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Abstract

This study was aimed at revealing which cognitive processes are lateralized in visual catego-
rizations of “humans” by pigeons. To this end, pigeons were trained to categorize pictures of
humans and then tested binocularly or monocularly (left or right eye) on the learned categori-
zation and for transfer to novel exemplars (Experiment 1). Subsequent tests examined whether
they relied on memorized features or on a conceptual strategy, using stimuli composed of new
combinations of familiar and novel humans and backgrounds (Experiment 2), whether the
hemispheres processed global or local information, using pictures with different levels of
scrambling (Experiment 3), and whether they attended to configuration, using distorted
human figures (Experiment 4). The results suggest that the left hemisphere employs a category
strategy and concentrates on local features, while the right hemisphere uses an exemplar strat-
egy and relies on configuration. These cognitive dichotomies of the cerebral hemispheres are
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largely shared by humans, suggesting that lateralized cognitive systems already defined the
neural architecture of the common ancestor of birds and mammals.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Categorization; Cerebral asymmetry; Discrimination; Global or local coding; Lateralization;
Pigeons

1. Introduction

Nature makes it necessary to visually discriminate between various objects that
can be eatable or toxic, predators or prey. Distinctions of that kind are called “con-
cept discriminations” (e.g., Lea, 1984). Such concepts are defined by humans and can
be discriminated on perceptual and not functional grounds, since animals sort rele-
vant stimuli not by trial-and-error, but by perceptual cues. The ability to form a con-
ceptually defined picture set enables the formation of invariant reactions to stimuli
that display certain variability. Empirical studies support the discrimination of com-
plex stimulus classes in nonhuman animals (e.g., D’Amato & Van Sant, 1988; Herrn-
stein, 1990; Huber, 1999, 2001; Robert & Mazmanian, 1988; Vonk & MacDonald,
2002). In case of pigeons, the subjects of the present study, many kinds of natural
concepts have been evidenced, such as “human” (e.g., Aust & Huber, 2001, 2002,
2003, 2006; Herrnstein & Loveland, 1964), “water,” an individual “person” (Herrn-
stein, Loveland, & Cable, 1976), “tree” (Herrnstein, 1979), “fish” (Herrnstein & DeV-
illiers, 1980), “human face” (e.g., Huber, Troje, Loidolt, Aust, & Grass, 2000;
Jitsumori & Yoshihara, 1997; Troje, Huber, Loidolt, Aust, & Fieder, 1999), and an
individual “pigeon” (Nakamura, Croft, & Westbrook, 2003; Poole & Lander, 1971;
Watanabe & Ito, 1991). Evidence for successful discriminations is not limited to nat-
ural concepts, but also applies to artificial, unnatural concepts like aerial pictures of
“man-made objects” (Lubow, 1974), “cartoon pictures” (Cerella, 1980; Matsukawa,
Inoue, & Jitsumori, 2004), “styles of paintings” (Watanabe, Sakamoto, & Wakita,
1995), and experimenter-defined “artificial objects” (Lea & Harrison, 1978). These
findings indicate that pigeons are capable of concept discriminations with great flexi-
bility, regardless whether the target concept is biologically significant or not.

Successful discrimination and subsequent transfer to novel examples implies that
pigeons can attend to the invariant information present in multiple instances of a cat-
egory. In the case of the “human” concept, at least two different kinds of conceptual
information seem to be relevant. These are (1) critical features that are parts of
humans like head, body, legs, and arms, and (2) the correct arrangement and thus
configuration of these features. In addition to these concept-defining stimulus
aspects, pigeons also use non-conceptual cues like color, intensity, and shading if
these covary with those relevant to category distinction (Huber et al., 2000). As
shown in a series of experiments by Aust and Huber, pigeons use several kinds of
information with different priority when having to discriminate between pictures
with and without people. Especially stimulus familiarity (Aust & Huber, 2001), but
also size, some body parts (Aust & Huber, 2002), and arrangement and orientation of
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the body (Aust & Huber, 2003) are critical features. Taken together, these findings
suggest that, depending on the availability of information, pigeons are ready to use
various conceptually relevant cues as well as unique, non-conceptual features.

Based on these observations, Aust & Huber (2001) identified two strategies of
pigeons in concept discrimination experiments which they labeled “item-specific dis-
crimination” and “category-specific discrimination.” Item-specific discrimination is
defined as a strategy which relies on idiosyncratic stimulus aspects which are used to
identify instances but are irrelevant to categorization (Loidolt, Aust, Meran, &
Huber, 2003). These features can be rather small since strong scrambling of the origi-
nal pictures had little effects on discrimination performance (Aust & Huber, 2001). In
addition, the pigeons still classified the stimuli as person-present when they were cut
into pieces so that they had no biologically correct arrangement anymore (see also
Cerella, 1980; Watanabe, 2001). While familiarity is an indispensable prerequisite to
the usage of “item-specific discriminations,” this is not the case with the second strat-
egy, which is referred to as “category-specific discriminations.” Here, the pigeons
attend to truly conceptually relevant information (i.e., class-distinguishing stimulus
aspects), such as specific body parts as well as their spatial configuration.

It has repeatedly been argued that pigeons have a strong disposition to use local
rather than global features (e.g., Cavoto & Cook, 2001). However, there is evidence that
they can use both. While Watanabe (2001) showed discrimination by local features in
cartoon stimuli, he also found that the pigeons’ behavior was impaired when the photo-
graphs of real persons were scrambled. Even in case of using cartoons as stimuli, which
are apparently of no biological importance for pigeons, they responded on the basis of
the global configuration when the target stimuli were embedded into a background
(Matsukawa et al., 2004). If pigeons thus indeed use two different strategies simulta-
neously, it is possible that these are processed in discrete brain areas. If these structures
could be dissociated, a disentangling of strategies used during discrimination tasks
would be possible. In the present study, we hypothesize that the two hemispheres of
pigeons could be engaged in parallel but different analyses of the different pictorial fea-
tures that define a concept. By temporally restricting visual input to one or the other
hemisphere, we were able to disambiguate the possibly different contributions of the left
and the right hemispheres to concept learning in pigeons.

For testing this hypothesis, pigeons are ideal subjects. Because the optic nerves of
pigeons decussate almost completely (Weidner, Reperant, Miceli, Haby, & Rio,
1985), information from one eye almost exclusively ascends to the contralateral side
of the brain. Covering the right eye during a task, for example, is a simple means to
analyze the contribution of the left hemisphere. The cognitive lateralization of birds
like pigeons and chickens is derived from Manns & Giintiirkiin (1999), or, at least,
modulated by Johnston & Rogers (1999), a prehatch light stimulation asymmetry.
Since avian embryos keep their head turned to the right and bend forward such that
the left eye is covered by the body, the right eye is stimulated by light shining through
the translucent shell, while the left eye remains light deprived (Rogers, 1990; Skiba,
Diekamp, & Giintiirkiin, 2002). In accordance with the stimulation advantage for the
right eye, some studies on the cognitive lateralization in birds showed that the right
eye/left hemisphere (RE/LH) is dominant in tasks involving object discriminations
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(e.g., Diekamp, Prior, & Gintiirkiin, 1999; Nottelmann, Wohlschldger, &
Giintiirkiin, 2002; Prior, Lingenauber, Nitschke, & Gilintiirkiin, 2002; Rogers, 1982;
Vallortigara, Pagni, & Sovrano, 2004), while the left eye/right hemisphere (LE/RH) is
specialized for configural or spatial processing, and social recognition (e.g.,
Giintiirkiin, 2003; Tommasi & Vallortigara, 2001; Vallortigara, 1992; Vallortigara
et al., 2004). On the basis of these findings, it is likely that the RE/LH analyzes objects
in detail, whereas the LE/RH attends to broader parts of the stimuli as well as to
their configuration.

