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INTRODUCTION 

Among vision researchers there is a growing consensus that there are two 

neurologically distinct visual recognition systems: one recognition system that subserves face 

recognition (and perhaps recognition of other classes of stimuli as well) and another 

recognition system that subserves most forms of basic-level object recognition and that these 

two visual recognition systems differ in terms of how they represent shape (Farah, 1995). 

There are multiple lines of evidence suggesting that the brain regions that underlie face 

recognition are distinct from the brain regions that underlie basic-level object recognition. 

One of the strongest lines of evidence suggesting a distinction between face 

recognition and basic-level object recognition are disorders that show a double dissociation 

between the two processes. That is, there are brain-damaged patients, known as 

prosopagnosics, who are impaired at recognizing faces but show intact non-face object 

recognition, whereas there are brain damaged patients, known as object-agnosics, who are 

impaired at recognizing objects but show intact face recognition (see Farah, 1992, for a 

review). A second line of evidence is that numerous neuroimaging studies have found brain 

regions that respond selectively to faces (e.g., Kanwisher, McDermott, & Chun, 1997; 

McCarthy, Puce, Gore, & Allison, 1997; Sergent, Ohta, & MacDonald, 1992). A third line is 

that many visual half-field studies have found that face recognition is faster and more 

accurate when the faces are presented in the left visual field and thus initially to the right 

cerebral hemisphere than when the faces are presented in the right visual field and thus 

initially to the left cerebral hemisphere (see Davidoff, 1982, and Ellis, 1983, for reviews). In 

contrast, visual half-field studies typically find no hemispheric effect or a slight left 

hemisphere advantage for basic-level object recognition (Biederman & Cooper, 1991; Levine 
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& Banich, 1982; Young, Bion, & Ellis, 1980). In addition to providing evidence that there is 

a distinction between face recognition and basic-level object recognition, studies with brain

damaged patients, neuroimaging studies, and visual half-fields studies provide evidence that 

the recognition system that subserves face recognition is localized primarily in the right 

cerebral hemisphere (or operates more efficiently in the right cerebral hemisphere). In 

contrast, studies typically find that the recognition system that subserves basic-level object 

recognition is bilateral (Brooks & Cooper, 2001). While most prosopagnosics have bilateral 

lesions, lesions restricted to the right cerebral hemisphere can produce prosopagnosia 

(Damasio, Tranel, & Damasio, 1990; De Renzi, Perani, Carlesimo, & Silveri, 1994). 

Neuroimaging studies typically show preferential activation of the right fusiform gyros (also 

known as fusiform face area) in response to faces (e.g., Kanwisher et al., 1997; McCarthy et 

al., 1997). 

Although most vision researchers now agree that there is not one visual recognition 

system but actually two distinct systems, there is currently a heated debate as to what sorts of 

recognition tasks these different systems subserve. The evidence now suggests that the face 

recognition system is not used solely to recognize faces, but is also used to recognize other 

classes of stimuli (e.g., Damasio, Damasio, & Van Hoesen, 1982; Diamond & Carey, 1986). 

However, the questions of exactly what sort of tasks are mediated by the two recognition 

systems, and how the representation of shape differs in the two systems remain open. 

Representation of Relations in Modem Theories of Object Recognition 

Modem theories of object recognition for the most part can be divided into two 

groups on the basis of what the primitives of an object are and how the relations among the 
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primitives are coded: structural description theories or template theories. Structural 

description theories (e.g., Biederman, 1987; Hummel & Biederman, 1992) posit that objects 

are represented as a collection of simple volumetric primitives (i.e., geons) that correspond 

roughly to the parts of the object, and the locations of these visual primitives are specified 

using primitive-to-primitive, categorical relation such as "above", "below", and "side-of'. In 

contrast to structural description theories, template theories (e.g., Bulthoff, 1992; Edelman & 

Weinshall, 1991; Ullman, 1989) typically do not break an object down into its parts, but 

rather rely on simpler primitives such as edges or pixels, and in template theories the precise 

location of the primitives are coded via primitive-to-reference point coordinate relations. 

The Coordinate-Relations Hypothesis 

According to the coordinate relations hypothesis, the distinction between the two 

visual recognition systems is in how they represent object shape (Brooks & Cooper, 2001; 

Cooper & Wojan, 2000). The coordinate relations hypothesis theorizes that the recognition 

system that mediates most basic-level object recognition represents shape using a structural 

description representation whereas the recognition system that mediates face recognition 

represents shape via a coordinate relations representation. 

According to the coordinate relations hypothesis, the factor determining which visual 

recognition system mediates a given recognition task is the computational demands of the 

task. That is, because the basic-level object recognition system is more efficient than the 

face recognition system, if the recognition task can be preformed using a structural 

description representation then the task will be performed by the basic-level object 

recognition system. According to the co-ordinate relations hypothesis, if the visual 
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recognition task cannot be performed using a structural description representation, then the 

task will be performed by the face recognition system using a coordinate relations 

representation. That is, if the task requires precise metric information, then the task will be 

performed by the face recognition system and show a right hemisphere advantage. 

