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AIMS OF THE DISSERTATION

Spatial cognition is a widely studled model for neurosciences, othelogy,
cognitive sciences and behavioral ecology. Recently, many researches cancern
animails’ ability to encode the geametry of the space, e.g. relative positions of
muttiple landmarks in space or giobal shape of an environment,

In my thesis I focus on animals’ ability to process configuration of visual
stimuli presented on a computer screen. In further experiments I concentrate on
the ability of animals to make spatial decisions in the real space based on the
information presented on the computer screen and designed as a representation
of the real response space; e.g. to orient in one spatial frame (real response
space) according to information from another spatial frame (computer screen).

The aims of my thesis were:

To devefop appropriate behavioral tests in which the operant
behavior (either non-spatiat or spatfal} is controlled by visual
stimuli presented on the computer screen.

To hind out whether rats are able to perceive and discriminate
conflguration of wisual stimuii presented on the mmputer
screen.

To study whether rats are able to make spatial choices in the
real environment basad on abstract visual stimuli.

To find out whether fats process configuraticn-stimull as
simple geometric patterns or whether they percelve their
spatiatfconflguration component.

To compare performance of these behavioral tasks in different
animal species.



INTRODUCTION

Spatial cognition a5 a model for study of learning, memary and problem
solving has a long history in neurosciences. This cognitive ability is used for
several reasons, Firstly, the ability to form inner representatlon of space, to
orient in the environment, to perceive positions of prominent objects and of
others animals is essential for ali mammals and birds. Thus it is patural for
animals to perform such behavior even in experimental conditions. Secondly, it
is possible to compare spatial cognition of different species in simllar tasks. And
thirdly, there are strong indices of the possible neuroanatomical substrate and
mechanism underlying spatfal cognition.

For orientation in the space animals used different strategies as dead
reckoning, the perception of single beacons or encoding relative positions and
directions of multiple iandmarks (Jeffery, 2003; Gallistel, 1990},

It depends on many factors which strategy would be preferred in particular
sltuation: animal species, type of used training, arrangement of environment,
pravious experience of subject or its ontogenetic stage.

Interaction between different strategies can reduce navigational errors {Collet}
and Graham, 2004).

One of the strategies to orient in space is to encode the geometric features of
the environment: global geometry of space or the configuration of multiple
landmarks. This ability is fundamental for our experiments - we trained animals
to choose specific position in the real space according to configuration of abstract
stimuli. Therefore animals had to first perceive the configuration of stimuli
presented on the computer screen and than to transformn the relations of virtual
stimuii to the rea! space.

There are number of evidence that under certain conditions animals proved
ability to encode geometric features of environment and with appropriate training
they are able to abstract geametric rules about space.

The ability to encode global geametry of closed enclosure was demonstrated in
various species: fn rats (Cheng, 1986; Margules and Gallistel,1988), in humans
{Hermer and Spelke, 1994, 1996; Hermer-Vazquez et al., 1999; Learmonth et
al., 2002), in monkeys {Gouteux et al., 2301) in birds (Sovrano and Vallortigara,
2006) and in fish {Sovrano 2002, 2005, 2006). In these experiments the animals
were trained to locate a position in a corner of rectangle enclosure. After they
learn to locate the position of a goal precisely, they were disariented, After the
disorientation precedure they searched in the correct position and alsa In the
position diagenally equivatent, what suggests that they were able to use
gecmetry of enclosure for recrientation. However, there were interesting
differences between the species in the ability to integrate geometric and non-
geometric information for orientation.

In the later experiments the ability of mammals and birds to encode relative
spatial information was shown. The birds were trained to locate a center of a
square enclosure and after they mastered it they searched the center in the
enclasures of different shapes or sizes. When the shape or size of encliosure were
changed the birds searched in certain circumstances in the center of new arena,
howevear in other circumstances they searched in the distance comasponding to
training arena or they compromise between these information. (Tomrmasi and
Vallartigara, 2000; Tommasi et al., 1997, 2003)



Similar ability to locate a center and to transfer this knowledge into the
enclosures of different shapes was demonstrated also in rats (Tommasi and
Thinus-Blanc, 2004).

