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   To Maria with love 

 A professor is someone who talks in other people’s sleep. 
 (Anonymous)  
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    Preface 
     Cognitive psychology is concerned with the processes that allow us to make 
sense of the world around us and to make (reasonably) sensible decisions 
about how to cope with everyday life. As such, it is of huge importance within 
psychology as a whole. The advances made by cognitive psychology have 
permeated most of the rest of psychology – areas such as abnormal psychology 
and social psychology have been transformed by the cognitive approach. As a 
cognitive psychologist myself, I may be biased. However, I genuinely believe 
that cognitive psychology is at the heart of psychology. 

 The Chinese have a saying, “May you live in interesting times.” It has been 
my good fortune during my career to see cognitive psychology become more 
and more interesting. One important reason is that there has been a substantial 
increase in research showing the relevance of the cognitive approach in the real 
world. Examples discussed in this book include the following: security scanning 
at airports, why fi ngerprinting experts make mistakes, the misinterpretations of 
patients with anxiety disorders, the fallibility of eyewitness testimony, how you 
can tell when someone is lying, and why our reasoning is often very illogical. 

 Another important reason why cognitive psychology has become 
increasingly interesting is that technological advances now permit us to observe 
the brain in action in great detail. You have probably seen the fruits of such 
research in the brightly colored pictures of the brain to be found within the 
covers of numerous magazines. In this book, there is much coverage of the 
exciting discoveries based on brain imaging. 

 I would like to express my gratitude to all those who helped in the 
preparation of this book. They include several people working for Psychology 
Press: Lucy Kennedy, Becci Edmondson, Tara Stebnicky, Sharla Plant, and 
Mandy Collison. In addition, thanks are due to those who kindly took time 
to review a draft of this book (Bruce Bridgeman, Jerwen Jou, Dawn Morales, 
Susan Dunlap, Jon May, Mitchell Longstaff, Jelena Havelka, and Matt Field). 

 This book is deservedly dedicated to my mother-in-law. She has made huge 
contributions to our family and has devoted herself wholeheartedly to the well-
being of her three grandchildren (Fleur, William, and Juliet). 

 Michael W. Eysenck 
 Hong Kong, China     
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                   Perception    
   INTRODUCTION 
 The focus of this chapter is on perception. What do we mean by “perception”? 
According to Sekuler and Blake (2002, p. 621), it is “the acquisition and processing 
of sensory information in order to see, hear, taste, or feel objects in the world; it 
also guides an organism’s actions with respect to those objects.” In this chapter, 
we will be considering our two most important senses: vision and hearing. 

  VISUAL PERCEPTION 
 Visual perception is of enormous importance in our everyday lives. It allows 
us to move around freely, to recognize people, to read magazines and books, 
to admire the wonders of nature, and to watch movies and television. It is very 
important for visual perception to be accurate – if we misperceive how close cars 
are as we cross the road, the consequences can be fatal. As a result, far more of 
the human cortex is devoted to vision than to any other sensory modality. 

 Visual perception generally seems so simple and effortless that we are in 
danger of taking it for granted. In fact, it is very complex, with numerous 
processes being involved in transforming and interpreting sensory information. 
Supporting evidence comes from the efforts of researchers in artifi cial intelligence 
who have tried to program computers to “perceive” the environment. As yet, 
no computer can match more than a fraction of the skills of visual perception 
possessed by nearly every sighted adult human. 

2

Learning Objectives

After studying Chapter 2, the student should be able to:

Compare and contrast imagery and perception.• 
Describe how mental rotation tasks are used to inform us about visual • 
imagery and visual perception.
Explain how the two visual systems reconcile differences between per-• 
ception (optical illusions) and reality so that our actions achieve their goal.
Explain what change blindness phenomena (e.g., invisible gorilla; mov-• 
ie continuity mistakes) tell us about human attention and perception.
Relate the phonemic restoration effect in speech perception to top-• 
down and bottom-up processing.
Defi ne face recognition, and describe what studies of prosopagnosic • 
patients fi nd about where and how face recognition occurs in the brain.
Defi ne perceptual organization, pattern recognition, and object recogni-• 
tion, and describe the theories that account for each of these processes.
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32 Chapter 2 | Perception

 Several important questions concerning visual perception are discussed in 
this chapter. In a world of overlapping objects, how do we decide where one 
object ends and another begins? How do we make sense of ambiguous two-
dimensional stimuli (e.g., handwriting)? How do we decide whether the object 
in front of us is a cat or a dog? How do we recognize individual faces given 
that most faces are broadly similar (e.g., they have two eyes, a nose, a mouth, 
and so on)? How similar is visual imagery to visual perception? Why are we 
susceptible to many visual illusions in the laboratory when our everyday visual 
perception is so accurate? Why do we often fail to detect changes in our visual 
environment? Is vision possible in the absence of conscious awareness? 

    AUDITORY PERCEPTION 
 Auditory perception is also extremely important in our everyday lives. It 
enables us to understand what friends are saying and to make sense of movies 
and television programs. Auditory perception is also valuable for listening to 
(and enjoying) music, identifying animal noises, realizing a car is approaching 
rapidly behind us, and so on. 

 Speech perception is by far the most important use to which we put our 
auditory system, and so that will be the central focus in our coverage of auditory 
perception. Most of us are very good at understanding what other people are 
saying even when they speak in a strange dialect and/or ungrammatically. It is 
easy to take our ability to understand the speech of others for granted. Indeed, in 
view of the enormous experience we have all had in using the English language 
and listening to other people, speech perception may seem remarkably easy. 

 As we will see later, speech perception is much more of an achievement 
than it appears. One of the most diffi cult problems is to divide the almost 
continuous sounds we hear into separate words. How we solve that problem 
(and several others) in speech perception is discussed later. 