Here we report that indeed the two hemispheres of pigeons make distinct contri-
butions to concept formation. While the left hemisphere is more able to truly concep-
tualize the target and uses a non-configural analysis of body parts as defining stimuli,
the right hemisphere seems to rely more on a memory-based strategy and addition-
ally uses the correct configuration of the human figure. We believe that our results
have implications for general models of hemispheric asymmetries, since many studies
seek an understanding on the basis of hemispheric difference during categorization
tasks in humans and speculate on the evolutionary roots of these asymmetries (e.g.,
Burgund & Marsolek, 2000; Jager & Postma, 2003; Koivisto & Laine, 1999; Kosslyn
et al,, 1989; Laeng, Chabris, & Kosslyn, 2003; Laeng, Shah, & Kosslyn, 1999; Laeng,
Zarrinpar, & Kosslyn, 2003; Marsolek, 1995, 1999; Zaidel, 1987).

2. Experiment 1 (monocular and transfer tests)

In the present study, we trained our pigeons to discriminate photographs accord-
ing to the concept of “human” to examine, for the first time, whether a lateralization
in the initial learning speed or in transfer performance was present. To this end,
pigeons were first trained to discriminate between pictures with and without people,
by means of the same procedure as used by Aust & Huber (2001). After they reached
acquisition criterion under binocular conditions, we tested under monocular condi-
tions to see if an asymmetry was observed in initial learning (monocular test). There-
after, the subjects were re-trained under binocular and monocular conditions with
the stimulus set that had been used during training. Then, a transfer test was con-
ducted by presenting novel stimuli to each eye separately. The monocular and the
transfer tests were used as a first approach to seek for possible asymmetries in the
ability to memorize and/or conceptualize a very large pictorial data set that had a
certain class of objects in common.

2.1. Method

2.1.1. Subjects

Eight homing pigeons (Columba livia) were used. They were housed individually
and were kept at 85-90% of their free feeding weight. They were fed a small amount
of food (mixed grain) after daily experimental sessions. Grid and water were freely
available in their home cages throughout the experimental period. The housing room
had a 12/12h light/dark cycle.
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2.1.2. Apparatus

All the experiments of the present study were conducted in two identical operant
chambers (33 (w) x 34.5 (d) x 36 (h)cm?). Each of them was equipped with a trans-
parent glass key (7 x 7cm?), which was centered on the front panel, 6.5cm from the
ceiling. The stimuli, which the subjects could see through the key, were presented on a
15-in. TFT LCD monitor (TXA3813MT, iiyama), with a resolution of 1024 x 768
pixels. Two computers controlled the experimental sessions and collected the data. A
feeder containing mixed grain was centered at the bottom of the front panel in each
chamber and, when activated, a small lamp located above it was lit simultaneously. A
house light (on the front panel, 5.5cm from the ceiling, 6 cm from the right) was lit
throughout the experimental sessions except for a 4 s blackout period between the tri-
als. A white key light was used only during autoshaping and the preliminary sessions
before discrimination training began. The distance between the surface of the key
and the LCD monitor was set at 10 cm.

2.1.3. Stimuli

The stimuli were chosen from those used in Aust & Huber (2001, 2002, 2003).
They consisted of photographs of digitized bitmap files of various scenes with a reso-
lution of 72dpi. Half of them depicted one or more human beings. These were
defined as people-present (positive) stimuli, whereas the remaining photographs
without people were defined as people-absent (negative) stimuli. The stimuli were
7.7 x 7.7cm? (218 x 218 pixels) on the monitor, and the subjects viewed them with 42°
of visual angle both horizontally and vertically, so that viewing conditions were the
same as in Aust & Huber (2001, 2002, 2003). A total of 320 pictures, 160 of each class,
were used for the training trials. Positive and negative pictures were separately
grouped into four sets of 40 pictures each, and 16 pairings of positive and negative
sets were made. The selection of the pairings used for baseline trials throughout the
experimental sessions was counterbalanced among the subjects.

2.1.4. Procedure

2.1.4.1. Preparation for monocular testing. To prepare the animals for monocular
testing, a 3/4 Velcro circle was glued around each eye with the 1/4 gap pointing fron-
tally to enable frontal viewing. During monocular sessions, the eye caps (2.5cm in
diameter) were stuck over one of the eyes to completely prevent light input to this
side. To preadapt the animals to the eye caps before using them in the discrimination
sessions, they had to wear them in their home cages for 2 h after their daily discrimi-
nation training.

2.1.4.2. Initial training. The pigeons were trained in a conventional autoshaping pro-
cedure, where a key light was lit for 125, followed by 6 s food access and illumination
of the feeder. Each autoshaping session consisted of 40 trials. When the subjects
started to respond to the key, the autoshaping procedure was terminated and a con-
tinuous reinforcement schedule was initiated and continued to the end of the session.
Thereafter, the subjects were transferred to a fixed interval (FI) schedule with FI 3s,
and were then progressively trained in FI 5s, FI 10s, variable interval (VI) 155, and
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VI 205 reinforcement schedules until they continuously responded to the key in each
schedule. Each session consisted of 80 trials.

2.1.4.3. Discrimination training. The reinforcement schedule of the discrimination
training was identical to that used in Aust & Huber (2003). In a positive (GO) trial, a
stimulus showing people was presented for 10s (FI), followed by VI 10s. The responses
were registered during both phases, but only the responses emitted during the FI period
were used for subsequent analysis. After the VI was completed, the subject had to
respond twice within 25 to receive food reinforcement. In a negative (NOGO) trial, a
stimulus without people was also presented for FI 10s and VI 10s but after the VI, the
subject had to refrain from responding for 8s. A response during this 8s period pro-
longed the trial for another 8s. In both types of trials, stimulus presentation was termi-
nated by the beginning of the inter-trial interval (ITI), a blackout period of 4s. The
pigeons were trained binocularly for at least 12 sessions and then until they reached cri-
terion which was set at p > 0.8 (Herrnstein et al., 1976), achieved in three consecutive
sessions. Each session consisted of 80 trials, 40 positive and 40 negative ones.
The sequence of positive and negative trials was randomized within a session. However,
the same type of trial was not presented in more than three consecutive trials. Details
of the procedure in each training or test condition are shown in Table 1.

2.1.4.4. Monocular test. The first test after reaching the acquisition criterion was the
monocular test, where the subjects had to discriminate between pictures with and
without people using only one eye. The test stimuli were 80 familiar instances arbi-
trarily selected from the training sets. Contingencies were the same as during training,.
The test sessions were conducted twice, once for each eye condition. Testing the first
eye was followed by three consecutive binocular sessions prior to testing the second
eye. The sequence of left- and right-sided tests was balanced among the animals.

2.1.4.5. Transfer test. After the subjects completed the monocular test with both
eyes, they were re-trained to reach the criterion under binocular and monocular

Table 1

Details of the procedure and the numbers of the trials in each training or test of the present experiment

Condition Training trials per session  Total test stimuli (test trials ~ Test repetition
(h-present/h-absent) per session)

Initial training 80 (40/40) - -

Monocular test 80 (40/40) 80 training stimuli (80) 1 x 2 monocular condition

Transfer test 60 (30/30) 20 (10 h-present/10 2 x 3 viewing conditions

h-absent)
Copy and paste test 65 (33/32 or 32/33) 30 (5 ff, 5 fn, and 5nf) 2 x 3 viewing conditions
Scramble test 60 (30/30) 280 (10 h-present > 1-2 3 x 3 viewing conditions

each degree/10 h-absent
>1-2 each degree)
240 (20 > 1-2 original and
Element distortion test 60 (30/30) seven distorted types > 5 x 3 viewing conditions
ff, fn, and nf)

“h-present” and “h-absent” mean the stimuli with and without human figure, respectively.
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conditions in turn. After that, they were tested for transfer of the initial discrimina-
tion to new examples of the positive and the negative sets. To this end, 20 pictures
of each stimulus set were used, each of which was presented only once within each
viewing condition. A test session consisted of 60 training and 20 test trials, 10 from
each stimulus set which were randomly dispersed within a session (see Table 1).
The test sessions were conducted six times in total, twice for each viewing condition
(binocular, monocular left, and monocular right). The schedule of the test trials
was identical to that of the training trials, except for the absence of feedback (nei-
ther food reinforcement nor timeout) after the VI. Instead, this period was immedi-
ately followed by the ITI. The sequence of the three eye condition tests was
counterbalanced among subjects throughout all experiments of the present study.
Between the three tests, the animals were re-trained to criterion under each
condition.