In a coordinate relations representation the precise distance of each primitive from a 

fixed reference point or set of fixed reference points is represented. A coordinate relations 

systems representation would be equivalent to laying graph paper over an object and 

specifying the locations of the primitives in the representation relative to the origin of the 

graph. An example of how a categorical relations system and a coordinate relations system 

might represent the spatial locations of the visual primitives is illustrated in Figure 1. A 

categorical relations system might represent the spatial location of the left eye in the 

following manner: The left eye is to the side of the right eye, above and to the side of the 

nose, and above and to the side of the mouth. A coordinate relations system might represent 

the spatial location of the left eye in the following manner: The eye is 4 units below and 2.5 

units to the right of the reference point. 
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Left eye is side-of right eye. 
above and side-of nose, and 
above and side of mouth. 

Coordinate 
Relations 

Left eye is 4 units below 
and 2.5 units to the right 
of the reference point. 

Figure I. Illustration of how the spatial position of the primitive corresponding to 

the eye might be coded using categorical relations (in the left face) and coordinate 

relations (in the right face). 

Notice that because of the way that the categorical relations system represents the 

shape of objects, it is extremely good at putting objects into groups if they have the same 

structural description, but the categorical relations system is incapable of distinguishing 

between two objects with the same structural description. The coordinate relations 

hypothesis posits that only when the categorical relations system is incapable of completing 

the recognition task, such as distinguishing between two objects with the same structural 

description, does the coordinate relations system mediate the recognition task. The 

categorical relations system is theorized to mediate a task if possible due to the fact that a 

system that represents objects using a categorical structural descriptions has computational 

advantages over a coordinate relations system. For example, a categorical relations system 

would allow for invariance with respect to rotation in depth, and invariance with respect to 

size, but the categorical relations system does have its drawbacks as well. As Brooks and 
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Cooper (2001) pointed out that the categorical relations system would be unable to 

distinguish between faces or between a dog (such as a collie) and a fox. Notice that using a 

categorical relations system, the representations of various faces would be identical (see 

Figure 2 for an illustration) and thus a coordinate representation would be required to 

distinguish different faces. 

Figure 2. A recognition system using categorical spatial relations among the visual 

primitives would activate the same representation for all three of the above faces, 

despite wide variation in the size, position, and aspect ratios of the primitives between 

the different faces. 

Thus, the coordinate relations hypothesis makes precise predictions concerning which 

recognition tasks should be mediated by the coordinate relations system. 

Current Alternatives to the Coordinate-Relations Hypothesis 

Currently, three main alternatives to the coordinate relations hypothesis dominate the 

literature in this area. In the following section, each of these hypotheses will be discussed, 

some of the evidence for each will be listed, and it will be noted how the coordinate relations 

hypothesis can account for the data explained by each of the alternatives. 
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The Biological Recognition Hypothesis. One of the main hypotheses that attempts to 

account for the dissociation in neural subsystems for visual recognition posits that the face 

recognition system mediates the recognition of all biological stimuli and the basic-level 

object system mediates the recognition of non-biological stimuli (Cappa et al., 1998; 

Caramazza & Shelton, 1998; Chao, Haxby, & Martin, 1999, Chao, Martin, & Haxby, 1999; 

Perani et al., 1999). Many neuroimaging studies, including positron emission topography 

(PET) studies and functional magnetic resonance imaging (fMRI) studies, have found brain 

regions in the lateral fusiform gyrus that respond selectively to biological stimuli (e.g., 

animals and faces) whereas brain regions in the medial fusiform gyrus that respond 

selectively to non-biological stimuli (e.g., tools and houses) (Chao, Haxby, et al., 1999; 

Chao, Martin, et al.,1999). The most common co-occurring symptom of prosopagnosia is an 

inability to distinguish among four-legged animals. Although the fact that damage localized 

to the right hemisphere can lead to an inability to recognize faces and animals is not 

conclusive evidence for the biological recognition hypothesis, it does provide strong 

evidence that the recognition of faces and animals (both biological stimuli) have neural 

hardware in common. 

Note that the coordinate relations hypothesis can account for why biological stimuli 

might tend to show a right hemisphere advantage whereas non-biological stimuli do not. As 

mentioned before, many biological stimuli share structural descriptions whereas non

biological stimuli tend not to share the same structural descriptions. According to the 

coordinate relations hypothesis, distinguishing between two things that have the same 

structural descriptions requires the use of the coordinate relations system and therefore 

should show a right hemisphere advantage. Thus, according to the coordinate relations 
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hypothesis, it is not the biological/non-biological distinction that determines what visual 

recognition system mediates a task; it is the computational demand of the recognition task. 