The importance of hippecampus for encoding the geometry of the enclosure
was shown both in birds and mammals (Tommasi and Vallortigara, 2001;
Tornmasi and Save, 2005).

In open space, where the shape of environment could not be encoded, the
animals could use for erientation the relative distances and directions of multiple
landmarks.

The ability of rats to use multiple landmarks to locate a goal is widely used as
standard behavioral test in Morris water maze. Morris (1981) demonstrated that
rats were able to find in a circular water pool a submerged platform, which was
not rmarked divectly. They used for navigation a configuration of extra-maze
cues. Later experiments showed that this ability is highly dependent on
hippocampus (Morris et al., 1982; Pearce et al., 1998).

Kamil and Cheng (2001) demcnstrated the ability of Clark’s nutcrackers
{Nucifraga columbiana) to use multiple landmarks for orientation. They showed
that nutcrackers are able to search precisely with using the metric relationship
between a goal and multiple Jandmarks.

Spetch et al. (1992) even demonstrated the ability of pigeons to use multiple
landmarks presented on computer screen for locating a goal.

As was summarized, animals prove their ability th generate geometric
representation of the environment based on rultiple landmarks. It means that
they could represent a mutuai conflguration of mukiple landmarks or determine
distances and directions between landrmarks and a goal.

The manipulations with relations among landmarks could demonstrate
whether animals are able to deduce general geometric rules. The animals are
trained with a goal hidden at a flxed location relative to an array of two or more
identical landmarks. The array of landmarks Is located in the environment with
stable allothetic directional cues, but the landmark array and the goa! are moved
so that the landmarks have to be used to locate the goal.

The information provided by landmarks could be used in several ways. (1) One
strategy is to represent the global configuration of the landrmark array and to
locate the goal in relation to this configuration. (2) The second strategy is to
encode the distance and directicn of the goal from individual landmarks in the
amay. {3) The third strategy is using of a landmark as a beacon and simpily
searching near the landmark array. This strategy could be used only if the
landmarks are sitrated very close to the goal with increasing distance it becomes
ineffective.

The transformation of landmark array (for example expanding) should reveal
which of the specified strategies is used.

The expansion tests were carrled out In many species, but only honeybees and
humans showed spontaneously a pure configuration strategy {MacDonald et al.,
2004). Adult humans performed configuration strategy in several tasks both In
the real environment and in the task presented on the computer screen. Spetch
and colleagues (Spetch 1995; Spetch et al. 1996, 1997) trained humans and
pigeons to search for a hidden goal ¢centered between four identical landmarks.
The goal was always In a filxed relative position to an array of landmarks
presented in a different placement on a computer screen.

The results of these experiments showed that both humans and plgeons were
able to use configuration of stimuli for locating the goal but only humans could
perform complete transformation when the stimuli were changed,



Similar results were obtained when MacDonald and colleagues {MacDonald et
al.,, 2004} compared how common marmosets (Caltithrix jacchus jacchus),
hurnan children and human adults use landmarks to locate a goal hidden in one
of the discrete places, at the center of four identical landmarks. All subjects could
locate a goal during the training, but only human adults succeeded in the
expansion test.

Coliett et al. {1986) trained gerbiis in similar task to locate a goal, which
position was deterrnined by an array of multiple landmarks. Gerbils locate the
goal readily, but after some landmarks were removed or the array was expanded
they fail to use configuration strategy and used single landmarks for orientation.

However, in contrast to these experiments demonstrating the lack of ability to
abstract geometric rule in expansion tests {Spetch et al. 1995, 1996; Collett et
al., 1986; McDonald et al., 2004} Kamil and Jones (1997, 2000} proved that
Clark's nutcrackers were able to leam geometric relations among landmarks,
when they were trained to locate a goal in the halfway between two landmarks
with varying distance,

This finding was replicated in comparative study {Jones et al., 2002) with three
avian species: a seed-caching corvid (Clark's nutcrackers; Nucifraga
columbiana), a non-seed-caching corvid {jackdaws; Corvus monedu/a), and a
non-seed-caching calumbid (pigeons; Cofumba livia).

