar, was consistently above chance within the first
block of sessions indicates that they perceived the second-
order relations and did not have to learn to associate ex-

emplars through extended training. The individual differ-
ences might suggest that although some orangutans are
capable of perceiving second-order relations, these dis-
criminations are not of critical importance for this species
and are not always made spontaneously. However, Molek,
Abby, and Zuri made the discriminations at fairly high
levels initially, without any training on the task. Further-
more, performance for two of these subjects was, on aver-
age, higher than their performance on the first-order-rela-
tions task in experiment 1. It is possible that this finding
was due to transfer across experiments and previous expe-
rience with similar stimuli. As a control for this possibil-
ity Abby participated in experiments 1 and 2 simultane-
ously and notably there was no significant difference be-
tween her performances across the two experiments.

General discussion

The four orangutans and one gorilla tested in the current
experiments demonstrated some understanding of both
first- and second-order relations. In experiment 1, they
were able to match items based on a relationship between
the sample and comparison stimuli (same shape, color, or
identity) at above-chance levels. However, it is possible
that these matches were made by matching perceptual fea-
tures and did not necessarily require the understanding of
a “sameness” concept. In experiment 2, the subjects were
able to perceive the relationship between items in the
sample stimulus pair and match this relation to that be-
tween items in the comparison stimulus pair. This latter
finding demonstrates that orangutans and gorillas may be
capable of abstracting the relation between relations and
are not reliant upon purely perceptual processing when
classifying stimuli. Instead, they seemed able to apply the
concept of “same” even when incorrect stimuli more closely
resembled the sample stimuli perceptually. The number of
shared physical compounds or dimensions between the
sample and the comparisons did not significantly affect
the subjects’ responses.

These experiments controlled for some of the problems
inherent in natural concept images. With natural stimuli it
can be difficult to de-couple the role of perceptual and
conceptual processing. In such experiments, it is also dif-
ficult to determine exactly which features the subjects are
using to discriminate among the stimuli. In the current
study, the number of features available for analysis was
limited, and accurate performance could only be obtained
by attending to the relevant variables. In the second ex-
periment, the relevant variable was an abstract relation
and successful performance required an understanding of
the concepts “same,” “color,” and “shape.” In the first ex-
periment, subjects needed to attend only to which stimuli
were perceptually more similar. Surprisingly, two of the
subjects performed better on the purportedly more diffi-
cult conceptual task. These two animals succeeded on the
second-order relations matching task within the first few
sessions and therefore did not have to learn the concept
being tested. It is possible that prior experience with sim-
ilar stimuli in experiment 1 led to some degree of non-spe-
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Table 6 Percent correct for each subject as a function of the num-
ber of matching dimensions between the sample and the correct
and incorrect comparisons

Subject Number of matching Number of matching 
dimensions between sample dimensions between sample 
and correct comparison and incorrect comparison

0 1 2 0 1 2 3

Abby 76.7 71.0 82.3 88.2 71.6 73.4 73.3
Dinar 43.5 54.9 56.5 62.8 39.4 59.7 44.4
Dinding 70.0 69.9 72.0 76.9 63.0 58.2 91.7
Molek 61.6 73.7 80.8 82.2 79.0 75.1 51.9
Zuri 60.3 79.3 66.0 85.9 72.8 53.6 61.9



cific transfer across experiments. Abby’s data, however,
demonstrated that this experience was not necessary be-
cause she was able to perform equally well on the second-
order relations task even though she completed the first
five sessions of this task prior to participating in experi-
ment 1.

Interestingly, a similar study was conducted with an
African grey parrot, Alex, who has undergone extensive
language training (Pepperberg 1987). In this experiment,
the parrot was shown two objects that differed in shape
but were the same color on some trials, and two objects
that differed in color but were the same shape, on other
trials. He was asked, “What is same?” and responded ap-
propriately, even to novel pairs of items. Thus, Alex
demonstrated understanding of the concepts “same,” “dif-
ferent,” “shape,” and “color,” as well. However, Alex was
not required to produce or match pairs of objects on the
basis of the relationship between items (Roitblat and Von
Fersen 1992), as were the subjects in the current study.