 Speech perception can be especially diffi cult in a crowded room in which 
lots of people are speaking and perhaps music is playing as well. In such 
conditions, how do we focus on what our friend is saying? That problem is one 
of selective attention and is discussed in Chapter 3. 

   PERCEPTUAL ORGANIZATION 
 It would probably be fairly easy to work out accurately which parts of the 
visual information presented to us belong together and thus form objects if 
those objects were spread out in space. Instead, the visual environment is often 
complex and confusing, with many objects overlapping others and so hiding 
parts of them from view. As a result, it can be diffi cult to achieve perceptual 
segregation of visual objects. 

 The fi rst systematic attempt to study perceptual segregation (and the 
perceptual organization to which it gives rise) was made by the Gestaltists. 
They were German psychologists (including Koffka, Köhler, and Wertheimer), 
most of whom emigrated to the United States before the Second World War. 
Their fundamental principle was the  law   of Prägnanz , according to which we 
typically perceive the simplest possible organization. 

 The Gestaltists put forward several other laws, but most of them are 
examples of the law of Prägnanz (see Figure 2.1). The fact that three horizontal 
arrays of dots rather than vertical groups are seen in Figure 2.1(a) indicates 

Key Terms

Law of Prägnanz:
the notion that the 
simplest possible 
organization of the visual 
environment is what is 
perceived; proposed by 
the Gestaltists.
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Perceptual organization 33

that visual elements tend to be grouped together if they are close to each other 
(the law of proximity). 

    Figure 2.1(b) shows the law of similarity, which states that elements will be 
grouped together perceptually if they are similar. Vertical columns rather than 
horizontal rows are seen because the elements in the vertical column are the 
same whereas those in the horizontal rows are not. 

 We see two lines crossing in Figure 2.1(c) because according to the law of 
good continuation we group together those elements requiring the fewest changes 
or interruptions in straight or smoothly curving lines. Finally, Figure 2.1(d) shows 
the law of closure, according to which missing parts of a fi gure are fi lled in to 
complete the fi gure. Thus, a circle is seen even though it is actually incomplete. 

 Kubovy and van den Berg (2008) confi rmed the importance of grouping by 
proximity and of grouping by similarity. They also found that the  combined  
effects on grouping of proximity and similarity were equal to the sum of their 
separate effects. 

(a) (b)

(c) (d)

   Figure 2.1  Examples of 
the Gestalt laws of percep-
tual organisation: (a) the law 
of proximity; (b) the law of 
similarity; (c) the law of 
good continuation; and (d) 
the law of closure.  

Have a look at the three displays in Figure 2.2 and 
decide how you would group the stimuli in each 
case. You can then compare your judgments with 
those obtained by Quinlan and Wilton (1998) in a 
study using very similar stimuli. In their study, about 
half the participants grouped the stimuli in (a) by 
proximity or closeness and half by similarity of 
shape. In (b) and (c), most participants grouped by 
similarity of color rather than similarity of shape or 
proximity.

This Research Activity focuses on what happens 
when different laws of organization are in confl ict, 
an issue deemphasized by the Gestaltists. According 
to Quinlan and Wilton (1998), the visual elements in 
a display are initially grouped or clustered on the 
basis of proximity or closeness. However, when 
grouping based on proximity produces mismatches 
both within and between clusters (b and c), then 
observers favor grouping on the basis of similarity 
of color rather than proximity.

Research Activity 2.1: Gestalt laws in confl ict
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34 Chapter 2 | Perception

     The Gestaltists emphasized  fi gure–ground segregation  in perceptual 
organization. One part of the visual fi eld is identifi ed as the fi gure, whereas 
the rest is less important and forms the ground. The Gestaltists claimed 
that the fi gure is perceived as having distinct form or shape, whereas the 
ground lacks form. In addition, the fi gure is perceived in front of the ground, 
and the contour separating the fi gure from the ground belongs to the fi gure. 
Check the validity of these claims by looking at the faces–goblet illusion (see 
Figure 2.3). 

    There is more attention to (and processing of) the fi gure than of the ground. 
Weisstein and Wong (1986) fl ashed vertical lines and slightly tilted lines onto 
the faces–goblet illusions, and observers decided whether the line was vertical. 
Performance was much better when the line was presented to what the observers 
perceived as the fi gure rather than to the ground. 

  FINDINGS 
 The Gestaltists used artifi cial fi gures, and it is important to see whether their 
fi ndings apply to more realistic stimuli. Elder and Goldberg (2002) presented 
observers with pictures of natural objects. Proximity or closeness was a very 
powerful cue when deciding which contours belonged to which objects. In 
addition, the cue of good continuation made a positive contribution. 

 According to the Gestaltists, fi gure–ground segregation depends very little 
on past knowledge and experience. That led them to deemphasize the role of 
experience. In a study by Schwarzkopf et al. (2009), observers were presented with 
atypical shape contours that were hard to interpret. However, the observers showed 
rapid and fl exible learning leading to a rapid improvement in performance. 

 The Gestaltists assumed that fi gure–ground segregation occurs very  early  in 
visual processing and so always precedes object recognition. These assumptions 
were tested by Grill-Spector and Kanwisher (2005). Photographs were 
presented for between 17 ms and 167 ms followed by a mask. On some trials, 
participants performed an object detection task based on deciding whether 
the photograph contained an object. This was done to assess fi gure–ground 
segregation. On other trials, participants carried out an object categorization 
task (e.g., deciding whether the photograph showed an object from a given 
category such as “car”). Surprisingly, reaction times and error rates on the two 
tasks were extremely similar. 

