
Abstract Seventeen African dwarf goats (adult females)
were trained on oddity tasks using an automated learning
device. One odd stimulus and three identical nonodd stim-
uli were presented on a screen divided into four sectors;
the sector for the odd stimulus was varied pseudoran-
domly. Responses to the odd stimulus were deemed to be
correct and were reinforced with food. In phase 1, the
goats were trained on eight stimulus configurations. From
trial to trial the odd discriminandum was either a + sym-
bol or the letter S, and the nonodd discriminandum was
the symbol not used as the odd one. In phase 2, the ani-
mals were similarly trained using an unfilled triangle or a
filled (i.e., solid black) circle. In phase 3, three new dis-
criminanda were used, an unfilled, small circle with radi-
ating lines, an unfilled heart-shaped symbol, and an un-
filled oval; which of the three discriminanda was odd and
nonodd was varied from trial to trial. Following these
training phases, a transfer test was given, which involved
24 new discriminanda sets. These were presented twice
for a total of 48 transfer test trials. Results early in train-
ing showed approximately 25% correct, which might be
expected by chance in a four-choice task. After 500–2,000
trials, results improved to approximately 40–44% correct.
The best-performing subject reached 60–80% correct dur-
ing training. On the transfer test, this subject had 47.9%
correct and that significantly exceeded 25% expected by
chance. This finding suggests that some exceptional indi-
viduals of African dwarf goats are capable of learning the
oddity concept.
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Introduction

Operant conditioning studies of concept formation by non-
human animals have been limited to relatively few spe-
cies, most of which appear to have been chosen for labo-
ratory convenience (e.g., rats, pigeons) or because they
are of particular interest in relation to the evolution of hu-
man mind or intelligence (e.g., apes and monkeys). While
there has also been some research with cats (Boyd and
Warren 1957; Strong, Hedges 1966), racoons (Strong and
Hedges 1966), a civet cat (Rensch and Dücker 1959), cor-
vid birds (Friede 1972; Wilson et al. 1985; Smirnova et al.
2000), a parrot (Pepperberg 1987), fish (Zerbolio and Roy-
alty 1983) and honeybees (Giurfa et al. 2001), many spe-
cies, including farm animals and ruminant mammals in
general, have been largely neglected. Increasing the num-
ber of animal taxa whose abilities have been examined on
such foundational tasks as the oddity concept learning tasks
enriches general knowledge of cognitive abilities from a
comparative perspective (Wasserman 1993; Lock and Co-
lombo 1996; Thompson 1995; Thomas 1996; Czeschlik
1998). Additionally, the cognitive ability of farm animals
is of practical interest, for example, in the development of
automated equipment for animal upkeep.

This paper presents some results of investigations of
learning and cognitive abilities of African dwarf goats
(Capra hircus L.) using an automated device for operant
conditioning (Franz and Reichert 1999; Franz et al. 2002).
Goats have been trained successfully to discriminate vi-
sual stimuli (Soltysik and Baldwin 1972; Baldwin 1979;
Franz and Reichert 1999). It is now important to test their
ability for abstract concept formation, and the long-used
oddity task (e.g., Robinson 1933). The oddity task has been
adapted to test for animals’ abilities to use relative class
concepts (Moon and Harlow 1955; Thomas, 1980) and
should be easily adaptable to testing with goats.

The oddity concept is an important example of relative
class concepts in the hierarchy of intellectual abilities
(Thomas 1980). With the oddity procedure, the odd stim-
ulus and two or more identical or nonodd stimuli are pre-
sented simultaneously. Oddity tasks have been widely used
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to study the comparative learning abilities of animals (see
Thomas and Noble 1988; Bailey and Thomas 1998 and
the references they cited). Thomas and his colleagues have
argued that there is no unambiguous evidence for use of
the oddity concept by nonprimate animals, because the
studies have confounded the possibility of specific stimu-
lus learning as opposed to learning the oddity concept.
Thomas and colleagues do not conclude, however, that
nonprimate animals cannot learn the oddity concept, only
that the studies have been methodologically inconclusive.