Premack and Premack (1983) argued that only lan-
guage-trained apes could use second-order relations in
analogy tasks. They tested the ability of language-trained
chimpanzees to match, for example, a pair of oranges to a
pair of apples when the incorrect stimulus was an apple
and a banana. The chimpanzees were also given the re-
verse task of matching in which the sample stimulus was
an orange and an apple, the correct stimulus was a pear
and a pineapple, and the incorrect stimulus was a pair of
pears, for example. These chimps were able to succeed at
both tasks. This experiment showed that the chimpanzees
understood the concepts “same” and “different” and could
apply these concepts to novel stimuli that did not match
the sample stimuli on a perceptual basis. Here, subjects
were not tested for their understanding of “different” as
well as “same.”

Recently Fagot et al. (2001) demonstrated that baboons
could match images on the basis of relations between re-
lations. The two baboon subjects were able to match sam-
ple stimuli that included a number of all-same or all-dif-
ferent items to a comparison stimulus in which items
shared the same relationship (all same or all different),
even though there was no overlap between items within a
stimulus array. They were able to transfer to novel items,
but their performance declined when the number of items
within a stimulus array was reduced. This finding might
be due to a reduction in perceptual regularity. When many
items are displayed in the stimulus array, stimulus arrays
that include many identical items look very distinct from
stimulus arrays that include many different items. This
distinctiveness is reduced when only two same or differ-
ent items are presented, as in the current study. This study
extends this finding further by showing that orangutans
and a gorilla could also match stimuli according to what
dimension was shared between objects pictured in the
same stimulus, which goes beyond simply distinguishing
two identical objects from two non-identical objects.

In addition, the baboons in Fagot et al.’s (2001) study
required thousands of trials to reach criterion on the task
even though they had had prior experience with similar
stimuli and with making same–different judgements. The

subjects in the current experiments had no prior experi-
ence with the stimuli used here and did not require train-
ing to reach levels well above chance. Furthermore, the
baboons underwent many more trials a day and on suc-
cessive days whereas the orangutans in particular were
sometimes given only one or two sessions a day, with
more than a week between sessions in some cases. At the
very least, if both baboons and great ape species can be
said to understand second-order relations, this ability
seems to be utilized more readily by the apes. It is also no-
table that the gorilla in this study was only 4 years old at
the time of testing. Studies of object sorting have indi-
cated that chimpanzees do not sort according to second-
order relations until at least the age of 5 (Spinozzi et al.
1999).

Previous research has shown that, when given the op-
portunity to sort objects according to various dimensions,
non-human primates tend to sort more often according to
first-order relative to second-order relations (McClure and
Culbertson 1977; Garcha and Ettlinger 1979; Spinozzi
and Natale 1989). However, chimpanzees have shown some
evidence for spontaneous sorting along second-order rela-
tions (Spinozzi 1993). Tanaka (1995, 1996) has also
shown that chimpanzees may be able to match items on
the basis of complementarity and previously learned rela-
tions. Where great apes may distinguish themselves from
monkeys may be in the ability to understand and make use
of second-order relations spontaneously. However, other
monkey species have not been adequately tested with
such tasks (Tomasello and Call 1997). Furthermore, Pre-
mack’s contention has never been adequately tested in
other species. No monkeys that have been human reared
and/or language trained have ever been tested in discrim-
ination paradigms.

The results of the current experiments suggest that
non-language-trained apes of two previously untested spe-
cies can succeed at conceptual discrimination tasks. Con-
trary to Premack’s (1983; Premack and Premack 1983;
Thompson and Oden 1996, 2000) hypothesis, these exper-
iments suggest that language or symbolic token training is
not a necessary condition for the acquisition and instru-
mental use of concepts pertaining to the relationships be-
tween items. The disparity between this conclusion and
that of some researchers working with chimpanzees
(Thompson and Oden 1996, 2000; Thompson et al. 1997)
may be due to species differences in conceptual abilities,
but, alternatively and possibly more likely, this disparity
may be due to differences in the experimental procedures.
In the current experiments, subjects were not required to
produce or complete analogies from a selection of several
possible alternatives but instead were required to select
one of only two stimuli whose relationship matched that
of the sample stimulus. Perhaps this constraint on the
number of possible alternatives eliminated the need for a
symbolic representational system.

Alternatively, conclusions regarding the role of ab-
stract symbol training in mediating analogical abilities in
our closest relatives may have been premature, especially
given that these conclusions were based upon a relatively
small sample size (e.g., one “symbol naive” chimpanzee
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in Thompson et al. 1997). Furthermore, several recent
studies indicate that monkeys, as well as non-language-
trained chimpanzees, may have greater capacities for
making conceptual judgments than was previously be-
lieved (Spinozzi 1993; Tanaka 1996; Bovet and Vauclair
2001; Fagot et al. 2001).
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