The Subordinate Level Recognition Hypothesis. Another theory that attempts to 

account for the dissociation in neural subsystems for visual recognition posits that the face 

recognition system mediates subordinate level recognition, whereas the basic-level 

recognition system mediates basic-level recognition (Damasio et al., 1982; Gauthier et al., 

1997; Gauthier, Skudlarski, Gore, & Anderson, 2000). Subordinate level tasks are tasks that 

require distinguishing between members of the same basic-level category (e.g., 

distinguishing between a 1967 Mustang and a 1968 Mustang). One line of evidence for the 

subordinate level hypothesis is that some neuroimaging studies have shown that subordinate 

level recognition tasks produce higher levels of activation in the fusiform face area (Gauthier, 

1997). Also, recent visual half-field studies have found a right hemisphere advantage for 

subordinate level object recognition (Marsolek, 1999; Marsolek, Kosslyn, & Squire, 1992). 

Note that the coordinate relations hypothesis can account for the data supporting the 

subordinate level recognition hypothesis. Members of the same basic-level category often 

share the same general structural description and thus would require the use of the coordinate 

relations system to distinguish between them. In contrast, distinguishing between objects at 

the basic-level typically involves different structural descriptions and thus could be 

accomplished using the categorical relations system. 

The Expert Recognition Hypothesis. The third main theory that attempts to account 

for the dissociation in neural subsystems for visual recognition posits that the neural 

subsystem that mediates face recognition mediates any recognition task at which the 

individual is an expert (Diamond & Carey, 1986; Gauthier, 2000; Gauthier & Tarr, 1997; 
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Tarr & Gauthier, 2000). One of the lines of evidence in support of the expert recognition 

hypothesis is that experts show an inversion effect for recognizing classes of objects in which 

they are experts that is very similar to the inversion effect found for recognizing faces 

(Diamond & Carey, 1986). An inversion effect is when stimuli that have been inverted are 

drastically more difficult to recognize than when they are right-side up. For example, dog 

and car experts show similar inversion effects for recognizing objects within their class of 

perceptual expertise similar to the inversion effect normal individuals show with faces. 

Another line of evidence in support for the expert recognition hypothesis is that fMRI studies 

show that perceptual expertise recruits regions similar to those used in face recognition 

(Gauthier, 2000; Gauthier, 1999). However, as Kanwisher (2000) pointed out, the expert 

recognition hypothesis fails to explain why certain classes of expert perceptual recognition 

tasks (e.g., recognition of alphanumeric stimuli) fail to show a right hemisphere advantage. 

Notice that the coordinate relations hypothesis can also account for these data as well. 

The recognition tasks that have been used to test the expert recognition process require the 

use of the coordinate relations system, but recognition of alphanumeric stimuli can be 

accomplished via the categorical relations system. For example, distinguishing between 

most breeds of dogs or between most makes of cars would require the use of the coordinate 

relations system while distinguishing between an "a" and a "b" would not. 

Purpose of the Present Experiments 

One of the main problems with the experiments that have attempted to test the 

biological recognition hypothesis, coordinate relations hypothesis, expert recognition 

hypothesis, and subordinate-level recognition hypothesis are that the stimuli used cannot be 
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arbitrarily assigned to be in one class or another. For example, stimuli are either of a 

biological nature or of a non-biological nature. The main problem with the biological 

recognition hypothesis, expert recognition hypothesis, and subordinate-level recognition 

hypothesis is that they fail to specify what about stimuli being biological or not, or what 

about stimuli being of a class in which the individual is an expert, or what about classifying 

stimuli at the subordinate-level causes them to be recognized by a different system. These 

theories fail to specify how the representations of shape in the two recognition systems differ. 

For example, what is it about the representations of stimuli for which the individual is an 

expert that differs from the representations of stimuli for which the individual is not an 

expert? 

The present set of experiments tested the coordinate relations hypothesis while 

holding constant other variables that have been theorized to underlie the dissociation in 

neural visual recognition systems (e.g., biological or non-biological distinction, level of 

expertise, level of categorization). The present set of experiments utilized abstract nonsense 

line drawings that were constructed so as to produce two distinct classes of changes: 

categorical changes and coordinate changes. Both of these changed stimulus types were 

constructed from a common set of baseline abstract nonsense line drawings. Although the 

categorical change and coordinate change were constructed by altering the baseline shapes 

precisely the same amount metrically, the stimuli were constructed so as to ensure that the 

structural description of the categorical change class differed from that of the baseline shapes 

but the structural description of the coordinate change class maintained the same structural 

description as that of the baseline shapes. With stimuli of this nature, the coordinate relations 

hypothesis predicts that distinguishing a particular baseline shape from its categorical change 
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version would be mediated by the categorical recognition system and distinguishing a 

particular baseline shape from its coordinate change version would require the use of the 

coordinate recognition system. A right hemisphere advantage has been hypothesized to be a 

marker for when one recognition task is been mediated by the right hemisphere recognition 

system (Cooper & Wojan, 2000; Brooks & Cooper, 2001). Thus, a right hemisphere 

advantage is hypothesized for the coordinate change class, but no hemispheric advantage is 

hypothesized for the categorical change class. 
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EXPERIMENT ONE 

The purpose of Experiment 1 was to test the coordinate-relations hypothesis using 

nonsense line drawings. To be more precise Experiment 1 tested whether or not "above" and 

"below" are part of the categorical structural description representations used by the bilateral 

recognition system. If "above" and "below" are part of the categorical structural description 

representations used by the bilateral recognition system then the coordinate-relations 

hypothesis would predict a RH advantage for the coordinate change but non hemispheric 

advantage for the categorical change. (See Figure 3 for an illustration of the stimuli used in 

Experiment 1.) 