 In another experiment, Grill-Spector and Kanwisher (2005) asked 
participants to perform the object detection and categorization tasks on each 

(a)

(b)

(c)

Figure 2.2 (a) Display 
involving a confl ict between 
proximity and similarity; 
(b) display with a confl ict 
between shape and colour; 
(c) a different display with 
a confl ict between shape 
and colour. All adapted from 
Quinlan and Wilton (1998).

   Figure 2.3  An ambiguous 
drawing that can be seen 
either as two faces or as a 
goblet.  

Key Terms

Figure–ground 
organization:
the division of the visual 
environment into a fi gure 
(having a distinct form) 
and ground (lacking a 
distinct form); the con-
tour between fi gure and 
ground appears to belong 
to the fi gure, which 
stands out from the 
ground.
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Pattern recognition 35

trial. When the object was not detected, categorization performance was 
at chance level; when the object was not categorized accurately, detection 
performance was at chance. 

 The above fi ndings imply that the processes involved in fi gure–ground 
segregation resemble those involved in object recognition. However, that isn’t 
always the case. Mack et al. (2008) also compared performance on object 
detection (i.e., is an object there?) and object categorization (i.e., what object 
is it?) tasks. However, they used conditions in which objects were inverted 
or degraded to make object categorization harder. In those conditions, object 
categorization performance was signifi cantly worse than object detection. Thus, 
object categorization is more complex and can involve somewhat different 
processes to those involved in object detection. 

The Gestaltists correctly argued for the importance of organization in 
visual perception.

The Gestaltists discovered several important aspects of perceptual 
organization, most of which are relevant with natural scenes.

The Gestaltists deemphasized the role of experience and knowledge in 
perceptual organization.

The Gestaltists were wrong to argue that fi gure–ground segregation 
always occurs before object recognition.

There was a failure to explain the perceptual phenomena identifi ed by the 
Gestaltists – why do we perceive the simplest possible organization of the 
visual information available to us?

+

+

–

–

–

Evaluation

According to the Gestaltists, we typically perceive the simplest possible • 
organization when presented with a visual display. They correctly argued 
that factors such as proximity and similarity were important, but didn’t 
focus on what happens when such factors confl ict. The Gestaltists identifi ed 
fi gure–ground segregation as central to perceptual organization, but largely 
ignored the role of past experience in determining the form it takes. The 
Gestalists provided useful descriptions of perceptual phenomena but had 
less success in explaining those phenomena.

Section Summary

          PATTERN RECOGNITION 
 We spend much of our time (e.g., when reading) engaged in pattern recognition – 
the identifi cation or categorization of two-dimensional patterns. Much research 
on pattern recognition has addressed the issue of how alphanumeric patterns 
(alphabetical and numerical symbols) are recognized. A key issue here is the 
 fl exibility  of the human perceptual system. For example, we can recognize 
the letter “A” rapidly and accurately across large variations in orientation, 
typeface, size, and writing style. 
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36 Chapter 2 | Perception

  Why  is pattern recognition so successful? At a general level, it is clear that 
it involves  matching  information from the visual stimulus with information 
stored in memory. Some of the main processes involved are discussed below. 

  TEMPLATE THEORIES 
 According to template theories, we have templates (forms or patterns stored in 
long-term memory) corresponding to each of the visual patterns we know. A 
pattern is recognized on the basis of which template provides the closest match 
to the stimulus input. This kind of theory is simple. However, it isn’t very 
realistic in view of the enormous variations in visual stimuli allegedly matching 
the same template. 

 A modest improvement to the basic template theory is to assume that the 
visual stimulus undergoes a normalization process. This process produces an 
internal representation of the visual stimulus in a standard position (e.g., upright), 
size, and so on  before  the search for a matching template begins. Normalization 
would help pattern recognition for letters and digits. However, it is improbable 
it would consistently produce matching with the appropriate template. 

 Another way of improving template theory would be to assume that there 
is more than one template for each letter and digit. This would permit accurate 
matching of stimulus and template across a wider range of stimuli, but at the 
cost of making the theory more complex. 

 In sum, template theories are ill-equipped to account for the fl exibility 
shown by people when recognizing alphabetical and numerical symbols. The 
limitations of template theories are especially obvious when the stimulus 
belongs to an ill-defi ned category for which no single template could possibly 
suffi ce (e.g., buildings). 

   FEATURE THEORIES 
 According to feature theories, a pattern consists of a set of specifi c features 
or attributes (Jain & Duin, 2004). For example, feature theorists might argue 
that the key features of the letter “A” are two straight lines and a connected 
cross-bar. This kind of theoretical approach has the advantage that visual 
stimuli varying greatly in size, orientation, and minor details can be identifi ed 
as instances of the same pattern. 

 The feature-theory approach has been supported by studies of visual search 
in which a target letter has to be identifi ed as rapidly as possible. Neisser 
(1964) compared the time taken to detect the letter “Z” when the distractor 
letters consisted of straight lines (e.g., W, V) or contained rounded features 
(e.g., O, G) (see Figure 2.4). Performance was faster in the latter condition 
because the distractors shared fewer features with the target letter Z. 

    Most feature theories assume that pattern recognition involves specifi c 
processing followed by more global or general processing to integrate information 
from the features. However, global processing can  precede  more specifi c processing. 
Navon (1977) presented observers with stimuli such as the one shown in Figure 
2.5. In one experiment, observers decided whether the large letter was an “H” or 
an “S”; on other trials, they decided whether the small letters were Hs or Ss. 

     What  did Navon (1977) fi nd? Performance speed with the small letters was 
greatly slowed when the large letter differed from the small letters. In contrast, 
decision speed with the large letter was  not  infl uenced by the nature of the 
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small letters. Thus, as Navon expressed it, we 
often see the forest (global structure) before the 
trees (features) rather than the other way round. 