The results of reviewed experiments clearly proved that both mammais and
birds are able to use multiple landmarks to locate a position of a goal. This
implies that animals form inmer representation of mutual configuration of muitiple
objects in an environment, However, tne results were ambiguous in the tasks
when animals should deduce abstract geometric rules (for example “find a
center”).

One possible interpretation is that there are phylogenic differences in cognitive
capacity between species, which [imit their ability to perform the task, This
difference evolved under different ecological demands. Mevertheless, it seems
more probable that performance (at least in some cases) was influenced by
important differences in training procedure.

In experiments of Spatch, McDonald, and Collett the subjects were trained with
stable landmark-configuration and then tested with totally novel configuration.
During this graining phase both coding - {1} geometric (*finding a center”) and
{2) with using of single landmark - were in principle correct. On contrast, in
experiments of Kamil and Jones the subjects were trained with changing
configuration, thus they were really trained to learn abstract geometric rule.

We developed new behavioral tests to study the cognitive ability to perceive
configuration of wvisual stimuli and to perform spatial choices in a real space
according to these abstract stimuli not directly connected with the response
space.

We tried to determine whether the animals could interpret inner ¢configuration
of these visual stimull or whether they percelve them simply as geometrical
patterns and associate the spatial response with particular pattemns.

Contrary to most studies concerning the ability of animals to represent
geometric features of environment, we tested the ability of animals to perceive
the configuration of stimuii in one “spatial frame” and to transfer this ability to
angther “spatial frame”. The animals had to demonstrate the ability to abstract
geometric relations of presented stimuli.

As model organisms we used hooded rats {Rattus norvegicus} and macague
monkeys (Macaca mulatta).






EXPERIMENT I

Nekovarova T, Kilement D. Rat’s operant behavior can be controlled by
the configuration of objects in an animated scene displayed on a
computer screen. Physlol Res, 2006;55(1): 105-13.

In the first presented experiment (Mekovarova and Klement, 2006) we trained
the rats to distinguish the visual stimuli displayed on a cormputer screen. We
used modified Skinner box with open front wall. The box contained a lever and a
feeder. In front of the box, there was s computer monitor for presenting the
visual stimuli. The 36 cm wide and 90 cm deep gap between the box and the
computer screen prevented the rats from escaping {Fig.1, 2).

Lever pressing was rewarded by delivering of pellets into feeder only during
the time-intervais when the “rewarded stimulus” was presented on the screen.

During the session, three time-intervals weare alternated 'n a complex
sequence: 20-sec and 40-sec "non-rewarded intervals” (lever pressing were not
rewarded and “non-rewarded stimulus” was presented on the screen) and 10-s&¢
“rewarded Intervals” (lever pressing was rewarded and “rewarded stimulus was
displayed}.

The rats were {rained in the three successive phases.

In the first phase of the experiment the first group of rats {group L; n = 5)
was trained to discriminate between rewarded bright stimulus and a dark screen
{brightness-discrimination tesk}. The second group {group T; n = 5) was used as
a control and the rats were trained with the same time schedule of reinforcement
as the rats from the first group, but with no wvisual stimuli presented on the
computer screen.

In the second phase of the experiment, both groups of rats were trained n the
same way to discriminate between two different pattems of the same brightness
presaented on the computer screen. Control sessions, when no visual stimuli were
displayed on the screen, were carried out at the end of Phase 2. These sessions
could prove whether the rats’ operant responses depend on visual stimuli on the
screen, or whether the rats used another cognitive strategy {for example timing),

In the third phase, both groups were trained with the same visuval stimuli.
There was a vertical strip moving across the computer screen and a stationary
square in the right third of the screen. When the moving obfect touched the
stationary square, it stopped and this configuration was rewarded. At the end of
this phase a contro! session without displayed visual stimuli was carried out.

{Fig.2)












EXPERIMENT II

Nekovarova T, Bures ). Spatial decisions in rats based on the geometry
of computer~-generated patterns. Neurosci. Letters, 2006;394(3):211-
215,

In the Experiment II {Nekovarava and Bures, 2006) we tested whether the
rats were able to make spatial decisions in a rea) space based on the abstract
visual stimuli presented on a computer screen.