2.1.5. Statistics

The traditional index of p (Herrnstein et al., 1976) was used to evaluate discrimi-
nation performance. The p value is obtained from the U value of the Mann—Whitney
U test divided by the number of all compared cases. In addition, we used the stan-
dardized response rates (SRRs) as utilized in the series of studies by Aust & Huber
(2001, 2002, 2003, 2006). This measure indicates the response rate of the test trials rel-
ative to the general response rate on the training trials in a given session. To obtain
the SRR, the number of responses emitted to each training and test stimulus in the FI
period is divided by the average response rate during the entire session, with only
response rates to training stimuli entering the average. Paired ¢ tests were conducted
to compare the SRR values of the different viewing conditions. A significance level of
p=.05 was adjusted for multiple testing using the Bonferroni procedure (Holm,
1979). In addition, ANOVAs with repeated-measures were conducted. In cases of
violations of sphericity, «-adjusted degrees of freedom were used according to Green-
house—Geisser.

2.2. Results

2.2.1. Initial training

Seven out of eight subjects learned the initial discrimination within 12 sessions, as
shown in Fig. 1. Such a quick acquisition replicates the results of Aust & Huber
(2001), although we used a different strain (Austrian “Strasser” race pigeons had
been used in Aust and Huber). The performance of one pigeon was not stable and
took 22 sessions to reach criterion.

2.2.2. Monocular test

The p values of the monocular test were 0.81 for the left eye and 0.71 for the right
eye (averaged means of subjects), as shown in the left panel of Fig. 2. This difference
in discrimination performance between eyes was significant, #(7) =3.94, p =.006. The
SRR values were slightly larger in the left-eye than in the right-eye condition. This
difference approached significance, #(7) =2.35, p =.051.
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Fig. 2. Performance indicated by the discrimination index, p, with each viewing condition of the monocu-
lar test (left panel) and the transfer test (right panel).

2.2.3. Transfer test

The p values of the transfer test calculated across all subjects were above the train-
ing criterion of 0.8 for all the viewing conditions and reached 0.87, 0.83, and 0.84 with
the binocular, the left, and the right eye conditions, respectively, as shown in the right
panel of Fig. 2. ANOVAs based on SRR values revealed no significant differences
between viewing conditions for GO, F(2,14)=145, ns., or NOGO trials,
F(2,14)=42,ns.

To summarize, the LE/RH was superior to the RE/LH in the monocular test.
There was no evidence for such an asymmetry in the transfer test.
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2.3. Discussion

The results of the monocular test revealed a lateralized difference with a higher
performance when the left eye was used. However, there was no difference between
the two monocular conditions in the transfer test. Thus, the two hemispheres seemed
to utilize the pictures in a different way, which affected initial learning performance.
Despite this hemispheric difference in strategy or speed, however, both hemispheres
might be able to go beyond the memorized patterns to achieve a successful transfer to
novel stimuli.

There are, in principle, two possibilities to interpret the result of the monocular
test: Either the two hemispheres do the same, but with different efficiency, or they
analyze the stimuli in a different way, thereby producing left-right distinctions in
learning speed. Diekamp et al. (1999) showed that pigeons were faster in under-
standing the underlying rule in a serial, reversal learning task using RE/LH. If this
could be generalized to categorization learning, it is conceivable that the animals
were establishing a concept-based strategy in the left hemisphere and therefore
required longer to discriminate among the pictures with their right eye. With the
LE/RH, the pigeons might have more relied on “rote learning” and could therefore
achieve an initial advantage with the left eye seeing. Indeed, some studies with
human subjects indicate that a rote memory strategy by RH results in faster learn-
ing than a categorization strategy by LH (e.g., Seger et al., 2000; Silverberg, Gor-
don, Pollack, & Bentin, 1980).

In summary, we found that the LE/RH mastered the task faster than the RE/LH,
but the latter caught up with the former in the transfer test. Although it is possible
that the RE/LH is primarily concept-driven, the results of the present experiment are
insufficient to prove this. Therefore, we further explored the strategies employed by
the two hemispheres in the following experiments.

3. Experiment 2 (copy and paste test)

The results of Experiment 1 showed some hemispheric differences in acquisition
and transfer of a large picture set. This data pattern, however, is yet insufficient to
deduce the possibly different strategies employed by each hemisphere. For example, if
one hemisphere learned a global feature like configuration (e.g., Vallortigara et al.,
2004), while the other concentrated on local features like hands, both half brains
would be able to successfully generalize to untrained stimuli, despite using different
approaches (Aust & Huber, 2002). Therefore, the second experiment was performed
to further our understanding of hemisphere-specific strategies by differently probing
the impact of target and background information.

To this end, we used stimuli which contained different combinations of familiar
(f) or novel (n) targets and/or backgrounds. Three different types of pictures were
utilized in the following way: (1) a familiar human figure was pasted on a familiar
background from the NOGO stimulus set (ff); (2) a familiar human figure was
pasted on a novel background (fn); (3) a novel human figure was pasted on a
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familiar background (nf). It should be noted that novel humans on a novel back-
ground were, in fact, identical to the transfer stimuli used in the last experiment, so
we did not use this type of stimuli. In Aust & Huber (2001, Experiment 3) pigeons
were actually able to discriminate ff, fn, and nf pictures according to the presence
or absence of people. Furthermore, it was shown that pigeons are able to base their
discrimination on very small feature-fragments (Aust & Huber, 2001, Experiment
2). In summary, these results indicated that pigeons can utilize category-specific
(i.e., the concept of humans) as well as item-specific (i.e., idiosyncratic stimulus
aspects) information to distinguish a large picture-set according to the presence or
absence of humans. Indeed, in human subjects, Marsolek (1999) found that the
abstract-category subsystem effectively operated in the LH, while the RH
employed a specific-exemplar strategy. We assume that nf stimuli constitute the
most demanding patterns, since despite a familiar negative background, the
pigeons have to decide for GO due to conceptual information provided by the fore-
ground.

The transfer test of Experiment 1 had revealed that the LE/RH was to some
extent affected by stimulus novelty, suggesting that its decisions were not only
based on a conceptual strategy, but also on its pictorial memory that could include
learned background information. Thus, we predicted the LE/RH to be
more affected by the conflicting information provided by the test stimuli than the
RE/LH.

3.1. Method

3.1.1. Subjects and apparatus
Subjects and apparatus were the same as in Experiment 1.

3.1.2. Stimuli

A total of 30 test stimuli were used in the copy and paste test sessions, together
with 320 training stimuli, which were the same as in Experiment 1. The training stim-
uli were utilized to establish a baseline level. The test stimuli were manipulated so as
to combine familiarity or novelty of the target (human figure) and/or the back-
ground. These stimuli were created by the same protocol as in Experiment 3 in Aust
& Huber (2001). Examples are shown in Fig. 3a. There were three types of test stim-
uli: ff, fn, and nf. For ff (i.e., familiar people pasted on familiar background) stimuli,
the human figures from the training sets were cut out and pasted on background
which had been used as negative stimuli during training. For fn (familiar people
pasted on novel background), human figures from training stimuli were pasted on
backgrounds that the animals had only seen in the transfer test (i.e., without feed-
back). For nf (novel people pasted on familiar background), human figures from the
transfer test (presented without feedback) were pasted on negative (i.e., non-person)
training stimuli. Thus, these copy and paste stimuli were novel for the pigeons
although they contained some familiar elements. We used 10 examples of each stimu-
lus type and organized them into two sets. Each set contained 15 test stimuli, five of
each type.
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Fig. 3. Test stimuli used in the copy and paste test (a), the scramble test (b), and the element distortion test
(c) (modified from Aust and Huber, 2001, 2003).