 Dalrymple et al. (2009) replicated the above 
fi nding when the small letters were very small and 
close together. However, processing was faster at the 
level of the small letters than the large letter when 
the small letters were larger and spread out. In this 
condition, it was harder to identify the large letter. 

  Feature detectors 
 If the presentation of a visual stimulus leads 
initially to detailed processing of its basic features, 
we might be able to identify cells in the cortex 
involved in such processing. Relevant evidence 
was obtained in the Nobel prize-winning research 
of Hubel and Wiesel (1962). They studied cells in 
parts of the occipital cortex (at the back of the 
brain) associated with the early stages of visual 
processing. Some cells responded in two different 
ways to a spot of light depending on which part 
of the cell was affected:  

   1.     An “on” response with an increased rate of 
fi ring when the light was on.  

  2.     An “off” response with the light causing a 
decreased rate of fi ring.    

 Hubel and Wiesel (e.g., 1979) discovered two 
types of neuron in primary visual cortex: simple 
cells and complex cells. Simple cells have “on” and 
“off” regions with each region being rectangular 
in shape. These stimuli respond most to dark bars 
in a light fi eld, light bars in a dark fi eld, or straight 
edges between areas of light and dark. Any given 
simple cell only responds strongly to stimuli of 
a particular orientation. Thus, the responses of 
these cells could be relevant to feature detection. 

 Complex cells differ from simple cells in that 
they respond more to moving contours. There are 
many more complex cells than simple ones. Finally, 
there are end-stopped cells. Their responsiveness 
depends on stimulus length and orientation. 

 All these types of cell are involved in feature 
detection. However, we mustn’t exaggerate their 
usefulness. These cells provide  ambiguous  information because they respond in 
the same way to different stimuli. For example, a cell may respond equally to a 
horizontal line moving rapidly and a nearly horizontal line moving slowly. 

 More recent research has identifi ed neurons that respond in a much more 
specifi c and unambiguous fashion (Mather, 2009). Some of these neurons 

LIST 1 

IMVXEW

WVMEIX

VXWIEM

MIEWVX

WEIMXV

IWVXEM

IXEZVW

VWEMXI

MIVEWX

WXEIMV

LIST 2 

ODUGQR

GRODUQ

DUROQG

RGOUDQ

RQGOUD

UGQDRO

GUQZOR

ODGRUQ

DRUQGO

UQGORD

   Figure 2.4  Illustrative lists to study letter search: The distrac-
tors in List 2 share fewer features with the target letter Z than 
do the distractors in List 1.  
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   Figure 2.5  The kind of stimulus used by Navon (1977) to 
demonstrate the importance of global features in perception.  
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respond only to stimuli having a specifi c orientation, or a specifi c location in 
the visual fi eld, or having a specifi c spatial frequency. 

   Context 
 Stimulus features play an important role in pattern recognition. However, as 
discussed in more detail shortly, feature theories deemphasize the effects of 
context and of expectations. Weisstein and Harris (1974) used a task involving 
detection of a line embedded in a briefl y fl ashed three-dimensional form or in 
a less coherent form. 

 According to feature theorists, the target line should  always  activate the 
same feature detectors. As a result, the coherence of the form in which it is 
embedded shouldn’t affect detection. In fact, however, target detection was 
best when the target line was part of a three-dimensional form. Weisstein and 
Harris called this the “object superiority effect.” This effect occurs because 
the context provides useful information concerning the target stimulus. It also 
makes the target stimulus more perceptible (Loverock, 2007). 

    TOP-DOWN PROCESSES 
 Feature theories of pattern recognition emphasize bottom-up processes. 
However, top-down processes also play an important role. Consider, for 
example, the  word superiority effect  (Reicher, 1969). A letter string is presented 
briefl y followed by a pattern mask that inhibits further processing of the letter 
string. Participants decide which of two letters was presented in a given position 
(e.g., the third letter). Performance is better when the letter string forms a word 
than when it does not – this is the word superiority effect. 

 The word superiority effect suggests that information about the word 
presented can facilitate identifi cation of its letters. In other words, there are 
top-down effects from the word level of processing to the letter level. 

 There is also a pseudoword superiority effect: Letters are easier to identify 
when presented in pseudowords (pronounceable nonwords such as “MAVE”) 
than in unpronounceable nonwords (Carr et al., 1978).  What  produces this 
effect? There is some overlap between the spelling patterns in the pseudoword 
and genuine words (e.g., “SAVE”; “GAVE”). This overlap benefi ts identifi cation 
of the letters in the pseudoword in a top-down fashion. 

 Grainger and Jacobs (2005) argued that the pseudoword superiority effect 
depends on the extent to which the pseudoword is misperceived as a word. They 
obtained support for their viewpoint in a study on French participants. One 
pseudoword they presented was AVROL. The only genuine French word closely 
resembling AVROL is AVRIL (French for April). When participants decided 
whether the second letter of the pseudoword was V or T, they showed a pseudoword 
superiority effect because the second letter of the genuine word AVRIL is also V. 

 In contrast, Grainger and Jacobs (2005) obtained a pseudoword  inferiority  
effect when participants decided whether the fourth letter of AVROL was O 
or I. In this condition, misperceiving AVROL as AVRIL led many participants 
to misidentify the letter. 

 In sum, pattern recognition doesn’t depend solely on bottom-up processing 
involving features or other aspects of visual stimuli. Top-down processes are 
often important. We will see more evidence of the importance of top-down 
processes in pattern recognition in the next section.     