The aim of the present investigation was to test whether
dwarf goats might show use of the oddity concept. To
avoid specific stimulus learning interpretations, the pre-
sent study based its evidence for the conceptual use of
oddity on the performances seen on the first trials with
new discriminanda (or by allowing individual discrimi-
nanda to serve as both odd and nonodd stimuli, thereby,
preventing a given discriminandum from being exclu-
sively associated with oddity). Additionally, the use of an
operant conditioning device (Franz and Reichert 1999;
Franz et al. 2002) enabled the concurrent training of 10–
20 animals, thereby increasing the opportunity to identify
possibly exceptional individuals with respect to the use of
the oddity concept.

Methods

Subjects

Seventeen adult female goats from our Institute’s breed were used
for the oddity learning experiments. The subjects were trained and
housed as a group in a large indoor pen. All subjects were in
healthy condition throughout the experiments. All procedures in-
volving animal handling and treatment were approved by the Com-
mittee for Animal Use and Care of the Agricultural Department of
Mecklenburg–West Pomerania, Germany. At the time of oddity
training the goats ranged in age from 1.5 to 4 years.

Subjects’ prior training history

When they were 4–6 months old, most had experience training for
object discrimination using simple geometric figures and Roman
letters (Franz et al. 2002). Some of the subjects were subsequent-
ly trained for relative numerousness judgments involving arrays 
of from one to six black dots. About 5 months before the goats
were trained on the oddity tasks, they had experienced a series of
20 oddity discrimination tasks in which an odd stimulus was pre-
sented concurrently with three identical, nonodd stimuli. Since,
within each task the same four stimuli were presented numerous
times, with only the position of the odd stimulus varying among
problems, it was possible, even likely, that the animals would learn
and remember the specific features of the odd stimulus rather than
its relative property of being the “odd” one. Such oddity tasks have
been referred to as “one-odd problems.” These have been deemed
to be inconclusive with respect to the oddity concept, because spe-
cific property learning is confounded with oddity learning (see No-
ble and Thomas 1970). Training on each one-odd problem ranged
from 1 to 6 days for a total duration of 50 days of such pretraining.
The results of the pretraining provided some evidence for general-
ization of absolute properties of the odd stimulus, but not for con-
cept formation.

Apparatus

Training and testing procedures and data collection were per-
formed using an automated learning device, known as a field mon-
itor – a general purpose computer system for operant conditioning
experiments (Franz and Reichert 1999; Franz et al. 2002). The
learning device consisted of a 17’’ computer monitor (TFT display).
Superimposed on the monitor’s screen was clear acrylic glass di-
vided into four sectors. On each sector, one of the four visual stim-
uli was presented. Each sector contained a switch located close to
the corresponding visual stimulus. Pressing a switch manifested an
animal´s choice. If the correct stimulus was chosen, the automated
learning device delivered a portion of granulated food concentrate
(reinforcer) into a bowl which was centrally positioned and located
approximately 35 cm in front of the screen. This distance required
the animals to retreat after a correct choice to eat the reinforcer,
and then move back to the screen for the next trial.

Animals in the experimental group had free access to the de-
vice throughout the 24-hour day. The animals wore transponders
for individual recognition by an animal identification system (Ur-
ban, Germany). To prevent the animals from disturbing each other
while visiting the device and to make sure that they could be reg-
istered individually, each field monitor was arranged in a compart-
ment box, measurements of which made the entry of more than
one animal nearly impossible (see Franz and Reichert 1999, and
Franz et al. 2002, for further details about this learning device).

Learning procedure

Our experiments used the four-choice procedure. That is, on each
presentation, one odd stimulus and three identical nonodd stimuli
were presented simultaneously. The animals were rewarded for
each choice of the odd stimulus by a portion of food concentrate.

After each actuation of a switch, stimuli ceased to be visible on
the screen. Further actuations within this period of blank screen
were registered but did not result in delivery of a reinforcer. The
duration of blank screen which defined the intertrial interval (ITI)
was 17 s following an incorrect choice and 20 s following a correct
choice; the correct choice ITI also included the time required to de-
liver the reinforcer. Following the ITI the presentation of the next
array of stimuli (see following description) occurred regardless of
whether the choice had been correct or not.