Coordinate Change Baseline Categorical Change 

Figure 3. Illustration showing an example of a baseline shape and its corresponding 

categorical change version and coordinate change version. Notice that while both the 

categorical and coordinate change versions were constructed by moving the eclipse 

equal distances from its location in the baseline, the structural description of the 

baseline shape (i.e., an ellipse "above" and "to the side-of' a triangle) stayed intact in 

the coordinate change version but was altered in the categorical change version (the 

ellipse is "below" the midpoint of the triangle for the categorical change). 
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To construct the categorical change versions, the position of the smaller of the two 

shapes in the baseline stimuli was changed in such a way that the categorical description of 

the relationship between the two shapes is modified. For example, the structural description 

of the baseline shape in Figure 3 might be an ellipse "above" and "to the side of' a triangle. 

The movement of the smaller shape down 3/4 of an inch would change the structural 

description of the categorical change shape in Figure 3 to an ellipse "below" and "to the side 

of' a triangle. To construct the coordinate change versions, the position of the smaller of the 

two shapes in the baseline stimuli was changed in an equal and opposite direction to the 

movement that produced the categorical change (i.e., 3/4 of an inch up). The only difference, 

other than direction, was that this change of position did not change the structural description 

from that of the baseline shape (i.e., the structural description of the coordinate change shape 

in Figure 3 would be an ellipse above and to the side of a triangle). This manipulation would 

keep the structural description the same for the coordinate change versions and the baseline 

versions while keeping the metric change from baseline equal for the categorical change 

versions and the coordinate change versions. 

Thus, the coordinate-relations hypothesis predicts that distinguishing the coordinate 

changed stimuli from baseline should show a RH advantage due to these two versions 

sharing the same structural descriptions whereas distinguishing the categorical changed 

stimuli from baseline should not show a hemispheric advantage due to these two versions 

differing in structural descriptions. As stated previously, the coordinate-relations hypothesis 

posits that only when the categorical relations system is incapable of completing the 

recognition task (i.e., distinguishing between two objects with the same structural 

description) does the coordinate relations system mediate the recognition task. 
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Method 

Participants 

The participants were 4 right-handed male1 volunteers who reported normal or 

corrected to normal vision. Hand preference was determined by having participants 

complete the Edinburgh Handedness Inventory (Oldfield, 1973) in which participants 

indicated on a five point scale (i.e. Always Right, Sometimes Right, Either Hand, Sometimes 

Left, and Always Left) the hand used when performing a variety of motor tasks including 

writing, drawing, and throwing. 

Apparatus 

The experiment was controlled by a Power Macintosh G3 all-in-one computer using 

SuperLab Pro software. Subjects responded using a Cedrus RB-600 response box that, in 

conjunction with SuperLab Pro, gives ±0.5 ms response time accuracy. Stimuli were 

presented on an Apple 15-inch color monitor with a resolution of 832 X 624 pixels and a 

vertical refresh rate of 7 5Hz. 

Stimuli for the experiment consisted of black and white line drawings of 432 abstract 

shapes constructed using Adobe Illustrator 10.0 software. The stimuli were constructed so as 

to produce 36 baseline nonsense objects each comprised of two shapes. Each of the 36 

baseline nonsense objects was manipulated in such a way as to produce a categorical change 

version and a coordinate change version. See Figure 3 for examples of stimuli. 

1 Laterality studies typically utilize only right-handed males, because the brains of right
handed males tend to be the most lateralized. The brains of females and left-handed males 
are sometimes more functionally symmetrical or may even show the reverse pattern of 
lateralization. By utilizing only right-handed males it is easier to find hemispheric 
asymmetries. For an extensive discussion concerning the relationship between sex, 
handedness, and hemispheric lateralization, see Springer and Deutsch (1998). 
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Stimuli were sized so as to ensure that their maximum extent fits into a 300 x 300 

pixel box. Examples of stimuli may be seen in Figure 3. A mirror-image version of each 

object was created to ensure that the distance from foveal vision of the features used for 

discrimination was balanced for visual field presentation across the experiment. 

Furthermore, for each of the 108 original line drawings and each of their corresponding 

mirror-image versions, an inverted version was created by rotating each image 180° in the 

picture plane. 