Key Terms

Word superiority effect:
the fi nding that target 
letter is detected faster 
when presented in words 
than in nonwords.
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In the Real World 2.1: Fingerprinting

Pattern-recognition techniques are extremely 
important in the real world. For example, fi nger
printing assists in the identifi cation of criminals. The 
criminal’s fi ngerprint (the latent print) provides a pattern 
that is matched against stored fi ngerprint records.

How does fi ngerprint identifi cation work in 
criminal cases? It involves computer systems 
and human experts working together. Automatic 
fi ngerprint identifi cation systems (AFIS) scan 
through huge databases (e.g., the FBI has the 
fi ngerprints of over 60 million persons). This 
produces a small number of possible matches to 
the fi ngerprint(s) obtained from the scene of the 
crime ranked in terms of similarity to the criminal’s 
fi ngerprint. Experts then decide whether any 
fi ngerprint in the database matches the criminal’s.

AFIS focuses on features at two levels (Jain et 
al., 2010). At a general level, there are three basic 
fi ngerprint patterns: loop; arch; whorl (circle), with 
about two-thirds of individuals having the loop 
pattern (see Figure 2.6). 

Fingerprints also contain more specifi c features. 
We have patterns of ridges and valleys known as 
friction ridges on our hands. Of particular importance 
are minutiae points - locations where a friction 
ridge ends abruptly or a ridge divides into two or 
more ridges. There are typically between 20 and 70 
minutiae points in a fi ngerprint, and this information 
is stored in a database (Jain et al., 2010). The expert 
is provided with information about feature or 
minutiae similarity from AFIS but also makes use 
of microfeatures (e.g., sweat pores; the width of 
particular ridges) (Dror & Mnookin, 2010).

Do you share the common belief that fi ngerprint 
identifi cation is almost infallible? In fact you 
shouldn’t, even though it is probably more accurate 
than any other identifi cation method except 
DNA (Spinney, 2010). Decide whether the two 
fi ngerprints shown in Figure 2.7 come from the 
same person. Four fi ngerprinting experts decided 
both fi ngerprints came from the same person, 
namely, the bomber involved in the terrorist attack 
on Madrid on 11 March 2004. In fact, the fi ngerprints 
come from two different individuals. The left one is 
from the Madrid bomber, but the right one comes 
from Brandon Mayfi eld, an Oregon lawyer who was 
falsely arrested. 

Fingerprint misidentification is common in the 
laboratory. Langenburg et al. (2009) studied the 
effects of context (e.g., alleged conclusions of an 
internationally respected expert) on fingerprint 
identification. Experts and non-experts were 
both influenced by contextual information, but 
non-experts were influenced more. Dror and 
Rosenthal (2008) presented five experts with 
pairs of fingerprints they had judged as matching 
or not matching several years earlier. About 10% 
of the time, their two judgments differed.

Why do experts make mistakes in fi ngerprint 
identifi cation? First, their judgments are infl uenced 
by irrelevant and misleading information 
(Langenburg et al., 2009). Cole (2005) reviewed real-
life cases involving fi ngerprint misidentifi cation by 
experts. In more than 50% of the cases, the original 
expert misidentifi cation was confi rmed by one or 
more additional experts.

Figure 2.6 The loop pattern (found in 60%–65% of individuals) involves ridges curving back (left); the whorl pattern 
(30%–35%) involves central ridges turning through at least one complete turn (center); the arch pattern (5%) involves 
ridges running across the pattern with no backward turn (right).
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   MEDICAL DIAGNOSIS  
 Another real-world area in which pattern recognition is extremely important is 
that of doctors making medical diagnoses from X-rays. Indeed, it can literally 
be a matter of life or death. 

 Much research has compared the pattern-recognition performance of 
medical experts with that of novice or non-expert ones (see Chapter 10). 
Unsurprisingly, experts possess much more relevant knowledge than non-
experts and this knowledge allows them to produce more accurate diagnoses 
(Norman, 2005). 

 Pattern recognition can involve analytic or implicit reasoning (Engel, 
2008). Analytic reasoning is relatively slow and deliberate, whereas implicit 
reasoning is fast and automatic. Medical experts make much use of implicit 
reasoning. In one study (Kundel et al., 2007), doctors were shown complex 

Dror et al. (2006) asked experts to judge 
whether two fi ngerprints matched, having told 
them incorrectly that the prints were the ones 
mistakenly matched by the FBI as the Madrid 
bomber. Unknown to these experts, they had judged 
these fi ngerprints to be a clear and defi nite match 
several years earlier. However, when provided with 
misleading information about the Madrid bomber, 
60% of the experts now judged the prints to be 
defi nite nonmatches! Thus, top-down processes 
triggered by contextual information can distort 
fi ngerprint identifi cation.

Second, a criminal’s fingerprints can now 
be compared against hugely more stored 
prints than previously. This greatly increases 
the chances of discovering an incorrect print 

extremely similar to that of the criminal. As a 
result, experts should require more evidence 
of similarity before deciding they have found a 
match (Dror & Mnookin, 2010). However, that 
isn’t happening. Charlton et al. (2010) found 
that fingerprint experts had a strong desire to 
resolve cases (especially major crimes), which 
can increase misidentifications.

In sum, fi ngerprint identifi cation depends 
heavily on comparing features at different levels 
of specifi city (bottom-up processing). Errors occur 
because experts are infl uenced by misleading 
contextual information (top-down processing) and 
because the degree of similarity they require before 
deciding they have found a match is insuffi ciently 
stringent.

Figure 2.7 The FBI’s mistaken identifi cation of the Madrid bomber. The fi ngerprint from the crime scene is on the 
left. The fi ngerprint of the innocent suspect (positively identifi ed by various fi ngerprint experts) is on the right. From 
Dror et al., 2006.
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mammograms, some of which revealed the presence of breast cancer. The 
cancer was fi xated on average in just over 1 s. The most expert doctors 
generally fi xated the cancer almost immediately, whereas the non-expert ones 
took somewhat longer. 

