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Chapter 1 
Natural geometry 

 
 
 
 walked in The matter of time, the Richard Serra’s most complete 

rumination on the physicality of space and the nature of sculpture, permanent 

collection in the Solomon R. Guggenheim Museum in Bilbao, designed by Frank 

O. Gehry. Two circles, one snake, two other circles and a spiral to play with 

inside/outside relations. I would like to tell you my experience in the spiral 

(leftmost panel in Figure 1). You can move around, on, in and through the works 

and encounter them from multiple perspectives; all are built from sections of 

toruses and spheres to create passages of space that are distinctly different -

narrow and wide, compressed and elongated, modest and towering- and always 

unanticipated nor predictable (rightmost panel in Figure 1). There is not just the 

progression of space, but even the progression of time; everything in the world 

we live in, is regulated by structures: these are always on the 4 dimensions, 

because the forms are always changing as we can see thinking to the seed that 

will become a tree, a flower, a fruit and again a seed in its complete cycle. 

Everything is transformed, at sight as in the case of plants, slowly as in the case 

of minerals, in a flash as in the case of a discharge. I will not consider here this 

fourth dimension that is given by the time (it is not the issue of this dissertation) 

but I will focus on the other three dimensions: width, length and height.  

Shifting in unexpected ways as you walk in and around, Serra’s sculptures 

create a dizzying unforgettable sensation of space in motion with differing 

effects on viewer’s movement and perception. And going back to my personal 

event, I entered the spiral from the North (considering the whole orientation of 

the entire building), I enjoyed the puzzling movement of the surfaces, I arrived 

to the centre of the work and I came back going outside from the South. I 

looked around and, much to my surprise, I discovered I was at the same 

entering point of the beginning of my experience: I was at the North. 

Completely disoriented, for the first time in my life, although a simple 

consideration about the shape would have led me to the correct orientation: it 

I 
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was a spiral with the same entering point/exit and not a labyrinth with many 

entrances/ways out. Certainly if I would have recognised the shape, for, even 

most amazingly and astonishingly, I did not identify the sculpture I was in! In 

order to keep track of my movements inside the spiral, I could have taken into 

account several clues available on the roof of the building: not just the different 

heights and various visible axes in the irregular structure but even the most 

simple rectangular panels obtained from the lines of spotlights that define it or 

the black fireproof spots, a real salient indication (clearly evident in the 

rightmost panel in Figure 1). However, I did not. And the plain result was I felt 

mislaid, totally lost. Probably the “past experience” (meaning precedent and 

familiar because of the precise order of the sculptures) with Serra’s circular 

works with visible and/or specular entrance/exit or the anticipation let me avoid 

to keep in mind the possibility of the installation of a new shape, hence a new 

combination of entrance/way out. Once reoriented using the overall works’ 

series to understand from which direction I came and in which one to proceed, I 

needed to go ahead in the next room to discover, from bidimensional drawing 

projects, that the sculpture I was in, was shaped in the manner of a spiral. 

 

      
 

All the elements that you will read about during the present dissertation 

are already available in this experience (even though with some slight 

differences): I will talk about the feeling of disorientation, the ability to reorient, 

the informational clues available to get one’s bearing, the expectation or 

anticipation and the role of past experiences with the geometry of the 

environment. In the first part you will be introduced some important notes on 

“doing geometry” and the basic paradigm used to investigate animals’ ability to 

Figure 1  

Pictures of Richard 

Serra’s Spiral in 

the Guggenheim 

collection – Bilbao: 

overview (left) and 

walking through 

(right). Adapted 

from official 

website. 
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re-orient, the underpinning strategies and the useful types of information; then 

some stress will be given to the modular architecture of the brain/mind and the 

innateness of certain constructs against the role of experience; a special 

highlight will be given to chicks ability to re-orient and in the following Section, 

specific aims will be explained in details and strong results will be provided; 

everything will be eventually summarized and discussed in the last chapter. 

 

 

1.1  Notes on spatial cognition  
 

[…] Voi mi chiedete di credere  

che vi è un’altra Linea oltre a quella indicata dai miei sensi, 

e un altro moto oltre a quello di cui mi rendo conto ogni giorno. 

[…] Si può concepire nulla di più sfrontato o irrazionale? 
Abbott EA (1884) Flatland. A romance of many dimensions. 

 

hen travelling, getting around, finding specific places or relocating them, 

essential cognitive processes that subtend spatial abilities are enrolled. The 

wealth of spatial information all diurnal animals may rely on to find the way from 

one place to another suggests orientation ability to be a complex function which 

can be subdivided into a number of different components (Nadel and Hardt 

2004; Postma 2005). Cues for orientation available at once include far and near 

landmarks, features defining environmental shape, path integration, memory for 

the chain of responses that got them from one place to another. Any of the 

implicit computations requires a peculiar kind of cue to be a particular input: 

distances and directions travelled are demanded in dead reckoning 

calculations; sun’s azimuth is in some way correlated to geocentric coordinates 

in sun compass; beacons’ array is taken as a cueing or guidance in orienting 

process; and so on (Shettleworth 1998). This modularity of spatial processing is 

due to the fact that, depending on which strategy is adopted, it is possible to 

dissociate diverging spatial information used for internal algorithms to the 

exclusion of other cues which the animal is sensitive to. And many are the 

examples, because all organisms who are able to locate their refuge or food 

places (ranging from ants to human-beings) possess the ability to acquire an 

internal representation of the goal’s location (although a differently featured 

W 
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one) or at least a strategy to reach it, i.e., they show some form of spatial 

learning. It is quite difficult to imagine how animals could survive without the 

ability to remember and find places. 

As you will read through the dissertation, redundant cues are often 

available in ecological scenes. It would be pretty reasonable to postulate that 

biological organisms process them one at a time rather than many not-more-

informative cues pointing all to the goal. And this would be considered an 

evolutionarily efficient strategy because reliance on one rather than another 

information may reflect a path of optimization. However, spatial learning 

sometimes appears to involve parallel codifications and, in some other 

circumstances, cue competition (Chamizo 2003). Animals seem rather to refer 

to multiple cues arranged in hierarchies (see Wiltschko and Wiltschko 1994; 

Vallortigara 2006). Relying on just one source of information at a time is at the 

extreme of a continuum of rules for combining information from different 

sources (Shettleworth 1998) but it is evident that “the more successful 

behaviour for the least expense” is needed allowing a near-optimal spatial 

performance without having to resort to a cartographic-like map (Yoshino 1991). 

How thus does the animal pick up the right memory to do the task? 

A cognitive map is truly the most advanced representation of the 

surroundings, a mental model of objects’ spatial configuration that permits 

navigation: it does not depend on body orientation, rather it maintains, in an 

abstract way, its orientation with respect to the external world with rotation of 

the animal, integrating all available spatial information without competition 

between potentially redundant cues (O’Keefe and Nadel 1978). When an 

egocentric representation of space is enrolled, the outside object is expressed 

with reference to the self (a direct basis for action is possible from simple 

sensory data); when an allocentric representation is enlisted, in contrast, the 

external locations are coded independently from the view-point of the subject 

and are somehow more difficult to compute but may provide a much more 

flexible navigation. Historically, Tolman (1948) was the pioneer in proposing 

such a sophisticated representation, subsequently formulated in a systematic 

theoretical frame by O’Keefe and Nadel (1978). However, since simpler 

mechanisms may explain animal abilities to travel and orient as explained 

shortly before, it is really difficult to find unambiguous evidence for cognitive 
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mapping in any animals (Benhamou 1997). In fact, alternative explanations 

using solely egocentric representations can often be found to justify observed 

behaviours (Bennet 1996). 

A close demonstration of a map-like computation would be the evidence of 

the capability to travel a novel route without relying on any relation or on path 

integration, generalizing from familiar to novel views of landmarks or beacons or 

so, i.e., the mastery of a really allocentric frame for the overt behaviour. 

The starting point is that biological organisms experience mostly frontal 

views of the environment, they do not resort to metric rules’ use and they 

extract relational properties of a certain space through perceptive and motor 

experience. One may wonder why it should make sense ecologically that 

animals build up maps with apparently properties of Euclidean metric 

coordinates. More generally, places can be described in either topological or 

metric terms and organisms are sensitive to these types of spatial information. 
Topology, in the specific meaning within geometry, expresses the possibility of 

defining a place (τόπος place and λόγος definition) devoid of all metric attributes 

but comprising the concepts of order, enclosure and adjacency. Furthermore, 

topology has a well-defined sense in human development as a key-concept in 

Piaget’s theory of children cognitive development. In the original formulation of 

Piaget and Inhelder (1956), it has been proposed that children initially represent 

space only in topological terms: spatial and geometric reasoning between 2 and 

7 years are operating on topological representations of spatial relations with no 

conception of metric. In this case, topology is intended as something slightly 

different from the genuine definition and erroneously referred to as Euclidean; 

actual facts are different (empirical evidence do not sustain this view) for it has 

been demonstrated that even young infants, early in development, represent 

and respond to metric information (for a critical reading Newcombe and 

Huttenlocher 2000).  

What about other animals? Just as it is, from this topological angle, the 

representation that is sketched is fairly useless for locomotion, except in the 

very specific and human-made environment well exemplified by the 

undergrounds. Let have a look to the London Underground Tube map (Figure 

2), the most famous Harry Beck’s realization: distances and directions are 

completely ignored and as a result the suburbs are expanded to the expense of 
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the centre of the city; furthermore all the information is conveyed by simple lines 

placed vertically, horizontally or at 45° but the important information for 

travellers (exactly order, enclosure and adjacency) is preserved. 

It is really doubtful that animals maps are to say topological (but see 

Poucet 1984) because in such a map there is no notion of direction, distance or 

size whereas many evidences have been collected in confirmation of a massive 

use of distances and directions from and towards an important place (see for 

examples Gallistel 1990). 

 

  
 

In fact, even the most simple navigation is expressed by metric: to locate a 

goal signalled by the presence of a landmark, an animal has to perceive the 

distance and the direction of its position with respect to the landmark, to 

remember the distance between the landmark and the goal and its direction, 

and then to implicitly calculate the distance and direction from their position to 

the goal. In this sense, there is an inherently metric concept that leads to 

topography: as a drawing of a place (τόπος place and γράμμα drawing) it adds 

the idea of distances, directions and elevations, all metric concepts so 

indefinable within a topological framework. Of course, mapping need not to be 

the two-dimensional cartography that human use (see Gould 1998); other 

animals are more likely to take advantage of a list of instructions that serve 

much the same purpose as, for instance, in insects to travel brief paths, an 

integration of memory of the route and inertial signals (e.g. Collett 1996) 

whereas, for longer travels well exemplified with compass, there could be innate 

instructions as more genetically specified vectors for guiding behaviours (e.g. 

Figure 2

The plainest example 

of a topological map: 

the London Tube Map 

realized by Harry 

Beck. All the important 

information is 

summarized without 

reference to metric. 
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Heldberg 1996). This is something different from building up a global 

representation of space or extracting an internal cognitive spatial map and 

surely topography is apparent since the dawn of spatial skills. O’Keefe and 

Nadel, in their wording, postulated that the space is “stored” in egocentric 

coordinates where objects are located in cartographic space, but they do not 

define it: if an object is removed, the space continues to the same. They 

diversified, then, some independent forms of navigational strategies (taxon) 

hardwired in different brain structures. However, results failed to support 

distinctly these assumptions, showing mostly associative mechanism to be 

engaged (Chamizo 2003); later Gallistel (1990) proposed that any orientation 

based on implicitly computing distances and directions (except navigation 

based on beacons or proximal cues) is evidence of a cognitive map that 

integrates positional information derived from a body- and an earth-centered 

coordinate system (as I will better describe in Section 1.2; for a review Rodrigo 

2002). It was Poucet (1993) who emphasized the hierarchical organization of 

space based on the steps that are necessarily required to form a cognitive map, 

from an initial topological idea of the environment to a refined metric 

representation obtained through exploratory experience. In his model, the 

sources of information are gradually woven together thus highlighting the fact 

that even at their highest level animals maps can be not a complete 

environmental representation. This model is appealing especially for the 

postulation that some information acquire different weights because they are 

more processed than others depending on the direct individual experience 

within a given environment (Rodrigo 2002). This can be true up to some point; 

in fact, while becoming familiar with a certain space, a step that requires 

sensory appreciation of spatial features, the coding and the weighting of some 

kind of information depend on a sort of predisposition due to the reliance of 

such cues (see Chapters 3 and 5). 

Several other models have been argued on the basis that it is possible to 

represent space without use of an overall coordinate system, i.e., referring to 

simple associative processes that combine current sensory input with motor 

outputs (as a linked list of events) called “local view” (McNaughton 1987, 1988). 

However these hypotheses are unlikely either to explain the flexibility observed 

in mobile organisms or the time needed for a computation that in these models 
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would be related to the minimum length of the series of movements that 

connects one view to the other (Rodrigo 2002) as well as maintaining an 

egocentric representation becomes increasingly dear (Burgess 2002). 

Evidences supporting egocentric maps are not the proof of the absence of an 

allocentric representation. 

In conclusion, field and laboratory studies revealed a rich arrangement of 

cognitive mechanisms for finding places. Associative theories are strictly related 

to the current neurobiological considerations and find in this the major support: 

in fact, complex representational computations seem to require a functional 

architecture that is not transparently consistent with our updated understanding 

of neural mechanisms. However, a huge amount of behavioural data collected 

in non-human animals has strikingly demonstrated that learned behaviour is set 

in an enduring temporal and spatial representation (Gallistel in press). 

I will discuss a small subset of such abilities, focusing on how organisms 

use the structure of a space and the other cues available (if any) to find a goal. 

The internal image of the surrounding space can be differently obtained in 

dependence on the specific task required and always due to the fact that 

resources and capabilities are optimized to the maximum result. Where a map 

is superfluous, and some more basic and economical strategies may serve the 

same purpose, each parsimonious system adopts it. Some of the spatial 

processes identified are general across species and environments. I will focus 

on reorientation ability in enclosed spaces and before discussing how animals 

encode, process and use information to successfully reach the target in that 

specific regard, I will explain what it is necessary to keep in mind for 

reorientation. 

 

 

1.2 The re-orientation ability: Strategies and ingredients 
 

Exploring an environment, travel by travel, an animal gets progressively 

more familiar with it, i.e., a place representation becomes available so that a 

particular cue, arrangement of beacons, or even a special view allows it to 

predict what will appear and where and eventually to locate the goal from its 

current location. In this sense, two separate steps are apparent: determining 
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where the target is relative to the animal’s position and using external cues to 

orient in the correct computed direction (Gould 1998). 

Two major and complementary coding strategies are in use when an 

organism encodes the properties of an external space: an egocentric- and an 

allocentric-based strategy. The former is accountable for tracking the position 

of the animal by encoding (and continuously updating) distances and directions 

from the starting point during travel: it is also known as path integration or dead 

reckoning. The latter is responsible for mapping out locations by referring to the 

characteristics of the surroundings, encoding spatial relationships among cues 

which can provide a stable frame of reference with their relative positions since 

they do not change as the animal moves. Each mechanism bears per se 

informative properties and they can co-operate. In addition, by doing so they 

may provide redundant information. However, it may also occur, in some 

circumstances, that the two systems are not in agreement, i.e., when a 

movement not controlled by the animal itself displaces it (as tumbling down a 

hill) or when there is a lack of external orienting cues (for instance in the dark). 

In those cases, the internal system formed by inertial, kinaesthetic and 

vestibular signals is inevitably disrupted and the objects‘ relationships to the 

animal are no longer represented correctly but leave the external one still 

unaffected (since the position and the orientation of the agent are not relevant 

for correctly representing object-to-object relationships). Thus, the allocentric-

based mechanism is used to adjust the self-based one and aspects of the 

external world must be used to re-establish orientation as has been well-

documented in a wide variety of studies addressing this reorientation ability (see 

Etienne and Jeffery 2004; Cheng 2005; Cheng and Newcombe 2005 for 

exhaustive reviews). In this way, the places at which an animal searches for are 

informative about the cues it uses to reorient itself. 

To successfully orient and functionally navigate from one place to another 

a detailed consideration of the overall arrangement of spatial features available 

in the environment is needed. Usually, at least in our experience as human-

beings, a place “can be objectively defined by both its relationship to the 

environment and its intrinsic characteristics (local cues)” (Poucet 1993). In the 

natural environment, namely the complete space surrounding an individual 

(global level), local cues refer to all the distinctive features that can be 
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selectively taken into account, and defined by relationships that link one single 

characteristic to each other but that are still located in the “working space”. Of 

course, there are no physical boundaries that constrain a local space with 

respect to a global one. However, because of the particular indoor paradigm 

developed by Ken Cheng to study spatial reorientation abilities in animals 

(Cheng 1986) the global space perceived by the animal is defined (and confined 

to) by the shape of the enclosure: i.e., the layout composed of axes, surfaces 

and their relative lengths together with their incident joint points. In the literature, 

this geometric layout is referred to as geometric information. Another source 

of information is supplied by the local cues - non-geometric information in this 

paradigm - i.e. those salient properties of the surfaces such as their colours and 

patterns or those features distinct from the surfaces themselves such as 

separate beacons located in specific positions. In natural environments, these 

two types of cue are usually correlated although with varying degree from one 

environment to another.  

There is, then, another source of information that is usually present while 

the animal is processing the layout of the spatial surroundings: the internal 
directional sense of left-right which may be helpful in associating different 

cues with respect to their specific and relative position in egocentric 

coordinates. 

In ecological scenes, animals are usually exposed to a major number of 

arrays of landmark instead of well-defined enclosures; and surely not only 

surfaces but also configurations of landmarks have geometric properties. It 

could be assumed therefore that the strategy employed to encode geometry is 

not restricted to enclosures (Yaski and Eilman in press; Cheng and Newcombe 

2005); nonetheless the importance of “landmark geometry” varies considerably 

across species. There is extensive evidence that rats for instance use complex 

relations of landmarks or extra-maze cues to orient in order to locate a goal in 

the morris water-maze task (Suzuki et al. 1980) and reorient using objects array 

(Gibson et al. 2007; Benhamou and Poucet 1998); however it is still lively 

debated as to whether there is a real encoding of the geometry of the 

configuration (Skov-Rackette and Shettleworth 2005) also because contrasting 

results are put in light in different species or with different testing procedures. 

Chicks, for instance, prefer to rely on a single object at a time (Della Chiesa et 
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al. 2006) and children in some circumstances fail in reorienting (Gouteux and 

Spelke 2001; Lew at al. 2006), in others are able to successfully identify the 

subtended geometrical relations (Garrad-Cole et al. 2001). 

Although landmark geometry is certainly crucial too, in an enclosed 

environment the presence of explicit surfaces that are extended, that joint in 

some points with other walls creating corners and that imply only given 

symmetry axes, makes geometric information visible and much prominent (i.e., 

easy to encode and directly usable); an array, instead, has all these features 

hinted implicitly. Moreover, while differences between species are manifest in 

landmark-based search, the independence of geometric and landmark encoding 

may be general in that a lack of overshadowing between discrete landmarks 

and geometric shape has now been proved in several species (but see Section 

3.2). The ability to use the geometric shape formed by surfaces thus may be 

universal – to my knowledge there are no reports of species failing in displaying 

use of geometry to reorient. Hence, I will focus on the geometry of enclosed 

spaces, trying to tackle the inherent strategies. 

 

 

1.3 The basic paradigm: An overview 
 

A powerful experimental paradigm to study spatial reorientation abilities 

was first developed by Ken Cheng in 1986. In his study, rats (Rattus 

norvegicus) were located inside a rectangular enclosure and were trained to 

find food, available in one corner, in the presence of several visual and olfactory 

cues. The correct location was defined by the availability of both geometric 

properties of the surfaces (i.e., shorter and longer walls together with the 

“sense” for left-right discrimination) and non-geometric properties (visual and 

olfactory cues of the surfaces of the environment; a schematic representation of 

the task is shown in Figure 3). 

When the rats were reintroduced into the apparatus, after having been 

passively disoriented outside in order to remove inertial information (i.e., to 

avoid internal sense of direction and location), they searched at an equal rate in 

the target corner and in the corner located at 180° rotation from the target (the 
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indistinguishable opposite position with the same geometrical properties with 

respect to the shape of the enclosure). 

 

 
 

Interestingly, rats did not resort to use of non-geometric cues to solve the 

ambiguity of the room’s symmetry and thus to discriminate between the two 

geometrically identical positions (A and C in Figure 3). A combination of the two 

sources of information, geometric and non-geometric, would have led them to a 

correct choice but rats were able to take into account both geometric and non-

geometric properties only after repeated trials (i.e., in a reference memory task). 

However, even in reference memory tasks, when the two kinds of information 

were placed in conflict (using the so-called affine transformation, in which a 

dislocation of the featural cues occurred so that the previously reinforced cue 

was located in a novel, geometrically incorrect position) rats preferred to choose 

the corners located in the geometrically correct locations and with the wrong 

features, confirming a primary role of geometric information in reorientation. 

AD 

BC 

AD 

BC 

Figure 3
Layout of a rectangular 

enclosure with different 

discrete panels located 

at the corners (top) and 

a white walls version of 

the same environment 

(bottom). The filled red 

dot in corner A indicates 

the reinforced position; 

the open red dot in 

corner C shows the 

geometrically equivalent 

position defined by the 

same metric and left-

right information. 
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Of course, this is a kind of impoverished situation that is really difficult to 

meet in naturally embodied contexts; typical landscape is curved and instead of 

abrupt discontinuous changes, nature has slopes. Is it reasonable to postulate 

any generality for these results? 

