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Abstract 

 Categorical perception refers to the enhanced discernibility of stimuli that exist in 

different innate or learned categories. This effect has been observed in many different contexts, 

ranging from speech phoneme differentiation (Liberman et al, 1957) to distinguishing between 

simple shapes (Goldstone, 1994). While evidence for categorical perception has been found for 

many different types of stimuli, experiments have given mixed results regarding the existence of 

CP in complex (non-face) shapes. Some research found no evidence for categorical perception of 

complex shapes. Instead, global acquired distinctiveness, or an enhanced ability to detect 

dimensionally relevant differences regardless of category, was determined to be present 

(Folstein, Palmeri and Gauthier, 2014). This study attempted to find evidence of categorical 

perception in complex objects by using a variation of an experimental setup utilized by 

Goldstone in 1994. Subjects completed both a category learning exercise and object 

discrimination task within a single one-and-a-half-hour session. While no evidence for 

categorical perception was discovered, the amount of time participants had to learn the categories 

may have prevented the effect from being observed.   

Introduction 

 Everyone has experienced hearing a language they do not understand. In that context, the 

words seem to consist of a meaningless series of sounds; this is often ascribed to the listener not 

knowing the definitions of the vocabulary used. However, in addition to not being familiar with 

the words said, a person who does not understand the language will hear and process the sounds 

differently than a native speaker. This fact is partially explained by categorical perception, a 

perceptual-learning phenomenon in which the categories of different stimuli possessed by an 

individual affect his or her perception.  
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 In the example above, the non-speaker may not have recognized phonemes that reside 

outside of his or her language (Goldstone, 2009). For instance, a Japanese speaker may not 

perceive a difference between “rag” and “lag” due to their native language not drawing a 

distinction between the sounds produced by the la- and ra- phonemes in English (Logan et al., 

1991). Categorical perception acts (on a variety of different stimuli such as sounds, shapes, and 

colors) by making stimuli within the same category seem incredibly similar or rendering stimuli 

from different categories substantially different. It is a phenomenon in which stimuli that exist on 

opposite sides of a designated boundary have their differences become amplified, meaning they 

are much easier to discriminate than stimuli on the same side of the given boundary. Since the 

Japanese speaker places the words “rag” and “lag” in the same phonemic category, no perceptual 

distinction is drawn between the two.   

 One reason why categorical perception is important to cognitive psychology is that it 

describes part of the interplay between perceptual and conceptual systems. Instead of there being 

a one-way road between perception and cognition, the existence of categorical perception 

supports the idea of a mutual influence that perception and cognition exert on each other 

(Goldstone, 2009). Comprehending the interactions between the perceptual and conceptual 

systems may help psychologists model other phenomena related to both.  

Another reason for this topic’s importance has to do with how the brain detects 

connections among superficially different stimuli. High-level symbolic thought and the 

formation of equivalence classes, groups of objects that differ in some ways but are the same or 

very similar in others, may rely on categorical perception (Harnard, 1990). A big part of 

cognitive psychology seeks to understand how symbols (stored words and images) affect the 
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brain’s organization of information, and categorical perception potentially represents a key part 

of the higher-level cognitive processes that allow humans to conceive of broad classifications. 

Originally demonstrated by Alvin Liberman in 1957, categorical perception in regard to 

phonemic categories is well-substantiated experimentally. Research by Schouten and 

Hessen(1992) and  Zoubrinetzky et al. (2016) have both replicated this effect in adults and 

children respectively.  However, categorical perception and its effects are not limited to auditory 

stimuli.  As mentioned earlier, a categorical perception effect can also be seen in different kinds 

of visual stimuli. The perception of colors in a rainbow may be the most obvious example of CP. 

Even though a rainbow consists of many different wavelengths of visible light, observers only 

perceive distinct colors and not the full continuum of existing visible light (Goldstone, 2009). 

Categorical perception has also been demonstrated in facial expressions and basic shapes (Beale 

and Keil, 1995). 

 Framed in the broader context of preexisting research, this project looked for evidence of 

categorical perception in complex objects. While earlier research has established the presence of 

categorical perception in simple objects (Goldstone, 1994) and faces (Beale, 1994), the existence 

of categorical perception in complex objects is much less certain.  There is conflicting data on 

the subject, with some studies finding evidence for the effect (Homes and Wolff, 2012; 

Wallraven, 2013) and others failing to do so (Folstein, et al., 2012; Folstein et al., 2014). These 

studies differed in a few notable respects that may have contributed to the difference in results. 