 The fi ndings of Kundel et al. (2007) suggest that experts are more likely than 
non-experts to use implicit reasoning, whereas the non-experts made more use 
of analytic reasoning. However, other evidence indicates that medical experts 
often start with fast, automatic processes but cross-check their diagnoses with 
analytic ones (McLaughlin et al., 2008). 

Template theories
Template theories assume we recognize a visual stimulus by matching it to • 
the template or stored pattern it most resembles. Such theories can’t easily 
account for human fl exibility in pattern recognition.

Feature theories
Some feature theories assume that pattern recognition involves specifi c • 
feature processing followed by more global or general processing. 
However, global processing can precede more specifi c processing. 
In addition, feature theories deemphasize the effects of context and 
expectations.

Top-down processes
The word superiority effect depends on top-down processes involving • 
word-based information. Similar processes are involved in the pseudoword 
superiority effect, in which pseudowords are misperceived as words.

Fingerprinting
Fingerprint identifi cation involves experts using information about feature • 
or minutiae similarity plus various microfeatures (e.g., sweat pores). Experts 
make mistakes because their judgments are infl uenced by irrelevant and 
misleading information. In addition, their criteria for accepting similar 
fi ngerprints as matching are sometimes insuffi ciently stringent when highly 
motivated to resolve a criminal case.

Medical diagnosis
Medical experts make more use than non-experts of implicit or automatic • 
processes when engaged in pattern recognition during diagnosis. However, 
they generally cross-check their proposed diagnosis with analytic or 
deliberate processes.

Section Summary

      VISUAL OBJECT RECOGNITION 
 Thousands of times every day we identify or recognize objects in the world 
around us. At this precise moment, you are aware that you are looking at a 
book (possibly with your eyes glazed over). If you raise your eyes, then perhaps 
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you can see a wall, windows, and so on in front of you. It probably seems 
incredibly easy to recognize common objects. In fact, visual object recognition 
is much more complex than you might imagine. For example, many objects 
(e.g., chairs; houses) vary enormously in their visual properties (e.g., color, size, 
shape) and yet we can still recognize them. 

 We can also recognize many objects over a wide range of viewing distances 
and orientations. For example, most plates are round but we can identify plates 
seen from an angle so they appear elliptical. We are also confi dent that the 
ant-like creatures we can see from the window of a plane during its descent are 
actually people. In sum, there is much more to object recognition than might 
initially be supposed (than meets the eye?). 

  RECOGNITION-BY-COMPONENTS THEORY 
  What  processes are involved in object recognition? An infl uential answer was 
provided by Irving Biederman (1987) in his recognition-by-components theory. He 
argued that objects consist of basic shapes or components known as  geons  (geometric 
ions). Examples of geons are blocks, cylinders, spheres, arcs, and wedges. 

  How many  geons are there? According to Biederman (1987), there are about 
36 different geons. That may sound suspiciously few to provide descriptions 
of all the objects we can recognize and identify. However, we can identity 
enormous numbers of spoken English words even though there are only about 
44 phonemes (basic sounds) in the English language. This is because they can 
be arranged in almost limitless combinations. 

 The same is true of geons – the reason for the richness of the object 
descriptions provided by geons stems from the different possible spatial 
relationships among them. For example, a cup can be described by an arc 
connected to the side of a cylinder. A pail can be described by the same two 
geons but with the arc connected to the top of the cylinder. 

 Geon-based information about common objects is stored in long-term 
memory. As a result, object recognition depends crucially on the identifi cation of 
geons. Of major importance, an object’s geons can be identifi ed from numerous 
viewpoints. Thus, object recognition should generally be easy unless one or 
more geons are hidden from view. In other words, it is viewpoint-invariant. 

 The assumption that object recognition is viewpoint-invariant was tested 
by Biederman and Gerhardstein (1993). Object naming was facilitated as much 
by two different views of an object as by two identical views even when there 
was an angular difference of 135? between the views. These fi ndings suggest 
that object recognition is viewpoint-invariant. However, we will see shortly 
that is often  not  the case. 

 We are most sensitive to those visual features of an object directly relevant 
to identifying its geons.  How  have we developed this sensitivity? Perhaps our 
everyday experience with simple manufactured objects (e.g., cylinders; funnels; 
spherical objects; bricks) is of major importance.   

 In fact, there is evidence against the above explanation. Consider the 
Himba, a seminomadic people in Northwestern Namibia. They have very little 
exposure to manufactured objects. In spite of that, they are as sensitive to geon-
relevant information as individuals living in the developed world (Lescroart 
et al., 2010). What seems to matter is exposure to a great variety of naturally 
occurring objects in the world around us. 

Key Terms

Geons:
basic shapes or compo-
nents that are combined 
in object recognition; an 
abbreviation for “geo-
metric ions” proposed by 
Biederman.
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  How  do we recognize objects when only some 
of the relevant visual information is available? 
According to Biederman (1987), the concavities 
(hollows) in an object’s contour provide especially 
useful information. He obtained support for this 
view in an experiment in which observers were 
presented with degraded line drawings of objects 
(see Figure 2.8). Object recognition was much 
harder to achieve when parts of the contour 
providing information about concavities were 
omitted than when other parts of the contour 
were deleted. 

    Recognition-by-components theory strongly 
emphasizes bottom-up processes in object 
recognition. However, top-down processes 
depending on factors such as expectation and 
knowledge are often important, especially when object recognition is diffi cult. 
For example, Viggiano et al. (2008) found that observers relied more on 
top-down processes when animal photographs were blurred than when they 
weren’t blurred. This happened because there was less information for bottom-
up processes to make use of with the blurred photographs. 