Making use of the same paradigm as described for rats, Hermer and 

Spelke in 1994 (and again in 1996) tested 18-24-month-old children in a 

rectangular room (4 x 6-ft) with either all four walls white (geometry-only 

condition) or with three white walls and one blue wall (geometry plus feature 

condition). In the reference memory task, toddlers reoriented taking into 

consideration the geometric properties of the rectangular room in the white-wall 

testing situation, but they continued to confuse systematically the two 

geometrically-equivalent locations in the blue-wall task, when featural 

information was available. Thus they seemed to have used primarily (as rats 

did) the geometric shape of the environment to find the target position. In 

contrast, human adults behaved in a completely different manner, being able to 

use geometry alone when in the white-walls condition and to conjoin geometric 

and non-geometric information to disentangle between geometrically-equivalent 

locations when tested in the blue-wall test (Hermer and Spelke 1994). 

 

 

1.4 Modules in space and in mind 
 

This pattern of data was accounted for by Hermer and Spelke (2004) in 

terms of a modular architecture of cognitive functions (Fodor 1983, 2001). The 

authors argued that toddlers rely on an innate “geometric module”, an 

encapsulated and task-specific process, a mental faculty devoted to a subset of 

information (i.e. purely geometrical information) impenetrable to other sources 

(in this instance, featural information). The evidence that older children (5-7-

years old) appeared to be able to disentangle the room’s symmetry when in the 

presence of a blue-wall (Hermer-Vasquez et al. 2001), led the authors to 

suggest that the development of spatial language (with use of “left” and “right” 

terms associated with description of visual scenes) would be crucial for the 

ability of integrating geometric and featural information (Spelke 2003; Wang and 

Spelke 2002). Indeed, the ability to correctly orient in the blue-wall task (Hermer 
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and Spelke 1994) correlated with the ability of children to produce and use 

phrases involving "left" and "right" when describing the locations of hidden 

objects (MacWhinney 1991). The developmental time course of the ability to 

conjoin geometric and non-geometric information thus suggested that language 

acquired by children (starting at 2-3 years of age) would soon allow them (at 

about 5-7 years of age) to perform as well as adults (see Hermer-Vasquez et al. 

2001). 

Embracing the idea that modular processing can be characterised by an 

increasing accessibility of different input (Rozin 1976) and such accessibility is 

reflected by development, the growing of a complex spatial description entailing 

cognitive maturation is corroborated by the results collected with children. 

Further evidence for a role of language came from studies in which human 

adults were required to solve the spatial reorientation task while performing a 

verbal shadowing task so as to prevent use of verbal language. Hermer-

Vazquez et al. (1999) showed that, when tested while performing a verbal 

shadowing task, human adults displayed the same pattern of errors as children 

in the presence of a blue wall, mirroring the inability of younger infants to 

integrate geometric and non-geometric information. When tested while 

performing a non-verbal shadowing task (i.e., rhythm clapping), the same 

subjects appeared able to conjoin successfully the two sources of information, 

thus supporting the hypothesis of a role of language to overcome the geometric 

module encapsulation (but see Ratliff and Newcombe 2005 for contrasting 

evidence). 

However, although verbal language could be crucial for the integration of 

geometric and non-geometric information in humans (Carruthers 2002; Hermer-

Vasquez et al. 1999), other species, devoid of linguistic capacities, can 

nonetheless conjoin geometric and non-geometric information in order to 

reorient themselves. Evidence has been collected in this regard from a wide 

range of species, including fish [redtail splitfins (Xenotoca eiseni): Sovrano et al. 

2002, 2003; goldfish (Carassius auratus): Vargas et al. 2004], birds [domestic 

chicks (Gallus gallus): Vallortigara et al. 1990; Vallortigara et al. 2004;  pigeons 

(Columba livia): Kelly et al. 1998] and mammals [rhesus monkeys (Macaca 

mulatta): Gouteux et al. 2001; tamarins (Saguinus Oedipus): Deipolyi et al. 

2001].
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Chapter 2 
Geometry in (enclosed) space 

 

 

2.1  Sizes 
 

 
earmonth et al. (2001) duplicated the original experiments of Hermer and 

Spelke (1994) but found that young infants successfully reoriented themselves 

by joining together geometrical and featural information. However, an 

uncontrolled variable across these two studies was the size of the experimental 

room used. Evidence of an influence of the environment size on navigation and 

on estimations of distances had been previously noted in children (see Herman 

and Siegel, 1978; Siegel et al. 1979). Thus, in a subsequent study, Learmonth 

et al. (2002) specifically addressed this issue. They found that toddlers failed to 

consider environmental features as landmarks in order to reorient themselves 

when tested in a small room (4 x 6-ft) but, when tested in a larger room, double 

in size (8 x 12-ft), the same children performed comparably to adults. Hence, 

the spatial scale of the environment could be crucial to the children’s ability to 

deal with the available sources of information. 

Human adults also displayed a similar pattern of behaviour (Ratliff and 

Newcombe 2007): trained in either a small or a large rectangular room with a 

feature landmark along one of the walls, and then tested after a displacement of 

the visual cue only (i.e., while maintaining the room constant in size), subjects 

rely on the geometric layout in the small but not in the large room. In the larger 

environment they preferred to use the landmark information. Moreover, when 

displaced from a small to a large room or vice versa and again after the shift of 

the landmark, subjects preferred to rely on the landmark even in the small 

environment demonstrating evidence of an effect of experience in dealing with 

featural information.  

Comparative studies on the effects of the size of the enclosure on 

reorientation in non-human species revealed a complex pattern of results. 

Sovrano et al. (2005) tested fish, redtail splitfins (Xenotoca eiseni), both in a 

L 
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large (31 cm long x 14 cm wide x 16 cm high) and in a small (15 x 7 x 16 cm) 

tank with distinctively coloured walls that provided featural information. Fish 

proved identically able to combine geometric and featural information in both 

conditions; however, when displaced from a large to a small tank, or vice versa, 

from training to test, they tended to make relatively more errors based on 

geometric information when transfer occurred from a small to a large space, 

and to make relatively more errors based on landmark information when 

transfer occurred from a large to a small space. 

Similarly to fish, domestic chicks (Gallus gallus) trained in a large (70 cm 

long x 35 cm wide x 40 cm high) or in a small (17,5 x 35 x 40 cm) enclosure 

showed no differences in their reorientation ability, being capable in 

successfully conjoining geometry and non-geometry in either the large or the 

small arena. However, differently from fish, chicks did not show any difference 

in the distribution of geometric and non-geometric errors when displaced form 

the large to the small enclosure or vice versa (Vallortigara et al. 2005a). Only 

when the chicks were tested after an affine transformation (i.e., an alteration of 

the relations between different information that puts in conflict geometric and 

non-geometric information) they made more choices based on geometry when 

in the small enclosure than when in the large enclosure, suggesting that the use 

(or the primacy in the use) of geometric and non-geometric information varies 

also in this species depending on the size of the experimental space. 

The thread running through all these species, from humans to fish, seems 

to be that there is a general tendency to rely more on geometry in smaller than 

in larger environments. However, a qualification is needed: the above 

mentioned results obtained with chicks refer to a version of the paradigm in 

which non-geometrical cues were supplied as discrete panels placed in 

correspondence to every corner (as in the original test with rats), whereas the 

children and fish were tested in the blue-wall version of the task (i.e., with one of 

the walls of the enclosure made distinctive by use of a different colour). It could 

be that in these circumstances chicks were representing space on the basis of 

the arrangement of the discrete elements themselves (the panels at the 

corners) and, if so, that the different behaviour displayed in the large and in the 

small enclosure was due to an encoding of the landmarks (panels) at the target 

and of those close to it that happened to be localized at different distances in 
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large and small enclosures. In other terms, it could be that the chicks tended to 

use the distant panels to relocate the target position and that this was more or 

less easy to do in a small or in a large enclosure. In fact, if the chicks were 

considering the target cue together with its nearest neighbour along the short 

wall in the small space, after a displacement to a larger arena they might 

consider the target cue only, since the distances are doubled. On the contrary, 

after being moved to a smaller arena, a new panel appears close to the one 

located at the target position. Hence, the affine transformation would change 

the target feature in the small space but not in the large one. This needs to be 

specifically addressed. 

A factor that could affect the probability of using non-geometrical 

information in large spaces is the proportion of the subject’s body size with 

respect to the experimental space used (see Nadel and Hupbach 2006). In 

order to better understand this point, the same animal should be tested at 

different developmental stages while maintaining the same environmental size; 

of course, this is not possible since developmental factors themselves could be 

sufficient to explain differences (if any) acting like confounding variables. 

However, if we focus on the white-walls task, different test enclosures were 

used either across species or in the same species without affecting the 

performance. Rats, for instance, were tested in a chamber that was 120 cm 

long x 60 cm wide (Cheng 1986); domestic chicks (not much bigger than rats at 

the age tested) performed the task in an enclosure of similar size (Vallortigara 

et al. 1990) as well as in a smaller one, sized 70 cm long x 35 cm wide 

(Vallortigara et al. 2004). Hence, no differences were observed in manipulating 

geometry. 

A second notable element is the size of the featural cue itself. It may play 

a crucial role in reorientation performance, especially when this non-geometrical 

information is provided by a coloured wall, the absolute size of which changes 

accordingly in a small or in a large room (Shusterman and Spelke 2005). It 

cannot be ruled out that, when perceived as being too close by the subject, a 

coloured wall may be not properly considered and therefore not processed as a 

cue. Nadel and Hupbach (2006) claimed that animals prefer to rely upon distal 

rather than proximal cues as landmarks for navigation (see also Gallistel 1990). 

From this point of view, in small spaces where featural cues end up located 
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close to the subject, non-geometric information could be treated as proximal 

information; in larger spaces, in contrast, featural cues could be perceived as 

far-located, thus increasing the probability for them to be used as distal 

information.  

This makes sense ecologically since, when navigating in natural 

environments, it is more reliable to rely on distal salient characteristics that do 

not disappear quickly rather than on local proximal cues which are subject to 

changes in their relative position while the animal moves in the environment 

(Parron et al. 2004). Hence, there may be a sort of predisposition to treat non-

geometric features as orienting cues (landmarks) only when they are perceived 

as far away, but not when they are in close proximity (Nadel and Hupbach 

2006). It is an interesting question in this regard whether “absolute size” of the 

wall is important, or rather if proximity to the subject affects the evaluation, since 

in the usual setup a larger room has a wall that is both greater in absolute size 

and further away from the subject, these factors are not the same (and in fact 

could be experimentally dissociated). 

Recently, Learmonth et al. (in press) tested children of different ages (from 

3- to 6-years old) in various conditions with the aim of clarifying the role of distal 

and proximal landmark use in environments of different sizes. The room was a 

rectangular 8 x 11-ft space with one coloured wall; an inner enclosure sized 4 x 

6-ft and 18 inches high was located in the centre of the room. When the target 

was located in the inner enclosure, only 6-year old children found the correct 

location whereas younger children relied only on geometry (confirming previous 

findings on the ability of older children to manage correctly all the available 

information). When the target was hidden in the outer room, with the children 

still confined in the inner rectangular space, 4- as well as 5-year old infants 

proved able to combine geometry and non-geometry to find the goal object 

whlist 3-year-olds again chose either of the two congruent locations (Learmonth 

et al. in press). This pattern of results is likely to be explained on the basis of a 

developmental progression in the use of proximal cues as informative ones. 

Data on the importance of distal cues also come from neurobiological 

experiments (Zugaro et al. 2004). Rats underwent tests in an enclosure in which 

orienting cues were provided by the presence of a foreground (proximal) and a 

background (distal) card. Electrophysiological recordings were collected under 
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either continuous light or stroboscopic light, a condition in which, by disturbing 

some dynamic visual processes (such as motion parallax and optic flow), rats 

were unable to refer to distal cards. Responses of head-direction cells appeared 

to be dependent on the information conveyed by distal cues, which are more 

stable when the animal moves about.  

The hypothesis that organisms are prepared to use only distant featural 

information as landmarks for reorientation (Wang and Spelke 2002; Spelke 

2003) meets, however, with difficulties. One problem with this view is that, given 

the evidence of a primacy of geometric information over non-geometric 

information (see Cheng and Newcombe 2005 for a review), the basic issue is 

not to explain why organisms do not use featural information in small spaces 

(they could do that simply because of the primacy of geometric information), but 

rather to explain why they do not continue to use geometric information even 

when tested in large spaces. This is particularly intriguing, because it has been 

usually maintained that large-scale geometric information may provide more 

stable and reliable cues than local environmental features such as landmarks 

(Cheng and Newcombe 2005). 

Moreover, species-specific differences in dealing with the overall sources 

of information should be considered. Conceivably, reorienting making use 

simultaneously of metric (long-short), features (white-blue) and sense (left-right) 

information could be costly: it may become difficult to handle all this information 

together, at least in non-human species, and therefore some of them could be 

separately considered with a preserved possibility to reorient successfully. 

Sovrano and Vallortigara (2006) produced evidence suggesting that sense 

for left-right distinction could be separately associated with geometry and 

landmark information depending on the spatial scale of the environment. 

Consider the blue-wall version of the task, and the condition in which the correct 

position (faced by the chick, in Figure 4) is properly defined by having, while 

facing it, a short blue wall on the right and a long white wall on the left. The 

encoding process that could be used here may rely either only on sense (left-

right) and metric (long-short) thus having a definition like “a short wall on the 

right and a long wall on the left”, or only on sense and the non-geometric cue 

thus having a definition like “a blue wall on the right and a white wall on the left”. 
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When chicks were trained in either a large or a small enclosure and then 

tested in enclosures of the same size as used during training, after a blue-wall 

dislocation (e.g., with the blue wall on the short wall during training and on the 

long wall at test) they showed a different linkage of sense information with either 

metric or landmark information depending on the spatial scale of the 

environment. That is, in small spaces chicks linked sense with metric properties 

of surfaces, in large spaces they linked sense with local landmark cues 

(Sovrano and Vallortigara 2006; and see also Sovrano et al. 2007 for similar 

results with fish).  

This is shown in Figure 4. Assuming that visual analysis of a corner (for 

instance by head-direction cells) occurs at a fixed distance from the animal, 

then in a small environment (Figure 4, right) the available information provided 

by complete scanning of the length of the surfaces may provide a reliable 

source of information for spatial reorientation. Thus, animals may rely on an 

association between the metric properties of the surfaces and the sense (“the 

correct corner has a short wall on the right and a long wall on the left”). In a 

large environment, however, scanning of the full spatial extent of the surfaces is 

prevented (Figure 4, left).  

 

 
 

Figure 4

Photograph layout of 

encoding occurring in a large 

(left) and a small (right) 

rectangular enclosures with a 

blue wall. The visual angle of 

a chick at a fixed distance 

from the corner (black line) is 

highlighted in sky-blue. 
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Thus, the animals must rely on an association between the featural 

properties of the surfaces and the sense (“the correct corner has a blue feature 

on the right and a white feature on the left”). According to Sovrano and 

Vallortigara (2006) such different associations depend on what the animal is 

pondering in environments of different spatial scale. 

This hypothesis is not necessarily in contrast with claims for a preference 

of using distal rather than proximal cues for reorientation, but provides a more 

precise account of the overall pattern of findings with the rectangular task in 

large and small enclosures in a variety of species. 

Further support for this view comes from results obtained with people with 

Williams syndromei, a genetic deficit that severely compromises spatial 

representations while relatively preserving language (Brown et al. 2003): these 

patients are good performers when tested in the blue-wall task thus proving 

able to conjoin a metric property with the left-right sense whereas they fail in the 

white-wall version, i.e., fail in using geometry alone (Landau et al. 2006). 

Obviously this would imply that in the blue-wall task these subjects would 

perform differently when the target was located between two same-colour 

corners (in which only metric information can be used) or between two 

differently-coloured corners (in which colour plus sense can be used as an 

alternative to use of metric plus sense). No evidence for such a difference is 

currently available. Interestingly, however, Nardini et al. (2008) reported 

recently that children of 18-24 months old can reorient using the left-right sense 

of coloured landmarks (and see also Burgess 2006). 

 

 

2.2 Disorienting procedures 
 

In the basic paradigm used to investigate animals’ ability for spatial 

reorientation, the subject is disoriented after each trial by an ego-centric 

procedure: i.e., it is passively rotated clockwise or counter clockwise a few 

times in order to avoid inertial, vestibular and kinaesthetic signals to be in use. 

                                                 
i William syndrome (WS) is a rare genetic neuro-developmental disorder characterized by strengths in 
language and face recognition with deficits in visual-spatial cognition. For the clearly defined genetic basis, 
together with a consistent neuro-cognitive profile, it offers unique opportunities to elucidate the gene-brain-
behaviour relationships. 



How domestic chicks do geometry 

 22

However, another strategy can be adopted to get the subject loose its 

orientation: the external enclosure can be rotated while the subject stays still in 

a fixed position with the eyes closed or in the dark (i.e., without the possibility to 

notice any outside change; allo-centric procedure). Both these disorienting 

procedures have the same outcome and are formally equivalent: they cause a 

disruption of the relations between the viewer and the external layout; 

moreover, in both conditions the outside geometric layout is stable and fully 

available to the subject who has to start the searching behaviour. However, it is 

possible that they invoke different processes in order to re-establish one’s 

bearing and relocate the target (Huttenlocher and Presson 1973, 1979). 

Evidence supporting a dissociation between ego- and allo-centric 

representations come from fMRI studies on humans that show differential 

activation of distinct neural networks for ego- and allo-centric spatial judgments 

thus attesting the presence of specialized subsystems for performing object-

based and egocentric prospective image transformation (Galati et al. 2000; 

Zacks et al. 1999, 2002, 2003). Besides these proofs, the fact that spatial 

frames of reference are differently impaired in Williams syndrome patients 

corroborate such division between ego- and allo-centric subset coding (Nardini 

in press). Comparative studies highlighted the existence of specific neurons in 

rat’s hippocampus, the “place cells” (O’Keefe 1976; O’Keefe and Dostrovsky 

1971), devoted to code the position of the animal with respect to a certain 

environment (Hori et al. 2003); in non-human primates hippocampal neurons 

that encode the location of space with respect to other objects have been 

reported (Georges-François et al. 1999; Robertson et al. 1999) and in humans 

as well (Ekstrom et al. 2003). Former studies that tried to disentangle the ego- 

allo-centric processing differentiation made use of the array rotation paradigm: 

each imagined movement engages a different reference system to mentally 

transform a representation and imagined object rotations tend to be more 

difficult than imagined viewer rotations (Presson 1982; Simons and Wang 

1998). In fact, for allocentric spatial information coding, the orientation and 

position of the agent with respect to the object is irrelevant and imagined 

rotations of the viewer’s relative frame are performed cohesively and are thus 

mostly immune to effects of other frames (Wraga et al. 2000, 2004). In contrast, 

it proves somehow difficult to produce a cohesive rotation of the object’s 
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intrinsic frame so that supplementary information (for instance an external 

frame) may help in judging the rotation. 

Importantly, in many of these studies the spatial locations are presented in 

a fixed position with respect to the participant whereas most of the animal 

experimental tasks place the subject immersively in a visual domain and require 

navigational abilities. In order to investigate similar functioning in diverse 

species, several studies have developed viewpoint-independent spatial memory 

tasks for humans (see for examples Feigenbaum and Morris 2004; Parslow et 

al. 2004, 2005). 

A striking result was obtained by Waller and Hodgson (2006) who tested 

people in the pointing paradigm while varying the rotation of the subject. Errors 

increased after 135° but not after 90° or less. The authors argued that this was 

due to a shift from one system to the other. This makes sense if it is considered 

that an on-line representation may be more precise and a remote one may be 

coarse; in other words, when the proprioceptive representation is not disrupted, 

the real time interaction with the objects array can dominate the performance, 

when instead the orientation is compromised, it is necessary to retrieve the 

enduring allocentric representation enabling computations not immediately 

available to the senses; once re-established the relation with the external 

environment, again the transient egocentric system can be mustered. In this 

sense a shift from a transient representation to the enduring one is always 

enrolled. 

Recently, 18-25-months-old human infants were tested to retrieve a 

hidden toy after either ego- or allo-centric disorienting procedure in a triangular 

isosceles-shaped enclosure: they could either be lifted up and, with the eyes 

covered, rotated passively few times, or remain in a certain position with the 

eyes closed, while the external room was rotated (Lourenco and Huttenlocher 

2006). In such a shaped environment, there is one acute corner subtended by 

two long walls (a unique corner which is salient for its features), and two wider 

similar corners, discriminable one from the other because of a different 

combination of metric (longer-shorter) and sense (left-right) information 

(equivalent corners). When toddlers were tested after being ego-centrically 

disoriented, they were able to find it out in every corner, discriminating not just 

the unique corner but even the most similar corners; however, when allo-
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centrically disoriented they were still able to identify the unique corner but they 

systematically confused the 2 equivalent corners. Yet, when it was given the 

possibility to perform other trials, the ability to reorient was consistent across 

subsequent trials after ego-centric disorientation whereas it improved after allo-

centric disorientation (Lourenco and Huttenlocher 2006).  

When the subject is ego-centrically disoriented, there is expectation or 

anticipation of the change in the relation with space due to (and consistent with) 

the fact that the he/she has been moved; after allo-centric disorientation there is 

not. And this clearly makes sense ecologically for navigating organisms 

normally experience changes that alter relations among objects and places 

when they move but the large scale space is usually steady and motionless. A 

viable possibility is that human infants relied upon a mental rotation strategy in 

order to re-align themselves with the outer space, a difficult transformation as 

stated for the array rotational experiments. In fact, spatial frames of reference 

develop at different rates (Nardini 2006) and usually only at 5 years children 

succeed in this task; moreover some peculiar aspects (such as familiarity or the 

presence of a distinctive cue) may facilitate the rotation. If it is assumed that in 

the triangular enclosure a corner is encoded as a salient constituent part (see 

Huttenlocher et al. in press; Huttenlocher and Vasilyeva 2003) then it can be 

speculated that the unique corner is easier to transform because subtended by 

two metrically identical walls and extremely narrow with respect to the others 

(Lourenco and Huttenlocher 2006).  