We used group of 5 rats, The rats were placed in a Skinner box placed in front
of a computer monitor serving for presentation of wisual sbimuli. In the
transparent front wall of the box there were four nosing holes arranged in a
rectangular matrix. The nosing holes were equipped by a photoeleciric device,
which registered nose poking in a particular hole. There was a 7-crm gap between
the maonitar and the Skinner box, where the mechanical arms could raise one of
two dippers from a water reservoir placed under the apparatus,

The visual stimuli were displayed on the camputer screen and a rat chose one
of the nosing holes according to a displayed stimulus. When the rat chose correct
position, the dipper was raised to the level of chosen nosing hote and the rat
could drink through the hole for 7 sec. Then the stimutus was disptayed in 2 new-
generated position. After an incorrect or no response, the stimulus disappeared
and access to the nosing holes was blocked by closing of a transparent shifting
harrier. After 4 sac the new stimulus was generated. (Fig.4, 5)

The displayed stimuli were designed as a representation of the response space
- they had the same configuration as was the conflguration of the nosing holes
on the front wall, The stimuli consisted of a rectangle and four rngs in its
comers, A bright Rlied circle marked the position of the rewarded nosing hole,
whereas the others three were represented by empty contours. (Fig.6)

The rats wera tralned in four successive phases. In Phase 1 the visual stimuli
were situated at the center of the screen and they had the same size as the
response space, thus the bright circle representing the rewarded position
overlapped with the appropriate nosing holes,

In Phase 2 and 3 the visual stimuli were reduced approximately to one third,
but they remained at the center of the screen. In these phases the bright circle
did not mark directly the rewarded nosing hole, but bacause the nosing hole the
nearest to the bright circle was the rewarded one, the visual stimuli could be
used simply as pointers.

In the iast phase the visual stimuli were shifted to the right side of the screen,
thus they averlapped with the noasing holes on the right and could not be used as
a pointer anymore, (Fig.6)
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The efficiency decreased significantly only in the third contro! session, when
the new sequence was used and no visual stimuli were presented on the
camputer screen

These results suggested that rats were able to use both the sequence and the
visual stimuli as cues. (Fig.7)

To eliminate the influence of the given sequence we repeated in Phase 3 the
training with the displayed stimuli same as were in Phase 2, but the position of
rewarded nosing hole was generated entirely randamly. After the change of the
conditions, the efficiency did not decrease to the level of the random choice and
remained at the same level as in the previous phase. The significant decrease of
the efficiency in the control session with no visuval stimuli displayed proved that
rats depended fully on the visual stirmuli on the screen.

The question is why the rats at the end of Phase 1 depcnded evidently on the
yisual stimuli, whereas at the end of Phase 2 they could use atso the sequence of
the rewarded positions to solve the task. This could be because {1) the task in
Phase 1 was qulte easy, and thus the rats could solve it with brightness~
discrimination strategy and they had nc metivation to use any additional
strategy; (2) the training in Phase 2 was quite long and thus rats could learn
some rules about the sequence of positions of rewarded nasing holes.,

Even if the rat in Phase 3 could not use the visual stimuli for brightnass
discrimination they could use them as a pointer to the closest nosing hole, which
would be rewarded. Thus in following Phase 4 we moved the visual stimuli of the
same size to the right side of the screen, so that they overlapped with the nosing
holes. The nosing hole the nearest te the bright circle was not necessary the
rewarded one anymore.

The efficiency in this phase was slightly lower than in Phase 3, what probably
reflected the increasing complexity of the task. However, ewven though the
decrease in the first session of Phase 4 differed significantly from the last
sessions of Phase 3, it also differed significantly from the control session of Phase
3, when no visual stimull were displayed. It showed that the efficiency did not
decrease to the level of random choices. The efficiency decreased only in the
control sessions of Phase 4, when no visual stimuli were presented on the screen.
{Fig.7)

These resuits suggested that the rats were able to use abstract visual stimuli
designed as a representation of the response space as a cue to make spatial
choices in this space. However, we could not decide how the rats perceived the
visal stimuli. They could {1) perceive the stimuli simply as four different
geometrical pattems and assoctate them with feur different positions of the
nosing holes in the response space; or (2) they could encode the information
about configuration/space Included in the stimuli.