The position of the odd stimulus was varied pseudo-randomly
in a sequence of 24 consecutive presentations (arrays of stimuli),
cyclically repeated for each individual subject throughout an ex-
periment. In phase 1 of training, the discriminanda were a + symbol
and the letter S. Sizes of the stimuli were 60×55 mm and 60×45 mm,
respectively. On a given trial, either the + or the S might be the odd
stimulus and the symbol not used as the odd stimulus was used for
the nonodd stimuli. Phase 2 of training was similar to phase 1 ex-
cept that the discriminanda were a solid black circle and an un-
filled triangle (i.e., line drawing). Sizes of the stimuli were 40×
40 mm. In phase 3, three new discriminada were used, a small, un-
filled circle with radiating lines, an unfilled heart symbol, and an
unfilled oval (sizes of the stimuli were from 50×50 to 40×60 mm)
and as before, on a given trial either of the three might be odd
while one of the other figures served as the nonodd stimulus.

To overcome position preferences, which frequently occur with
animals performing complicated learning tasks, a correction pro-
gram (Franz 2001; Franz et al. 2002) was employed. Briefly, if in
a series of 14 consecutive trials with a particular animal 9 re-
sponses were made in either the upper, lower, left or right halves,
this animal subsequently received a modified series of problems in
which the odd stimulus appeared only in the opposite half of the
screen. As soon as a subject exhibited 40% correct choices in a se-
ries of 14 trials, the standard sequence of problems, encompassing
all dispositions of the stimuli, was reinstituted.

Training phases 1, 2, and 3 lasted 21, 5, and 10 days, respec-
tively. Duration of a particular training phase was generally deter-
mined by acquisition curves of a few best learners: when they ap-
peared to be near their asymptotes, that phase of training was re-
placed with the next one.
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Transfer test

A transfer test with 48 problems involving 24 new discriminanda
(Fig. 1) was used to confirm acquisition of the abstract oddity rule.
Each set of discriminanda was presented twice. Each geometric
figure occurred as the odd stimulus only once in the series of 
48 test problems. The position of the odd stimulus was varied
pseudo-randomly throughout the series of 48 test problems. The
other procedures of the transfer test were like those in phases 1–3
of training, except that the program to correct position bias was not
used. For each subject, only the first trial for each problem was
considered for calculation of test performance.

Each actuation of a switch triggered data collection as follows:
(1) individual number of the animal; (2) time; (3) position of the
chosen switch (i.e., screen sector); (4) positions of the odd stimu-
lus; (5) current state of the screen (active or blank); (6) if active,
the name of the bitmap containing the currently offered disposition
of stimuli; and (7) whether the currently involved subroutine was
the standard or the control for position preferences.

Data analysis

As the subjects had free access to the learning device throughout
the experiment, daily trials varied both between subjects and across
experimental days. Taking into account that in most cases the
number of daily trials per subject was within a range of 50–150,

the percent of correct choices for an animal in a day was used to
assess training progress. In calculating the percentage of correct
choices, the responses made during the ITI (blank screen) were ex-
cluded from the analysis. However, the trials deemed to have oc-
curred in conjunction with a side bias were included. Although it is
debatable (see Discussion), we accepted chance performance as
being 25% correct, because it should result from a random selec-
tion of one of the four sectors of the screen.

Results

Performances of the 17 goats during the three training
phases are summarized in Fig. 2. For goat 508, the best
performing subject, the acquisition curve is included sep-
arately from the group data in Fig. 2. As may be seen, she
reached a level of 70–75% in 10–13 days during training
phase 1, and performed consistently about 50% correct in
the latter days of training phases 2 and 3. None of the
other 16 subjects managed to consistently exceed a level
of 50% correct. Still, some statistically better-than-chance
performances occurred in this group: correlation between
the daily performance and the time was positive for 15 of
the 16 subjects (sign test, P <0.001) in training 1 and
training 3. For most of subjects, the total number of trials
during the training phase amounted to 1,500–2,500.
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Fig. 1 Problems of the transfer test (numbers of problems corre-
spond to the order of presentation). See text for explanations



To assess whether the training performance of goat 
508 deviated significantly from that of the other 16 sub-
jects, we performed a two-way repeated measures analy-
sis of variance (ANOVA), training day × subgroup. Goat
508 was considered as subgroup 1 and the rest of the
group as subgroup 2. For all three training procedures the

effect of subgroup was highly significant (Table 1). For
training procedure 1, the ANOVAs also revealed a signif-
icant subgroup × training day interaction (Table 1).
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Fig. 2 Performance of 17 adult fe-
male goats by oddity learning in three
consecutive trainings. The individual
data are summarized in boxplots in-
cluding the median (bold horizontal
line), the 25th and 75th percentiles
(box), range without outliers (vertical
line), and outliers (observations lo-
cated more than two interquartile
ranges above or below the median)
indicated as open circles. For each
training day, only subjects that had
made at least ten trials were consid-
ered. The individual acquisition curve
of subject 508 (outstanding learner) 
is also indicated