The authors also pointed out that this explanation can account for the 

difficulty found by Gouteux and collaborators (2001) in 3-year-olds children to 

find the correct corner in a table-top version of the geometric module task: in 

fact, there was not just a change in the size of the layout but it was involved 

even a space-movement vs. a viewer-movement procedure. In support to this 

idea, Huttenlocher and Vasilyeva (2003) found that toddlers are able to use the 

geometry of small spaces arranged like a rectangle or an isosceles triangle 

using a viewer-movement. 

 Though unique processing units seem to account for computing 

egocentric and allocentric perspective image updating, it is not entirely clear 

why children should rely on mental rotation thus failing in discriminating among 

the corners after allo-centric disorientation only. Given that the layout is always 
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available to the subject for a direct re-alignment it is rather difficult to imagine 

that children are able to use it only when they aspect a change in the 

relationships with the outer environment. Moreover, if their strategy involves 

mental rotation, why should be easier to apply it after ego-centric disorientation? 

I will focus on these questions planning separate experiments. 

 

 

2.3 Shapes and axes 
 

I already specified the “ingredients” necessary to reorient in an enclosed 

space; here I add further considerations about what cues make themselves 

available to people and non-human animals to reorient. 

In the classical rectangular enclosure, the geometric information can be 

encoded using either absolute or relative metrics (Spetch and Kelly 2006). 

The position of the food hidden in a corner - as above extensively mentioned - 

can be defined by having, for instance, a shorter wall to the right and a longer 

wall to the left (relative metric); but it can be differently computed if, for instance, 

a 70-cm wall is on the right and 35-cm wall is on the left and the position is 

encoded using one or both these absolute metrics. 

Kelly and Spetch (2001) tried to examine this issue testing pigeons, 

previously trained in a rectangular arena, in both a smaller rectangular one and 

a squared enclosure. The authors speculated that if the pigeons would have 

had encoded the absolute metrics during training, the task would have been 

unsolvable in the smaller rectangular testing enclosure (because the length of 

the walls changed from training to test). Pigeons proved able to re-orient in the 

novel environment, showing a global coding of the layout, thus demonstrating 

the relative encoding strategy. As a confirmation, in the squared arena (being 

the metric difference among the surfaces annulled) they searched randomly at 

each corner. I guess this experiment fails in its basic assumption since an 

important geometric feature is kept constant across the size’s transformation of 

the rectangular enclosure: the principal axes of symmetry determining, though 

in a abstract way, the shape and the relations among longer and shorter walls. 

Pigeons could have had computed the shape of the enclosure just considering 

the differences in the axes’ lengths, a strategy that would have had allowed 
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them to reorient in the smaller environment. To check for this, animals should 

have had the possibility to choose among a position defined by the old 

(absolute) metric and the new (relative) one; instead, they were forced to rely on 

one environmental aspect. Another interesting aspect is that, to some extent, 

the capability to reorient in the novel similar but smaller enclosure reflects an 

ability of scaling. In fact, scaling requires proportional reasoning and it happens 

not just when a map is used to construct a fraction or ratio that can be applied 

to determine location in the larger actual space, rather it presupposes an ability 

to code distances. Huttenlocher et al. (1999) demonstrated in an elegant 

experiment that children can solve scaling task earlier than previously believed: 

in contrast to Piaget’s initial proposal that proportional reasoning does not arise 

until 10 years of age (Piaget and Inhelder 1956) and that distance coding is not 

possible before becoming able to use unit measures (i.e., 5 years), the authors 

demonstrated that pre-school children handle successful scaling reasoning. In 

their work, subjects were showed a map representation of a thin rectangle in 

which it was indicated the presence of a hidden goal-object and then they were 

asked to retrieve it in a corresponding location in a larger sandbox. All 4-year-

old and a majority of 3-year-old children performed correctly the task. It was 

argued that “location in enclosed spaces is special in that it can be established 

by relating visible distances to one another” (Huttenlocher et al. 1999); hence, if 

relative metric is a more basic strategy from which subsequent maturation can 

develop further possibility of concepts’ manipulations (such as re-alignment of 

spaces or so), it is reasonable assuming that this underlying capability is 

already available in the wealth of cognitive functions preserved during evolution. 

And pigeons in Kelly and Spetch (2001) work would corroborate this idea. 

It is noteworthy that the geometric representation, in addition to the relative 

lengths of the walls, may include information about the angles formed by the 
corners. Tommasi and Polli (2004) conducted an experiment to assess this: 

they trained chicks to find food in a corner of a parallelogram-shaped arena. 

Then, they provided altered angular and/or metric information changing the 

shape of the enclosure. When tested in a rectangular environment (i.e., change 

in corner; preserved metric) and in rhombus-shaped arena (i.e., preserved 

corner; walls of equal length), chicks showed able to use geometry when 

presented alone. When tested, instead, in a mirror parallelogram (i.e., corner 
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and metric in conflict), chicks’ performance depended on the salience of the 

corners: when trained to choose for the narrower corner they continued to look 

for that corner information; when trained to go for the wider corner, they 

preferred to rely on metric information. These results stressed a sort of 

hierarchical use of redundant relevant geometry. Hupbach and Nadel (2005) 

tried to understand whether children use geometric information about the angles 

using a rhombic space, a geometrically ambiguous shape in that the 2 

diagonally opposite corners share the same angular information (as in 

rectangular environments) but length differences are cancelled. The authors 

tested children in either a manipulatory space (table-top box) or a locomotor 

space (canonical chamber) and in both conditions infants proved equally 

capable to use geometric features to reorient. To some extent, the angular 

information is treated as a feature (in the sense of a local landmark) departing 

from or toward which other places can be localized. However, again, as in the 

experiment with pigeons described at the beginning of this Section, it is difficult 

to exclude that orientation did not rely on the calculation of the differences in the 

diagonal lengths.  

Interestingly, Huttenlocher and Vasilyeva (2003) observed 18-24-month-

olds infants in a isosceles triangular-shaped environment (again in both a 

manipulatory and a locomotor space) and found no differences in the ability to 

retrieve the hidden toy: 1) independently from the inside-outside task, 2) 

irrespective to the angular information of the corners, and 3) without influence of 

a working/reference memory versionii. If children would have used the angle, it 

could have been expected a difference in the accuracy to find it at the unique 

corner (the greatest accuracy); when hidden in one of the 2 equivalent corners, 

infants might be more likely to confuse the corners with one another. This was 

not the case. A representation of different corners in terms of relative lengths of 

adjacent walls as in rectangular space. These results are confirmed by data 

obtained by Lourenco and Huttenlocher (2006): as described in the previous 

Section, ego-centrically disoriented children were able to reorient in a isosceles 

                                                 
ii In the working memory task, subjects must use the memory trace of one location that has to be stored 
during one trial and to be recollected in the next trial. The position to be remembered changes from trial to 
trial, thus requiring a short lasting, although spatially precise, memory trace. In the reference memory 
task, the location that has to be encoded and remembered remains the same throughout the whole 
duration of the experiment, thus requiring the formation of a stable, enduring memory trace. 
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triangular-shaped enclosure. However, the evidence that children failed when 

allo-centrically disoriented, suggests the behaviour to be likely dependent on 

angular information processing and this can account for the fact that disrupting 

relations in the surrounding environment (the one that is perceived as global 

and stable) is something different from seeing a table-top configuration moving 

(cf. Gouteux et al. 2001). 

Pearce et al. (2004) trained rats to find a hidden platform in a rectangular 

pool and tested the animals in a kite-shaped pool with walls of the same length 

as the rectangular one but in a different order (i.e., following the sequence 

short-short-long-long instead of alternating lengths). Moreover, the kite-shaped 

pool had two “new” corners (acute and obtuse) and only one geometrically 

correct and geometrically incorrect corner. Rats chose for the correct and the 

acute corners (subtended by the two long walls). When the rats were trained 

first in the kite-shaped pool in one of the right-angled corners and then tested in 

the rectangular pool, they chose the two equivalent correct corners. In general, 

rats did encode correctly the corner features (the exact sequence of metric and 

sense); choices for the acute corner can be interpreted as the result of a 

different computation: assuming that the learned strategy during training was 

“go for the long wall and stop at either its right or left end” the platform is found 

during training in rectangular maze and the acute corner is always a correct 

choice at test. 

These experiments outlined that another representation can be formed in 

the animals mind: by the “global matching process”, axes are encoded with 

referring to the entire shape (Cheng 2005). Specific axes such as the symmetry 

and the medial axes might be coded constraining the use of featural cues and 

preventing overload of spatial information. The axes have the profitable 

characteristic of being computationally parsimonious because they are a single 

parameter conveying the overall orientation of the global shape (see Cheng and 

Gallistel 2005). As stated above, if evolution proceeded with the aim of 

economizing sources, organisms may have been programmed in capturing the 

most information with the minimal expense for storing and process 

computations. Thus, instead of “local” strategies (as, for instance, the angular 

information) to justify the data collected, matching by principal axis or axes of 

symmetry can be functionally convenient, because, departing from this global 
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re-alignment, it is possible for the mobile organism the secondary and 

subsequent local processing. In this sense, the hierarchical organization in 

dealing with different information together with a profitable initial global 

algorithm is preserved, though the local-view representation is avoided. 

Additional evidences of the importance of intrinsic axis defined by 

symmetry come indirectly from a different task: the judgments of relative 

direction (Mou and McNamara 2002) in which the subject is required to point at 

where an object should be while standing at a second object and facing a third 

one. When the subject learns the object positions walking around the 

rectangular building, she/he is better at pointing behaviour when the imagined 

viewpoint is consistent (i.e., aligned) with a salient cue, as for instance a lake; 

and this is an interesting result especially because the viewing direction was not 

experienced before. It becomes clear that internal “maps” do contain 

representations oriented with respect to intrinsic axes in the external 

environment (Burgess 2006). 

 Before investigating these issues in depth designing systematic 

experiments, I will discuss some concepts pertaining to the modular brain/mind 

architecture and the innateness of some functions in the next Chapter. 
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Chapter 3 
Theoretical considerations 

 
 

3.1  Inherited vs. learned capabilities 
 

 Ti racconterò le meravigliose origini della nostra vita: 

non ero ancora nato e già non ero più nel grembo materno; 

già compiuto il parto, nessuno mi vedeva nato. 
Aenigmata Symposii. La fondazione dell’enigmistica come genere poetico.  

A cura di Manuela Bergamin, Edizioni del Galluzzo, Firenze 2005. 
 

good starting point to discuss the innateness of the fund of knowledge is 

the caveat that many complex patterns of behaviour consist of some elements 

that are inherited and others that are modified by experience; hence, it is often 

difficult to assess the relative importance of genes and learning without carefully 

controlled studies and, more precisely, we lack a testable hypothesis of gene-

environment interaction. The nature-nurture controversy represents an ancient 

debate. If we think to what has the power in modelling the human essence, well 

we could be surprised in discovering that our genome has only 30.000 genes: 

how could our elaborate representations be determined by such a small set of 

genes? It is fundamental to keep in mind that genotype–phenotype relationships 

are exponential; the environment and the specific niche pressures are crucially 

influential: if we consider any number of developmental disorders that have 

been studied genetically, such as the already mentioned Williams Syndrome, it 

becomes immediately apparent that changes in a handful of genes, or even a 

single gene, can lead to exponentially larger changes in phenotype. The brain is 

built by genes in a self-organized way before being reorganized and shaped by 

experience and the environment. It is not a battle where one side wins, but a 

vital interaction (Marcus 2004). Minds are built over the course of individual 

development by genetically regulated processes that have been moulded by 

natural selection to build brains that are functionally organized in ways that 

promoted human survival and reproduction in the evolutionary past; the genetic 

expression can be modified by experience: learning is not switching on or off 

A 
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certain genes for genes are not a static arrangement that dictate our destiny; 

rather they are active participants in our lives (Ridley 2003). And of course, as 

human-beings, we live in a particular and exclusive habitat which is culture.  

In altricial species, as for instance in most of the mammals and anthropoid 

apes, all post-natal happenings have a great importance; however, these 

species belong to homogeneous (in space and in time) breeding models for the 

offspring. In human beings, instead, the adaptation to a world made of 

changeable (in space and in time) cultural objects is prevailing and 

predominant. The human-being is the less specialized animal and it has exactly 

in this the major source of its adaptive successes and failures. This human 

specificity is clearly expressed in features of our organism such as the 

neocortical thickness and width, the presence of cerebral associative areas, the 

dominant head for dimensions and weight with respect to the rest of the body at 

birth, the reproductive maturity linked to the full cerebral development instead of 

the skeletal-muscular one, and so forth. Ultimately, the whole elements 

demonstrate the need of an awaited rich and protracted stimulation, rather than 

a ready and prompt reaction capacity to contextual situations summarily 

defined. 

 

 

3.2 From nonhuman to human mind 
 

In the tentative approach to explain the mind/brain structuring, modularity 

is the pivot construct which different theories of the wide neuroscience’s 

panorama are looking at. Broadly speaking, modularity refers to the degree to 

which a cognitive domain can be thought of as separable and functionally 

independent from any other. Different theoretical frames bring forward specific 

constituents to the detriment of others in different combinations or with different 

weights and degrees of fractionation. However, it is generally assumed that to 

some point the mind/brain architecture is modular and the original and most 

explicit definition is provided by Fodor (1983). Each module is a perceptual 

input system, strictly defined by characteristics that can not be set aside; I 

report here those criteria relevant to the purpose of this dissertation: a module  
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[1] is informationally encapsulated – the operations of other parts of the 

brain do not interfere with the functional processing of a given module 

[2] show obligatory firing – the internal algorithms are completely 

mandatory  

[3] is localized – the operations are dedicated in a certain neural hardware 

[4] is ontogenetically universal – the modules develop following fixed 

stages 

[5] is domain specific – the computational system has proprietary inputs 

and rely exclusively on its peculiar inputs. 

Albeit originally these criteria deemed in deep correspondence with the 

initial results obtained for the geometric module paradigm (as already reported 

in Section 1.4), the claims by Cheng (1986) and Hermer and Spelke (1994, 

1996) for the existence of an encapsulated geometric module have been 

tempered in recent years. In fact, in this strong view of modularity (Wang and 

Spelke 2002) geometrical and non-geometrical information are processed by 

completely separate modules and whenever features are not utilized, the 

rotational error is displayed. However, nowadays there is extensive evidence 

that conjoining geometric and non-geometric information is in fact possible in 

several species, including young human infants under certain testing conditions 

(e.g. in large rooms, see Learmonth et al. 2002, 2001; Nadel and Hupbach 

2006; see also Chiandetti and Vallortigara in press for a comparative and 

developmental review). 

Nonetheless, a weak version of modularity has been claimed on the basis 

of the evidence for a specific neural mechanism (likely located in the 

hippocampus) dedicated to the treatment of geometric information (Bingman et 

al. 2006; Vargas et al. 2004; Vallortigara et al. 2004; Tommasi et al. 2003; 

Vallortigara in press). Cheng (1986) proposed a model in which the encoding of 

spatial features is distributed in the brain and one specific sub-unit, the 

geometric module, is a “shape properties processor” only; this would create a 

principal map of the environment in which all the other information could find a 

place. Thus, from this viewpoint, reorienting is a general ability formed by 

separate sub-units processing. Analyzing data coming from the developmental 

literature, it becomes immediately clear that in default developmental 

circumstances, brain regions become progressively specialized in a relatively 
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specific manner; a “domain-relevant” region becomes domain-specific over 

development (Karmiloff-Smith 1998). However, in the wide sense in which 

localization has been investigated (above all in neuropsychology), instead of 

where a function is deemed operating, it should be addressed why that area is 

suitable for specific computational characteristics (Elman et al. 1996). It is 

unlikely that genes alone specify the representational content of each module 

(i.e., that modularity is genetic) for there is the continuous refinement by the 

ontogenetic process (Karmiloff-Smith 1998; Karmiloff-Smith and Thomas 2005). 

Genes are more likely to contribute to general levels such as developmental 

timing, neuronal migration, lamination, neurotransmitter differences, and so 

forth; the neonatal brain is highly connected and do not have domain-specific 

higher level modular processing (Karmiloff-Smith 2006).  

It remains still unclear whether evolution fixed a domain specificity in the 

brain or rather ontogenesis and self-organizing cortical mechanisms conflate in 

synergy to its sculpturing. Though, evolution is supposed to have lead to 

flexibility in the system to a greater extent than to increased complexity of pre-

specified modules, contributing to plasticity for learning (Karmiloff-Smith 1992, 

2006) and deepening and strengthening pre-existing faculties (Carruthers 

2002). In this sense, modules are the final outcome and not prerequisites for 

innate abilities and the progressive development of modules is bound to 

experience, that, of course, play a role in adulthood as well in forming brain 

architecture and processing (Newcombe 2005). 

Therefore, although modules need not to be necessarily innate, the issue 

of whether the ability to encode geometric information requires environmental 

triggering or some sort of experience with angled surfaces of different lengths 

appears to be unresolved. 

A “primacy” of geometric information seems to be apparent in spatial 

reorientation: when animals are trained in the presence of conspicuous local, 

non-geometric cues, such as panels located at the corners of a rectangular 

enclosure, and subsequently tested after removal of these featural cues, their 

behaviour usually reveals that spontaneous encoding of geometric information 

has occurred, in spite of the fact that featural information alone sufficed for 

spatial reorientation during training (chicks: Vallortigara et al. 1990; pigeons: 

Kelly et al. 1998; fish: Sovrano et al. 2003).  
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Curiously enough, little research has been carried out on the role of 

experience in the ability to deal with geometric information. A recent work 

suggests a consequence of experience in dealing with geometric information. It 

has been shown that wild caught mountain chickadees (Poecile gambeli), in 

contrast to the domesticated bird species so far studied (pigeons and domestic 

chickens; see above) do not spontaneously encode the geometry of an 

enclosure when salient features are present near the goal; moreover, when 

trained without salient features they encode geometric information but this 

encoding is overshadowed by features (Gray et al. 2005). It is unclear, however, 

the reason why these differences may occur.  

On the one hand it could be that wild-caught birds have had little 

experience of small enclosures with right angles as is typical for birds kept in 

laboratory cages, thus leading to a reliance on featural over geometric 

information. Moreover, although the most studies show that geometric cues are 

neither blocked nor overshadowed during learning by other information rather 

are positively preferred, these results indicate that, featural cues can somehow 

overshadow geometric information supplied by the metric differences among 

the surfaces. Pearce et al. (2006) found a further converging example of such a 

phenomenon: rats trained to find a submerged platform in one corner of either a 

rectangular or kite-shaped pool, found difficult to retrieve it when the correct 

position was defined by the presence of a coloured wall (and this happened in 

the rectangular-shaped pool). 

On the other hand, the possibility of species-specific differences in the 

dominance of geometric and non-geometric cues cannot be ruled out (and 

some evidence favouring this view has been reported, e.g. Sovrano et al. 2007). 

In this connection, in fact, Brown, Spetch and Hurd (2007) reared the fish 

Archocentrus nigrofasciatus into rectangular or circular tanks (i.e., furnishing 

direct experience with geometry vice versa avoiding the same). Within 12 hours 

of hatching, the fry were kept separate from the parents and randomly assigned 

to each rearing-condition where they lived until they reached maturity (at about 

4 months). Both groups of fish were identically able to use geometric 

information to navigate in a featureless enclosure and to encode both geometric 

and non-geometric information when features were provided; interestingly, 

when the two sources of cues were set in conflict, fish raised in a circular tank 
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showed less use of geometric information than fish reared in a rectangular tank. 

Thus, the rearing environment can affect the relative dominance of features and 

geometry. 

Species-specific differences cast some doubts at this point and can 

probably be at least partially explained on the basis of a substantial difference in 

the visual ecology of birds, rodents and fish if, for instance, we consider that 

while birds are likely to rely on vision to detect the shape of the enclosure, rats 

may rather encode their distances from surfaces by dead reckoning from when 

they last bumped into them (McNaughton et al. 1996). 

A further intriguing issue is whether there are age-related differences in 

dealing with geometry. Fellini and collaborators (2006) tried to study aging 

effect on encoding of geometry in spatial reorientation. Adult (3- to 5-month 

olds) and aged (20- to 21-month-olds) C57BL/6 male mice were tested in a 

rectangular water maze where featural information was provided by a landmark 

proximal to the target. The results indicated that adult mice can use both 

geometric and non-geometric information to deal with the requests of the task 

whereas aged mice rely exclusively on landmark to reorient; a first insight on 

decline of geometric information use. 

In conclusion, modules, which are said to form a basic cognitive 

architecture for following developmental progresses (Karmiloff-Smith 1992), 

have an evolutionary value that is due to their adaptive force in possessing, at 

birth, all the basic skills and tools suited to the best survival. Testing precocial 

species is rousing in order to understand the innateness of the ability to rely on 

specific (and, in this case, spatial) information. 