All of these studies involved the usage of a category learning task followed by a perceptual test 

of some kind. Sometimes a pre-learning perceptual task was given to participants for a basis of 

comparison with the post learning test.  
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Before diving into the specifics of these particular studies, some terminology should be 

clarified. Experiments in category learning and perception feature two primary types of 

perceptual discrimination. A within category discrimination is made between two objects in the 

same category; a between category discrimination is made between two objects in different 

categories. As stated earlier, categorical perception involves an increase in ability to make 

between category discriminations; the ability to make within category discriminations remains 

the same in the presence of a CP effect. Figure 1 illustrates these discrimination pairs. Green 

rectangles surround the within category pairs; the red oval, which crosses the category boundary, 

surrounds the between category pairs.  

 

Figure 1 

As previously noted, multiple previous studies have looked for CP in complex objects 

with sometimes conflicting results. Holmes and Wolff (2012) investigated the left hemisphere 

lateralization of CP effects. Specifically, they wanted to determine whether this apparent 

lateralization was due to language (implying that categorical perception is partially a language 

driven phenomenon) or something else. In order to test this question, they looked for the 

presence of lateralized CP in both labeled and unlabeled categories. Participants were given a 
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search task after studying a sheet of paper with two categories and two objects within each. 

Participants were presented with 11 distractors and one target (all taken from the images trained 

on) and identified which category the target belonged to. Images were lateralized to the right and 

left visual fields to detect a lateralization effect. The paper found that images projected to the 

right visual field produced a categorical perception effect; participants more accurately 

discriminated between the cross category objects than the within category ones. Figure 2 below 

contains all of the stimuli used in the experiment (panel A) as well as an example of the 

discrimination task (panel B).  

 

Figure 2: Homes and Wolff (2012) Stimuli and Task 

 

However, there are some issues in the methodology of this study that necessitate further 

investigation of the presence of CP in complex objects. Holmes and Wolff (2012) only used four 

images in their experiment with two in each category. With so few stimuli being used, it is 

impossible to compare stimuli that cross a boundary with those that do not. This means that the 

effect observed could be another categorical learning effect like acquired distinctiveness. In 

acquired distinctiveness, the entire relevant dimension is stretched, making it easier for 

participants to make discriminations along that entire direction.  As categorical perception is 
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localized to between category crosses, Holmes may not have observed categorical perception at 

all. Figure 3 below (taken from Folstein 2014) provides a graphic that captures the difference 

between the two. Also pictured is acquired equivalence, which involved a shrinkage of the 

irrelevant dimension (the direction that is not being used for discriminations).  

 

Figure 3: The differences between the various effects category learning has on perception (Folstein et al., 2014) 

Although there may be problems with the methodology used by Holmes, there are other 

data that found categorical perception in complex objects. Wallraven (2013) examined the 

similarities between visual and haptic category learning. Evidence for categorical perception was 

found in both the haptic and visual categories. While the stimuli varied along a one-dimensional 

“morph-line” rather than a two-dimensional “morph-space”, there were enough to clearly 

distinguish the within category and between category discrimination pairs, avoiding the problem 

in the Holmes’ stimuli. For the test phase of this experiment, participants completed a same-
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different discrimination task as a pretest. They then underwent a category learning phase before 

doing a post learning discrimination task. It is plausible that the relative simplicity of the stimuli 

contributed to the presence of categorical perception; as mentioned earlier, the presence of 

categorical perception in simple objects is well established (Goldstone, 1994). The stimuli from 

the Wallraven experiment are pictured in Figure 4. 

 

Figure 4: Here are the stimuli used (Wallraven, 2013) 

Folstein et al. (2012), which used morphed cars as stimuli, reached a different conclusion. 

This study investigated how the type of morph space (factorial or blended) used affects 

categorical learning. Participants completed a same-different discrimination task instead of the 

search task used by Holmes. Images were centered and multiple stimuli were featured. No 

evidence for categorical perception was found, but factorial morph spaces did produce acquired 

distinctiveness. The findings of Folstein et al. (2014) also supported this conclusion: when 

applied to complex objects, category learning facilitates perception through acquired 

distinctiveness, not categorical perception. 