   Figure 2.8  Intact fi gures 
(left), with degraded line 
drawings either preserving 
(center) or not preserving 
(right) parts of the contour 
providing information about 
concavities. Adapted from 
Biederman (1987).  

It is plausible that geons or geon-like components are involved in object 
recognition.

The identifi cation of concavities is of major importance in object 
recognition.

The theory only accounts for fairly unsubtle perceptual discriminations. 
For example, it allows us to decide whether an animal is a dog or a cat, 
but not whether it is our dog or cat.

It is assumed within the theory that objects consist of invariant geons. 
However, object recognition is actually much more fl exible than that. For 
example, the shapes of some objects (e.g., clouds) are so variable that they 
don’t have identifi able geons.

The theory is based on the assumption that the processes in object 
recognition are viewpoint-invariant. We will shortly see that this is very 
often not the case.

As the theory assumes, bottom-up processes are very important in object 
recognition. However, top-down processes are also important when object 
recognition is diffi cult.

+

+

–

–

–

–

Evaluation

         DOES VIEWPOINT AFFECT OBJECT RECOGNITION? 
 Form a visual image of a bicycle. Your image probably involved a side view in 
which the two wheels of the bicycle can be seen clearly. We can use this example 
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to discuss an important controversy. Suppose some people were presented with 
a picture of a bicycle shown in the typical view as in your visual image, whereas 
other people were presented with a picture of the same bicycle viewed end-on 
or from above. Both groups are instructed to identify the object as rapidly as 
possible. Would the group given the typical view of a bicycle perform this task 
faster than the other group? 

 Biederman (1987) claimed that object recognition is equally rapid and 
easy regardless of the angle from which an object is viewed. In other words, 
he assumed that object recognition is viewpoint-invariant. As we have just 
seen, Biederman and Gerhardstein (1993) obtained evidence supporting that 
assumption. However, other theorists (e.g., Friedman et al., 2005) argue 
that object recognition is generally faster and easier when objects are seen 
from certain angles. Such theorists favor the view that object recognition is 
viewpoint-dependent. 

 As you have probably guessed, object recognition is sometimes viewpoint-
dependent and sometimes viewpoint-invariant. According to Tarr and Bülthoff 
(1995), viewpoint-invariant mechanisms are typically used when object 
recognition involves making easy discriminations (e.g., between cars and 
bicycles). In contrast, viewpoint-dependent mechanisms are more important 
when the task requires diffi cult within-category discriminations (e.g., between 
different makes of car; between faces). 

 Evidence consistent with the above general approach was reported by 
Tarr et al. (1998). They considered recognition of the same 3-D objects under 
various conditions. Performance was close to viewpoint-invariant when the 
object recognition task was easy (e.g., detailed feedback after each trial). 
However, it was viewpoint-dependent when the task was diffi cult (e.g., no 
feedback provided). 

 One factor infl uencing the extent to which object recognition is viewpoint-
dependent is the amount of information available to the observer. For example, 
consider face recognition. Face recognition is typically strongly viewpoint-
dependent (Burke et al., 2007). However, faces in most research have been 
presented two-dimensionally on computer monitors. In contrast, we perceive 
faces in three dimensions in our everyday lives. Burke et al. found that face 
recognition was much less strongly viewpoint-dependent with three-dimensional 
faces than with two-dimensional ones. 

  Cognitive neuroscience 
 The notion that object recognition can be either viewpoint-invariant or 
viewpoint-dependent has received support from research in cognitive 
neuroscience. Visual processing proceeds through several areas in the occipital 
lobe at the back of the brain and fi nishes up in the inferotemporal cortex, which 
is of crucial importance in visual object recognition (Peissig & Tarr, 2007). 

 Suppose we consider neuronal activity in inferotemporal cortex while 
observers are presented with objects having various angles, sizes, and so on. 
Neurons vary in invariance or tolerance (Ison & Quiroga, 2008). Neurons 
responding almost equally strongly to a given object regardless of its 
orientation, size, and so on possess high invariance or tolerance. In contrast, 
neurons responding most strongly to an object in a specifi c orientation or size 
have low invariance. 
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 We need to be careful when relating evidence 
about neuronal selectivity and tolerance to 
theories of object recognition. In general 
terms, however, inferotemporal neurons having 
high invariance or tolerance seem consistent 
with theories claiming that object recognition 
is viewpoint-invariant. In similar fashion, 
inferotemporal neurons having low invariance 
appear to fi t with theories claiming that object 
recognition is viewpoint-dependent. Thus, the 
fi ndings from cognitive neuroscience suggest 
that object perception can be viewpoint-dependent or viewpoint-invariant. 

   Viewpoint-dependent and viewpoint-invariant processes 
 It is an oversimplifi cation to assume that object recognition in a given 
situation necessarily involves only viewpoint-invariant or viewpoint-dependent 
processes. Some theorists (e.g., Foster & Gilson, 2002; Hayward, 2003) argue 
that viewpoint-dependent and viewpoint-invariant information is generally 
combined cooperatively to produce object recognition. 

 Evidence that the two kinds of information can be used at the same time 
in object recognition was reported by Foster and Gilson (2002). Observers saw 
pairs of simple three-dimensional objects formed from connected cylinders (see 
Figure 2.9). Their task was to decide whether the two images showed the same 
object or two different objects. When two objects were different, they could differ 
in terms of a viewpoint-invariant feature (e.g., number of parts) and/or various 
viewpoint-dependent features (e.g., part length; angle of join between parts). 