3.1.3. Procedure

Each test session consisted of 65 training trials (with feedback) and 15 test trials
(without feedback). Test trials were interspersed into sequences of 33 and 32 positive
or negative trials. Two test sessions, one with each test stimulus set, were conducted
for each viewing condition (i.e., six test sessions in total, see Table 1). Test sessions
were conducted twice with each eye condition. Between the test sessions, the subjects
had to reach criterion once with each eye condition in interspersed training sessions.
The orders of eye conditions and sets of test stimuli were balanced among subjects.

3.2. Results

The mean SRRs, relative to the mean SRR in the trained GO trials, are depicted in
Fig. 4. The averaged mean SRR values for each viewing condition and stimulus type
(baseline GO trials, ff, fn, and nf) were analyzed with an ANOVA, with viewing con-
dition (binocular, left, right) and stimulus type (baseline GO trials, ff, fn, and nf) as
repeated-measures. The ANOVA revealed a significant main effect of stimulus type,
F(3,21)=18.91, p<.001. Neither the main effect of viewing condition, F(2,14)=1.01,
n.s., nor the interaction approached significance, F(6,42)=1.17, n.s. As predicted, the
nf condition was the most demanding condition. A planned comparison of the left—
right difference in the nf condition revealed a trend in favor of the right eye in the nf
condition (M =1.17, SEM = 0.14), which did not differ significantly from the left eye
(M =0.86, SEM =0.18) in this condition, #(7)= —1.80, p=_.115.
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Fig. 4. Performance on each type of test stimuli (ff, fn, and nf), relative to the SRR on trained GO stimuli,
with each viewing condition in the copy and paste test.

3.3. Discussion

Independent manipulations of figures and backgrounds, as used in the present
experiment, uncovered some hemisphere-specific effects. As a trend, the performance
of the LE/RH was negatively affected by the novelty of the human figures (ff vs. nf),
but not by the familiarity of the backgrounds (ff vs. fn). This suggests that familiarity,
and not the human concept as such, is the main source of information for the LE/
RH. Contrary, RE/LH seemed to use conceptual information about humans to a
larger degree.

The difference between the monocular conditions, however, was only shown as a
trend. One of the reasons of no significant asymmetry might be that both hemi-
spheres are to some extent able to use memory-based as well as category-based infor-
mation. The aim of the next experiment was therefore to alter our stimulus set further
to unrevealing hemisphere-specific strategies in categorization by increasingly scram-
bling the pictures. This procedure minimizes the size of the relevant pictorial area and
thus destroys configuration and limits the source of information.

4. Experiment 3 (scramble test)

In the following two experiments, we investigated the critical cues that are used by
the different hemispheres. Experiment 3 examined the effect of stimulus scrambling.
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Scrambled stimuli make it possible to dissociate the differential controls exerted
by stimulus configuration and local features on discrimination performance. Even a
low degree of scrambling destroys stimulus configuration to a considerable extent,
while leaving most other features intact. Progressive scrambling reduces pictorial
information to increasingly small features. Pigeons are known to be robust against
scrambling (e.g., Cerella, 1980). Two pigeons of Aust & Huber (2001) also discrimi-
nated significantly between familiar human-present and human-absent stimuli, even
when the stimuli were cut into 4096 small squares that were randomly displaced.
Thus, in concept discriminations, mere evidence of successful transfer to novel stim-
uli does not necessarily ensure that pigeons indeed use conceptual properties, because
they may use small item-specific features that survived scrambling.

The scrambled stimuli used by Aust & Huber (2001) were dissociated by two fac-
tors: the degree of scrambling and the degree of familiarity. Thus, scrambled stimuli
were used to disentangle the effects of familiarity and configuration in monocular
pigeons. In principle, our stimulus material allowed to specify four different cognitive
strategies. (1) If the animals follow a memory-based strategy by recalling local fea-
tures, their performance should be robust against scrambling of familiar stimuli but
should rapidly deteriorate with novel pictures. (2) If the animals utilize conceptual
information, but base their decisions on local target features instead of target config-
uration, performance should be robust in novel and familiar scrambled pictures. (3)
If the discrimination strategy of the animals is only memory-based but with the pic-
tures being stored and processed in their correct configuration, even mild scrambling
should affect performance. Novel pictures would be especially vulnerable since deci-
sions cannot be based on retrieving item-specific information. (4) If the animals have
a conceptual understanding of humans but need to see a human figure in its correct
configuration to detect it, even mild scrambling of familiar or novel pictures should
deteriorate discrimination performance.

4.1. Method

4.1.1. Subject and apparatus
Subjects and the apparatus were the same as in Experiment 1.

4.1.2. Stimuli

The test stimulus set of the scramble test consisted of intact and of scrambled
stimuli, with both of them having familiar (i.e., used in the training sessions) and
novel (ie., used in the transfer test only) subcategories. The detailed protocols of cre-
ating the scrambled stimuli can be found in Experiment 2 in Aust & Huber (2001).
We will describe them here only briefly. We used six degrees of scrambling, as illus-
trated in Fig. 3b. For degrees 1 and 2, the pictures were divided into 64 squares
(8 x 8). For degree 1, eight squares were arbitrarily displaced, with the 28 marginal
squares being kept in their original positions. For degree 2, every second square of
every second row changed place with its right diagonal neighbor from the row
directly below. For degrees 3, 4, and 5, the pictures were cut into 256 squares
(16 x 16), and the squares were rearranged only within each quadrant for degree 3,
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and within the upper and the lower halves for degree 4, while all squares were ran-
domly arranged for degree 5. For degree 6, the pictures were cut into 4096 (64 x 64)
squares that were randomly rearranged. We used 20 examples for each degree. Half
of them were familiar, whereas the others were novel. A total of 280 stimuli (140 pos-
itive and 140 negative) were used.

4.1.3. Procedure

Each session consisted of 60 training and 20 test trials. The stimuli in half of the
test trials contained human figures (positive sets), whereas the others did not (nega-
tive sets). At least one example from each degree of both sets was presented in a test
session. The test session was conducted nine times in total, three times with each
viewing condition (see Table 1). Between the test sessions, the birds had to re-achieve
the learning criterion with each eye condition in interspersed training sessions. In
total, the stimuli from each degree of scrambling were presented for four or five times
per subject. Each test stimulus was presented once with each eye condition.

4.2. Results

The averaged differences in the SRR values between the trials with human-present
and human-absent stimuli are depicted in Fig. 5, as a function of the degree of scram-
bling. A degree of 0 corresponds to the original, intact stimuli. To investigate if
scrambling had an asymmetric effect on discrimination performance depending on
familiarity, we conducted a 2 x 3 x 7 ANOVA with repeated-measures with familiar-
ity (familiar/novel), viewing condition (binocular/left/right), and degree of scram-
bling (0-6) as within-subject factors. The analysis revealed a significant main effect of
degree of scrambling (F(6,36) =19.48, p<.001), pointing to a strong decrease of dis-
crimination as a function of scrambling. The interaction between degree of scram-
bling and viewing condition approached significance (F(12,72) =1.88, p=.051). This
effect suggests that brain hemispheres processed scrambled patterns in a slightly
different way. Moreover, the interaction between familiarity and viewing condition

Binocular Left Right
257 251 257 —&— familiar

—4— novel

SRR

Degree of scrambling

Fig. 5. Performance in the scramble test. Depicted are differences between the SRR of the test trials with
(originally) human-present and human-absent stimuli. Degree 0 on the x-axis in each panel corresponds to
the stimuli without scrambling (original stimuli).
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approached significance (F(2,12)=3.82, p=.052). No other main effects or interac-
tions approached significance (all F<2.34, n.s.).