 

 

3.3 The animal model 
 

 Comparative psychologists and biologists considered for long decades 

social primates the unique model for studying the evolution of intelligence 

focusing, instead, on birds to investigate associative learning only. However 

recently, many evidences have been collected on corvids and parrots showing 

entirely comparable (and keen) cognition, both from behavioural and neural 

perspectives (Emery 2006). In fact, birds in general not only have neurons 
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corresponding to those of the mammalian neocortex (Shimizu 1994) but also 

behavioural innovation rate is positively correlated with the relative size of 

association areas in the brain, the hyperpallium ventrale and nidopallium in 

birds (Lefebvre et al. 2004); furthermore, they may live in complex social groups 

(Scheiber et al. 2007) and some have a long developmental period before 

becoming independent; finally, some birds show clear demonstrations of 

sharing with humans supposedly unique aspects of higher cognition such as for 

instance episodic memory (for a review: Kort et al. 2005; for new evidences in 

pigeons: Shannon et al. 2006) and plans for the future (Raby et al. 2007). Going 

further, in a sense, to say it with Diderot, if you admit that a chick is a merely 

imitative machine, then you have to admit also that we all are an imitative 

machineiii. 

The neuroscience community is becoming increasingly aware of the 

advantages in focusing on the avian central nervous system: birds display 

sophisticated behaviours that are for sure controlled and integrated by an 

organized central nervous system (Hodos 1999). The investigation of cerebral 

representations and the comparison of different species can shed light on 

evolutionary trends in a neuro-ethological approach to the evolution of neural 

system. 

In this broad panorama, the domestic chick (Gallus gallus) is more and 

more carving out a special place because of its peculiar characteristics that 

yield it an appealing animal model. Belonging to precocial species, soon after 

hatching chicks are completely independent from any parental care and 

because of early motor and behavioural development they are immediately able 

to actively explore and learn about their environment. They learn very rapidly to 

identify their mother showing the phenomenon of imprinting and thus revealing 

all the profits in being tested from the moment they hatch: significant early 

experiences result in readily measurable changes, especially for biochemical 

and morphological aspects underlying memory formation (Rose 2000) and 

cerebral plasticity (Freire and Cheng 2004). The world is entirely made of 

objects; common are the physical laws that rule over nature and chicks depend 

on vision as well: they are endowed with acute sense of colours and the 

                                                 
iii Diderot, A Conversation between D'Alembert and Diderot, 1769 - Appendix I 
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properties used to represent objects by the perceptual experience are common 

across species (see for instance, Regolin and Vallortigara 1995). 

Chick is a powerful model system above all for the possibility to exert a 

complete control on the ontogenetic factors occurring before hatching. 

Furthermore, the young chick possess a large, well-developed brain and soft 

unossified skull, features that, together with a virtual lack of any blood-brain 

barrier, make easy to operate on specific cerebral regions. The functional roles 

of several areas proved compatible with their anatomical counterparts in the 

mammalian brain suggesting that the neural system remained highly 

conservative through evolution (Matsushima et al. 2003). All these features 

drew even Evan Balaban’s attention who tried with his famous brain swapping 

technique to understand what habits are innate rather than learned and to trace 

them into specific brain structures showing how nature and nurture blend 

together (Balaban et al. 1988). 

In conclusion, the reorientation paradigm chosen for this dissertation, calls 

for a subject actively independent in exploration, relying upon vision to encode 

and process the environment; all the evidences discussed in this Section show 

the high profit in comparing either the performance or the neural aspects of the 

behaviour observed in the chick that, widely used even in spatial reorientation 

proving able to partially disambiguate this task (Vallortigara et al. 1990, 2005a), 

turns out to be an excellent animal model for this investigation. 
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Chapter 4 
Puzzling over the geometric module: 

Specific Aims and Experiments 

   

 

n this Section I am going to describe the experiments I designed in order 

to understand specifically the role of the enclosure’s Size on the use of 

geometric and non-geometric information (4.1), the role of Experience on the 

ability to manage geometric information (4.2) and the role of the Disorienting 

procedure applied on the use of different kind of information during reorientation 

(4.3). All the experiments follow a general procedure described analytically for 

the Experiment 1 in the following paragraph; thereafter, in the description of 

procedural details for the single experiments, I reported the main differences 

due to the specific requirements of that particular investigation only. 

 

4.1 Size 

 

 Results obtained to date in different species seem to point to the 

importance of  the environment’s dimension: the encoding of both types of 

information (geometric and non-geometric) occurs whatever the size of the 

experimental space, but the use (or the primacy in use) of geometric and non-

geometric information varies depending on the scale of the experimental space. 

However, data collected insofar do not address specifically the importance of 

enclosure’s size in dealing with a specific source of information; hence, I 

planned three different experiments. 

 

4.1.1 Experiment 1: Conflict information 

 

Let’s assume that the chick takes in the target cue together with its nearest 

neighbour along the short wall in the small space. In the large space, distances 

are doubled and the chick would care only about the feature located at the 

I 



How domestic chicks do geometry 

 40

target. If this is correct, then what the affine transformation in the test would do 

is to change the nature of the target feature somewhat in the small space, but 

not at all in the large space. Obviously changing the featural cues would 

degrade the use of such cues. This is a reasonable assumption because in 

pigeons it has been reported rotational errors (that arise from using geometric 

but not featural cues) as a result of degraded featural cues (Kelly et al. 1998). 

This could explain why chicks in the small space use geometric cues more 

compared with chicks in the large space (Vallortigara et al. 2005a). 

To check for this hypothesis, I devised a test in which I changed, from 

training to test, the size of the enclosure, from large to small space or vice 

versa, together with performing an affine transformation in the arrangements of 

landmarks. From large space to small space, one near neighbour panel 

appeared where it was not during the training (remember that the hypothesis 

here is that chicks process cues within a small-space short wall’s distance of 

the target), thus degrading the featural cue at the target. From small space to 

large space, a feature cue near the target disappeared. In both cases, then, 

there was a degradation of featural cues, and hence in these cases, chicks 

should use geometry more so than in the case of training and testing in a same, 

large, enclosure (with affine transformation) as tested by Vallortigara et al. 

(2005a). It is also likely that the disappearance of a feature is perceived by the 

animal as more serious than the appearance of something new. Thus, the 

large-to-small transformation with feature shuffling (affine transformation) might 

result in more use of features than in the small-to-large case.  

 

 

Methods 
 

Subjects 

Subjects were thirty-four male domestic chicks (Gallus gallus) of the Hybro 

strain (a local variety derived from the White-Leghorn breed), supplied from a 

commercial hatchery when they were only a few hours old. The animals were 

reared singly at a controlled temperature (30° C), with food and water available 

ad libitum. Grey metal cages (25 cm wide x 30 cm high x 40 cm deep) were 
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completely closed apart from the top where they were illuminated by fluorescent 

lamps. 

 

Apparatus 

The experimental apparatus consisted of two rectangular white-coloured 

wooden enclosures (a large enclosure: 70 cm deep x 40 cm high x 35 cm wide; 

a small enclosure: 35 cm deep x 40 cm high x 17.5 cm wide) with four different 

cardboard panels (20 x 4.5 cm) placed one for each corner (Figure 5). The 

panels differed from each other in colour, brightness and texture; one panel was 

yellow with a brown “X” along the diagonals; the second panel had green and 

white vertical stripes (0.5 cm large); the third panel had orange and black 

horizontal stripes (1.5 cm) and the fourth was light-blue with eight violet discs 

(each 1 cm in diameter). The positive panel (i.e., the one that indicated the 

corner with the food) was different for different chicks. 

A cylindrical transparent glass jar (4 cm in diameter; 4 cm in height; 

identical to the food dish present in the chicks’ home-cage) was located in each 

corner. Illumination was provided by a light bulb placed perpendicular to the 

centre of the enclosures. A one-way screen covered the upper part of the 

rectangular apparatus so that animals could not use external visual stimuli as 

directional cues for orientation.  

 

    
 

Procedure 

In their second day of life, chicks were accustomed to the experimental 

environment in the presence of the panels. During this habituation phase, 

chicks could freely move in the enclosure and peck at food in the feeder placed 

in the corner to be reinforced (see below) without choice recording. The 

Figure 5  
Pictures of the large 

(left) and small (right) 

enclosure used to test 

chicks with different 

discrete panels acting 

as landmarks and 

identical food jars 

located at each corner. 
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habituation phase (about 30 min) ended when chicks spontaneously searched 

for food in the feeders placed in the corners. 

On day three of life, about eight hours before starting training, chicks were 

food deprived to induce the necessary level of motivation. Seventeen chicks 

were trained in the small enclosure and 17 in the large enclosure. Chicks were 

placed in the center of the enclosure and were trained to search for the 

reinforced glass container associated with a particular panel and a fixed position 

(corner) in the enclosure (this will be conventionally referred to as the A corner, 

although different animals were trained with different reinforced corners). All 

four containers were filled with food, but in three containers a very fine wire net 

prevented the chicks from pecking the food. The same wire net was located 

also on the correct, reinforced container, but a small hole (1 cm in diameter) 

was cut onto it to allow chicks access the food. Training consisted of three daily 

sessions of ten trials (with an inter-trial interval of 2 min), separated by two 

hours intervals. In each trial, the chick was placed in the middle of the enclosure 

and allowed to approach one food container. When the food container in the 

correct position was chosen, the chick was allowed four-five pecks 

(reinforcement); after that, the chick was removed and placed in a small closed 

cardboard box (20 x 20 x 30 cm) outside the test-enclosure. During the inter-

trial interval the small box containing the chick was slowly rotated on a rotating 

chair to eliminate compass or inertial information. The test cage was also 

randomly rotated of 90° from trial to trial. When a food container in an incorrect 

position was chosen, the chick was immediately removed from the test-

enclosure and, after the disorientation procedure, given another trial. The 

learning criterion was 90% correct responses in a single session of ten trials.  

The day after the chicks had reached the learning criterion, chicks trained 

in the large enclosure were tested in the small enclosure and chicks trained in 

the small enclosure were tested in the large enclosure. (At test, chicks of this 

strain are about 12.5 cm long, 6.5 cm at their widest point and 12 cm high; their 

weight is about 45 gr). Moreover, panels were shuffled according to an affine 

transformation (see Figure 6), in such a way that the panel which was positive 

(reinforced) at training was displaced at test in a novel and geometrically 

incorrect location. 
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During this test phase, chicks were given ten test trials in the absence of 

food-reinforcement (i.e., in which access to food was prevented by the wire net 

in all four containers). Choices for the four corners were recorded. A choice was 

considered valid when the chick approached a container entering with its head 

in an arc of circle area of 8 cm in diameter centered on each corner, irrespective 

of emission of pecking responses (this was done by looking at the chick’s 

behaviour on a TV monitor with a superimposed transparent grid). Soon after an 

approach response the chick was removed from the test-enclosure and, after 

the disorientation procedure, given another trial. Only first choices were 

considered. (An extinction procedure with recording of only the first responses 

is usually preferred in these tasks to avoid both learning effects associated with 

repeated unsuccessful trials and decrease of motivation, see e.g. Gouteux et al. 

2001; Kelly et al. 1998). 

 

 

Results 
 

There were no differences in the number of trials and errors (choices for 

corners B, C and D) needed to reach the learning criterion between chicks 

trained in the small (Means with SEMs: Trials: 64.12 ± 4.12; Errors: 24.76 ± 

2.37) and in the large (Trials: 58.82 ± 5.68; Errors: 24.24 ± 3.21) enclosure 

(respectively, U=129.5, n1=17, n2=17, p=0.601; U=139.5, n1=17, n2=17, 

p=0.863, two-tailed Mann-Whitney U-test). 

Mean percentages of choices for the four corners during test are shown in 

Fig. 3. As can be seen, chicks clearly chose the panel to which they had been 

previously trained, even if located in a wrong position (corner B) both in the 

transfer from a large to a small enclosure and in the transfer from a small to a 

large enclosure. No differences in the choices for corner B were apparent 

between the two test conditions (U=127, n1=17, n2=17, p=0.542, two-tailed 

Mann-Whitney U-test). There was no significant heterogeneity associated with 

choices for the corners A, C and D (small to large: χ2=2.13, n=17, df=2, p=0.345 

Friedman test; large to small: χ2=2.52, n=17, df=2, p=0.284 Friedman test). 
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No differences associated with testing in a large or in a small environment 

were observed. The results were therefore not in accordance with the 

hypothesis that chick encoded the target cue and its nearest neighbour along 

the short wall in the small enclosure but not in the large enclosure. 

 

 

 

Training Test 

AD 

BC 

A D

B C

15.88 
 ± 3.54 

65.88 
± 4.71 

6.47 
± 1.91

11.76
± 2.31

A D

B C

A D 

B C 

13.53 
± 3.76 

67.65 
± 6.07 

13.55 
± 4.06 

5.29 
± 2.17 

Figure 6 
Results of Exp1. Chicks were trained in either a large (top) or a small (bottom) 

rectangular enclosure (leftmost figures), and then tested, after an affine 

transformation in the arrangement of panels, respectively, in a small (top) or a 

large (bottom) rectangular enclosure (rightmost figures). Mean percentages of 

choices for each corner are shown in bold (with SEM below). 
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4.1.2 Experiment 2: Residual geometrical information 
 

The results obtained in Experiment 1 were clearly in contrast with the 

hypothesis that differences associated with testing chicks with an affine 

transformation in large and small experimental spaces were due to different 

encoding of cues (panels) close to the target. Nonetheless, the results provided 

no direct evidence for the alternative hypothesis, i.e., that encoding of geometry 

tends to predominate in small spaces and encoding of landmark information 

tends to predominate in large spaces. In the following experiments we 

addressed specifically this issue, by trying to disentangle the relative 

contribution of geometry and landmarks cues in large and small spaces.  

In this experiment I addressed the role of geometric encoding. I trained 

chicks with the overall arrangements of landmarks (panels at the corners) in 

large and small experimental spaces (identical to those used previously by 

Vallortigara et al. 2005a). Then, at test, I removed all of the landmarks. Previous 

work (Vallortigara et al. 1990, 2004) has shown that after removal of all 

landmarks chicks usually do not go back to random search, but they search at 

the two geometrically correct locations. My prediction was therefore that if 

encoding of geometric information was stronger in small spaces, then choices 

for the two geometrically correct corners after landmarks removal would be 

expected to be clearer in chicks tested in a small than in a large space. 

 

 

Methods 
 

Subjects 

Subjects were twenty-six naïve male domestic chicks obtained and reared 

in the same conditions as in Experiment 1. 

 

Apparatus and procedure 

The experimental apparatus and training were the same as in Experiment 

1. Thirteen chicks were trained in the small enclosure and 13 chicks in the large 

enclosure. Twenty-four hours after chicks had reached the learning criterion, the 

chicks were tested, within the same experimental space, after removal of all 
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landmarks (Figure 7). All other testing procedures were the same as in 

Experiment 1. 

 

 

Results 
 

 
 

There were no differences in the number of trials and errors needed to 

reach the learning criterion between chicks trained in the small (Trials: 68.46 ± 

3.36; Errors: 25.77 ± 1.77) and in the large (Trials: 66.92 ± 5.70; Errors: 24.69 ± 

Test 

AD

BC

46.54 
 ± 4.05 

11.83 
± 2.95 

33.85 
± 4.81

7.78 
± 1.67

36.16 
± 3.30 
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Figure 7  

Results of Exp2. Chicks were trained in either a large (top) or a small (bottom) 

rectangular enclosure (leftmost figures) with panels at the corners, and then 

tested after removal of the panels while maintaining the metric and the size of 

the enclosure (rightmost figures). Mean percentages of choices for each corner 

are shown in bold (with SEM below). 
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2.75) enclosure (respectively, U=82.5, n1=13, n2=13, p=0.92; U=83.5, n1=13, 

n2=13 p=0.96, two-tailed Mann-Whitney U-test). 

Mean percentages of choices for the four corners during the test are 

shown in Figure 7. Both in the large and in the small enclosure chicks searched 

most at the two geometrically correct corners (AC) than at the incorrect ones 

(BD) (large enclosure: Z=-2.534 p=0.011; small enclosure: Z=-3.203 p=0.001, 

two-tailed Wilcoxon signed ranks test). However, choices for the geometrically 

correct corners were higher in the small than in the large enclosure (U=28, 

n1=13, n2=13 p=0.003, two-tailed Mann-Whitney U-test). 

 

Results thus showed that chicks encoded geometric information during 

training with landmarks both in the large and in the small enclosure. However, 

as predicted, they appeared to retain geometric information more neatly in the 

small than in the large environment. 

 

 

4.1.3 Experiment 3: Residual non-geometrical information 
 

The aim of this experiment was to check for the role of featural (non-

geometric) encoding in large and small spaces. The previous experiment has 

shown that, after removal of the overall arrangement of landmarks, chicks 

showed better retention of the residual (geometric) cues in a small rather than in 

a large enclosure. Here, a complementary experimental condition was devised: 

chicks were trained as in the previous experiment with the overall arrangement 

of landmarks in a large or in a small enclosure. This time, however, featural 

information was maintained at test, whereas geometric information was 

removed by changing the shape of the enclosure from a rectangular- to a 

square-shaped one. The prediction would be that in this case chicks should 

show better retention of the residual (featural) cues in the large than in the small 

enclosure. 
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Methods 
 

Subjects 

Subjects were twenty-six naïve male domestic chicks obtained and reared 

in the same conditions as in Experiment 1. 

 

Apparatus and procedure 

The experimental apparatus and training were the same as in Experiment 

1. Thirteen chicks were trained in the small enclosure and 13 chicks in the large 

enclosure. Twenty-four hours after chicks had reached the learning criterion, 

they were tested, in the presence of all landmarks, in a square-shaped 

enclosure (a large one for chicks trained in the large rectangular enclosure: 50 

cm deep and wide x 40 cm high; and a small one for chicks trained in the small 

rectangular enclosure: 25 cm deep and wide x 40 cm high; see Figure 8). All 

other testing procedures were the same as in Experiment 1. 

 

 

Results 
 

There were no differences in the number of trials and errors needed to 

reach the learning criterion between chicks trained in the small (Trials: 71.54 ± 

4.21; Errors: 25.69 ± 1.62) and in the large (Trials: 60.00 ± 6.79; Errors: 20.46 ± 

3.56) enclosure (respectively, U=61.5, n1=13, n2=13, p=0.227; U=65.5, n1=13, 

n2=13 p=0.329, two-tailed Mann-Whitney U-test). 

Mean percentages of choices for the four corners during the test are shown in 

Figure 8. Both in the large (χ2=30.568, n=13, df=3, p=0.0001, Friedman test) 

and in the small (χ2=22.144, n=13, df=3, p=0.0001, Friedman test) enclosure 

chicks searched most at the corner A, marked by the positive correct panel. 

However, choices for corner A were higher in the large than in the small 

enclosure (U=43.5, n1=13, n2=13, p=0.031, two-tailed Mann-Whitney U-test). 
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4.1.4 Conclusion 
 

In Experiment 1, I ruled out the possibility that the effects of size observed 

in chicks were due to differences in encoding of features at the target and near 

the target. The results were in accordance with previous studies, using 

enclosures of similar sizes, that found that neither rats (Cheng 1986) nor chicks 

(Vallortigara et al. 1990) showed evidence of encoding the distant features 

within a geometric enclosure. Pigeons, in contrast, demonstrated the ability to 
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Figure 8  
Results of Exp3. Chicks were trained in either a large (top) or a small (bottom) 

rectangular enclosure (leftmost figures) with panels at the corners, and then tested 

after a change in the geometry of the enclosure, from rectangular-shaped to 

squared-shaped (same area) while maintaining panels (rightmost figures). Mean 

percentages of choices for each corner are shown in bold (with SEM below). 
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use the distant features to correctly locate the positive corner (Kelly et al. 1998). 

Of course, it was quite possible that chicks would behave like pigeons in small 

spaces, but the results obtained in Experiment 1 seem to suggest that this was 

not the case.  

Experiments 2 and 3 addressed the issue of the relative contribution of 

featural and geometric information in large and small spaces. The results of 

these experiments were clear-cut. Encoding of both types of information 

certainly occurred in both enclosures, for after removal of features chicks still 

searched at the two geometrically correct locations and after removal of 

geometry chicks still searched at the location identified by the correct landmark. 

However, clear quantitative differences were observed as a function of the size 

of the experimental space used. Use of residual geometric information (after 

landmark removal) was stronger in the small than in the large enclosure, 

whereas use of residual landmark information (after geometry removal) was 

stronger in the large than in the small enclosure.  

Though this was revealed in a task different from the blue-wall task used 

by Learmonth et al. (2002), the results provided evidence that also for chicks 

geometric information is relatively more important in small spaces and that 

featural information is relatively more important in large spaces. On the basis of 

the results with the blue-wall task, it has been suggested that the size of the 

non-geometric cue may be crucial, because in the blue-wall task the change in 

size of the enclosure is also accompanied by a change in absolute size of the 

blue wall itself (Shusterman and Spelke 2005). This would be in agreement with 

Gouteux et al.’s (2001) finding that rhesus monkeys could learn to reorient by 

using a large red square placed on one wall as a non-geometric cue but not by 

using a small red square. However, the results of the experiments reported here 

suggest that the distance, rather than the size, of the non-geometric cue may be 

important because the size of the panels was the same in the large and small 

enclosures. It has been suggested (see e.g. Wang and Spelke 2002; Spelke 

2003; Nadel and Hupbach 2006) that animals are likely to be “prepared” to treat 

non-geometric features as orienting cues (landmarks) only when they are 

perceived as far away, but not when they are perceived in close proximity (the 

effects of the size of the non-geometric cues observed in other tasks by 

Gouteux et al. (2001) may be explained with the same logic, assuming absolute 
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size of a stimulus to be used by animals as a rough estimate of its proximity). 