Procedure 

Presentation of the stimuli was self-paced. Participants pressed one of the buttons on 

the button box to begin each trial. After pressing one of the buttons on the button box, a 

fixation cue was presented on the computer screen for 507 msec, followed by presentation of 

the first stimulus (one of the baseline shapes) in central fixation for 200 msec, followed by a 

pattern mask for 756 msec. The pattern mask was a collection of random lines and served to 

eliminate any possible after-image from the first stimulus. The pattern mask was followed 

by presentation of the second stimulus (either an identical image, the coordinate version of 

that object, or the categorical version of that baseline shape) for 148 msec. The 148 msec 

presentation duration was chosen to ensure that the presentation duration was too brief for the 

participant to make a second eye fixation. The second stimulus was lateralized such that the 

closest edge of the image was 2.4 ° of visual angle to the left or to the right of central fixation. 

Lateralization of the second stimulus was presented to one of four possible lateralized 

positions (up and to the right, down and to the right, down and to the left, or up and to the 

left) to prevent participants from just using the height of the secondary shape as an indicator 

of whether or not the two stimuli are identical. 
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The participant's task was to decide whether the second image presented was 

identical to the first image presented. The participant was instructed to push the "same" 

button if the two images are identical and to push "different" button if the two images are not 

identical. After each trial, the participants received feedback concerning the accuracy of 

their response. 

The experiment consisted of 4608 trials (divided into four blocks of 1152 trials each). 

Each of the 144 baseline line-drawings (36 baseline shapes x 2 (upright or inverted) x 2 

(original or mirror-image)) served as the first image for 32 trials: 16 trials in which the 

second stimulus was identical to the first, four trials in which the second stimulus was the 

categorical version of the corresponding baseline shape (one in each of the four possible 

lateralization positions), and four trials in which the second stimulus was the coordinate 

version of the corresponding baseline shape (one in each of the four possible lateralization 

positions). The order in which the stimuli were presented was chosen randomly with half of 

the participants seeing the stimuli in forward order and half in reverse. Also, each of the 

participants completed two blocks in which the left button was the "same" button and two 

blocks in which the right button was the "same" button. For half of the participants, the 

"same" button was on the left for the first block of trials, and for half it was on the right. 

Participants completed 16 practice trials prior to each block of trials using the same 

presentation conditions used during the actual experiment. The practice stimuli were 

constructed in the same manner as the experimental stimuli. None of the practice stimuli 

were presented in the experiment proper. 
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Results 

The mean response times for the "same" trials were 440 msec (RVF/LH) and 435 

msec (LVF/RH), and the mean error-rates for the "same" trials were 9.2% (RVF/LH) and 

10.1 % (L VF/RH). Only the data from the "different" trials were analyzed because only they 

were relevant to the hypothesis (i.e., the trials in which the second stimulus was either the 

coordinate version shape or the categorical version shape). The mean response times from 

Experiment 1 are shown in Figure 4. Response times and error rates were subjected to a 

within subjects analysis of variance (ANOV A) with Hemisphere of Presentation (Right vs. 

Left) and Change Type (Categorical Change vs. Coordinate Change) as the factors in the 

analysis. 

c 4a:J -._ .. 
(lJ 

~· 
If/I!!. 38J_._~~~~~~~~~~~~~~~~~~-

Left Right 

.Hemisphere of l1resentati.on 

Figure 4. Response time data from Experiment 1. Error bars represent standard error 

of the mean (Loftus & Loftus, 1988). 
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Response Time Data. There was a reliable main effect of type of change 

.E(l,35)=11.80, g<.01, MSE = 615.36. Overall, participants were faster at distinguishing the 

coordinate change (mean RT= 439) than they were at distinguishing the categorical change 

(mean RT= 454). The analysis also revealed a reliable main effect of hemisphere of 

presentation .E(l,35)=62.11, g<.0001, MSE = 300.76. Overall, participants were faster at 

distinguishing the stimuli when presented in the L VF/RH (mean RT = 435) than they were at 

distinguishing the stimuli when presented in the RVF/LH (mean RT= 458). There was also a 

reliable interaction between type of change and hemisphere, .E(l,35)=19.18, g<.001, MSE = 

452.44. Planned contrasts revealed a reliable L VF/RH advantage for distinguishing the 

coordinate change .E(l,35)=58.38, g<.0001 whereas no hemispheric effects were found for 

distinguishing the categorical change .E(l ,35)=2.09, g>.15. The reliable main effect of type of 

change and the reliable main effect of hemisphere of presentation can be explained primarily 

by the reliable interaction between type of change and hemisphere. 
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~ ..__ 

~ Coordinate Change 

Categorical Change 

Left Right 

Hemisphere of Presentation 

Figure 5. Error-rate data from Experiment 1. Error Bars represent standard error of 

the mean. 

Error Data. The error data from Experiment 1 are shown in Figure 5. Error data 

showed a reliable main effect of type of change E(l,35)=5.30, y<.05, MSE = 0.005. Overall, 

participants were better at distinguishing the Coordinate Changes (mean error-rate [ER] = 

12.5%) than they were at distinguishing the Categorical Changes (mean ER= 14.3%). The 

analysis also revealed a reliable main effect of hemisphere of presentation E( 1,35)= 13 .52, 

y<.001, MSE = 0.001. Overall, participants were better at distinguishing the stimuli when 

presented in the L VF/RH (mean ER = 11.7%) than they were at distinguishing the stimuli 

when presented in the RVF/LH (mean ER = 14.1 % ). There was a reliable interaction of type 

of change and hemisphere, E(l,35)=7.15, y<.05, MSE = 0.003. Planned contrasts revealed a 

reliable LVF/RH advantage for distinguishing the coordinate change E(l,35)=14.568, y<.001 
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whereas no hemispheric effects were found for distinguishing the categorical change 

E(l,35)=0.001, 12>.95. 