The present study attempted to reconcile the different findings of previous research, 

mainly between Holmes (2012) and Folstein (2012 and 2014). The methods of perceptual 

testing, type of stimuli, and position of stimuli differed among the cited experiments. Holmes 

(2012) had a visual search task with four images lateralized to separate areas, but Folstein (2012 
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and 2014) featured a same-different task that drew from a morph space of images which were 

centered when displayed. While the discussed experiments all varied in a number of ways, the 

simplest and easiest to test disparity is the stimuli used. To accomplish this, we utilized the 

Holmes’ stimuli to generate a two dimensional morph space similar of objects in order to prevent 

the ambiguity of that study’s findings. This design heavily resembles the spaces used by Folstein 

(2012 and 2014) and Goldstone (1994). The present research also incorporated a methodology 

similar to that of those three studies: category learning followed by a cross category vs. same 

category discrimination task. No pre-test was used.  

  

Method 

Participants 

Eighty-nine undergraduate students were recruited via FSU SONA to participate in this 

experiment. Students received compensation in the form of 1.5 course credits to gain extra credit 

in their classes. Credit was granted regardless of completion. After dropping 19 low accuracy 

participants, there were 29 in Frib1 (vertical direction categorization), 22 in Frib2 (horizontal 

direction categorization), and 19 in Cars (irrelevant category learning/control). 

Materials 

An 8X8 morphspace of the complex objects was used and individual images from it were 

displayed on computer screens in the lab. The matrices were constructed by first creating two 

“morphlines” or continua between two “parent” stimuli. Positions along the two morphlines were 

then morphed to create a two dimensional “morphspace”. Stimuli close together in the 

morphspace have similar shapes and stimuli far apart in the morphspace have different shapes 
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(Figure 6). The morphspaces of the images were factorially generated images of the stimuli used 

by Holmes (2012).  These morphed images were the result of blending positions along two 

distinct morphlines. Students were trained on the 8x8 morphspaces, but they were tested on a 

4x4 matrix in the object discrimination task. In figure 5 below, the squares represent the 4x4 

matrix and the circles represent the 8x8. 

 

) 

 

 

 

 

 

Procedure 

 To begin the experiment, subjects completed an approximately 45-minute-long category 

learning task. Before starting, subjects were placed in one of three conditions: trained objects 

categorized using a vertical category boundary, trained objects categorized using a horizontal 

category boundary, and irrelevant training (control group). While students in the first two 

conditions trained on relevant stimuli and learned to categorize them in a single direction on the 

matrix, students in the third condition trained on images of cars that had nothing to do with the 

later object discrimination task (Figure 7). The 4x4 stimulus set and vertical and horizontal 

category boundaries are pictured in Figure 6 below.  In all three of the conditions, a single 

stimulus was projected on the screen and students were instructed to identify it by pressing ‘C’ 

(for model cag) or ‘M’ (for model mon). Students received feedback informing them whether 

Figure 5: Matrix Example 
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their choice was correct, teaching them what type of image belonged to each category. If 

students required longer than a second to respond, a message was displayed telling them to 

answer more quickly.  

 

Figure 6 4x4 Matrix of tested images 

 All the students, regardless of condition, completed an approximately 40-minute-long 

object discrimination task after the learning task. Students were sequentially presented with two 

images from the 4x4 matrix in either of the trained directions. The first image was displayed in 

the center of the screen while the second was displayed slightly to off center in a random 

direction.  Students had five seconds to identify the images as being identical or different by 

pressing ‘s’ (for same) or ‘l’ for different. The two images displayed belonged to one of four 

conditions: relevant cross, irrelevant cross, relevant same, and irrelevant same. A cross refers to 

two images that fall into different categories (Figure 8, red circles), whereas a “same” refers to 
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two images in the same category (Figure 8, green squares). A distinction is relevant if it is made 

along the trained direction. For objects trained on the vertical boundary, the horizontal direction 

was relevant; for objects trained on the horizontal boundary, the vertical direction was relevant.  

Results 

 We expected participants to make their most accurate distinctions between images that 

belonged to the relevant cross condition (discrimination pairs that crossed the category 

boundary). If this had been the case, the subjects would have demonstrated categorical 

perception by exhibiting an enhanced ability to differentiate along their trained direction in the 

localized boundary crossing space. The conditions were labeled Frib1, Frib2, and Cars. Each 

corresponded to a different kind of training with a different relevant direction. Frib1 participants 

categorized objects along the horizontal direction (vertical boundary); Frib 2 participants 

categorized objects along the vertical direction (horizontal boundary), and Cars participants 

categorized irrelevant stimuli. There were four levels of direction: cross relevant, same relevant, 

cross irrelevant, and same irrelevant. Cross refers to objects that cross the middle of the space 

Figure 8: Different types of image combinations. Ovals represent 

crosses; rectangles represent same category distinctions. 