Table 1 Two-way repeated
measures ANOVAs with learn-
ing performance as the depen-
dent variable, training day as
the within-subject factor and
subgroup as the among-subject
factor

Learning procedure Source df F P

Training 1 Subgroup 1 27.98 <0.001
Training day 20 11.17 0.005
Subgroup × training day 20 6.62 0.02

Training 2 Subgroup 1 16.37 0.001
Training day 4 1.47 0.245
Subgroup × training day 4 0.64 0.44

Training 3 Subgroup 1 27.01 <0.001
Training day 9 9.51 0.009
Subgroup × training day 9 3.46 0.09



Transfer test

On the transfer test with 48 combinations of 24 new visual
stimuli, the first trial performances of 16 out of the 17
studied animals (subgroup 2) varied between 18.75 and
37.50% and did not exceed the chance level of 25% sig-
nificantly (Table 2). The 17th subject, goat 508, exhibited
a performance of 47.9% (n =48), which significantly ex-
ceeded 25% expected by chance (binomial approximation
test, P <0.001). Even after a Bonferroni correction, this re-
sult remains significant: α´=α/ n =0.05/17≈0.003>0.001.
The first trial performance of goat 508 for problems 1–24
(33.3%, n =24) was significantly (P <0.05) lower than
that for problems 25–48 (62.5%, n =24). We also com-
pared the first trial performance of goat 508 for the fol-
lowing two groups of problems: group 1 included the
problems in which a given pair of stimuli appeared for the
first time (Fig. 1, 1, 2, 3, 4, 6, etc.), and group 2 included
the problems in which a given pair of stimuli appeared the
second time but with an alteration of the quality and (in
most cases) the position of the odd figures (Fig. 1, 5, 22,
9, 21, 15, etc.). The corresponding values for the two
groups of problems were very similar to one another,
amounting 45.8% and 50.0% (n =24 for both groups).

Additionally, goat 508 had a run of 10 correct in 12
successive first trials (P <0.01; see Table 11 in Bogartz
1965 for relevant statistics of run analysis) associated
with problems 28–39 and a nearly perfect run of 8 incor-

rect responses in 9 successive first trials associated with
problems 8–16. Interestingly, this goat exhibited some po-
sition bias when responding to novel stimuli. It chose
field 4 (the lower right sector of the screen) 10 times in 11
successive first trials (P <0.01; see Table 11 in Bogartz
1965) associated with problems 8–19. However, in 18
successive first trials associated with problems 30–47 she
did not actuate field 4 at all. The performance of goat 508
by the 2nd, 3rd, 4th, and 5th trials on the 48 test problems
amounted to 41.7%, 53.1%, 36.5%, 40.6%, respectively.
None of these values differed significantly from her first
trial performance of 47.9%.

Discussion

The low training performances seen with all but one goat
in training phases 1–3 can hardly be ascribed to inability
to make the necessary visual discriminations; the same
subjects trained for simple visual discrimination in previ-
ous experiments involving similar visual stimuli attained
70–90% correct by the 4th–7th training day or 200–400
trials (Franz et al. 2002). Along with a possible lack of ca-
pability to form the oddity concept (i.e., reliably associate
the odd discriminanda with reinforcement) and as yet un-
recognized shortcomings of our training procedures, one
identifiable factor may have contributed to the low perfor-
mances of most of the goats. Our automated device al-
lowed a subject to make an almost unlimited number of
responses during quite a short time and, thus, enabled
each goat to obtain the reinforcers via persistent respond-
ing; therefore, its motivation to respond correctly each
time might be lower here as compared with the traditional
design where the number of trials and, therefore, respon-
ses is limited.

Following Robinson’s (1933) use of the two-odd task
(inconclusive for the oddity concept), several modifica-
tions for the purpose of providing evidence for oddity
concept use were made (Meyer and Harlow 1949; Strong
and Hedges 1966; Thomas and Boyd 1973 and references
therein). The version used in our training is related to the
standard oddity procedure in which the shifts of position
and quality of the odd stimulus form a randomized se-
quence (Moon and Harlow 1955). The only substantial
deviation here is that our stimuli arrays had three rather
than two nonodd stimuli. Using a larger number of nega-
tive stimuli was expected to facilitate discrimination learn-
ing (Williams 1967; see also Franz and Roitberg 2001).