According to the tendency for an interaction between viewing condition and scram-
bling level, we analyzed the scrambling level that results in a significant reduction of
SRRs from the original picture (zero-scrambling) using post hoc a-adjusted multiple
paired ¢ tests for each viewing condition within a sequential testing procedure (adopted
from Holm, 1979) (Table 2). According to the logic of our analysis, we defined a thresh-
old (termination criterion) as the level of scrambling beyond which the animals always
deviated significantly from discrimination performance at zero-scrambling. To give an
example, pigeons that were discriminating familiar stimuli under binocular conditions
reached significantly lower SRRs at scrambling levels 6 (» <.001) and 5 (»p =.003), when
compared with scrambling level 0. At scrambling level 4, however, the performance did
not significantly differ from SRR values at baseline level (no scrambling). Thus, the
sequential procedure for this condition was terminated at scrambling level 4.

Using this procedure, the thresholds for discriminating familiar stimuli were
scrambling level 3 with the left eye and scrambling level 6 with the right. Thus, with
the right eye the pigeons discerned scrambled stimuli up to a much higher degree
than with the left eye. For the non-familiar stimuli, the thresholds were scrambling
levels 4 for the binocular, level 2 for the left, and level 4 for right eye seeing condition.

4.3. Discussion

The results of the third experiment revealed two additive effects. First, familiar
stimuli could be recognized at higher scrambling levels than novel ones. Second,
using the RE/LH the animals could successfully reach higher levels of scrambling
than with the LE/RH.

The LE/RH seemed to be very sensitive to even small amounts of distortion. Since
the configuration of major aspects of the human body is already lost at a scrambling
degree of 1, a configural strategy using major figural portions could be an important
LE/RH strategy. The fact that the discrimination performance was better with familiar
stimuli than with the novel stimuli suggests that a memory-based approach compen-
sated the difficulties of the LE/RH when having to recognize mildly distorted familiar
stimuli. However, familiarity did not fully compensate distortions beyond degree 3.
Thus, for the LE/RH, an intact configuration might be a very important cue for catego-
rizing pictures.

Table 2
Summary of the a-adjusted multiple paired ¢ tests for each viewing condition within a sequential testing
procedure adopted from Holm (1979) in scramble test

Eye conditions

Binocular Left Right
Familiar Level 4 Level 3 Level 6
Novel Level 4 Level 2 Level 4

Scrambling levels indicate the termination criterion at which the SRR values of given distorted stimuli
were not significantly lower than that of original intact (i.e., scrambling level 0) stimuli.
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The RE/LH seemed to adopt two different strategies depending on familiarity.
When faced with novel stimuli, the RE/LH was able to utilize a conceptual strategy
based on very small cues that are indicative of a human body. Since these tiny frag-
ments bear no configural information, the RE/LH seems either not to utilize configu-
ration, or is at least able to compensate its absence by exploiting the information
within local cues. If stimuli are familiar, the performance of the RE/LH increases
considerably. Thus, the RE/LH is also able to use a memory-based approach to
detect human figures in familiar scrambled stimuli. This explanation is compatible
with the results of Aust & Huber (2002), who found that the categorization perfor-
mance of pigeons strongly depended on the presence of some human parts like
hands, heads, and trunk as target-defining features in the human discrimination task.
Thus, it is conceivable that for the RE/LH the presence of local human parts is the
most important condition with the correct configuration of these parts only being an
accessory variable. The strategy of the LE/RH seems to be complementary to this.

Although the effect of configuration was found mainly for the LE/RH, the fact
that not only human figures but also the backgrounds were equally scrambled did
not allow us to fully conclude that the right hemisphere was responsible for the confi-
gural recognition of the human figure. Additionally, the LE/RH reduced responses to
nf pictures in the copy and paste test, suggesting that familiarity affected its discrimi-
nation performance more than the intactness of the human figures. Thus, it is quite
plausible that the remarkable reduction of the responses with mildly scrambled stim-
uli would be attributable to a general scrambling effect of the whole picture, and not
so much to the loss of configuration of the human figure. Therefore, the next experi-
ment was conducted to test and eventually rule out this interpretation.

5. Experiment 4 (element distortion test)

The experiments so far showed that the LE/RH attends to larger part of the pic-
tures and possibly relies on the familiarity of the trained stimuli, whereas the RE/LH
primarily attends to the targeted human figures and analyzes them in detail. Addi-
tionally, our results suggest that an intact configuration is for the LE/RH as impor-
tant as familiarity, whereas the RE/LH primarily attends to local features of the
depicted humans without relying on their configuration. However, in Experiment 3,
both the figure and the background were scrambled and thus the sole effect of the loss
of configuration of the human figure could not be determined. Therefore, the present
experiment was conducted to test the role of the configuration of the target only.
Additionally, we sought to find out what the defining parts of the human figure were.

Aust & Huber (2003) examined the effects of different types of distortion on the
pigeons’ performance. They used seven types of test stimuli. One of them was an
intact picture, but all others included distorted human figures of a certain type.
Fig. 3¢ shows these distortions. The authors found that the pigeons used local
features as well as relational information to discriminate human-present and human-
absent stimuli. This is exactly what we would predict if both hemispheres
contributed to these kinds of challenges with their differential strategies. According
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to Aust & Huber (2003), none of the distortions reduced the response rates down to
the level shown with negative stimuli, and the reduction was only significant in case
of novel pictures. Thus, the pigeons probably used some very elemental features that
survived all distortions when classifying familiar stimuli. Although pigeons obviously
use both feature- and category-based strategies, the critical determinants of the dis-
criminative cues still remain to be defined.

In Experiment 4, we examined the possibility that the two hemispheres contrib-
uted with different strategies to solving the distortion task. To this end, we presented
several kinds of distorted stimuli as used in Aust & Huber (2003) to only one hemi-
sphere. Distortions were applied to the same types of stimuli (ff, fn, and nf) as pre-
sented in the copy and paste test of Experiment 2. The advantage of using these
stimuli was that it was possible to investigate not only the effects of distortion, but
also those of familiarity and novelty.

5.1. Method

5.1.1. Subject and apparatus
Subjects and the apparatus were the same as in Experiment 1.

5.1.2. Stimuli

The stimuli were derived from those used in the copy and paste test in Experi-
ment 2 (ff, fn, and nf), and they were distorted in seven different ways. Note that
only the human figures were distorted while the background was always kept
intact. These seven types of distortion were the same as those in Aust & Huber
(2003): attached (the human figure was cut into parts which were then attached to
each other in randomized positions), detached (the human figure was cut into parts
which were scattered on the background), horizontal (the human figure was hori-
zontally cut into three parts and these were re-ordered randomly), vertical (the
human figure was cut vertically into two halves and one of them was attached to
the other upside-down; inverted sides were balanced), inverted (the human figure
was placed upside-down), shape square (the interior of the human figure was cut
into randomly re-arranged squares of 17 x 17 pixels, with the contour remaining
intact), shape irregular (the interior of the human figure was cut into randomly re-
arranged irregular parts, with contour remaining intact). There were 10 examples
for each type of stimulus (i.e., each ten for ff, fn, and nf), thus a total of 240 stimuli
(30 x 7 types of distortion, and 30 original stimuli) were used in the element distor-
tion test. An example of the stimuli used in the present experiment is shown in
Fig. 3c.

5.1.3. Procedure

The schedules of training and test trials were the same as those of the preceding
experiments. Each session consisted of 60 training (30 positive and 30 negative) and
20 test trials. No feedback was given at the end of a test trial. The test session was
conducted five times with each viewing condition (see Table 1). In each test session,
the test stimuli from each distorted type were presented for four or five times in total.
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Between the test sessions, the subjects had to reach to the criterion with each viewing
condition in interspersed training sessions.