Discussion 

The results from Experiment 1 demonstrate that there is a right hemisphere advantage 

for recognizing the metric change where as there is no hemispheric advantage for 

recognizing the categorical change, just as the coordinate-relations hypothesis would predict. 

That is, a right hemisphere advantage was found when participants were required to 

physically compare stimuli sharing the same categorical relations between their parts but no 

hemispheric specialization was found when comparing stimuli with different relations 

between their parts. These results suggest that there is a right hemisphere visual recognition 

system that is used to identify stimuli that share the same categorical relations among their 

parts. 

As previously stated, Cooper and Wojan, (2000) theorized that the bilateral 

recognition system that mediates most forms of basic-level object recognition is used to 

perform any recognition task that can be accomplished using a structural description 

representation, and the right hemisphere subsystem that subserves face recognition is used to 

perform any recognition task that requires precise metric information. It should be noted that 

participants were actually faster at distinguishing the coordinate change type of stimuli than 

they were at distinguishing the categorical change type of stimuli. These findings suggest 

that perhaps the coordinate recognition system not only performs recognition tasks that the 

categorical system cannot perform but that perhaps for some tasks the coordinate recognition 

system may actually be more efficient than the categorical recognition system. 
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The purpose of Experiment 1 was to test the coordinate-relations hypothesis while 

controlling for other variables that have been theorized to underlie the dissociation in neural 

visual recognition systems (e.g., biological or non-biological distinction, level of expertise, or 

level of processing). Notice that neither the biological recognition hypothesis, nor the expert 

recognition hypothesis, nor the subordinate-level recognition hypothesis would predict any 

difference with respect to hemisphere between the coordinate change and the categorical 

change. The biological recognition hypothesis posits that the right hemisphere system 

mediates biological stimuli and the bilateral system mediates non-biological stimuli, and thus 

would predict no hemispheric effect for either the coordinate change or the categorical 

change due to neither one being biological in nature. Similarly, the expert recognition 

hypothesis would predict no hemispheric effect for either the coordinate change or the 

categorical change due to fact that participants were not experts for either type of stimuli. 

Also, the subordinate-level recognition hypothesis would predict no hemispheric effect for 

either the coordinate change or the categorical change due to neither task being a 

subordinate-level recognition task. Only the coordinate-relations hypothesis predicts a right 

hemisphere advantage for the coordinate change type of stimuli and no laterality effect for 

the categorical change type of stimuli. 
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EXPERIMENT TWO 

The results of Experiment 1 also indicate that "above-below" categorical relationships 

are a component of the structural descriptions used by the bilateral recognition system. 

Although Biederman (1987) theorized that the structural relations would involve "above", 

"below", and "side-of' relations, such speculation was based solely on computational 

demands. This raises the question as to whether or not the categorical structural descriptions 

encode just "side-of' relations, or whether they specify "right-of' vs. "left-of' relations. A 

recognition system that specifies the location of the primitive using just "above", "below", 

and "side-of' relations would be immediately invariant with respect to rotation in depth, 

whereas a recognition system that specified "right-of' vs. "left-of' relations would only be 

invariant to rotation in depth up to a point (about 180 degrees of rotation). The purpose of 

Experiment 2 was to address whether or not the structural descriptions encoded just "side-of' 

relations, or whether they specify "right-of' vs. "left-of' relations using the nonsense line 

drawing stimuli from Experiment 1. The stimuli for Experiment 2 were identical to that of 

Experiment 1 except that there was an additional type of stimuli created by rotating each 

stimulus 90° degrees in the picture plane (see Figure 6 for illustration). 
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Coordinate Change Baseline Categorical Change 

Figure 6. Illustration showing an example of a baseline shape and its corresponding 

categorical change version and coordinate change version where the major axis is the 

horizontal axis. Notice that if the structural descriptions only specify "side-of' 

relationships and not "left" or "right" relationships, then both the categorical and 

coordinate change manipulations kept the structural description of the baseline shape 

(i.e., an ellipse "below" and "to the side-of' a triangle) intact. However, if the 

structural descriptions specify "right-of' and "left-of' relations, then the manipulation 

only leaves the baseline structural description of the baseline shape (i.e., an ellipse 

below and to the left of a triangle) intact only for the coordinate change version. 

If the structural descriptions specify only "side-of' relations and not "left-of' vs. 