To oppose use of a strategy of memorizing particular
stimulus configurations (an item-specific strategy) instead
of learning a general rule, we did not employ any other
simplifications of the standard oddity procedure. How-
ever, further simplifications at the pretraining phase as
well as employing a larger total number of stimuli might
be used for the future experiments to facilitate initial ac-
quisition (Strong and Hedges 1966; Friede 1972; Thomas
and Boyd 1973).

It has been argued that stringent evidence for oddity
concept formation is available thus far only for primates
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Table 2 First trial performances of the 17 adult female goats in
the transfer test for oddity discrimination (48 problems with unfa-
miliar visual patterns). For comparison, training performances dur-
ing the last 2 training days are also presented. Performance values
which significantly exceeded the chance level of 25% are indicated
(see notes)

Subject no. % correct choice and the number of trials 
(in parenthesis)

Last 2 days of training Test (first trials)

147 36.05 (147)* 18.75 (48)
174 22.86 (105) 29.17 (48)
211 38.80 (183)*** 33.33 (48)
301 33.33 (78) 22.92 (48)
351 43.59 (78)*** 31.25 (48)
468 43.64 (110)*** 37.50 (48)
508 69.33 (163)*** 47.92 (48)***
513 34.51 (142)* 35.42 (48)
514 34.62 (104) 31.25 (48)
547 43.70 (135)*** 20.83 (48)
557 43.14 (51)* 20.83 (48)
579 37.35 (83)* 25.00 (48)
581 42.86 (77)** 25.00 (48)
606 43.24 (74)** 20.83 (48)
608 42.86 (56)* 22.92 (48)
633 36.36 (154)** 35.42 (48)
652 33.33 (102) 25.00 (48)

*P <0.05
**P <0.01
***P <0.001



(Harlow 1958; Strong and Hedges 1966; Thomas and
Boyd 1973; Bailey and Thomas 1998) and – with some
reservations – for corvid birds.1 (Friede 1972). Training 
of cats and racoons was unsuccessful after as many as
4,800 trials (Strong and Hedges 1966). Rats were also un-
able to acquire the oddity concept (i.e., learning to choose
the odd stimulus as a reliable way to obtain reinforcers)
either in visual or in olfactory modalities (Thomas and
Noble 1988). However, a recent investigation of oddity
learning by rats provides some positive evidence (Bailey
and Thomas 1998), which is discussed below. Other re-
ported evidence (e.g., Wodinsky and Bitterman 1953; Pa-
store 1954; Boyd and Warren 1957) is less convincing due
to the possibility of learning specific stimulus configura-
tions or other confounding variables (Thomas and Noble
1988; Thomas 1996; Bailey and Thomas 1998).

In the present study only one of the 17 goats performed
significantly above chance on the first trials of a transfer
test with new visual patterns. This subject (goat 508) dis-
tinctly outperformed the other studied goats also in the
training phase, reaching a training performance of 70–
75%, and its first trial performance on new problems was
well above chance (Table 2). Although the first trial per-
formance is regarded as a quite reliable indicator of con-
cept formation (Thomas and Noble 1988, etc.) some pos-
sible objections to our evidence should be considered.

One concern is an apparent decrease of performance in
the transfer test compared to that of the last days of train-
ing (Table 1). However such a decrease might be related
to behavioral disruption induced by the novelty of the new
stimuli. For example, D’Amato et al. (1985) suggested
that some perceptual learning about the new stimuli may
be required before animals can deal with them optimally.
The fact that the goat 508’s trial 1 performance on the first
24 trials was lower than that for the 24 subsequent trials
might argue for such a behavioral disruption. However,
the lack of increase in performance by trials 2–5 as com-
pared to the trial 1 performance does not support this ex-
planation. A test performance which is better than chance,
but lower than the training performance might also mean
that the subject used a complex strategy combining con-
cept use with an item-specific strategy (Wright et al.
1984) and/or with other nonconceptual strategies. The lat-
ter explanation seems plausible for the case considered.
Even some temporal position preference was involved in
the choice strategy of goat 508 by its first trials on the test
problems.