Nadel and Hupbach (2006) suggested that the size of the organism can also 

make a contribution, and that this could explain the developmental pattern 

observed in humans. In the small room, a blue wall that cannot be more than 6 

ft away, is not treated as a landmark by children; in the large room, the same 

blue wall, which can now be up to 12 ft away, is treated as a landmark (see 

Learmonth et al. 2002). However, one problem with this view that organisms are 

prepared to use only distant featural information as landmarks is that, given the 

evidence of a primacy of geometric information over non-geometric information 

(see Cheng and Newcombe 2005 for a review), the basic issue is not to explain 

why organisms do not use featural information in small spaces (they could do 

that simply because of the primacy of geometric information), but rather to 

explain why they do not continue to use geometric information even when 

tested in large spaces. This is particularly intriguing, because it has been 

frequently argued that geometric information may provide more stable and 

reliable information than local environmental features like landmarks (Cheng 

and Newcombe 2005; Gallistel 1990).  

Indeed, use of geometric information for spatial reorientation makes sense 

ecologically. The large-scale shape of the landscape does not change across 

seasons, whereas there are important seasonal changes in the non-geometric 

properties of the landscape (e.g. appearance of grass and vegetation, snowfall 

and melting and so on; see also Vallortigara and Sovrano 2002; Vallortigara 

2004, 2006). But, of course, this is true in both small and large environments.  

A slightly different hypothesis (which is, however, not in contrast with the 

one mentioned earlier) has been put forward recently, based on experimental 

evidence that there would be a different linkage of sense information (right vs. 

left) with either metric (short vs. long wall) or landmark information depending 

on the spatial scale of the environment: in small spaces animals link sense with 

metric properties of surfaces, in large spaces animals link sense with local 

landmark cues (see Sovrano et al. 2006; Sovrano and Vallortigara 2006). Such 

different associations could be expected as those conveying more reliable 

information to the animal on the basis of visual (or other sensory) scanning of 

environments of different spatial scale (see Sovrano and Vallortigara in press). 

If we assume that visual analysis of a corner (for instance by head-direction 
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cells) occurs at a fixed distance for the animal (as visible in Figure 4), then in a 

small environment the available information provided by complete scanning of 

the length of the surfaces may provide a reliable source of information for 

spatial reorientation. Thus, animals may rely on an association between the 

metric properties of the surfaces and the sense (“the correct corner has a short 

wall on the right and a long wall on the left”). In a large environment, in contrast, 

scanning of the full spatial extent of the surfaces may be difficult or not so 

immediate. Thus, animals must rely on an association between the featural 

properties of the surfaces and the sense (e.g. the correct corner is identified on 

the basis of local information provided by the landmark). 
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4.2  Experience  
 
 Little research has been devoted to understand whether the ability to 

encode geometry has something to do with specific experience ripened. Some 

findings on wild caught species showed that dealing with geometry when direct 

exposure to it was avoided might be difficult, especially when diverse cue mark 

a target location (see Section 3.2). A profitable possibility to check for this 

hypothesis is to provide individuals of the same species either with the 

presence or with the absence of geometry and to compare their ability in 

dealing with such information in different testing conditions.   

 Here I take advantage of the characteristics of a highly precocial species, 

the domestic chick, which has been widely used as a model in spatial 

reorientation studies (reviews in Vallortigara 2004, 2006). In this species precise 

control on early experience can be combined with the possibility of testing the 

animal at a young age, because of early motor and behavioural development 

(see Section 3.3). Soon after hatching in complete darkness, thus without any 

visual experience, chicks were reared in differently shaped cages where 

geometry was provided or vice versa denied. Chicks were assigned randomly to 

each rearing condition and, after 3 days living in their specific home cage, they 

underwent 5 different experiments summarised below. 

 

 
4.2.1 Experiment 1: Learning with panels 
 

In the first experiment dark-incubated chicks were placed in rectangular- or 

circular-shaped rearing cages for a few days, after which they were trained in a 

rectangular-shaped enclosure with distinctive panels at the corners. After 

learning, we removed featural (panels) information and tested chicks for 

encoding of purely geometric information.  
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Methods 
 

Subjects  

Subjects were eighteen male domestic chicks (Gallus gallus) obtained 

from fertilized eggs supplied from a commercial hatchery (Agricola Berica 

s.c.r.l., Montegalda, Vicenza, Italy) delivered to our laboratory weekly when the 

eggs were at day 14 of incubation. Thereafter, and until hatching, the eggs were 

incubated in complete darkness in an automatically turning incubator FIEM® 

snc, MG 100/150, under controlled temperature (37.7°C) and humidity (about 

50-60%) conditions. Once hatched in the dark, the animals were reared singly 

at a controlled temperature (30° C), with food and water available ad libitum, in 

rectangular (22 cm wide x 30 cm high x 40 cm deep; n = 9 chicks) or circular-

shaped (32 cm wide x 40 cm high; n = 9 chicks) cages which were completely 

closed apart from the top where they were illuminated by light coming from 

fluorescent lamps (Figure 9). The cages were made from fibreglass and coated 

entirely in white plastic. 

 

 
 

Apparatus 

The experimental apparatus consisted of a uniformly white-coloured 

rectangular cage (70 x 35 x 40 cm). Four different cardboard panels (20 x 4.5 

cm) were placed, one for each corner, in the test-cage; one panel was yellow 

with 5 large vertical purple lines (1.5 cm); the second panel had green and 

32cm 

22cm 

40
cm

 

Figure 9  

3D layout of the 

rectangular (left) and 

circular (right) home-

cages used to rear 

chicks soon after 

hatching and during 

their stay in the 

laboratory. 

29cm 
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orange vertical stripes (0.5 cm); the third panel had pink and black horizontal 

stripes (1.5 cm) and the fourth was light-blue with 7 horizontal lines (0.5 cm). A 

different positive panel (i.e., the one that indicated the corner with the food) was 

used for different chicks. A transparent glass container (4 cm in diameter; 4 cm 

in height; identical to the food jar present in the chicks' home-cage) was located 

in each corner. 

 

Procedure 

Chicks were trained to search for the reinforced glass container associated 

with a particular panel and a fixed position in the cage-test (for the details, 

please see the Procedure of Experiment 1 in the Section 4.1). Training started 

on day 3 (48-72 hrs after hatching) of life and consisted of 3 daily sessions of 10 

trials (intertrial-interval was 2 min), separated by an interval of two hours. After 

each trial, the chick was removed and placed in a small, closed cardboard box 

(20 x 20 x 30 cm) outside the test-cage and passively rotated to eliminate 

inertial information. For the circular-reared chicks, a cylinder (16 x 20 cm) was 

inserted in the cardboard box ensuring that chicks were not exposed to 

geometrical shapes outside the experimental apparatus. Learning criterion was 

90% correct in a single session of 10 trials. 

The day after chicks had reached learning criterion, the four panels were 

removed. During this test phase the chicks were given 10 test trials in the 

absence of food-reinforcement (all other testing procedures were the same as 

in Experiment 2 of the Section 4.1). 

 

 

Results 
 

No differences in the number of trials (U=37.5, n1=9, n2=9, p=0.789, two-

tailed Mann-Whitney U-test) and errors (U=36, n1=9, n2=9, p=0.690, two-tailed 

Mann-Whitney U-test) to criterion were observed between rectangular- and 

circular- reared chicks. In both rectangular- and circular-reared chicks a 

tendency to make more errors by approaching corner C (the corner 

geometrically equivalent  to the correct corner A, see Figure 10) than in corners 

B and D was apparent (Friedman analysis revealed a significant heterogeneity 
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between choices for B, C and D corners, χ2=8.262, n=9, df=2, p=0.016; choices 

for corner C were higher than choices for corners B and D, Z=-2.328 p=0.020 

Wilcoxon test). However, a comparison between the two rearing conditions 

revealed no differences in the number of geometric errors (choices for corners 

C) between circular- and rectangular-reared chicks (U=37, n1=9, n2=9, p=0.756, 

two-tailed Mann-Whitney U-test). 

 

 
 

The results of the test are shown in Figure 11. Both rectangular-reared 

and circular-reared chicks showed a preference for the two geometrically 

correct corners (A, C in Figure 11) over the geometrically incorrect (B, D in 

Figure 11) corners (AC vs. BD: rectangular-reared: Z=-2.687 p=0.007; circular-

reared: Z=-2.020 p=0.043 Wilcoxon test). 
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There were no differences in the preference for the two geometrically 

correct corners between the two rearing groups (AC rectangular-reared chicks 

vs. AC circular-reared chicks: U=26, n1=9, n2=9, p=0.182 two-tailed Mann-

Whitney U test).  

 
 
4.2.2 Experiment 2: Learning about geometry 
 

The results of training in Experiment 1 showed that there were no 

differences between rectangular- and circular-reared chicks in their ability to 

learn to reorient in a rectangular enclosure with features at the corners. 

Moreover, the results of the test following the removal of the features at the 
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Results of Exp1. Mean 

percentages of choices for each 

corner are  shown in bold (with 

SEM below) in chicks reared within 

a rectangular (top) or a circular 

(bottom) cage. “A” and “C” indicate 

the corner that was reinforced 

during training. 
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corners showed that both rectangular- and circular-reared chicks had encoded 

the geometry of the enclosure rather than featural information during training. 

However, although the results clearly showed that the two rearing 

procedures did not produce a difference in the chicks’ performance, a major 

concern in the experimental design used was that the training procedure itself 

necessarily exposed all animals to a right-angled environment for some periods. 

This is in some way unavoidable given that animals should learn about these 

environmental geometric features. Nonetheless, in Experiment 2 I tried to use a 

procedure that did not involve any training period before testing, i.e., I directly 

compared the ability of rectangular- and circular-reared chicks to reorient in a 

featureless rectangular enclosure. This modified procedure minimized the 

overall animals’ exposure to a right-angled environment, and made it possible to 

test for use of geometry with as little experience of a right-angled testing 

environment as it was possible. I also introduced a third rearing condition: a c-

shaped arena, obtained by a transformation of the circular arena (see Figure 

12), in which there were no corners but elongated walls that could provide some 

metrical information and/or principal axes and axes of symmetry to encode 

shape (a circular shape provides multiple axis of symmetry). This was done 

since, according to some theories, principal axes and/or axes of symmetry may 

be used by animals to encode the geometric shape of an environment (see 

Cheng 2005). 

 

 

Methods 
 

Subjects 

Subjects were fifty-three male domestic chicks (Gallus gallus) obtained 

from fertilized eggs and hatched with the same procedure as described in 

Experiment 1. After hatching in the dark, chicks were immediately taken to their 

rearing cages: rectangular (n = 16 chicks), circular (n = 17 chicks) or c-shaped 

(n = 20 chicks) cages which were completely enclosed apart from the top where 

they were illuminated by fluorescent lamps (see for an outline Figure 12), where 

they were kept singly at a controlled temperature (30° C), with food and water 

available ad libitum. C-shaped cages were built up deforming a fibreglass 
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cylinder 40 cm wide x 40 cm high to obtain an internal corridor about 15 cm 

wide, thus providing a similar overall surface area for all rearing conditions.  

 

 
 

Apparatus and Procedure 

The apparatus was the same as used in Experiment 1, but this time there 

were no panels at the corners. Chicks were trained to search for food in a 

particular corner in a fixed position in the cage-test as in Experiment 1. Different 

corners were used as “positive” (i.e., reinforced) for different animals. Starting 

on day 3 of life, chicks were given 3 daily sessions of 10 trials for 3 consecutive 

days (intertrial-interval was 2 min), separated by an interval of two-hours. 

Choices for the four corners were recorded as in Experiment 1. 

Percentages of choices for the two geometrically correct corners were 

computed. Since the data were represented as percentages, data were arcsin 

transformed (Sokal and Rohlf 1969) and then analyzed by repeated-measures 

analysis of variance.  

 
 

Results 
 

The results of training are shown in Figure 13. The analysis of variance 

with sessions as a within-subjects factor and rearing conditions as a between-

subjects condition revealed a significant main effect of session (F(2,100)=8.057 

p=0.001); there were no significant effects associated with rearing conditions 

Figure 12
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(F(2,50)=0.686 p=0.508) nor was there a significant interaction of rearing 

conditions by session (F(4,100)=1.224 p=0.305). 

 

   
 

I wondered whether subtle differences associated with the different rearing 

conditions could have been revealed by an analysis limited to the very early 

phases of training. In order to check for this I analyzed data in the first three 

blocks of ten trials of the first daily session. The analysis of variance did not 

reveal any statistical significant effect of rearing conditions (rearing: 

F(2,50)=0.354 p=0.703; rearing x block of trials: F(4,100)=0.397 p=0.811). I then 

restricted the analysis to the very first block of ten trials, analysing the data in 

five mini-blocks of two trials each.  

 

  
 

Figure 13 
Exp2: training 

results. Mean 

percentages (± SEM) 

of choices for the 

geometrically correct 

corners in chicks 

reared in rectangular-

shaped, c-shaped 

and circular-shaped 

cages are shown. 

Figure 14 

Exp2: early training results. 

The first session (ten trials) 

is divided in five blocks of 

two trials each. Mean 

percentages (with SEM) of 

choices for the two 

geometrically correct 

corners in chicks reared in 

rectangular-shaped, c-

shaped and circular-shaped 

cages are shown. 
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As can be seen from Figure 14, again no difference between the rearing 

conditions was apparent (rearing: F(2,50)=0.549 p=0.581; rearing x block of trials: 

F(8,200)=0.707 p=0.685).  

 

All the chicks showed the very same pattern of learning independently 

from the rearing experience: this is clearly visible in Figure 15 were the sessions 

of the first and the second day of learning are represented in mini-blocks of five 

trials each.  

 

 
 
 
4.2.3 Experiment 3: Learning with identical panels 

 

The results obtained insofar clearly showed that there were no differences 

in performance associated with direct experience of a right-angled environment. 

However, there was still the possibility that, in particular conditions, differently 

reared chicks would manifest an experience-dependent effect in dealing with 

geometrical information. Featural information seems to have a key role in 

studies investigating the ability to refer to geometric information. In fact, both the 

studies with chickadees (Gray et al. 2005) and fish (Brown et al. 2007) showed 

an animals’ impairment in the ability to reorient when, respectively, a salient 

visual cue was located close to the target location or the local feature was 

displaced from training to test. Therefore, I checked whether featural 

Figure 15 

Exp2: early training results. 

The 2nd and the 3rd session 

of the first day and the 3 

sessions of the second day 

are divided in mini-blocks 

of five trials each. Mean 

percentages (with SEM) of 

choices for the two 

geometrically correct 

corners in chicks reared in 

rectangular-shaped, c-

shaped and circular-

shaped cages are shown. 
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information could have compromised the ability to rely on geometric layout in 

three different experiments. 

In this first experiment I compared the performance of rectangular- and 

circular-reared chicks in the usual rectangular enclosure with discrete panels 

located at the corners; however, this time I made all the panels resembling the 

same (i.e., four identical landmarks) so that choices would have necessarily 

referred to the geometric layout alone and featural information could have acted 

like a distractor. 

 

 

Methods 
 

Subjects 

Subjects were seventeen male domestic chicks (Gallus gallus) obtained 

from fertilized eggs and hatched with the same procedure as described in 

Experiment 1. After hatching in the dark, chicks were immediately taken to their 

rearing cages: rectangular (n = 8 chicks), circular (n = 9 chicks). All other details 

were the same as in Experiment 1. 

 

Apparatus and Procedure 

The apparatus was the same as used in Experiment 1, but this time there 

were 4 identical panels at the corners (different features were used for different 

chicks but the same panels were maintained along the training; an example is 

visible in Figure 16). All other training procedures were the same as in 

Experiment 1. 

Choices for the four corners were recorded as in Experiment 1. 

Percentages of choices for the two geometrically correct corners were 

computed. Since the data represented percentages, data were arcsin 

transformed (Sokal and Rohlf 1969) and then analyzed by repeated-measures 

analysis of variance.  
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Results 
 

The results of training are shown in Figure 17. The analysis of variance 

with sessions as a within-subjects factor and rearing conditions as a between-

subjects condition revealed a significant main effect of session (F(2,30)=3.609 

p=0.039); there were no significant effects associated with rearing conditions 

(F(1,15)=0.199 p=0.662) nor was there a significant interaction of rearing 

conditions by session (F(2,30)=0.612 p=0.549). 

 

 
 

I then restricted the analysis to the very first block of ten trials, analysing 

the data in five mini-blocks of two trials each. As can be seen from Figure 18, 

again no difference between the rearing conditions was apparent (rearing: 

F(1,15)=0.009 p=0.925; rearing x block of trials: F(4,60)=0.282 p=0.888). 
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Exp3: training 

results. Mean 
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geometrically correct 

corners in chicks 

reared in rectangular- 

and circular-shaped 

cages are shown. 
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Both groups of chicks learnt to reach a particular corner defined by specific 

metric features with no differences between rectangular- and circular-reared 

chicks showing no effect of the presence of a confusing cue as identical panels 

are. 

 
 
4.2.4 Experiment 4: Conflict information in differently-sized enclosures 
with panels 
 

Identical cues did not affect the performance of rectangular- and circular-

reared chicks; moreover, chicks showed no differences in the ability to use the 

metric of the enclosure to partially disambiguate the task. Conflict information 

has been widely adopted as a useful strategy to make clear different cues’ use. 

Hence, providing featural information during training and then dislocating it at 

test so that geometric and non-geometric information are put in conflict, can be 

a critic condition to test whether there are differences or not depending on living 

experience with geometry. I checked for this in both a small and a large 

enclosure where discrete panels were provided at the corners. 

 

 

 

 

Figure 18

Exp3: early training 

results. The first session 

(ten trials) is divided in 

five blocks of two trials 

each. Mean percentages 

(with SEM) of choices for 

the two geometrically 

correct corners in chicks 

reared in rectangular- and 

circular-shaped cages are 

shown. 
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Methods 
 

Subjects 

Subjects were twenty-two male domestic chicks (Gallus gallus) obtained 

from fertilized eggs and hatched with the same procedure as described in 

Experiment 1. After hatching in the dark, chicks were immediately taken to their 

rearing cages: rectangular (n = 10 chicks), circular (n = 12 chicks). All other 

details were the same as in Experiment 1. 

 

Apparatus and Procedure 

The experimental apparatus and training were two rectangular enclosures 

(the same as in Experiment 1 of the previous Section) with different panels 

placed at the corners. Eleven chicks were trained in the small enclosure 

(rectangular n = 5; circular n = 6) and 11 chicks in the large enclosure 

(rectangular n = 5; circular n = 6). Twenty-four hours after chicks had reached 

the learning criterion, the chicks were tested, within the same experimental 

space, after displacement of all landmarks (Figures 19, 20). All other testing 

procedures were the same as described elsewhere. 

 
 

Results 
 

There were no differences in the number of trials and errors (choices for 

corners B, C and D) needed to reach the learning criterion between rectangular- 

and circular-reared chicks trained in the small enclosure (respectively, U=13, 

n1=5, n2=6, p=0.705; U=15, n1=5, n2=6, p=1.000, two-tailed Mann-Whitney U-

test) nor in the large (respectively, U=13.5, n1=5, n2=6, p=0.773; U=14, n1=5, 

n2=6, p=0.855, two-tailed Mann-Whitney U-test) enclosure. 

Mean percentages of choices for the four corners during test are shown in 

Figures 19 and 20 (separately for the large and the small enclosures). As can 

be seen, chicks clearly chose the panel to which they had been previously 

trained, even if located in a wrong position (corner B) both in the large and in 

the small enclosure. No differences in the choices for corner B were apparent 

between the two rearing conditions (small enclosure: U=13, n1=5, n2=6, 
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p=0.687; large enclosure: U=13.5, n1=5, n2=6, p=0.779 two-tailed Mann-

Whitney U-test). There was a significant heterogeneity associated with choices 

for the corners A, C and D in the small test-cage: χ2=17.63, n=11, df=2, p=0.000 

Friedman test; however, this was not evident in the large test-cage: χ2=4.69, 

n=11, df=2, p=0.096 Friedman test. In fact, choices for the geometrically correct 

corners were higher in the small than in the large enclosure (U=000, n1=11, 

n2=11 p=0.000, two-tailed Mann-Whitney U-test). 

 

 
 

Rectangular- as well as circular-reared chicks proved equally capable to 

learn to go for the reinforced panel in both the large and the small enclosure; 

moreover, at test, after the affine transformation, they all preferred to choose for 

the correct feature despite located in a novel incorrect position. However, 

Training Test 

AD 

BC 

AD

BC

10.00 
± 4.46 

80.00 
± 5.47 

6.00 
± 2.45 

4.00 
± 2.45 

Figure 19  

Results of Exp4. Rectangular and circular-reared 

chicks were trained in a large rectangular enclosure 

with discrete panels at the corners (leftmost figure) to 

find food in one particular corner (A), and then tested, 

after an affine transformation, so as to provide conflict 

information (rightmost figures). Mean percentages of 

choices for each corner are shown in bold (with SEM 

below). 

 

AD

BC

8.30 
± 3.07 

81.70 
± 6.01 

8.30 
± 3.07 

1.70 
± 1.67 

Reared within a  
rectangular-shaped cage 

Reared within a  
circular-shaped cage 
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confirming the findings obtained in the experiments addressing apparatus size’s 

role, there was a difference due to the enclosure’s size: both rearing conditions 

preferred to rely on geometric information when in a small enclosure and on 

non-geometric information when in the large enclosure. 