"right-of' relationships, then among the horizontal stimuli both the coordinate change and 

the categorical change would not represent a change in structural description from that of the 

corresponding baseline shapes, thus one would predict a RH advantage for both categorical 

and coordinate change type of stimuli. However, if the structural descriptions specify "left

of' vs. "right-of' relationships, then for both the horizontal axis stimuli and for the vertical 

axis stimuli, only the categorical change would represent a change in the structural 

description from that of the corresponding baseline shapes. Thus if "left-of' vs. "right-of' 

relations are coded in the structural descriptions, then the coordinate-relations hypothesis 



www.manaraa.com

24 

would predict a RH advantage for the coordinate change but no laterality effect for the 

categorical change. 

Method 

The method for Experiment 2 was identical to the method of Experiment 1 in all but 

two respects. First, in addition to the 432 stimuli used in Experiment 1, an additional 

stimulus for each was created by rotating each of the 432 stimuli 90° in the picture plane, 

thereby changing the major axis of the stimulus from vertical to horizontal bringing the total 

number of stimuli to 864. (See Figure 4 for examples.) Second, the participants completed 

four blocks of 1152 trials for a total of 4608 trials so as to ensure that the experiment could 

be completed in the allotted time. 

Participants 

The participants for Experiment 2 were the same participants that completed 

Experiment 1. 

Apparatus 

The apparatus used to control presentation of the stimuli was identical to that used in 

Experiment 1. 

Procedure. 

The procedure for Experiment 2 was identical to that of Experiment 1 with the 

exception that the stimuli were shown half as often in order to ensure that the experiment 

could be completed in the allotted time. 
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Results 

The mean response times for the "same" trials were 418 msec (Vertical RVF/LH), 

408 msec (Vertical LVF/RH), 420 msec (Horizontal RVF/LH), and 435 msec (Horizontal 

LVF/RH). The mean error-rates for the "same" trials were 9.1 % (Vertical RVF/LH), 8.7% 

(Vertical LVF/RH), 8.8% (Horizontal RVF/LH), and 10.2% (Horizontal LVF/RH). Once 

again, only the data from the "different" trials were analyzed (i.e., the trials in which the 

second stimulus was either a coordinate change or a categorical change from the first 

stimulus). The response time data from Experiment 2 are shown in Figure 7. Response 

times and error rates were subjected to a within subjects analysis of variance with 

Hemisphere of Presentation (right vs. left) and Change Type (categorical change vs. 

coordinate change) and Axis of Orientation (vertical vs. horizontal) as the variables in the 

analysis that were analyzed by stimuli. 
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Figure 7. Response time data from Experiment 2. Error bars represent standard error 

of the mean. 

Response Time Data. There was a reliable main effect of orientation E(l,35)=29.94, 

12<.0001, MSE = 2296.305. Overall, participants were faster at distinguishing the vertical 

axis stimuli (mean RT= 425) than they were at distinguishing the horizontal axis stimuli 

(mean RT= 456). The analysis also revealed a reliable main effect of hemisphere of 

presentation E(l ,35)=31. 78, 12<.0001, MSE = 658.24. Overall, participants were faster at 

distinguishing the stimuli when presented in the LVF/RH (mean RT= 432) than they were at 

distinguishing the stimuli when presented in the RVF/LH (mean RT= 449). The main effect 

of type of change was not significant E(l,35)=0.09, 12>.76, MSE = 1434.042. There was a 

reliable interaction between type of change and hemisphere, E(l,35)=53.87, 12<.0001, MSE = 

1128.245. That is, analysis revealed a LVF/RH advantage for the metric change but no 
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hemispheric advantage for the categorical change (see Figure 7). Both the Type of change x 

Orientation interaction and the Orientation x Hemisphere interaction approached 

significance, .E(l,35)=3.52, .Q<.069, MSE = 629.864 and .E(l,35)=2.95, .Q<.095, MSE = 

513.893. The Type of change x Orientation x Hemisphere interaction was not significant, 

.E(l,35)=0.14, .Q>.70, MSE = 757.863. 
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Figure 8. Error-rate data from Experiment 1. Error bars represent standard error of 

the mean. 

Error Data. The error data from Experiment 2 are shown in Figure 8. Error data 

showed a reliable main effect of hemisphere of presentation .E(l ,35)=7. 72, .Q<.01, MSE = 

0.004. Overall, participants were better at distinguishing the stimuli when presented in the 

LVF/RH (mean ER= 11.7%) than they were at distinguishing the stimuli when presented in 

the RVF/LH (mean ER= 13.7% ). The analysis also revealed a reliable main effect of 
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orientation .E(l,35)=96.80, n<.0001, MSE = 0.007. That is, participants were better at 

distinguishing the vertical axis stimuli (mean ER= 7.9%) than they were at distinguishing 

the horizontal axis stimuli (mean ER = 17 .6% ). There was no reliable main effect of type of 

change .E(l,35)=0.31, n>0.05, MSE = 0.012. The Type of change x Hemisphere interaction 

approached significance .E(l ,35)=3.66, J2>0.06, MSE = 0.008. The Type of change x 

Orientation interaction, .E(l,35)=1.64, J2>0.20, MSE = 0.003, the Orientation x Hemisphere 

interaction, .E(l,35)=0.33, J2>0.56, MSE = 0.003, and the Type of change x Hemisphere x 

Orientation interaction were all not significant, .E(l,35)=0.22, n>0.63, MSE = 0.007. 