To resolve this guestion we carried out the following experiment,



EXPERIMENT III

Nekovarova T, Nedvidek J, Bures J. Spatial choices of rats based on
abstract visual informatlon: Pattern- or configuration-discrimination?
Behav Brain Res, 2006;172: 264-271,

In Experiment III {(Nekovarova et al. 20062} we replicated the training from
previous Experiment IT with one group of rats (group A; n = 7), but we used the
second group of rats (group B; n = 6) as a control. We displayed configuration
stimuli {similar as those from the previous experiment) to group A. These stirmuki
were designed as a representation of the response space and reflected the
configuration of the mosing holes in this space, For ¢ontrol group B we used
simple geometrical patterns, which evidently did nct include any informatiaon
about spacefconfiguration,

One session consisted of 60 stimuli-presentations. One stimulus was
presented on the screen in one moment, efther the configuration stimulus (for
vats from group A} or one of four geometrical patterns (for rats from group B).

We call the used visuai stimuli “abstract” because except in Phase 1 they did
not mark directly the correct pesitions of nosing holes in the real response space.

The apparatus was the same as in the previous experiment; only as a reward
we used not water but Ewo-percent sugay solution,

Rats were trained in the successive phases: first, the bright circle on the
configuration stimuli and the geometrical patterns were displayed just behind the
rewarded nosing hole, thus the visual stimull displayed on the screen directly
marked the rewarded nosing hole (Phase 1). Then the size of the configuration
stmuli was reduced and both the configuration stimuli and the geometrical
patterns were displayed at the center of the screen (Phase 2). In Phases 3 and 4
the stimull remained of the same size as in Phase 2, but they were shifted either
to the right (Phase 3) or to the left (Phase 4) side of the screen, thus they
overlapped wlth the nosing holes. (Fig.8)

The comparison of the learning and the efficiency of these two groups should
reveal whether the rats could interpret spatial configuration of the abstract
stimuli, or whether they perceive them simply as geometric patterns,

During Phase 1 both groups gradually learnt to use visual stimuli te choose the
rewarded nosing holes more frequently than at the random level. Group B was
significantly better than group A. A control session at the end of training, when
the efficiency sharply decreased, showed that the rats of both groups were fully
dependent on the visuak stimuli and did not use any other cue, (Fig.B8)

After we changed the visual stimuli in Phase 2, the efficiency of both groups
decreased significantly. However, it was important, that the efficiency of group A
did not decrease to the level regarded as a level of random choice (the Ffirst
session of Phase 2 or the control session with no visual stimuli at the end of
Phase 1).






The efficiency of group A was alsoc significantly higher than the efficiency of
group 8. The efficiency of group B significantly decreased in the first session of
Phase 2 to the level close to the level of random choice and it did not increase
systematically during the whole Phase 2. The first sessign of Phase 2 differed
neither from the sassfon from the beginning of Phase 1 {naive animals), nor from
the contral session of Phase 2 (no visual stimuli).

In Phase 3 the visual stimuli were shifted to the right side of the screen to
overlap with the non-rewarded nosing holes, The resuits were similar as in Phase
2 - the percentage of the rewarded responses for group A decreased only
slightly, and it was significantly higher than the efficiency in the control session
in Phase 2 and in Phases 3 {no visual stimuli}. In the first session of Phase 4
{stimuli shifted to the left side of the screen) the efficiency of group A markedly
decreased but immediately in the second session it increased again to the leve!
comparahle to Phase 3,

Group B did not increase systematically its efficlency during the whole Phase 3
and it was significantly iower than the efficiency of group A. The efficiency in the
control session did not differ from the standard sessions. The efficiency of group
B did not increase even in Phase 4 and stayed on the level close to the random
chaoice.

The results of the experiment proved that rats were able to use abstract visual
stimuli of some kind for spatial choices In the real environment. The results
showed distinct difference between the groups using the different visual cues:
{1} group A using the “spatial stimuli” reflecting the configuration of the real
space and (2) group B which should have associated the simple geometrical
stimuli with the appropriate spatial choice.