 

 
4.2.5 Experiment 5: Conflict information in a small enclosure with a blue 
wall 
 

All these experiments demonstrated that circular-reared chicks were not 

impaired in their capability to manage geometric information. In other words, 

there was apparently no influence of experience in right-angled or circular 

home-cages. However, it could be that a different non-geometrical information, 

Training Test 

AD

BC

28.00 
 ± 3.74 

46.00 
± 3.99 

22.00 
± 2.00

4.00 
± 2.45

AD 

BC 

Reared within a  
rectangular-shaped cage 

Reared within a  
circular-shaped cage 

AD

BC

30.00 
 ± 2.58 

43.30 
± 4.94 

25.00 
± 4.28

1.70 
± 1.67

Figure 20  
Results of Exp4. Rectangular and circular-reared 

chicks were trained in a small rectangular enclosure 

with discrete panels at the corners (leftmost figure) to 

find food in one particular corner (A), and then tested, 

after an affine transformation, so as to provide conflict 

information (rightmost figures). Mean percentages of 

choices for each corner are shown in bold (with SEM 

below). 
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or rather a different feature of the non-geometric characteristics, could lead to 

some differences. In fact, while in the previous experiment I used a separate 

panel as featural cues, the crucial condition with fish (Brown et al. 2007) was 

the affine transformation in a blue wall version of the task. The previous 

experiment confirmed that reliance on geometric information is much more 

relevant in the small environment, therefore I trained rectangular- and circular-

reared chicks in a small rectangular enclosure this time with one blue wall only 

and I tested them after a displacement of such feature thus providing conflict 

information. 

 

 

Methods 
 

Subjects 

Subjects were twenty-two male domestic chicks (Gallus gallus) obtained 

from fertilized eggs and hatched with the same procedure as described in 

Experiment 1. After hatching in the dark, chicks were immediately taken to their 

rearing cages: rectangular (n = 17 chicks), circular (n = 18 chicks). All other 

details were the same as in Experiment 1. 

 

Apparatus and Procedure 

The experimental apparatus consisted of a small rectangular wooden 

enclosure (35 cm deep x 40 cm high x 17.5 cm wide) with three uniformly white-

coloured walls and one blue wall. For 19 chicks (rectangular n = 9; circular n = 

10) the blue wall during training was one of the short walls and for 16 chicks 

(rectangular n = 8; circular n = 8) the blue wall was one of the longer walls. This 

was done in order to control for any possible influence of the relative size of the 

coloured wall. Moreover, within each condition, half the chicks were trained on 

the “blue corners” (those corners defined by the joint of the blue wall and a 

white wall), the others on the “white corners” (those corners defined by the joint 

of two white walls). Twenty-four hours after chicks had reached the learning 

criterion, the chicks were tested, within the same experimental space, after a 

displacement of the blue-coloured wall (Figure 21) so that chicks previously 

trained with the blue wall on the short side were tested with the blue wall on the 
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long side of the enclosure and vice versa. All other testing procedures were the 

same as described above except that, in order to score the choices, all the food 

jars were completely closed during the training phase as well. The chick had to 

peck at the net of the jar located in the correct corner in order to be given some 

grains of food as a reinforcement. This was done to control impulsive chicks’ 

behaviour due to the really small environment and to avoid choices based on 

local indicators of the presence of food (e.g. the hole in the net of the correct 

food container). 

 

 

Results 
 

There were no differences in the number of trials and errors needed to 

reach the learning criterion between the two rearing conditions neither in the 

short blue wall condition (respectively: U=41.5, n1=9, n2=10, p=0.757; U=41.5, 

n1=9, n2=10, p=0.774 two-tailed Mann-Whitney U-test) nor in the long blue wall 

condition (respectively: U=25, n1=8, n2=8, p=0.440; U=24.5, n1=8, n2=8, 

p=0.431 two-tailed Mann-Whitney U-test). 

Since there were no effects associated with the location of the blue wall 

along the shorter or the longer surface, the data relative to these two conditions 

were lumped together in the figures. 

Results for test are shown in Figure 21. Choices of chicks trained on the 

“blue corners” were transformed so that the 2 training conditions (along the 

longer and along the shorter blue wall) were comparable while maintaining the 

metric and featural distribution; the same was done for chicks’ choices trained 

on the “white corners”. As can be seen, rectangular- and circular-reared chicks 

trained on the “blue corners” searched, at test, mainly along the blue wall 

(rectangular - AD vs. BC: Z=-2.694, p=0.007; circular - AD vs. BC: Z=-2.694, 

p=0.007, two-tailed Wilcoxon signed ranks test) and chicks trained on the “white 

corners” searched mainly along the white wall (rectangular - AD vs. BC: Z=-

2.375, p=0.018; circular - AD vs. BC: Z=-2.687, p=0.007, two-tailed Wilcoxon 

signed ranks test). 
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Training 

Test 

A D 

B C 

11.10 
± 3.09 

41.10 
± 5.88 
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± 4.55 

6.70 
± 2.89 
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B C 

Reared within a  
rectangular-shaped cage 

Reared within a  
circular-shaped cage 
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B C

12.20 
± 2.78 

28.90 
± 6.11 

53.30 
± 5.27

5.60 
± 2.42

Figure 21

Results of Exp5. Rectangular and circular-reared 

chicks were trained in a small rectangular enclosure 

with the shorter wall painted in blue (top left figure) to 

find food either in the “blue corners” (A and B) or in 

the “white corners” (C and D), and then tested, after a 

displacement of the coloured wall, so as to provide 

conflict information (bottom figures). Mean 

percentages of choices for each corner are shown in 

bold (with SEM below). 
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Rectangular- and circular-reared chicks trained either on the “blue 

corners” or on the “white corners” showed at test the same pattern of choices. 

Previous exposure to geometry do not significantly facilitate rectangular-reared 

chicks’ in managing different cues: all proved to be equally capable in parallel 

codification of all the available information. Moreover, the “nature” of the non-

geometrical information (i.e., being it a separate panel or an intrinsic feature of 

the wall) did not affect chicks’ ability to reorient. 

 

 

4.2.6 Conclusion 
 

In Experiment 1 the results of training showed that there were no 

differences in the number of trials and errors to criterion in the two rearing 

groups. Also, no differences in the number of rotational errors (choices for the 

corner geometrically equivalent to the correct one) were apparent between 

rectangular-reared and circular-reared chicks during training. In principle, chicks 

in Experiment 1 could have limited themselves to the use of featural information 

provided by the panels to solve the task during the training, without any 

encoding of geometric information. However, results of the test clearly showed 

that both rectangular- and circular-reared chicks did not go back to random 

choices after removal of the panels. On the contrary, they searched mainly in 

the two geometrically correct locations, that is, in the two (indistinguishable) 

corners, A and C, which stand in the same geometric relationships with respect 

to the shape of the environment. Thus, circular- and rectangular-reared chicks 

had both (and to the same extent) encoded geometry during training. 

These findings were strengthened by the results of Experiment 2. No 

differences between chicks reared in circular-, rectangular-, or c-shaped cages 

were apparent in the ability to reorient using purely geometric information (i.e., 

in the absence of any featural cue). Even in the very first trials of training the 

reorientation behaviour of chicks reared in the different home-cages appeared 

to be totally indistinguishable from one another. It may therefore be concluded 

that exposure to right angles and surfaces with different metric properties during 

rearing is not needed for encoding geometric information in spatial reorientation. 

Reorientation using metric information and using directional sense seems to be 
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possible even in an organism that has not experienced right angles and 

surfaces with different spatial extent in its environment until testing. The results 

of Experiment 1 are particularly striking in this regard, since, during training, 

chicks were not explicitly trained on geometry: to solve the task during training 

they could have totally ignored the shape of the enclosure. It is therefore 

particularly remarkable that circular- reared chicks took into account (and 

conjoined) the metric properties of the environment (long and short walls) with 

their right–left positions. 

Theoretical analyses of how geometry is used in spatial reorientation 

have suggested alternative strategies to local analysis (i.e., consideration of 

corners with short/long walls with reference to left/right geometric sense), such 

as shape parameters of principal axes to determine heading (Gallistel 1990) or, 

more recently, other kinds of axes, such as symmetry axes and medial axes 

(Cheng and Gallistel 2005). The results obtained in Experiment 2 with the c-

shaped cage suggest that experience is not needed for computation of such 

global shape parameters either. 

A recent paper by Brown et al. (2007) revealed strikingly similar results 

with a completely different species. Brown and collaborators reared fish 

(Archocentrus nigrofasciatus) in rectangular or circular tanks and then tested 

their reorientation abilities in a rectangular tank without any featural cues in a 

similar vein to that described here in Experiment 2. Results revealed no 

differences in learning abilities between circular- and rectangular-reared fish. 

When trained with featural information present, fish proved able to learn both 

types of information. Interestingly, when cues were in conflict, fish reared in a 

circular tank showed less use of geometric information than fish reared in a 

rectangular tank. Thus, early experience during rearing did not affect the ability 

of fish to encode geometrical or featural information but, perhaps less 

surprisingly, it could influence the relative dominance of one or other cue in 

adulthood. This can probably explain the results obtained by Gray et al. (2005) 

with wild-caught mountain chickadees mentioned in the Introduction. The issue 

is certainly of great theoretical relevance since the phrase “innate geometric 

module” in the developmental science community seems to denotate quite 

different things. On the one hand, it is meant to indicate an innate ability to 

apprehend extent of surfaces as surfaces together with left–right sense, which 
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is basically what we reported here for chicks [see Newcombe et al. (2005) for 

studies in human infants]. On the other hand, for some theorists it does not 

mean simply that there are specific neural mechanisms underlying such 

apprehension. Spelke’s (2003) proposal is deeply committed to the full Fodorian 

criterion of impenetrability (see Fodor 1983), and it is the experiments that show 

failure to use features at all that most favour this idea (e.g. Hermer and Spelke 

1996).  

In Experiments 3, 4 and 5 I assessed specifically the impenetrability 

versus flexibility issue. Since c-shaped-reared chicks (exposed to principal 

axes) showed no facilitation in dealing with geometry in Experiment 2, I focused 

my attention on chicks reared in the cages that supply the most different 

condition (in terms of geometry) i.e., rectangular- and circular-reared chicks. I 

trained them with all identical features at the corners; in such a situation, 

animals are forced to rely on geometry alone and the presence of featural 

information can affect the performance for its confusing role or, in other terms, 

for lacking in guiding toward the right corner being identical to the others three. 

Both groups showed comparable performance thus revealing non-geometrical 

information to be totally ineffective. However, the best way to understand 

whether separate sources of information are differently weighted, is to provide 

animals with conflict cues once they learned the task in the presence of 

landmarks. Hence, in Experiment 4 I trained differently reared chicks in either a 

large or a small environment in the presence of different discrete panels at the 

corners; once they learned to find food in a particular corner, I put in conflict 

geometrical and non-geometrical information by an affine transformation. 

Although they could have learnt the task simply relying on featural information I 

found no results confirming that strategy, rather the animals showed the same 

pattern of choices (i.e., they all go for the previously reinforced panel although 

located in a new incorrect position). Also, I confirmed the results obtained with 

respect to the different size used: in fact, both rectangular- and circular-reared 

chicks showed a significant preference to rely on featural information when in a 

large enclosure and on geometry when in a small one. From these results, 

again, there is no evidence of any advantage mediated by experience. 

Since the experiment with fish used a different kind of non-geometrical 

information, i.e., a blue wall, I wondered whether this could explain per se the 
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dissimilar results. Therefore, in Experiment 5 I trained chicks from both rearing 

conditions in a small rectangular enclosure (being the small environment the 

one in which geometry has a preferred codification) with one blue wall. If some 

differences can be expected, this could be the crucial environment as it was for 

fish. Nevertheless, this was again not the case: both rectangular- and circular-

reared groups displayed the same pattern of results.  

Overall, these data reassert that a strong hypothesis of modularity cannot 

be accepted: chicks showed to be able to use both the sources of information in 

all conditions, independently even from the “nature” of the landmark information 

(panel vs. painted wall). In fact, with panels their behaviour could have been 

explained on the basis of a guidance toward a relevant visual cue (although this 

hypothesis can be rejected in the light of their ability to reorient after landmarks’ 

removal - Experiment 1). What is more convincing is that in the blue wall 

condition it is highlighted chicks’ ability to make use of the metric and sense 

together with colourful information, a direct proof of the capability to merge 

available information. The specific ability to deal with geometry seems to 

depend not on previous exposure to it; also, if necessary, animals have the 

possibility to conflate information when it is necessary and required to solve the 

task. 

However, these results pointed out a discrepancy in the role of 

experience in different species: chicks were not facilitated by living in a right-

angled environment in any testing condition demonstrating an innate ability to 

deal with the available information; in contrast, fish showed that rearing do 

affect the relative dominance of features and geometry when provided with 

conflict geometric and non-geometric information at test. This species difference 

could be explained on the basis that, differently from precocial species such as 

domestic chicks, altricial species may be more open to external stimulation: 

hence, fish may be affected by rearing experience (and see Sections 3.1 and 

3.2). It should be noted, however, that while chicks were reared singly in 

separate cages, in the experiment by Brown and collaborators (2007) fish were 

reared in groups; this species is characterized by fully visible metric and angular 

colourful features on the body: living with companions could therefore have 

directly exposed the experimental fish to geometric information as visible on 

conspecifics’ bodies. Such an imperfect rearing procedure could be conducive 
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of the observed difference in performance, hence, a control over fish really 

lacking in experience with geometry should be made so as to verify clearly the 

role of early experience. 

There are, of course, striking limitations to any experiment that deals with 

the “innateness” of encoding of certain types of information even when using a 

precocial species such as the domestic chick as an animal model. How can one 

determine the “innateness” of anything if assessing that innateness requires 

prior exposure (before/during test) to the behaviour/stimulus to be learned? 

(The problem is less acute when using fixed action patterns of response elicited 

by releasing mechanisms as in classical ethological work, e.g. Tinbergen 1951; 

and see Vallortigara et al. 2005b; Vallortigara and Regolin 2006 for a more 

recent demonstration of innate predispositions involving perception of biological 

motion that makes use of the approach and following response of newly 

hatched domestic chicks). 

Unavoidably, once the experimental chicks begin training, they begin to 

experience geometry, and when the test is performed, the experimental animals 

have already had some experience with geometry. We addressed this issue in 

Experiment 2, by looking at learning performance early in training. The results 

of the very early trials of training were striking in this regard, since no evidence 

of any difference between circular- and rectangular-reared chicks was apparent. 

Thus, overall, the results reported here for chicks and those of Brown et 

al. (2007) with fish strongly suggest that animals encode geometric information 

in the absence of (or with minimal) experience of surfaces of different lengths 

connected together at right angles. This clearly adds to the evidence collected 

in humans that the foundations of natural geometry are far removed from any 

strictly linguistic and cultural constraint (Dehaene et al. 2006). Obviously, the 

apparent lack of influence associated with experiencing right angles should be 

not generalized to all experiences: to rule out one specific source of experience 

does not mean that all sensory or motor experiences are unimportant in the 

development of natural knowledge of geometry. Nevertheless, the present 

findings support the idea that biological organisms are endowed with largely 

predisposed cognitive mechanisms to deal with geometrical information in their 

natural environment. 
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4.3  Disorienting procedure  
 

In the canonical version of the geometric module paradigm, in order to 

obtain a spatial disorientation, the subject is turned passively a few times with 

the eyes closed or in the dark so that before starting the searching behaviour it 

has to re-map the outer space relationships. However, it is possible to obtain a 

subject’s disorientation in another way, i.e., moving the outer enclosure while 

the subject remains in a fixed position without the possibility of tracking any 

movement. While the first procedure is also commonly experienced when 

moving in a natural environment, the second is less likely to happen in natural 

settings. Hence, it could be that the subtended mechanisms enrolled to re-

establish the orientation are different depending on the procedure applied, as it 

has been shown for children (Lourenco and Huttenlocher 2006).  

I investigated such phenomenon in the domestic chick with different 

experiments described hereafter using the two types of disorientations. 

 

 
4.3.1 Experiment 1: Rectangular enclosure with panels 
 

All the results collected insofar have been obtained in a rectangular-

shaped enclosure; given that it has been outlined the possibility that different 

disorienting procedures can affect the performance or at least can lead to some 

differences in reorienting behaviour, I checked for this in the same testing 

enclosure (i.e., a rectangular arena) in order to examine one influential variable 

at a time. Thus, in this first experiment, naïve chicks were observed in a 

rectangular-shaped arena with discrete panels at each corner after being either 

ego- or allo-centrically disoriented at the end of each trial. 

 

Methods 
 

Subjects 

Subjects were eighteen male domestic chicks (Gallus gallus) supplied from 

a commercial hatchery when they were only a few hours old and reared  with 

the same procedure as described in Experiment 1 (Section 4.1). 
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Apparatus and Procedure 

The experimental apparatus consisted of a uniformly white-coloured 

rectangular cage (70 x 35 x 40 cm) which was free to rotate on its axis with 

panels and food jars located in close proximity to each corner. In the middle of 

the enclosure, a removable white cylinder (12 cm high) was leant against a 

circular rotating platform (12 cm in diameter). This was suspended 2 mm above 

the arena floor so that it could either be turned toward left or right by the 

experimenter while the external environment stayed still (during the ego-centric 

disorientation procedure) or remain fixed while the external apparatus was 

rotated freely (during the allo-centric disorientation procedure).  

Training started on day 3 of life and continued on the 3 next days. Chicks 

were given 3 daily sessions of 10 trials each (90 trials overall). Before each trial, 

the chick was placed in the middle of the cage under the cylinder and, during 

the inter-trial interval (2 minutes), the platform and the cylinder containing the 

chick were slowly rotated clockwise and counter clockwise to eliminate 

compass or inertial information (Ego-centric disoriented group; n = 10); 

otherwise the platform and the cylinder remained in a fixed position and the 

chick stood still with no possibility to detect the external environment while it 

was randomly rotated (Allo-centric disoriented group; n = 10). Once lifted the 

cylinder up, the chick was allowed to approach one food container: when an 

incorrect position was chosen, in the early trials the chick was allowed to correct 

the choice and then, once again, confined in the central opaque cylinder for the 

disorientation procedure before being given another trial; when a correct 

position was chosen, the chick was allowed to four or five pecks at the food 

(reinforcement) and then again confined in the centre of the arena under the 

cylinder.  

A choice was scored when the chick approached a container to the extent 

that its head entered an area within 12 cm from a corner, irrespective of pecking 

responses. Thus, only the chick’s first choices was considered. The day after 

reaching the learning criterion fixed at 90% correct trials in a single session, 

chicks were tested in a featureless rectangular enclosure. All other testing 

procedures were the same as described elsewhere. 
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Results 
 

No differences were observed in the number of trials and errors needed to 

reach the learning criterion between chicks Allo-centrically (Means with SEMs: 

Trials: 74.44 ± 2.94; Errors: 33.89 ± 1.93) and Ego-centrically (Trials: 80.00 ± 

4.41; Errors: 36.89 ± 2.95) disoriented (respectively, U=25.5, n1=9, n2=9, 

p=0.165; U=33, n1=9, n2=9, p=0.507, two-tailed Mann-Whitney U-test). 

However, subtle differences associated with the different disorientation 

procedures could have been revealed by an analysis limited to the very early 

phases of training. Thus I analyzed data in the first block of ten trials of the first 

daily session. Again no difference between Allo-centric (Mean with SEM: 6.44 ± 

0.67) and Ego-centric (Mean with SEM: 5.67 ± 0.60) disoriented conditions was 

apparent (U=28, n1=9, n2=9, p=0.258, two-tailed Mann-Whitney U-test). 

The results of the test are shown in Figure 22. Both Allo- and Ego-centric 

disoriented chicks showed a preference for the two geometrically correct 

corners (A, C in Figure 22) over the geometrically incorrect corners (B, D in 

Figure 22) corners (AC vs. BD: Allo-centric: Z=-2.401 p=0.016; Ego-centric: Z=-

2.372 p=0.018 Wilcoxon test). There were no differences in the preference for 

the two geometrically correct corners between the two differently disoriented 

groups (AC Allo vs. AC Ego: U=40.5, n1=9, n2=9, p=1.000 two-tailed Mann-

Whitney U test). 

 

Despite two different disorienting procedures were used (i.e, the one 

applied directly on the subject, the other applied on the test-cage), the chicks 

showed no differences in their ability to reorient, proving identically able in re-

establishing the relationships with the outside environment in order to make the 

correct choice. Moreover, the ability was identical not just when features would 

have sufficed to choose for the correct corner but also after removal of 

landmark information. 
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4.3.2 Experiment 2: Featureless rectangular enclosure 
 

 In Experiment 1, both allo- and ego-centrically disoriented chicks showed 

an identical capacity in reorienting. Since learning to locate the correct position 

could have been facilitated by the presence of salient visual features, a further 

experiment was designed so as to check whether some differences would have 

been highlighted in a featureless environment (i.e., in the ability to deal with 

geometry from the beginning of training). Thus, in Experiment 2, naïve chicks 
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± 5.56 

20.00 
± 2.89 

Figure 22  
Results of Exp1. Chicks were trained with either a allo- (top) or a ego-centric 

disorientation procedure (bottom) in a rectangular enclosure with panels at the 

corners (leftmost figures), and then tested after removal of the panels while 

maintaining the metric and the size of the enclosure (rightmost figures). Mean 

percentages of choices for each corner are shown in bold (with SEM below). 

AD 

BC 

AD

BC

30.00 
± 4.41 

15.60 
± 3.38 

35.50 
± 4.75 

18.90 
± 3.89 
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were observed in a completely white rectangular-shaped arena and were 

submitted to either ego- or allo-centric disorientation procedures. 

 

 

Methods 
 

Subjects 

Subjects were twenty male domestic chicks (Gallus gallus) obtained and 

reared  with the same procedure as described in Experiment 1. 