5.2. Results

Response rates on the distorted stimuli were compared to the original ones. The
3 x 3 x 8 ANOVA with repeated-measures, with viewing condition (binocular, left, and
right), combination (ff, fn, and nf), and distortion types as repeated-measures factors
revealed a significant main effect for novelty/familiar combinations, F(2,14)=21.54,
p<.001, and distortion types, F(7,49)=5.07, p<.001. Moreover, the three-way interac-
tion between viewing condition, combination, and distortion type was significant,
F(28,196)=1.54, p=.05. Neither the main effect of viewing condition nor any other
two-way interaction approached significance (all F<1.78, n.s.). Based on the significant
triple interaction, we analyzed the eye-condition-by-distortion-type-interactions sepa-
rately for ff, fn, and nf. The analysis revealed that only for the fn condition the interac-
tion approached significance (F(14,98)=1.65, p=.08). This interaction did not
approach significance for the ff (F(14,98)=.79, p=.68) and nf (F(14,98)=1.14, p=.33)
conditions. Although, neither of these interactions was significant, the relation between
eye condition and distortion type was strongest in the fn condition. To understand this
relation, we analyzed the difference between distortions relative to the original depic-
tion for each eye and novelty/familiar combinations with «-adjusted multiple paired
t tests (Holm, 1979). Seven comparisons (“original” compared with seven distortion
types) were made within each combination type (ff, fn, and nf) and with each viewing
condition. Because it is reasonable to assume that the responses to the distorted stimuli
would be fewer than those to the intact stimuli, we conducted one-tailed analysis. Table
3 shows the results in comparison with those of Experiment 3 of Aust & Huber (2003).
In the ff' condition, no comparison between distorted types and the original SRR
approached significance for all viewing conditions. Besides a significant difference
between shape square type and the original SRR in the binocular viewing condition

Table 3
SRR scores for all distorted types for each eye condition and novelty/familiar combination
Eye condition Aust and Huber (2003) Present experiment

Binocular Left eye Right eye

Familiar Novel ff fn nf ff fn nf ff fn nf
Original 1.154 1.437 0941 0.851 1.544 0.800 0.862 0.962 0.958
Attached ns ** 1.055 1.014 0.543 0.682 1.059 0.539 0.850 1.009 0.625
Detached ns ok 0932 1.221 0.656 1.161 0.831 0.542 0.859 0.971 0.375
Horizontal ns *k 0.758 0.670 0.553 0.779 0.837 0.615 0.517 1.256 0.516
Inverted ns *k 0.902 1.291 0457 0.853 0.933 0.851 0.760 1.259 0.748
Shape irregular  ns ok 0.748 0.889 0.683 0.666 0.735 0.320 0.649 0.653 0.439
Shape square ns ok 0.563 1.016 0.360 0.536 0.467 0.424 0.871 0.642 0.484
Vertical ns ** 0.844 0.988 0.757 0.878 0.873 0.747 0.834 0.935 0.462

SRRs in bold letters represent significant differences between distorted types and original SRR (one-
tailed, a-adjusted for multiple testing, Holm, 1979). In the left column, the comparable results (**signifi-
cant, ns: not significant) from Aust and Huber (2003) are shown.
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(p=.003), no further comparison approached significance in the nf condition. In the fn
combination, however, all distorted stimuli differed significantly from the original in the
LE/RH condition. No such difference appeared in the RE/LH condition. Moreover, the
difference between horizontal and the original SRR was significant in the binocular/fn
condition (p=.001).

5.3. Discussion

The results of Experiments 1-3 indicated that the LE/RH seems to rely on the cor-
rect configuration of the human figure, whereas the RE/LH has a tendency to base its
decisions on figural parts that are able to define a category. Thus we had expected
that the distorted stimuli, due to the loss of target configuration, would deteriorate
right hemisphere performance more strongly than that of the left hemisphere.

Table 3 shows the degree to which discrimination by the LE/RH was configura-
tion-dependent. It is obvious that performance of the LE/RH suffered severely from
distortion. Significant results were obtained only for fn. Since the stimuli were to
some extent known from previous exposure and since the LE/RH utilizes both fore-
ground and background, the lack of a familiar background possibly let the animals in
the fn condition to decide on the basis of human figures only. As a consequence, per-
formance was significantly reduced in all of the seven distortion types.

It is, however, important to note that these conclusions rest on indirect evidences,
based on the presence of significant distortion-related reductions of SRRs relative to
the undistorted condition for the left, but not for the right eye. A direct analysis for
eye-condition-by-distortion-type-interaction in the fn condition had revealed only
weak support for this conclusion.

The failure of showing significant differences between original and each type of
distorted stimuli clearly indicated that the human features did matter for the RE/LH,
regardless of their configuration. Obviously, feature size and shape did not matter as
the subjects did not seem to care whether the human figures were cut into square
pieces or into biological parts. In addition, the RE/LH does not care about the orien-
tation of the human figures, because the performance on inverted stimuli showed no
significant difference from the original performance, regardless of the stimulus types
(ff, fn, and nf). The data indicate that orientation invariance in pigeons (e.g., Delius &
Hollard, 1995; Hollard & Delius, 1982) may be supported primarily by the RE/LH,
even when the stimuli are not familiar.

6. General discussion
6.1. Summary of the results

In a series of experiments, we found that pigeons that were trained to categorize
hundreds of pictures according to the presence or absence of a human being showed

performances that depended on the eye in use (binocular, left, and right). Due to the
virtually complete decussation of the optic nerves in birds, the left eye reveals right
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hemispheric mechanisms (LE/RH), whereas right eye performance indicates left
hemispheric processes (RE/LH). In the monocular test (Experiment 1), it was
revealed that in the initial training phase the animals discriminated more accurately
using the LE/RH and not the RE/LH. In the transfer test, however, they performed
equally well under all three viewing conditions when faced with novel stimuli. In the
copy and paste test (Experiment 2) stimuli with new combinations of familiar and
novel human figures as well as familiar and novel backgrounds were used. This
experiment revealed a trend towards a higher amount of difficulties of the LE/RH
in recognizing novel human figures on a familiar background, compared with the
RE/LH. In the scramble test (Experiment 3), the LE/RH had a tendency to lose its
discriminatory capacity even when faced with only mildly scrambled stimuli, whereas
the performance of the RE/LH was more robust to even extensive scrambling. The
element distortion test (Experiment 4) showed weak evidence for higher resistance of
the RE/LH against distortions of the human figure.

In sum, the data indicate that the LE/RH is likely to be responsible for decisions
by familiarity and configuration, whereas the RE/LH is responsible for decisions by
category-defining features with an emphasis on local cues. Note that conceptual deci-
sions made by the RE/LH did not necessarily imply a correct configuration of the
human figures. In the following, we will discuss the implications of these data and
will search for an integrated explanation from a comparative, and neurocognitive
point of view.

6.2. Monocular and transfer tests

In the monocular test, the left eye performed better than the right eye in the dis-
crimination of human figures. Such a left-eye superiority is contrary to the findings of
a previous study by Fersen & Gilintiirkiin (1990) in which pigeons had to memorize
725 abstract patterns that were arbitrarily divided into a group of 100 positive and
one of 625 negative patterns. This visual memory study had evinced a clear right-eye
dominance. The difference between the present study and that of Fersen &
Giintiirkiin (1990) is, though, obvious. The positive patterns in the study of Fersen &
Giintiirkiin (1990) had nothing in common that could be used to distinguish them
from the negative ones but had to be discriminated one-by-one on the basis of item-
specific features. Therefore, the animals had to rely on their visual memory for
pattern details. In the present study, however, a common set of category-relevant
features (i.e., features confounded with the human figure) defined the positive pic-
tures. Thus, the difference of eye-dominance between these two seemingly similar
experiments makes it likely that the pigeons in the present experiment were not solely
relying on a memory-based strategy.

We found that the LE/RH was superior in performance at the time of the mon-
ocular test, but that the RE/LH caught up during transfer. Interestingly, there are
similar findings with human subjects in categorical tasks (e.g., Dépy, Fagot, &
Vauclair, 1998; Kallman & Corballis, 1975; Kosslyn et al., 1989; Seger et al., 2000;
Silverberg, Bentin, Gaziel, Obler, & Albert, 1979; Silverberg et al., 1980). Silverberg
et al. (1980), using auditory-visual word matching, suggested that the initial
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dominance of the right hemisphere was due to pattern recognition, not to verbal
analysis (e.g., sound analysis or serial ordering). Seger et al. (2000) suggested the
right hemisphere to be involved in visual pattern processing that is independent of
learning. Laeng et al. (1999) showed advantages by the left hemisphere when con-
toured stimuli were first presented and by the right hemisphere after the stimuli
were well familiarized. These and similar data make it conceivable that in humans
and pigeons the hemispheric dominance changes concomitantly with a shift of cog-
nitive strategy. In pigeons, we assume the LE/RH to be initially faster due to a
memory-based strategy that pays in the beginning, but is less efficient in the long
run than a conceptual strategy.