It suggested that the stimuli containing the configuration information allowed
the rats to orient in the environment, whereas the rats failed to associate spatiai
response with the simpie geometrical patterns without 2ny spatial compaonent.
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EXPERIMENT 1IV.

Hekovarova T, Nedvidek ], Bures 1. Spatial choices of macaque monkeys
based on abstract visual information. Behav Brain Res, 2006b;174; 93-
100.

After we carried out the series of experiments with rats, we studied whether
monkeys coufd manage similar tasks. We studied how the macaquea monkeys
perceived abstract visual stimuli and-whether the monkeys were able to make
spatial choices according to these stimuii.

The experimental design was similar to experimentat design in Experiment III.

The monkeys were put in a box placed in front of a manitor equipped with a
touch-panel. The panel was placed directly on the screen and consisted of a
transparent board with nine touch-holes equipped with a photoelectric device far
registering the touch. The front wail of the box was opened, allowing the
monkeys to view the screen and te touch the panel through a touch-hole. The
monkeys were trained to choose one of the nine topuch-holes on the panel
(response space} corresponding to one of the four wisual stimuli displayed
subsequently on the screen. Correct responses were rewarded by sweet cereal
pellers delivered to the monkey. (Fig.9, 10-4}

The first monkey (subject A - Puck) was exposed to the visual stimuli designed
as a representation of the response space: the configuration of the stimulus was
the same as a configuration of the response space. The positfon of the rewarded
touch-hole was indicated by a bright circle shown In relation with empty circles
representing the other, non-rewarded touch-holes (Fig.10-B, C).

By contrast, the second monkey (subject B - Aftita) was trained to associate
geometrical patterns (without any implicit spatial component) with the particular
positions of the touch-holes (Fig.10-B, C).

In the first phase of the experimenrt the stimuli were designed simllarly as in
Experiment HI: they varied in the size and in the posltion, but their shapes
remained the same.

In the second phase the visuval simuli were changed and the different set of
the touch-holes was rewarded. The visual stimuli of subject A {configurations)
were changed otherwise, but the principle of representation remained the same —
only the circles in the rectangle represented the different set of touch-holes.

On contrast, the geametrical pattems of subject B were replaced by entirely
new series of stimuli associated with the new set of touch-hales. (FRg.10-C)

The comparison of the two monkeys using different types of stimuli were
expected to reveal potential differences between pattern-discrimination and using
of configuration information included in the “spatial” stimuli.
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Fig.10: {I} The scheme of the experimental apparatus. The monkeys were placed in the
oy in front of the computer monitor presenting the visual stimuti. (II) The "screen shots™
seen by the monkeys. It shews the position and the size of the visual stimuli used In
varigus phases of the experiment. The left colurnn shows the configuration ({spatial)
visual stimuli (subject A), the right ¢olumn the patterns without any information about
response space (subject B). For phases 1.1-1.5, the examples shows only stimuli
marking the upper left lower position. In phase 1.1 the visual stimuli marked directly the
rewarded touch-hole, in phase 1.2 the size of configuration stimuli was reduced and both
the configurations and the patterns were shifted to the center of the screen. In phases
1.3-1.5 the visual stimuli were displayed in different positions on the screen. In the
second phase, new visual stimull were used. In phase 2.1 the stimuli were displayed at
the center of the screen, in phase 2.2 the configuration stimuli were shifted, but the
patterns were still displayed in the center. {III} The figure shows the particular stimuli
connected with particular pesitions in phases 1 and 2. The session consisted of a
succession of sbmulus-presentations. In one presentation only one stimuius from the set
of four was displayed to Indicate the position of the rewarded touch-hole: either the
configuration stimulus (for subject &) or the pattem (for subject B).
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In the following phases the stimuli had the same size, but the position on the
screen where the stimuli were displayed was changed in particular phases. The
percentage of the rewarded responses of subject B did not change markedly
through these phases. Subject A decreased Tts efflciency in the sessions
immediately after the change of the position of the stimuli, but rapidly returned
to previous level, (Fig.11}

This couid indicate that there was a difference in perception and processing of
the spatial {configuration} and non-spatial stimuli.

However, on contrast to previous Experiment III, when the rats with non-
spatial stimuli failed to sclve the task, the monkeys under similar conditions
showed that they were able to use both types of stimuli to choose the correct
position in the space.