 

Apparatus and Procedure 

The experimental apparatus consisted of the same rectangular cage 

described above, but this time no feature was provided. Training started on day 

3 of life and continued on the 4 next days. Chicks were given 3 daily sessions of 

10 trials each (120 trials overall). Before each trial, chicks were either ego-

centrically (Ego-centric disoriented group; n = 10); or allo-centrically (Allo-centric 

disoriented group; n = 10) disoriented.  

Choices for the four corners were recorded as in Experiment 1 (Section 

4.1). Percentages of choices for the two geometrically correct corners were 

computed. Since the data represented percentages, data were arcsin 

transformed (Sokal and Rohlf 1969) and then analyzed by repeated-measures 

analysis of variance. 

 
 

Results 
 

The results of training are shown in Figure 23. The analysis of variance 

with sessions as a within-subject factor and disorienting procedure as a 

between-subject condition revealed a significant main effect of session 

(F(3,54)=7.422 p=0.000); there were no significant effects associated with 

disorienting procedure (F(1,18)=0.003 p=0.956) nor there was a significant 

interaction of disorienting procedure by session (F(3,54)=0.424 p=0.737). 
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I then restricted the analysis to the very first block of ten trials, analysing 

the data in five mini-blocks of two trials each. As can be seen from Figure 24, 

again no difference between the disorienting conditions was apparent 

(F(1,18)=1.000 p=0.331; rearing x block of trials: F(4,72)=1.839 p=0.131). 

 

 
 

Although panels’ presence in Experiment 1 could have facilitated chicks’ 

choices at the beginning of training, no differences were observed in the ability 

to partially disambiguate the task in both disoriented conditions even in a 

featureless environment: all the chicks showed a comparable ability in referring 

to the external layout to choose for the two equivalent corners. 

 

 

 

 

Figure 23 

Exp2: training 

results. Mean 

percentages (± SEM) 

of choices for the 

geometrically correct 

corners in chicks 

allo- and ego-

centrically 

disoriented are 

shown. 

Figure 24

Exp2: early training results. 

The first session (ten trials) 

is divided in five blocks of 

two trials each. Mean 

percentages (with SEM) of 

choices for the 

geometrically correct 

corners in chicks allo- and 

ego-centrically disoriented 

are shown. 
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4.3.3 Experiment 3: Triangular acute-angled-enclosure 

 
Chicks did not display any difference in behaviour depending on the type 

of disorientation procedure used. However, a difference with respect to the 

experiment done on children (Lourenco and Huttenlocher 2006) was the shape 

of the enclosure adopted. Children were tested in a triangular enclosure; hence 

I checked whether the shape of the environment could explain the difference 

between the two species. 

 

 
Methods 

 
Subjects 

Subjects were 36 male domestic chicks (Gallus gallus) obtained and 

reared with the same procedures as described in Experiments 1 and 2.  

 

Apparatus and Procedure 

The apparatus was this time a completely white triangular isosceles-

shaped arena with 2 long walls (102 cm) and one short wall (50 cm) thus of the 

same overall surface area so as the canonical rectangular enclosure (Figure 

25). The walls were arranged so that the unique corner was a narrow acute 

corner (A = 29°) and the two equivalent corners were two wider acute corners 

measuring 75° (B and C). The circular platform was positioned at 1/3 of the high 

of the triangle (in the point where medians intersect).  

Training started on day 3 of life and continued on the 4 next days, as 

described above. Before each trial, chicks were either ego-centrically (Ego-

centric disoriented group; n = 18); or allo-centrically (Allo-centric disoriented 

group; n = 18) disoriented. Six chicks of both disorienting condition were 

assigned to each corner. Choices for the three corners were collected. In order 

to score the choices, all the food jars were completely closed during the training 

phase as well. The chick had to peck at the net of the jar located in the correct 

corner in order to be given some grains of food as a reinforcement. This was 

done to control impulsive chicks’ behaviour probably due to the novel shape of 
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the environment and to avoid choices based on local indicators of the presence 

of food (e.g. the hole in the net of the correct food container). 

 

 

 
 
 

Results 
 

The results of training are shown in Figure 26. The overall analysis of 

variance with sessions as a within-subject factor and disorienting procedure and 

corner as a between-subject condition revealed a significant main effect of 

session (F(3,90)=18.871 p=0.000) and corner (F(2,30)=12.052 p=0.000) and a 

significant interaction of corner by session (F(6,90)=2.378 p=0.035); there were 

no significant effects associated with disorienting procedure (F(1,30)=2.241 

p=0.145) nor there was any other significant interaction [disorienting procedure 

x corner (F(2,30)=0.137 p=0.872); disorienting procedure x session (F(3,90)=0.360 

p=0.782); disorienting procedure x corner x session (F(6,90)=0.525 p=0.788)]. 

Post hoc (Scheffé test) revealed the following differences: corner A vs. corner 

B, p=0.000; corner A vs. corner C, p=0.002; corner B vs. corner A, p=0.000; 

corner C vs. corner A, p=0.002. 

Figure 25
Picture of the 

triangular isosceles-

shaped enclosure 

used to test chicks 

either Allo- or Ego-

centrically disoriented. 

Longer walls subtend 

a unique corner (A); 

the other 2 corners are 

geometrically 

equivalent ones (B and 

C) distinguishable on 

the basis of different 

associations of metric 

and sense.

A 

BC 
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An analysis limited to first block of 10 trials did not reveal any statistical 

significant effect [disorienting procedure: (F(1,30)=2.193 p=0.149); corner: 

(F(2,30)=1.146 p=0.332); disorienting procedure x block of trials: (F(4120)=0.733 

p=0.571)]. 

 

 

 

 

More interestingly, when considering the type of errors during learning for 

the animals trained on the two equivalent corners (i.e., reinforced on B and C 

positions), a significant effect to prefer the unique corner (indicated with A) was 

observed (please note that for this analysis, data by Allo- and Ego-centric 

disoriented groups were lumped together being them identical in all the other 

measures).  

Chicks displayed a significantly higher number of errors in A with respect 

to the errors on the equivalent and more similar corner (respectively, chicks 

trained on corner B: errors on corner A vs. errors on corner C, p=0.006; chicks 

Figure 26 
Exp3: training 

results. Mean 

percentages (± SEM) 

of choices for the 

correct corner in 

chicks Allo- (top) and 

Ego-centrically 

disoriented (bottom) 

are shown. 
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trained on corner C: errors on corner A vs. errors on corner B, p=0.011, paired-

samples t-Test, Figure 27). 

 

 
 

Both allo- and ego-centric disorientation procedures led to the same 

behavioural result, with no differences in chicks that underwent during training 

one procedure instead of the other. Moreover, there was no effect of the 

particular enclosure’s shape used: despite children were tested only in a 

triangular environment showing there an impairment of performance when allo- 

but not ego-centrically disoriented, chicks proved to be equally able to reorient. 

  

 

4.3.4 Experiment 4: Triangular right-angled-enclosure 

 
The results obtained in the triangular isosceles-shaped arena showed 

again no differences between allo- and ego-centrically disoriented chicks; 

however, an interesting aspect observed during training was the pattern of 

choices displayed while learning the task. Chicks trained on one of the two 

geometrically equivalent corners did not make errors on the other equivalent 

(i.e., most similar) corner as could have been expected, but they preferred to try 

to look for food reinforcement in the jar located in the unique corner. This is a 

really challenging result in order to understand which mechanism is involved in 

learning to reorient.  

In this specific case, choices for the unique corner can be motivated 

basically by two explanations: a motivational aspect (i.e., narrow place means 

Figure 27 
Exp3: Errors during 

learning. Means (± 

SEM) of errors toward 

unique corner (green) 

and geometrically 

equivalent corners 

(grey) in both 

disorienting conditions 

are shown. 
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protection) could have led them to prefer for local angular features the acute 

corner; an economical sensory-motor strategy for reorientation. In fact, the 

reinforced position is defined by one long wall to the left or to the right; the 

unique corner is subtended by long walls either on the left or to the right, 

therefore in a sense it is “always correct”. The strategy to choose for a corner 

after disorientation could have entailed a metric computation referred only to the 

longer wall (“face the longer wall”) plus a motor command (as for instance “then 

turn right”). To check for this, I decided to train chicks in a different triangular 

enclosure, still an isosceles-shaped one but this time with a wider unique corner 

and two narrower similar corners. If choices were guided by the motivational 

aspect then the unique corner would have been not so interesting because a 

right angle; on the contrary, if choices were conducted by the sensory-motor 

strategy, then the results should be comparable to those obtained in Experiment 

3. 

 
 
Methods 

 
Subjects 

Subjects were twenty-four male domestic chicks (Gallus gallus) obtained 

and reared with the same procedures as described in Experiments 1, 2 and 3.  

 

Apparatus and Procedure 

The apparatus was this time a completely white triangular-shaped 

environment with one long wall (100 cm) and two shorter walls (70 cm) thus 

forming an isosceles triangle of a comparable overall surface area as the 

previous rectangular and triangular enclosures (Figure 28). The walls were 

arranged so that the unique corner was a right angle (A) and the two equivalent 

corners were two acute corners measuring 45° (B and C). The circular platform 

was positioned at 1/3 of the high of the triangle (in the point where medians 

intersect).  

Training started on day 3 of life and continued on the 4 next days, as 

described above. Before each trial, chicks were either ego-centrically (Ego-

centric disoriented group; n = 12); or allo-centrically (Allo-centric disoriented 
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group; n = 12) disoriented. Four chicks of both disorienting condition were 

assigned to each corner. Choices for the three corners were scored as 

described for Experiment 3. 
 
 

 
 
 

Results 
 

The results of training are shown in Figure 29. The overall analysis of 

variance with sessions as a within-subject factor and disorienting procedure and 

corner as a between-subject condition revealed a significant main effect of 

session (F(3,54)=10.629 p=0.000); there were no significant effects associated 

with disorienting procedure (F(1,18)=0.003 p=0.955) nor corner (F(2,18)=3.267 

p=0.062); there was any other significant interaction [disorienting procedure x 

corner (F(2,18)=0.412 p=0.669); disorienting procedure x session (F(3,54)=0.716 

p=0.547); corner x session (F(6,54)=0.700 p=0.651) disorienting procedure x 

corner x session (F(6,54)=0.815 p=0.563)]. 

An analysis limited to first block of 10 trials did not reveal any statistical 

significant effect [disorienting procedure: (F(1,18)=0.024 p=0.879); corner: 

(F(2,18)=1.032 p=0.376); disorienting procedure x block of trials: (F(472)=0.434 

p=0.784)]. For the subsequent analysis, data by Allo- and Ego-centric 

disoriented groups were lumped together being them identical in all the other 

measures. 

When considering the type of errors during learning for the animals trained 

on the two equivalent corners (i.e., reinforced on B and C positions), a 

significant effect in choosing the similar corner (respectively indicated with C 

Figure 28

Picture of the triangular 

enclosure used to test 

chicks either Allo- or Ego-

centrically disoriented. 

The covering net (in A) is 

used to prevent animals 

form seeing outer cues. 

A 

BC 
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and B) was observed (please note that for this analysis, data by Allo- and Ego-

centric disoriented groups were lumped together being them identical in all the 

other measures). Respectively, chicks trained on corner B: errors on corner A 

vs. errors on corner C, p=0.000; chicks trained on corner C: errors on corner A 

vs. errors on corner B, p=0.000, paired-samples t-Test (Figure 30). 

 

 

 
 

 

Figure 29 
Exp4: training 

results. Mean 

percentages (± SEM) 

of choices for the 

correct corner in 

chicks Allo- (top) and 

Ego-centrically 

disoriented (bottom) 

are shown. 

Figure 30 
Exp4: Errors during 

learning. Means (± 

SEM) of errors 

toward unique corner 

(green) and 

geometrically 

equivalent corners 

(grey) in both 

disorienting 

conditions are 

shown.
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 The data obtained in this experiment demonstrated again no differences 

in chicks’ ability to go for the correct position after either an allo- or ego-centric 

disorienting procedure. During learning, they showed to confuse the geometrical 

equivalent corner. 

 

 

4.2.6 Conclusion 

 

 Results of Experiment 1 clearly demonstrated that chicks proved to be 

equally capable to reorient after both ego- and allo-centric disorientation 

procedure. Theoretically, since they were trained in the presence of distinct 

visual cues located at the corners, chicks could have resorted to such 

information alone in order to learn to reach the correct position; however, the 

fact that they were identically able to use residual geometric information at test 

independently from the disorientation they underwent, clearly showed that the 

procedure itself was not affecting their ability to rely to the outside environment 

for on-going computations. This was univocally strengthened by the results of 

Experiment 2, in which chicks’ performance was directly compared in a uniform 

and featureless environment: the two disorienting conditions showed a similar 

pattern of results since the early phases of training. 

 Given that the study on children was run in a triangular chamber 

(Lourenco and Huttenlocher 2006), I checked also for the specific effect of the 

shape of the outer environment. In principle, in a triangular enclosure the 

corners are still identifiable on the basis of different associations of metric 

information and sense. However, compared to a rectangular enclosure, in the 

isosceles triangular environment the symmetry is drastically reduced and the 

saliency of the unique corner may help in computations acting as a salient 

visual feature. Hence, I run a further experiment in a triangular isosceles-

shaped arena with one narrow acute corner and two wider acute angles: again, 

I found no differences due to the disorienting procedure, all the chicks being 

able to learn to reach the correct corner. In both conditions of spatial 

disorientation the outside geometric layout is stable and fully available to the 

subject. However, human infants may develop later on the ability to rely to outer 

cues encoding each time the relative relations and pattern cues. In fact, children 
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were able to use external information when they expected a change in the 

environment (i.e., when they were ego-centrically disoriented) but they can 

learn to re-map the outer relative relationships when they were allo-centrically 

disoriented after repetitive trials only (i.e., in a reference-memory task); chicks, 

in contrast, appeared to be directly capable to use external clues in both 

disorienting conditions since they showed no differences in the very beginning 

of training when they could have demonstrated a role of forecasting. 

A different pattern in the development of such ability in the two species, 

the chicks being precocial species whereas human infants being the most 

altricial of the species, can perhaps explain this species difference. 

 An intriguing result concerns the pattern of errors displayed during 

learning. For all the chicks it was easier to identify the unique corner: this was 

probably due to its saliency and/or to a motivational aspect in the sense that a 

narrow corner, when interpreted as a sheltered place, provides a feeling of 

protection. Most importantly, those chicks reinforced on one or the other of the 

two equivalent corners behaved in a non-expected way: in fact, while it could 

have been anticipated that during the initial trials of learning the chicks confused 

the most similar corners, they did not so and displayed instead a major number 

of errors toward the unique corner. Again, choices for the unique corner can be 

motivated by the motivational aspect (i.e., narrow place means safety): in this 

sense, chicks could have preferred the local angular features of the acute 

corner; this is not rejectable hypothesis and it seems quite comparable to 

previous results obtained in a parallelogram-shaped enclosure (Tommasi and 

Polli 2004). However another interpretation can be put forward: chicks may 

have reoriented using an economical sensory-motor strategy. The unique 

corner is subtended by two long walls, whereas the equivalent corners have 

both one long wall and one short wall although arranged in different order with 

respect to the sense. Imagine that the correct position is for instance the one 

described by having a long wall on the left and a short wall on the right. Let us 

suppose that the long wall is the cue selected by the animal in order to make a 

choice by associating it with the sense without resorting to any expensively 

complex definition of the correct location. To some extent, if this is the simple 

behavioural rule (i.e., it is only needed to match the arrangement “have the 

longer wall on the left” to reach the baited position), then the unique corner is a 
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“always correct choice” since it has a long wall on the left as well. Thus, the 

combination of two simple commands can probably explain such pattern of 

errors: a first step is determined by the encoding of the metric information and 

chicks go for the longer wall that identifies the viable direction; a subsequent 

motor command leads them to turn right in order to reach both the correct and 

the unique ends or corners. 

 However, this strategy is a sort of ad hoc explanation as already 

argumented in Section 2.3. In fact, although other experiments argued this 

same account for rats’ behaviour in a kite-shaped pool (Pearce et al. 2004) it 

can not be ruled out that during early learning chicks encoded first the axis of 

the triangular enclosure and then the correct association of metric and sense. 

From this point of view, a hierarchical organization in the way in which 

geometrical (axis and walls’ length) and featural (angular cues) information can 

support a form of progressive learning and can account for all these results, 

particularly for the errors displayed while becoming familiar with the 

environment. 

 The triangular enclosure revealed to be an interesting enclosure to study 

and understand the underlying mechanisms of spatial reorientation. So, in 

Experiment 4, I changed the disposition of the walls in order to have still a 

triangular isosceles-shaped enclosure but this time with one long wall and two 

shorter walls that subtended the unique corner. Due to this arrangement, I 

obtained a wider unique corner (90°) and two narrower equivalent corners (45°). 

This makes me possible to check whether choices were guided by the 

motivational aspect, by the sensory-motor strategy or by the hierarchical 

encoding of different sources of information. 

 Naïve chicks underwent the two different disorienting procedures and 

even in this novel environment they were identical in the ability to reach the 

correct corner. The most interesting result was again the pattern of errors during 

learning. Contrary to the facilitation in learning to go for the unique corner that 

arose in the previous experiment, this time there were no significant differences 

between the reinforced corners. Thus, although the unique corner was still 

much different from the others (twice as wide), the decreased saliency can 

explain this result being the chicks less motivated to reach it. Another proof of 

this aspect is that chicks trained on one of the two equivalent corners displayed 
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a major number of errors on the most similar corner, an expected behaviour that 

was however not verified in the previous condition. Since the equivalent corners 

were situated along the more extended surface, there is still the possibility that 

the main point of reference was the longer wall and that the initial difficulty in 

finding the correct corner was the correct association of the left-right motor 

response. One more question is still unresolved with this explanation: although 

economically it could make sense relying on just one dimension, as for instance 

the longer wall, and different linkage among metric and sense and features and 

sense has been proved in chicks (Sovrano and Vallortigara 2006), it is still not 

clear why they should rely on the longer wall and not on the shorter one. Let’s 

go back to Experiment 3: due to the particular enclosure, the shorter wall could 

have been much more informative and the most effective in signalling the 

correct position with respect to the longer one: there was one short wall only 

and it was sufficient to disentangle every other position with the correct left-right 

association. But data of Experiment 4 showed again that the preferred surface 

to which rely to was the longer one: in fact, if the shorter wall was taken into 

account, results would have been superimposed on data obtained in 

Experiment 3, and this was not the case.  

The consideration of the longer wall in order to make a choice can 

perhaps be explained by the fact that chicks encoded the longer wall as the 

major axis, a computation that is realizable because that is the dimension in 

which it is possible to move about. 

Before concluding with the interpretation of these results, I would like to 

make one more important consideration concerning topology and global vs. 

local theory. It is generally assumed that there is a global precedence in 

encoding new inputs (Navon 1977, 1981, 1983); however it is pretty 

comprehensible that this is valid only depending on viewing conditions: nobody 

would admit that a whole (e.g., a forest) is before its parts (e.g., a tree). Of 

course the actual space is hierarchically structured but there seems to be a sort 

of confusion between global vs. local and compound vs. component 

distinctions. In a recent paper, Wang and collaborators (2007) found evidences 

that “global topological perception is prior to perception of other local geometric 

properties”; in fact, global property is the one linked to stability, and invariance 

is one key point in evaluating primitives for spatial representation. The authors 
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stress this concept in a transparent example I report here in their wording: 

“there is no reason to claim, for example, that a face would be perceived earlier 

than either its eye or mouth. Nevertheless, we are able to claim that holistic 

registration, which determines which two eyes and which mouth belong to the 

same face, takes place before the recognition of this face. That is, the 

perception of global topological invariant of connectivity of the face (a 

connected entity as a face) is before the perception of detailed properties of the 

face”. 

Vision is an active achievement, and to see means grasping some 

prominent characteristics of an object or of a scene: in this way, a few selected 

cues are sufficient to identification and what’s more important is that they 

arouse the impression of a complete and real representation. Of course the 

physical form of an object is given by its contours; however, these features can 

be left out and it would be again possible to trace a recognizable image of the 

object. In fact, other partial aspects that are not generally considered as 

properties of such a form but that are essentials in it, are always available: I am 

talking of the shape, the subtended configuration. Structural configurations are 

the primary data of perception, the underlying constructive global law (Arnheim 

1954). 

Combining this point of view together with the data insofar collected, it 

should be underlined the ecological advantage of building up an internal 

enduring representation of the external environment starting from a global 

encoding of the shape, using parameters such as major axis and metric, and 

then completing it with sense and local features (when available). Differences in 

weighting information at our disposal is primarily attributable to the real requests 

of the peculiar task we undergo and this calls at the same rate the most 

economical computational strategies to solve it.  
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Chapter 5 
General discussion 

 

 

5.1 General discussion 

 
Ho pensato a quali attività sono tipiche della razza umana  

prive di qualsiasi equivalente animale,  

e mi sono venute in mente solo il fumare,  

il culturismo e la scrittura.  

Non è poi molto,  

visto quanto ci consideriamo speciali. 
Coupland D (1994) Life After God. 

 

he intimately intertwined approach of contemporary neuroscience and 

cognitive sciences is to investigate the biological bases of cognition in 

organisms throughout the animal kingdom, addressing functions, such as 

perception, memory and navigation, from many levels of analysis, ranging from 

genes to behaviour. This dissertation looked after a small subset of spatial skills 

involved in the reorientation ability in enclosed familiar spaces in the domestic 

chick, so as to understand exactly what are the basic mechanisms underlying 

such spatially guided behaviour and to find some thread running across species 

and evolution. A brief look on the subjects exposed makes it immediately 

apparent how researches from all the fields, including comparative psychology, 

developmental psychology and neuropsychology, adopted the geometric 

module paradigm to centre in synergy the spatial analysis that makes the 

subject capable to orient. 