Discussion 

The results from Experiment 2 demonstrated that once again, there is a right 

hemisphere advantage for recognizing the metric change whereas there is no hemispheric 

advantage for recognizing the categorical change regardless of orientation. This is just as the 

coordinate-relations hypothesis would predict. However, the analysis revealed that the Type 

of change x Orientation x Hemisphere interaction was not significant. This indicates that 

"right-of' vs. "left-of' categorical relations among parts are both coded in the categorical 

structural descriptions. 

Recall that the coordinate-relations hypothesis predicts that if the structural 

descriptions specify "left-of' vs. "right-of' relationships, then for the horizontal axis stimuli 

and for the vertical axis stimuli only the categorical change type of stimuli would represent a 

change in structural description from that of the corresponding baseline shapes while the 

coordinate change type of stimuli would not. Thus the results of Experiment 2 suggest that 
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"left-of' vs. "right-of' relations are coded in the structural descriptions, because a RH 

advantage was found for the co-ordinate change regardless of orientation. 

The analysis of response times and error-rates revealed that the horizontal axis stimuli 

were harder to distinguish than were the vertical axis stimuli. This is most likely an artifact 

of the secondary shapes being presented closer to fixation for the vertical stimuli then they 

were for the horizontal stimuli. 
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GENERAL DISCUSSION 

The present set of experiments tested the coordinate relations hypothesis while 

keeping constant other variables that have been theorized to underlie the dissociation in 

neural visual recognition systems via the utilization of abstract nonsense line drawings that 

were constructed so as to produce two distinct classes of changes: categorical change and 

purely metric changes. 

As the coordinate-relations hypothesis predicts, Experiment 1 found a RH advantage 

for the coordinate change type of stimuli and no hemispheric effect for the categorical change 

type of stimuli. None of the other hypotheses that attempt to explain when each of the 

neurologically distinct visual recognition systems would predict the findings of Experiment 

1. Experiment 2 tested whether the structural descriptions used to discriminate the stimuli in 

the study encode just "side-of' relations, or whether they specify "right-of' vs. "left-of' 

relations. Experiment 2 found a RH advantage for the coordinate change but no laterality 

effect for the categorical change, just as would be predicted if "left-of' vs. "right-of' 

relations are coded in the structural descriptions. It should be noted that the task in the 

present studies was a discrimination task and not a recognition task in that the participants 

task is to discriminate whether two stimuli are physically identical contrary to most visual 

recognition tasks where participants task are to identify stimuli. It is possible that the 

representations used for visual discrimination tasks are different than the representations used 

for visual recognition tasks. 

Cooper and Wojan, (2000) posited that the coordinate recognition system mediates 

visual recognition only when the categorical recognition system cannot, however it should be 

noted that participants were faster at distinguishing the coordinate change type of stimuli 
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than they were at distinguishing the categorical change type of stimuli for Experiment 1. 

These findings suggest that perhaps the coordinate recognition system not only performs 

recognition tasks that the categorical system cannot perform but that perhaps for some tasks 

the coordinate recognition system may actually be more efficient than the categorical 

recognition system. However, Experiment 2 found no difference in mean reaction time for 

coordinate change type and mean reaction time for categorical change type. Further research 

may want to explore possible causes for the different findings in the two studies. 

The experiments presented here provide strong support for the coordinate-relations 

hypothesis that other leading theories of when the right hemisphere recognition system is 

used cannot account for in their current forms. The utilization of nonsense stimuli to test the 

coordinate-relations hypothesis allows for control of variables that have been theorized to 

underlie the dissociation in neural visual recognition systems, such as biological or non

biological distinction, level of expertise, and level to which the stimuli were categorized. 

Contrary to current structural description theories (e.g., Biederman, 1987), Experiment 2 

suggests that"left-of' and "right-of' relations are explicitly coded as part of the 

representation used by the bilateral recognition system. 

As noted earlier, one caution concerning the implications of the present experiments 

with regards to visual recognition theories is that the task in the present studies was a 

discrimination task and not a recognition task. It is possible that the representations used for 

visual discrimination tasks are different than the representations used for visual recognition 

tasks. For example, notice that for most real-world objects "left-of' and "right-of' relations 

are not informative with regards to assigning an object to its basic level class. That is, most 

real world recognition tasks would not require specifying "left-of' and "right-of' relations, 
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but one is capable of distinguishing between objects that are facing to the left and objects that 

are facing to the right. It may be that the findings reported in the present paper apply to 

visual discrimination tasks and not necessarily to visual recognition, however this is an area 

that requires further study. Regardless, the findings of Experiments 1 and 2 suggest that 

"above", "below", "left-of', and "right-of' relations are coded for in the categorical 

structural descriptions mediating bilateral recognition. 
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