To find out whethar there was really a difference between configuration stimuli
and stimuli without any inforrnation about the configuration or space, we carrled
out the second phase of experiment: In this phase we changed the visual stimuli
and we used four different positfons of touch-holes where the monkeys could
obtain the reward.

The configuration stimuli of subject A c¢hanged, but the principle of
représentation of the response space remained the same; the circles reprasented
the rewarded and non-rewarded touch-holes, but the circles had different
positions.

For subject B entirely new visual stimuli were used (Fig.10-C). Immediately
after the introduction of the new stimuli the percentage of the rewarded
responses of both subjects significantly decreased nearly to zero. However,
during the training a distinctive difference appeared between the subjects.
During the training with described stimuli (Phase 2.1), the efficiency of subject B
stayed close to the zero, whereas the efficiency of subject A started to increase
after several sessions. At the end of the training, the efficiency of subject A was
close to the previous level and significantly higher than the efficiency of group B,
which was still near to zero.

The rasults showed that there was not only difference in the percentage of the
rewarded responses, but also in the distribution of responses in the particular
positions: it took to subject B more time to learn to use new the set of stimuli at
all. (Fig.11)

Nevertheless, these differences could have been taused not by the difference
in visual stimuli, but by the difference between the monkeys., To examine this
possibility we trained the subject B {previously trained with non-spatial
informatfon) with conflguration stimuli in the same way as was used previously
for training subject A. This training demonstrated that subject B was able to learn
“eonfiguration stimuli” quickly and precisely. The results in the first phase were
similar to those of subject A: when the configuration stimulus was shifted to the
new positions, the percentage of the rewarded responses decreased in the first
sesslon, but immediately returned to the previous tevel in the subsequent
sessions: this tendency was not demonstrated in this subject in the previous
training with the simple geometrical stimuli. The results were also similar to
subject A in the second phase. Subject B kearnt to assoclate new configuration
stimuli with the new set of possible rewarded touch-holes quickly on contrast to
the previous training with simple “non-spatlal” pattems.

The difference in leaming between subjects with *conhguration” and “non-
configuration” stimuli suggested that there was a difference in the processing of
{1) the visual stimull reflecting the configuration of the response space and of {2}
the simple geometrical patterns lacking relevant spatial component.
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CONCLUSION

The animals often demonstrated their abitity to perceive configuration of
landrmarks and geometrical features of the environment.

We tested their ability to perceive configuration of abstract stimuli and to make
spatial choice in the real environment according to this Information.

We developed behavioral tests using a rmodified Skinner box to test spatal
cognition of animals with minimization of motoric component of the respoense.

First, we demonstrated the ahility of rats to discriminate configuration of
objects presented on the computer screen (Experiment I - Nekovarova and
Klernent, 2006).

Afterwards, we showed that rats are able o perfermn spatfa! choices in the real
space {operant responses) according to configuration stimuli designed as a
representation of this response space and presented on the computer screen
{Experiment II — Nekovarova and Bures, 2006).

Consequently, we proved that rats perceive such spatial stmuli (with
information about configuration of the real space} differently from the simple
stimuli without any spatial information (Experiment III - Nekovarova et al,
2006a).

Finally, we carried out a similar experiment in macaque monkeys (Experiment
IV — Nekovarova et al., 2006b} to compare cognitive functions of different animal
species. The results of this experiment suggested that, unlike rats, monkeys
were able to associate the positions in the real space both with spatial and non-
spatiai information displayed on the computer screen. However, additional tests
demonstrated a difference betwean processing of these two types of stimuli.

Contrary to the most of the studies concerning the abillty of animals to
represent geometric features of environment {*geometric cognition™), we focused
on the abitity of animails to perceive the configuration of stimuli in one “spatial
frame™ and to transfer this ability te another “spatial frarme”, The animals had to
demonstrate the ability to abstract geometric relations of presented stimuli.

The presented tasks enable to separate cognitive functions involved in
encoding of the geometric relations, in object recegnition and in object-place
memory. In subseguent experiments it might be possible to use such tests to
study a role of the hippacampus in abstract spatial tasks.
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