Participants could be trained in either direction.   

Figure 7: Irrelevant Car Stimulus 
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and same refers to objects that do not cross the middle of the space; relevant pairs of objects 

were from the trained direction and irrelevant pairs of objects were from the untrained direction.  

The statistical testing would have revealed a three way significant (p<.05) relationship between 

condition, direction, and cross. Acquired distinctiveness, or stretching of the entire relevant 

dimension, would have corresponded to a significant relationship between condition and 

direction. This would indicate a stretching of an entire dimension rather than the localized 

(across the boundary) stretching of categorical perception. Figure 9 shows what we expected the 

data to resemble if categorical perception was present. 

The majority of participants in both boundary training conditions demonstrated high 

accuracy in the learning phase of the experiment and one-sample t-tests showed that both 

accuracies were significantly greater than chance (50%): horizontal boundary (M=86%, SD=.05, 

t(28) = 33.3, p < .01) and vertical boundary (M=81%, SD=.06, t(22) = 21.6, p < .01)   Subjects 

who failed to score significantly above chance during the learning phase had their data removed.  
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Figure 9: These two images represent what we expected to see. Across boundary discriminations would increase substantially in 

the trained (relevant) dimension. 

The data shows no evidence for categorical perception or acquired distinctiveness. The 

value d’ was used to measure accuracy in the discrimination task.  For direction *condition and 

direction*Cross*condition no significant relationship between the values was found. The data 

did reveal significant values for pair direction (F (1, 67) =60.5, p<.05) and cross (F (1, 67) =5.9, 

p<.05). For direction*cross interaction was also significant (F(1,67)=7.29,p<.05). However, 

further examination revealed that unequal pair directions affected this result. The graphs below 

effectively illustrate this; discriminations made with vertical pairs were universally easier for 

participants regardless of condition. Figure 10 shows the mean accuracy of each direction. 
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Accuracy was higher along direction 2 for both cross category discriminations and within 

category ones.  Figure 11 indicates that mean accuracy was higher in direction 2 in every 

condition. Figures 12 and 13 not only demonstrate that vertical pairs were easier to distinguish in 

Frib1 and Frib2 but also that the effect of cross only exists in direction 2. A close look at these 

graphs reveals the causes of the main effects we see in the data. Cross and same category 

discriminations were both easier in direction 2, driving the main effect of direction (Figure 10). 

Crosses were only easier than same category discriminations in direction 2 (Figures 12 and 13), 

but this was strong enough to result in the main effect we see for cross and direction *cross 

interaction.  

 

Figure 10: 1 corresponds to cross category, 2 corresponds to same category 
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Figure 11 

 

 

Figure 12 
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Figure 13 

 

Discussion  

 The experiment failed to find evidence for categorical perception or acquired 

distinctiveness; no significant relationships between direction*cross*condition (categorical 

perception) or direction*cross (acquired distinctiveness) was observed. One of the directions 

along the morphspace was much easier to discriminate images on than the other regardless of 

training, but counterbalancing of the directions prevented this from being a confounding 

variable. This disparity in discriminability was due to unequal psychological distances between 

the corners of the space. Stimuli that are similar to one another generate “tighter” spaces in 

which stimuli are more similar to one another; if the images used to generate pair direction 2 

were farther apart (less similar) psychologically, discriminating between images along that 

dimension would be easier. Crosses were only easier than within category discriminations along 
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direction 2. This may have been due to a discontinuity along the horizontal boundary. A 

discontinuity would represent a sudden “jump” across the middle of the space; images that 

straddled this boundary may have been farther apart than the other images in the same direction.  

It is important to note that the disparity in discriminability did not preclude the possibility of 

categorical perception or acquired distinctiveness. These effects could have still manifested 

regardless of the differences in direction.  

 Future studies should require a longer training period. Although the participants were 

able to learn the categories, it takes more training to develop the expertise needed to exhibit 

categorical perception or acquired distinctiveness. It is possible for participants to acquire 

categories without experiencing dimensional modulation. Multiple training sessions distributed 

over a few days would be ideal, but financial (students must be paid after more than one 

experimental session) and time constraints prevented the present study from implementing this.  

In conclusion, the original research question remains unanswered. It is conceivable that 

subjects with more training time could show categorical perception with these stimuli using a 

same-different discrimination task. Future research should continue to explore the topic of 

dimensional modulation in complex objects in order to clarify where and how these perceptual 

phenomena exist. 
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