It has been extensively argued that non-human animals are able to 

merge different sources of information although initially this capability appeared 

a uniquely human possibility due to the use of spatial linguistic terms. In fact, 

investigating the basic underpinnings and finding similarities (when not 

matching) in the mechanisms used by different species, it becomes clear that all 

the species are somehow predisposed to use instruments of high adaptive 

value to solve common tasks as reorientation. This is not to say that humans do 

not rely on language to solve the particular ambiguity of a rectangular space; 

T 



How domestic chicks do geometry 

 96

rather each species uses the instruments it has been given. In this sense, 

language is for us an outside tool that facilitates computations using external 

structures that are special for operations otherwise impossible in the internal 

cerebral functioning, thus optimizing resources to the maximum results (Clark 

1997). Our intelligence is apparent precisely in our ability in structuring and 

acting on our environment so as to simplify resolver tasks, unloading memory in 

the world. In fact, the structures moulded by repeated world-brain interactions, 

may change the original problem until it becomes something that limited 

cognitive functions may handle. However, the absence of linguistic skills is not a 

boundary to successful adaptation and to the ability to solve tasks, but other 

animals can take advantage of simpler basic mechanisms. This has been 

clearly demonstrated in this dissertation being all the investigated species able 

to reorient in a featureless rectangular environment and much more 

convincingly when non-geometrical cues, available during training, are removed 

at test. Here I discuss the importance of specific factors that an increasing 

number of evidences are pointing out as crucial for reorientation ability. 

Size 
I trained chicks to find food in a corner of either a small or a large 

rectangular enclosure in which a distinctive panel was located at each of the 

four corners of the enclosures. No differences in the encoding of the overall 

arrangement of landmarks were apparent when chicks were tested for 

generalization in an enclosure differing from that of training in size together with 

a transformation (affine transformation) that altered the geometric relations 

between the target and the shape of the environment. The results were 

therefore not in accordance with the hypothesis that the chicks encoded the 

target cue and its nearest neighbour along the short wall in the small enclosure 

but not in the large enclosure. 

Further experiments tried to disentangle the relative contribution of 

geometry and landmark cues in large and small spaces. Again, chicks were 

trained to find food in a corner of either a small or a large rectangular enclosure 

with distinctive panels located at each of the four corners of the enclosures. 

After removal of the panels, chicks tested in the small enclosure showed better 

retention of geometrical information than chicks tested in the large enclosure. In 

contrast, after changing the enclosure from a rectangular-shaped to a square-
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shaped one while keeping the corner panels the same, chicks tested in the 

large enclosure showed better retention of landmark (panels) information than 

chicks tested in the small enclosure. These findings strongly suggest that the 

primacy of geometric or landmark information in reorientation tasks depends on 

the size of the experimental space also in non-human species. 

Many different species have been shown to be able to reorient themselves 

encoding and remembering the geometrical information provided by the metric 

arrangements of the walls of a rectangular enclosure together with available 

non-geometric cues. However, differences in the relative reliance on geometric 

and non-geometric cues have been observed when animals were tested in 

enclosures of different sizes. 

The results discussed here bring forward evidence that animals prefer to 

use geometric information when in a small environment and prefer to rely on 

landmark cues when in a large environment (Chiandetti et al. 2007). 

Given that there is substantial agreement in arguing for a prominent role of 

geometry in natural environments due to its stable and invariant characteristics 

across time, it is not difficult to believe that vertebrates are somehow innately 

predisposed to manage geometry for successful navigation. Despite someone it 

is still wondering what exactly belong to the distinction between geometric and 

non-geometric information, when these features are embodied in natural 

settings, it is evident that it depends on what is considered as the scale of 

working space. Thus, a tree can both design a non-geometric landmark and a 

geometric property of the overall shape. 

Hence, a hierarchical way to process different kinds of information 

resembles the hierarchical structure of the environment. When we think of a 

natural environment, it is not difficult to note that usually several redundant cues 

are available and that if one organism simply relies on just one at a time the 

strategy could prove successful. Such a  pattern of reliance (one at a time) may 

directly reflect the path of evolution (Simon 1969) with an addition of new 

modules rather than a change in the old ones (Shettleworth 1998). 

In order to unravel how they are weighted, different cues can be placed in 

conflict so that one cue indicates one goal location and the other cue another 

goal location. The relative weightings of different sources of information may 

change with different conditions and it can happen that the animal resorts to 
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using one  whilst disregarding another. Thus, some cues may obtain a primacy 

in processing and hence they may provide a context for subsequent analyses 

(see also Shettleworth 1998). 

However, the unresolved question is, why do animals resort to using 

geometry in a small environment but prefer landmarks in larger ones. A 

challenging hypothesis comes from the possibility that there is a different 

association between metric, sense and landmarks cues as suggested by 

Sovrano and Vallortigara (2006). When located in a small enclosure an 

organism has the metric layout of the surfaces around it available to it, thus 

adding the sense for left-right discrimination it has a reliable source of 

information for spatial reorientation. When an organism is in a larger enclosure, 

estimation of the lengths of extended surfaces would require costly scanning or 

direct movements back and forward: this could lead it to prefer to associate a 

featural property immediately available in the vicinity with the left-right sense, 

thus discarding use of geometry. 

Such different associations could be expected since they convey more 

reliable information to an organism on the basis of visual (or other sensory) 

scanning of environments of different spatial scale.  

What does reliable really mean here with respect to size? If we assume 

that reliability in large as well as small environments is directly linked to the 

source of information that conveys the most information for the least effort (i.e., 

efficient information) and it is also the most stable, the type of information on 

which there is a reliance can change according to the size of the environment. 

In a small environment things change rapidly as the animal moves; in this case, 

geometry is the most stable information whereas local information is difficult to 

compute. In a large environment, the features are less likely to change: while 

moving, they require a long time to disappear from the visual field. In this sense, 

landmark cues are stable and informative. Now, it is useful to distinguish 

between directional and positional information. All distal information allows great 

efficiency in guiding navigation because -as discussed in the previous Sections- 

it provides stable directional and useful positional information. Proximal cues 

may have more precise positional information but offer a much reduced 

directional information. Moreover, motion parallax effects and large changes in 

visual signals are high for proximal landmarks, therefore it would probably be 
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simpler relying on distal landmarks in a large environment and it would probably 

be less difficult using metric differences in a small environment, in the sense 

that each kind of information acquires different values of predictive strength as a 

function of their usefulness. 

Thus, an alternative explanation can be put forward on the basis that two 

different mechanisms are involved, one for distal and one for proximal cues’ 

use, as suggested from neurobiological works, at least with respect to rats 

(Parron et al. 2004). Specifically, it has been shown that entorhinal cortex 

lesioned rats were compromised in using distal landmarks but not proximal 

ones (Parron et al. 2004). Of course, the role of the entorhinal cortex in 

navigation is far from clear, and it is not the aim of this review to discuss it. 

However, the authors suggest that enthorinal-hippocampal circuitry processes 

the distal cues whereas the parietal-hippocampal circuitry accounts for proximal 

cues. Moreover, single unit recording studies on place cells (Cressant et al. 

1997) as well as on direction cells (Zugaro et al. 2001) seem to confirm a 

dissociation between distal-proximal landmark processing. 

What exactly happens while an animal is reorienting in environments of 

different spatial scale is of course still matter of debate. The two alternative 

views suggested are not in contrast. From the behavioural side, there should be 

another (unverified) condition replicating the experiments addressing the size’s 

role (with both the change in size and the affine transformation from training to 

test) but with the blue wall; in this condition it should be expected a stronger 

effect on different linkage among separate kind of information on the basis of 

the experimental space size used. From the neural side, data coming from 

neurobiological studies will maybe bring some clarifications on the way different  

sources of information are encoded and processed before the overt choice of 

the organism (Chiandetti and Vallortigara in press). 

 

The finding that geometry is treated consistently across species, let 

hypothesize that the ability to encode, process and compute metrical 

information for a successful navigation is an innate cognitive function. 

Innateness 
I took advantage of the characteristics of a highly precocial species as the 

domestic chick is. The chick proved an ideal model because of its behavioural 
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and developmental peculiarities and the possibility of exerting a precise control 

on early experiences. Soon after hatching in complete darkness, thus without 

any visual experience, chicks were reared in either rectangular cages or circular 

cages. In rectangular cages they were exposed to geometry (right angles and 

metrically distinct extended surfaces) whereas in circular cages they were not. I 

studied the chicks’ ability in dealing with geometry in several testing conditions. 

Once learned to find food in one particular corner deigned by the presence of a 

discrete panel, I tested chicks after removal of the local features (i.e., when the 

geometric layout remained available only) and both rearing conditions showed 

evidence that they had spontaneously encoded geometric information for they 

did not go back to random choices but they used the metric of the arena to 

choose the two equivalent locations. Of course the training procedure itself 

necessarily exposed all animals to a right-angled environment and this is 

unavoidable if the animals have to learn about these geometrical features; 

however, in a second experiment I directly compared the ability of different 

reared chicks to re-orient in a completely white and featureless rectangular 

enclosure and I found again no differences depending on the previous 

experience with geometry in the home-cage. 

Recent results obtained with fish (Brown et al. 2007) showed that early 

experience during rearing did not affect the ability of fish to encode geometrical 

or featural information but, perhaps less surprisingly, it influenced the relative 

dominance of one or other cue in adulthood (as for chickadees); therefore, I 

tested chicks in a set of experiments addressing specifically the role of 

landmark information. Differently reared chicks were trained in a uniform 

environment, this time with 4 identical panels at the corners so that choices 

should again relate to geometry alone; the performance of both groups was 

similar: circular- as well as rectangular-reared chicks learnt to orient to a 

particular corner defined by the geometric layout showing no effect of the 

presence of featural information. In a following experiment I trained chicks in 

either a large or a small rectangular enclosure in the presence of landmarks at 

the corners and I tested them after a displacement of the featural information: 

since this conflict information has revealed crucial for fish, it could have been 

expected a similar effect in chicks. However, the results showed no differences 

related to the rearing condition; moreover, the size’s effect was confirmed, 
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preferring the chicks to rely on non-geometric information in the large enclosure 

and on geometric cues in the small environment.  

However, the non-geometrical information I used was fundamentally 

different  with respect to that employed with fish: a discrete panel can be treated 

as a beacon despite it is located in a novel and incorrect position at test; the 

real ability in weaving together metric and featural cues can arise, instead, in a 

condition in which the non-geometric information is an intrinsic feature of the 

wall, i.e., when it is a coloured wall.  With the aim to see if such aspect could 

have lead to the species differences in the performance, in a last series of 

experiments I trained chicks in a small rectangular enclosure with one blue-wall 

only (the long or the short wall) and I tested them after a displacement of the 

blue-wall so that again there was a conflict between geometric and non-

geometric information. Given that in the small enclosure there is strict evidence 

of a predominant role of geometry I could expect this to affect the performance 

of circular-reared chicks. But, again, no significant differences arose between 

the two rearing conditions, i.e., chicks displayed no differences in performance 

all showing the same pattern of choices at test. 

Thus, overall, the results reported here for chicks strongly suggest that 

animals encode geometric information in the absence of (or with minimal) 

experience of surfaces of different lengths connected together at right angles. 

Obviously, the apparent lack of influence associated with experiencing right 

angles should be not generalized to all experiences: to rule out one specific 

source of experience does not mean that all sensory or motor experiences are 

unimportant in the development of natural knowledge of geometry. 

Nevertheless, the present findings support the idea that biological organisms 

are endowed with largely predisposed cognitive mechanisms to deal with 

geometrical information in their natural environment (Chiandetti and Vallortigara 

2008). 

  

In the canonical version of the geometric module paradigm, the participant 

is usually turned passively few times in order to destroy its relationships with the 

outer environment; in an alternative version, the external environment is rotated 

and the subject can not denotate such a displacement. Different disorienting 

procedures may entail separate cognitive processes while the subject is getting 
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its bearings being the first procedure a familiar one for mobile organisms and 

the second an unanticipated one. 

Disorienting procedure 

Chicks that underwent either an ego- or an allo-centric disorientation 

procedure in a rectangular enclosure, showed no significant differences in 

dealing with the external information to reorient, in both the cases in which there 

were panels at the corners or there were not. Since the early phases of training, 

they proved equally able to find the correct corner. On the contrary, human 

infants, displayed an impairment when tested after allo-centric procedure. 

These results were accounted for as a consequence of mental rotation, 

sometimes difficult even for adults and not completely mastered by children 

since they are 5 years old (Lourenco and Huttenlocher 2006). Given that the 

experiment with children was run in a triangular environment and chicks were 

trained instead in a rectangular arena, I checked whether the shape of the 

enclosure itself would have explained the species difference. Hence, I trained 

chicks in an isosceles-shaped apparatus formed by two long walls that 

subtended an acute unique corner, and a short wall from which incident joint 

points with the long walls it created two equivalent wider corners distinguishable 

on the basis of metric and sense. Again both ego- and allo-centrically 

disoriented chicks behaved in the very same way. I can conclude that because 

external layout is steady and fully available to the subject for reorienting, it is 

probably a different pattern of development in the two species under 

consideration that can account for the different data collected: belonging the 

chicks to precocial species it is likely that they born ready to rely on outer cues 

in order to establish their position. 

However, an interesting result was obtained analysing what happened 

during training. All the chicks showed a facilitation in learning for the position 

indicated by the unique corner and this is probably due to the saliency of such 

location. Most interestingly, the chicks trained on the equivalent corners showed 

a higher number of errors on the unique corner instead of on the most similar 

one. On the basis of data collected in chicks observed in a parallelogram-

shaped arena this was due to the angular information of the salient corner 

(Tommasi and Polli 2004); on the basis, instead, of a sensory-motor strategy 

proposed fro rats’ behaviour in a kite-shaped enclosure (Pearce et al. 2004). 
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However both these explanations seem to justify only those specific cases 

(Cheng and Gallistel 2005). Another and more likely hypothesis is that chicks 

were engaged at the beginning of learning with an extraction of the major axis 

and a computation of metric information, a process that is entirely based on the 

shape of the whole environment and only afterwards busy in determining the 

correct left-right association together with any other featural information. In fact, 

what exactly geometry is due to this specific paradigm, has been mentioned 

several times throughout this dissertation. And principal axes provide a single 

parameter that is advantageous in itself because conveying the most 

information about the global form of the environment (Cheng and Gallistel 

2005). This explanation can settle not just the previously exposed results but 

even the ability of the most species in transformation tasks, i.e., the ability to 

reorient even when geometrical information (such as order of length and 

sequence of sense) is recombined in a novel enclosure (see for instance Kelly 

and Spetch 2001). 

Moreover, the evidence that geometric information is the one that 

predominates, is remarked here: it appears clear that a hierarchy in encoding 

available information is likely to happen and that a subsequent union of sub-set 

of information is ordered and weighted to play in the natural concerto of 

complex reorientation ability. 

 
 
5.2 Concluding remarks 

 

ature is sometimes imagined to be a chaotic mass or a random pile; 

nonetheless everything is rigorously structured, even those things we would 

have ever imagined for it was invisible for the naked eye, so as the slush 

formless snow (made instead of variegated hexagonal crystals perceptible by 

the microscope). Actually, structures are the balance of forces and the whole 

Nature is a balance of forces, an equilibrium of modules and sub-modules 

(Munari 1993). 

This is a clear picture to make sense of the results and the data discussed 

in this thesis. Modules, in fact, are those units that can be repeatedly combined 

over and over, endlessly to create structures. Nature has exploited properly and 

N 
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correctly modules: is there any solution more advantageous than worker bees’ 

hexagonal cells or Indian figs’ venations (Figure 31)? 

 

 
 

Structures can be find in either the vegetal or the mineral kingdom 

reflecting the inherently modular essence of Nature; moreover, structures do 

exist in every human activity, ranging from language to politics. Architecture is 

the most visible treatise of such functioning: making optimum use of space, 

modules are used in every form of building, interior design and sculptural 

realization with an additional psychological meaning. The Greek cyclopean 

walls constituted by irregular blocks and the free mosaic paving may be 

fascinating with respect to the prepacked monotonous flagstones; however, 

from a practical angle, the orderly grid this latter solution creates is usefully 

interchangeable and, from a cognitive point of view, it is immediately detected 

leaving to perceptual processes not much to compute. 

It is not surprising, consequently, that modules are thought to be mirrored 

in the mind/brain hardwiring of organisms. Life-forms evolved in order to cope 

with Nature, and if Nature is intimately modular, acting on each organism with 

combined sub-units, modules are surely also a parsimonious way of having all 

the basic cognitive functions well-organized. Modules form a basic cognitive 

architecture for following developmental progresses thus possessing an 

evolutionary value that is due to their adaptive force in giving to the organisms 

at birth, all the basic skills and tools suited to the best survival. Starting from 

this, specific adaptive niche pressures can model and shape the development 

of some competences instead of others, resulting in the variability of forms and 

expertise as it is, for instance, language in humans and spatial skill in food-

Figure 31
Geometry of assembling: 

intricate but 

parsimonious  hexagonal 

nervation of a fig leave. 
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hoarding species. Each single organism can see what it knows, i.e., each life-

form is moulded by its specific habitat. 

Concerning geometry, many elements are already visible in natural 

settings. Before our systematic way to re-arrange geometrical concepts and 

before abstraction, primitive turned to measure visible quantities, and among 

these, metric quantity as well. Of course, at the dawn of the primitive geometry 

(γέα earth and μετρέω I measure) there were concepts like property and 

ownership, some basic ideas of trading and so forth, all mastering sociality and 

culture. But my question is where did they get them? Metric was well-known in 

terms of distances and directions. Simple traits -basic constituents of geometry- 

were obvious in natural forms, were available in the marvellous natural 

kingdom. Several examples can be reported, from complex pentagonal pyramid 

of the sea urchin to the variety of polygons forming the dragonflies’ wings. Here 

I show only one of the most impressive, to me. In an abstract creation depicting 

a stylized arm of a tree, Max Bill showed a recursive role in the developing new 

segment: each smaller and novel branch depart from the mid point of the longer 

old one, it is the half in length and moreover it maintains a constant angular 

deviation. I found a direct similarity and correspondence to this rule in Nature, 

the photographed tree in Figure 32 demonstrates it. What’s new in that 

representation?  

 

    
 

This is to say that basic elements so important for our higher level and 

complex computations are clearly visible in the actual space. We simply do not 

pay attention to them because we born in an already theoretically systemized 

world and we made of Culture our Nature. 

Figure 32

Drawing of Max Bill, 

1942. Each segment 

depart from the half of 

the previous. The 

angles of deviation are 

constant and lengths  

are progressively 

reduced (left). Not 

much different  

from the natural 

tree mirrored by 

live wires (right). 
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Appendix I  
 
[…] DIDEROT: No doubt. In your view, is a lark, a nightingale, a musician, or a man 

anything else? And what other difference do you find between a canary and a canary-

organ? You see this egg? That's what enables us to overturn all the schools of theology 

and all temples on the earth. What is this egg? An insensible mass before the germ cell is 

introduced into it, and after the germ cell is introduced, what is it still? An insensible mass. 

For the germ cell itself is nothing but an inert and basic fluid. How does this mass develop 

into another organic structure with sensibility and life? By heat. What will produce heat in it? 

Movement. What will be the successive effects of movement? Instead of answering me, sit 

down, and let's follow these effects with our eyes from moment to moment. And first there's 

a point which oscillates, then a thread which grows and takes on colour, flesh forms, a 

beak, the tips of wings, eyes, and feet appear, a yellowish material which unwinds and 

forms intestines. It's an animal. This animal moves, agitates itself, cries. I hear these cries 

through the egg shell. It is covered with down. It sees. The weight of its head, which moves 

back and forth, constantly brings its beak against the inner surface of its prison. And then it 

breaks it. It comes out, it walks, it flies, it responds to a stimulus, it runs off, it comes closer, 

complaints, suffers, loves, desires, rejoices. It has all your moods and goes through all your 

actions. Do you claim, with Descartes, that this is a purely imitative machine? But small 

children will make fun of you, and philosophers will reply that if that's a machine, then you 

are another machine. If you admit that between you and the animal there is merely a 

difference in organic structure, you'll be following good sense and reason, acting in good 

faith. But people will conclude from all this, in opposition to you, that from an inert material 

arranged in a certain manner, impregnated with another inert material, and subject to heat 

and movement, we get sensibility, life, memory, consciousness, passions, and thought… 

There are only two positions one can take. One can imagine that in the inert mass of the 

egg there is a hidden element which is waiting for its development to manifest its presence, 

or one can assume that this imperceptible element insinuates itself through the egg shell at 

a time determined by the development of the egg. But what is this element? Does it occupy 

space or not? How has it come or has it escaped without moving? Where was it? What was 

it doing there or somewhere else? Was it created at the necessary moment? Was it already 

in existence waiting for a home? Was it the same stuff as this home or different? If it was 

the same, then it was material. If it was different one cannot conceive of its inertia before 

development or of its energy in the developed animal… Listen to me, and you'll feel sorry 

for yourself. You'll feel that, in order not to admit a simple assumption which explains 

everything-sensibility as a universal property of matter or a product of organic structure-

you're rejecting common sense and jumping into an abyss of mysteries, contradictions, and 

absurdities. […] 

Available at: http://www.mala.bc.ca/~johnstoi/diderot/conversation.htm 
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