The alternative, “solely nonconceptual” explanation
would assume that the pronounced acquisition in perfor-
mance for each training task occurred by simply memo-
rizing the individual stimuli configurations. The better-

than-chance performance on test trials would then be at-
tributed to the subsequent generalizing of common fea-
tures of the previous stimuli to the new ones. Although
this scenario cannot be excluded completely, because we
do not know what specific features the goat may have de-
tected in those stimuli, it seems improbable, as the differ-
ences between the training stimuli (see description in
Methods) and the stimuli used in the transfer test (Fig. 1)
were substantial.

Perhaps, the most serious challenge to whether the pre-
sent results show use of the oddity concept is the present
use of 25% as the value for chance. Some have argued
(see Thomas and Frost 1983 and Bailey and Thomas 1998
for related discussion) that chance in an oddity experi-
ment should be considered to be 50%, because the choice
between the odd and the nonodd discriminanda might be
made merely on the basis that the animal discriminates
between the physical properties of the odd and the physi-
cal properties of identical nonodd stimuli; that is, the ani-
mal need not perceive the oddness of the odd stimulus and
may choose the odd stimulus only by chance in discrimi-
nating between it and the nonodd stimuli. Thus, there are
two compelling logical arguments, one for chance being
25% in a four-choice oddity experiment and one for chance
being 50% in an oddity task no matter how many nonodd
stimuli are used on a given trial. We elected the more lib-
eral 25% value for chance here in part because the starting
performance by the goats on the training tasks was con-
sistently close to 25%. Additionally, until the question of
what is the most appropriate way to specify chance in
oddity experiments has been resolved, we felt it was justi-
fied to use the more liberal value in the interest of sug-
gesting the possibility that some goats (such as goat 508)
may be capable of the oddity concept.

Bailey and Thomas (1998) studied oddity learning by
rats in the frame of the traditional three-choice paradigm,
using olfactory stimuli. For the entire block of 60 test
problems, the first trial performance of the four studied
rats did not exceed chance. However one rat had two sig-
nificant near-perfect runs of correct responses within the
first half of the block (Bailey and Thomas 1998). Assum-
ing that “oddity per se is a highly salient perceptual cue,”
Bailey and Thomas (1998, p 340) suggested that “this rat
did not learn the oddity cue but that he perceived it and al-
most immediately associated it with reinforcers.”

However, the studied goats appeared to have only a
slight (if any) pretraining preference for the odd stimulus.
Even by the last training (training 3), the starting perfor-
mance amounted on an average to 25.5% correct for the
whole group and 33.0% correct for goat 508. Further-
more, rapid learning set formation, as seen in some of the
rat studies (Thomas and Noble 1988; Bailey and Thomas
1998) and attributed to the perceptual salience of the odd
stimulus (Bailey and Thomas 1998), was not the case for
goat 508. Her trial 1 performance did not differ from her
performance for trials 2–5. At the same time, goat 508’s
trial 1 performance included a near-perfect run of correct
choices (problems 28–39) and a nearly perfect run of in-
correct choices (problems 8–16). This might indicate that
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1 For the oddity-from-sample task such evidence was obtained for pi-
geons (Lombardi et al. 1984), corvid birds (Smirnova et al. 2000) and
even honey-bees (Giurfa et al. 2001). Pigeons were also found to
solve the same–different discrimination task in which two response
keys were associated with the two alternative relations rather than the
two presented stimuli (Wright et al. 1984; Wasserman et al. 1995).
However, these procedures do not seem to be directly comparable to
the oddity task.



by the onset of the test problems a temporary preference
for the odd stimulus as suggested by the significant near-
perfect run had not been well associated with reinforce-
ment and the run of incorrect responses might represent
the goat’s attempt to investigate what the reliable rein-
forcement contingencies might be. In any case, the signif-
icant runs, both correct and incorrect, suggest that some-
thing is affecting the goat’s performances in relation to the
oddity stimulus.

In summary, the present investigation of oddity con-
cept learning by 17 adult female goats suggests that some
species of nonprimate mammals, namely, African dwarf
goats, may include exceptional individuals (e.g., goat
508) whose performances indicate some use (or misuse)
of oddity relationships. Obviously, further research is nec-
essary to obtain more definitive conclusions.
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