6.3. Copy and paste, scramble, and element distortion tests

In the copy and paste test, there seemed to be a trend for the decreased LE/RH
responses to the nf stimuli (pictures with novel people on a familiar background). In
the scramble test, the analyses suggest that the RE/LH was more robust against
extensive scrambling when dealing with novel stimuli. In the element distortion test,
the LE/RH was more affected by several distortions in the fn condition, while this
was less pronounced for the RE/LH. Together, these results indicate the presence of
different strategies used by the two hemispheres. For the LE/RH, in general, match-
ing to memory (familiarity) seems to be the most dominant strategy. In case of novel
human figures, the intact configuration of the human figure is a necessary attribute to
compensate for lack of familiarity. The dramatic decrease in performance in the
scramble test suggests that the configuration-based strategy goes along with a reli-
ance on global features. On the other hand, the RE/LH depends on category-defining
local features abstracted during training. The response rule does not necessarily
require correct configuration of the body parts but goes along with utilization of
local features.

Now it is possible to better explain the performance in the monocular and transfer
tests which were somewhat contradictory. At the beginning of training, the LE/RH
possibly tried to memorize the stimuli including foreground and background, while
the RE/LH tried to abstract the category-relevant information which was common
to all positive stimuli. Such “rule-abstraction” by the left hemisphere is consistent
with the findings of Diekamp et al. (1999), who used repeated color reversals and
found faster learning and a steeper asymptotic function for rule extraction by the left
hemisphere. Since abstraction of the class rule by the RE/LH is possibly more time-
consuming than a merely memory-dependent strategy as applied by the LE/RH
(Cook, Wright, & Kendrick, 1990), the animals would have learned faster with their
left eye seeing before the monocular test.

Although the LE/RH was found to depend on memory in recognizing human
figures, successful transfer to the novel pictures in the transfer test suggests that this
memory dependency is not an exclusive, but a dominant strategy. This idea is sup-
ported by the facts that performance on the novel original stimuli by the LE/RH was
higher than that by the RE/LH in the scramble test and that the LH/RH was attend-
ing to both the human figures and the backgrounds.
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In the element distortion test, one possible solution to the problem of discriminat-
ing the test stimuli of shape irregular and shape square was to use contours of the
human figure and ignoring the scrambled interior. The LE/RH, however, was unable
to discriminate both the test stimulus types in case of the fn stimuli, and the binocular
pigeons failed to discriminate the shape square cases of nf stimuli. In case of shape
square, the size of the squares corresponded to that of degree 2 or 3 in the scramble
test in Experiment 3, so the lower SRR values could be interpreted in terms of failure
to recognize human figures in such small fragments. However, the fact that the sub-
jects were reluctant to respond to shape irregular stimuli suggests that the loss of
information about the inner parts of the human figure was sufficient for the LE/RH
to reduce responses, even when the human contour was kept intact. In a preceding
study, Aust & Huber (2002) reported that the binocular pigeons had difficulty in the
silhouette stimuli test in Group P (reinforcement was contingent on the responses to
the human-present stimuli). The test stimuli of shape irregular and shape square in
our element distortion test contain distorted human figure, whereas the silhouette
stimuli in Aust & Huber (2002) contain no human-like features. However, the
pigeons’ failure to discriminate was a common result of both studies, despite the use
of different stimuli. This fact further suggests that the LE/RH could not use very
small features. Pigeons, however, have proved able of learning stimuli by their con-
tours, as shown by their ability to transfer from silhouettes to outline stimuli, regard-
less of inner color (Lombardi & Delius, 1988). However, the study by Lombardi &
Delius (1988) used black-and-white two-dimensional shapes, whereas our experiment
employed natural pictures. Information about target-outline shape would be one of
the major features in the former case, but not in the latter case. We employed human
figures with various postures. Therefore, a more reliable strategy for successful dis-
crimination in our task would be the utilization of conceptual information of body
parts and similar features. Thus, the poor performance of the LE/RH on shape irreg-
ular and shape square in case of fn stimuli further supports the idea that the LE/RH
is reluctant to use small features for the discrimination.

Finally, we would like to add a more phenomenological example to our evidence
for a configuration-based strategy by the LE/RH. In the transfer test, we examined if
certain NOGO stimuli were especially prone to producing mistakes (i.e., were treated
as people-present pictures). This was done for each viewing condition and the result-
ing stimuli were listed according to their response rates in descending order. Because
most non-people stimuli produced few responses, five pictures on which the pigeons
made the most erroneous responses were selected for each viewing condition. Inter-
estingly, these five pictures produced false alarms under all viewing conditions, albeit
with different ranks. Using the rank orders of the SRR values on each of the five pic-
tures to compare performance, a Wilcoxon’s rank sum test revealed a significant eye
difference (p=.008, significance level was set at p=.01 by Bonferroni’s correction)
only for stimulus NP9 (Fig. 6). That is, the subjects responded to NP9 erroneously
more often with the left eye compared with the right. NP9 is a picture showing differ-
ently colored reels of cotton in a basket. It is suggestive to conceive these elongated
reels with their differently colored top as a group of humans. Apart from overall
configuration, however, no detailed features resembling humans are present in this
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Fig. 6. The people-absent picture (NP9) where there was a significant difference among viewing conditions
in number of erroneous responses.

photograph (at least to the human eye). It is possible that the presence of a human-
like configuration and the absence of human features in NP9 allowed for a good dis-
sociation of hemispheric strategies: the LE/RH would have focused on overall shape
while ignoring elemental features, whereas the RE/LH would have rejected the stimu-
lus by searching for the constituting elements of the human figure.

It is important to express a word of caution at the end of the discussion of the
present results. Some of the effects reported in this study could only be revealed as a
trend and thus missed significance. However, as discussed in the following, the results
are in agreement with previous studies using human subjects and therefore provide
an evolutionary perspective. Such a perspective allows integrating various findings
from the animal literature into a broader theoretical framework.

6.4. Cognitive asymmetries—An evolutionary perspective

In Table 4, we have tentatively condensed our findings. The left hemisphere seems
to rely on local features and is able to extract categorical information from the pre-
sentation of various exemplars that belong to two distinct groups. The right hemi-
sphere seems to utilize a configuration-based and thus relational analysis of visual

Table 4

Overview of the lateralized visuocognitive operations found in the pigeons of the present study
Left hemisphere Right hemisphere

Local features Configuration (global?)

Categorical information Familiarity/exemplars
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patterns. This necessarily goes along with an attention to larger chunks of the visual
scenery and might include a global coding. In addition, the right hemisphere operates
on an exemplar-based mode and therefore relies heavily on memorized familiarity
mechanisms. As discussed in the following sections, these cognitive asymmetries
strongly resemble the pattern found in humans and some other animals.

6.4.1. Local features vs. configural coding

Studies on spatial orientation in birds revealed a predominance of the RE/LH in
the utilization of local features like landmarks to find the way (Prior et al., 2002; Val-
lortigara et al., 2004). When landmark positions are brought into conflict with confi-
gural cues of the surrounding, RE/LH chicks rely on landmarks (Tommasi &
Vallortigara, 2001; Vallortigara et al., 2004), an asymmetry that is especially preva-
lent in males (Tommasi & Vallortigara, 2004). Similarly, RE/LH pigeons significantly
reduce their searching speed when major landmarks have been removed (Prior et al.,
2002). Unilateral forebrain lesions reveal that landmark coding seems to be mainly a
property of the left hemisphere (Tommasi, Gagliardo, Andrew, & Vallortigara, 2003).

Similar spatial orientation studies reveal a predominance of the LE/RH in geo-
metric coding (Prior et al., 2002; Vallortigara et al., 2004). If the size of the testing
room is altered (Tommasi & Vallortigara, 2001), or if object and geometric cues con-
tradict each other (Vallortigara et al., 2004), chicks search with their left eye accord-
ing to the relational properties of the room. If pigeons are tested in complex, very
large-scale arenas, alterations of the position of diverse landmarks do not interfere
with orientation as long as the animals are using the LE/RH, indicating a right hemi-
spheric geometric processing of major room cues (Prior et al., 2002). Hippocampal
lesion studies reveal that encoding of global information actually occurs only in the
right hippocampus (Kahn & Bingman, 2004; Tommasi et al., 2003). Since hippocam-
pal lesions are known to interfere with homing performance (Bingman, Hough,
Kahn, & Siegel, 2003), it is possible that right hippocampal mechanisms aid home-
bound flights using the relational position of stable and reliable sources of informa-
tion like mountains or odor-sources to construct a map-like representation (Vargas,
Petruso, & Bingman, 2004).

As also shown in the present study, the right-hemispheric relational coding is
not bound to spatial tasks. If chicks are faced with an object that is partly occluded
by other opaque items that stand closer to the animal, they are able to “mentally
complete” the partly hidden object—a cognitive ability that is called amodal com-
pletion (Regolin, Marconato, & Vallortigara, 2004). Testing chicks under monocu-
lar conditions reveal that amodal completion is mainly a specialty of the LE/RH
(Regolin et al., 2004). In order to amodally complete an object, the spatial relation-
ships between the parts of a visual scene must be taken into account. Thus, the
superiority of the LE/RH in amodal completion is very likely due to the same cog-
nitive processes that are also responsible for the right hemispheric advantage in
geometric spatial coding. Thus, birds probably operate to some degree with an
asymmetrical mind that focuses on local features with the left hemisphere and on
global objects and relational properties with the right (Vauclair, Yamazaki, &
Giintiirkiin, 20006).
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Since the landmark study of Navon (1977), a very large number of studies with
human subjects have confirmed a division of labor of the two hemispheres with a local
bias for the left and a global bias for the right hemisphere. These studies revealed that,
for example, the LH is faster and more accurate in identifying local components, while
the RH is usually faster and more accurate in identifying global components of the
input (e.g., Evert & Kmen, 2003; Fink, Marshall, Halligan, & Dolan, 1999; Van Kleeck,
1989). While some experiments with healthy subjects could not reveal such a lateralized
distinction (e.g., Blanca & Alarcon, 2002; Yovel, Yovel, & Levy, 2001), a local-left and
global-right dichotomy is mostly more apparent in brain-damaged patients (Ferman,
Primeau, Delis, & Jampala, 1999; Schatz, Ballantyne, & Trauner, 2000). More and more
studies using fMRI, PET, and event-related potentials (Heinze, Hinrichs, Scholz, Burc-
hert, & Mangun, 1998; lidaka, Yamashita, Kashikura, & Yonekura, 2004; Lux et al.,
2004) reveal the neural stages of processing where an asymmetrical analysis of local and
global features takes place. In addition, there is a longstanding debate if a local/global
dichotomy goes along with or even results from a precedence of the left and the right
hemispheres for the analysis of low versus high spatial frequencies, respectively
(Hughes, Fendrich, & Reuter-Lorenz, 1990; but see Delis, Robertson, & Efron, 1986;
Fink et al., 1999; Robertson & Delis, 1986; Robertson & Lamb, 1991; Van Kleeck,
1989). We will not deal with this discussion here. But it is important for us to state that
cerebral asymmetries that favor a left hemispheric strategy for attending to local fea-
tures and a right hemispheric bias to use global and possibly relational cues is firmly
founded in studies with human subjects. Thus, this cognitive asymmetry seems to be
shared by birds and humans and might have a long phylogenetic history.

6.4.2. Categorical vs. exemplar coding

One of the most influential theories on cognitive lateralization of human subjects
has been developed by Kosslyn and colleagues and posits that spatial cognition is
represented by two different relations, categorical and coordinate, with each of them
being encoded in the left and the right hemispheres, respectively (e.g., Kosslyn et al.,
1989; Laeng, Chabris, et al., 2003; for a review see Jager & Postma, 2003). In their
view, categorization refers to stored information about principal (“canonical”) spa-
tial arrangements that preserve invariant spatial information by ignoring distance
measures (“above,” “behind,” etc.), whereas coordinate relations refer to precise met-
ric information like distance, size, etc. We will especially discuss the categorization
aspect of this theory (for a detailed discussion on the possible comparative aspects of
coordinate asymmetries, see Vauclair et al., 2006).

Several empirical studies have supported a categorization superiority of the left
hemisphere (Laeng et al., 1999; Laeng, Chabris, et al., 2003; Laeng, Zarrinpar, et al.,
2003; Seger et al., 2000; but see Sergent, 1991 for contradictory results). In addition,
there is evidence for a memory-based strategy of the right hemisphere (Laeng et al.,
1999). Zaidel (1987) & Koivisto & Laine (1999) found that the typicality effect was
stronger in the right hemisphere than in the left, suggesting that the right hemispheric
strategy was to match the presented stimuli with the stored information, whereas that
of left hemisphere was to analyze the pictures truly categorically. In split-brain
patients, Levy & Trevarthen (1976) found that the right hemisphere is specialized in
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detecting the visuo-structural similarity, while the left hemisphere is in detecting the
functional or conceptual familiarity. An elegant series of studies of Burgund & Mar-
solek (2000) & Marsolek (1999) revealed that the human left hemisphere utilizes an
abstract-category mode, while the right hemisphere operates more effectively on a
specific-exemplar subsystem. According to Marsolek (1999), such an asymmetry
requires a neural architecture in which the left hemisphere maps dissimilar input
channels to the same output representation, while the right hemisphere has the ability
to map similar input to different output representations. Indeed, an fMRI study
revealed that human subjects showed a left hemispheric view-invariant object repre-
sentation, but a right hemispheric view-dependent object processing mode (Vuilleu-
mier, Henson, Driver, & Dolan, 2002). Together, these studies substantiate a
category-based vs. exemplar-based mode of processing in the left and the right hemi-
sphere of humans, respectively. This essentially covers an important part of some of
our results with pigeons. The parallel nature of the findings in humans and pigeons
not only makes a common evolution likely, it also shows that the left hemispheric
categorical coding precedence as proposed by studies with human subjects is not
based on verbal codes. Language might be a correlate of categorical thinking but not
a prerequisite (see Aust, Apfalter, & Huber, 2005).

One evolutionary driving force for the establishment of a dichotomous mind could be
the problem of a functional incompatibility (Vallortigara, Rogers, & Bisazza, 1999).
When assessing novel stimuli, organisms have to carry out two different types of analy-
ses. On the one side, they have to assign a stimulus to a certain category and to thus treat
it in a way that was successful on previous encounters. Categorization necessarily implies
an ignorance of idiosyncratic features in favor of invariant ones. On the other side,
organisms also have to detect individual variations to eventually respond in an unusual
way. Animals which are able to perform these seemingly incompatible operations simul-
taneously have the potential for both without losing time. Perhaps, cognitive asymme-
tries may derive from such evolutionary pressures (Vallortigara & Andrew, 1991).

Our data reveal that cerebral asymmetries seem to have a long and common evolu-
tionary history (Rogers & Andrew, 2002). This view on asymmetries is also supported
by a recent paradigm shift in the understanding of the organization of the vertebrate
brain that shows that the pallial entities comprising the mammalian and the avian fore-
brains are truly homologous with a common phyletic history (Jarvis et al., 2005; Reiner
et al., 2004). Mammals and birds separated about 300 million years ago with a member
of the stem amniotes as their last common ancestor. If our finding that pigeons display
an asymmetrical cognitive architecture that strongly resembles that of humans is not
the result of convergent evolutionary events, it must reflect a lateralized way of infor-
mation processing that already existed 300 million years ago.
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