    Foster and Gilson’s (2002) key fi nding was that observers used both kinds of 
information. This suggests that we make use of all available information in object 
recognition rather than confi ning ourselves to only some of the information. 

    DISORDERS OF OBJECT RECOGNITION 
 Insights into the processes involved in object recognition have been obtained 
by studying brain-damaged patients having defi cient object recognition. Such 
patients suffer from visual agnosia. This is a condition in which there are great 
problems in recognizing visual objects even though visual information reaches 
the visual cortex. 

 There are substantial differences among patients with visual agnosia in 
the specifi c problems they have with object recognition. Historically, much 
importance was attached to a distinction between two forms of impairment in 
object recognition:  

   1.      Apperceptive agnosia : Object recognition is impaired because of defi cits in 
perceptual processing.  

  2.      Associative agnosia : perceptual processes are essentially intact, but there are 
diffi culties in accessing relevant knowledge about objects from long-term 
memory.    

 According to this view, the problems with object recognition occur at an  earlier  
stage of processing in apperceptive agnosia than in associative agnosia. 

   Figure 2.9  Example im-
ages of a “same” pair of 
stimulus objects. From Fos-
ter and Gilson (2002) with 
permission from The Royal 
Society London.  

Key Terms

Apperceptive agnosia:
this is a form of visual 
agnosia in which there 
is impaired perceptu-
al analysis of familiar 
objects.

Associative agnosia:
this is a form of visual 
agnosia in which percep-
tual processing is fairly 
normal but there is an 
impaired ability to derive 
the meaning of objects.
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  How  can we distinguish between apperceptive agnosia and associative 
agnosia? One way is to assess patients’ ability to copy objects they can’t 
recognize. Patients who can copy objects are said to have associative agnosia, 
whereas those who can’t have apperceptive agnosia. A test often used to assess 
apperceptive agnosia is the Gollin picture test. On this test, patients are presented 
with increasingly complete drawings of an object. Those with apperceptive 
agnosia require more drawings than healthy individuals to identify the objects. 

  How  clear-cut is the distinction between apperceptive agnosia and 
associative agnosia? Delvenne et al. (2004) argued there are defi cits in perceptual 

processing even in associative agnosia, but these 
defi cits are too subtle to be detected by standard 
tests. 

 However, Anaki et al. (2007) found an 
apparent exception. They studied DBO, a 72-
year-old man with associative agnosia who had 
very poor ability to access stored information 
about objects. For example, he found it very hard 
to name famous faces or to realize there was a 
connection between two famous faces. However, 
his perceptual processing seemed intact (e.g., he 
had intact immediate recognition memory for 
faces whose external features had been deleted). 

 Another patient with relatively pure 
associative agnosia is DJ (Fery & Morais, 2003). 
He recognized only 16% of common objects 
presented visually, indicating he couldn’t easily 
access stored information about the forms and 
shapes of objects. In spite of DJ’s problems, 
several processes relating to object recognition 
seemed essentially intact. He was correct on 93% 
of trials on a hard animal-decision task requiring 
a decision as to which one out of various drawings 
was an animal. On this task, the non-animals 
were actual animals with one part added, deleted, 
or substituted (see Figure 2.10). 

    The distinction between apperceptive and 
associative agnosia is oversimplifi ed. Consider 
patients having apperceptive agnosia. Many of 
them have problems at early stages of perceptual 
processing (Riddoch & Humphreys, 2001). For 
example, Riddoch et al. (2008) studied a patient (SA), 
a hospital clerical worker with apperceptive agnosia. 
She had great diffi culties in shape discrimination 
(e.g., discriminating between rectangles and squares) 
and in copying complex drawings. 

 Other patients with apperceptive agnosia have 
problems at a later stage of processing. Consider 
HJA, a male patient with apperceptive agnosia. 
He performed well on tasks involving shape 
discrimination and copying drawings, but found 

   Figure 2.10  Examples of animal stimuli: (from top to bottom) 
with a part missing, the intact animal, with a part substituted, 
and with a part added. From Fery and Morais (2003).  
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it very hard to integrate visual information (Riddoch et al., 2008). In his own 
words, “I have come to cope with recognizing many common objects, if they are 
standing alone. When objects are placed together, though, I have more diffi culties. 
To recognize one sausage on its own is far from picking one out from a dish of cold 
foods in a salad” (Humphreys & Riddoch, 1987). 

 Some patients with visual agnosia have severe problems with top-down 
processes based on knowledge (Rizzi et al., 2010). Foulsham et al. (2009) 
studied CH, a 63-year-old woman apparently suffering from apperceptive 
agnosia. She had to decide whether a piece of fruit was present in photographs 
of everyday scenes, a task on which her performance was poor. Inspection of 
CH’s eye movements revealed that she failed to focus on areas most likely to 
contain a piece of fruit. Thus, she couldn’t use top-down knowledge of the 
structure of visual scenes to guide her eye movements. 

 In sum, research on brain-damaged patients provides strong evidence 
that object recognition involves several stages of processing (Riddoch & 
Humphreys, 2001). One of the early stages involves form and shape processing, 
a stage at which many apperceptive agnosics experience problems. The next 
stage involves integrating or combining information about an object’s features, 
a stage at which apperceptive agnosics such as HJA and SA have problems. 

 The fi nal stage of object recognition involves observers gaining access to 
semantic knowledge about objects after they have formed a detailed structural 
description of those objects. Some patients with associative agnosia (e.g., DBO; 
DJ) have problems at this stage of processing. 

Recognition-by-components theory
According to Biederman’s theory, object recognition involves the identifi cation • 
of an object’s geons (basic shapes). It is also assumed within the theory that 
object recognition is viewpoint-invariant and that concavities facilitate geon 
identifi cation. The theory minimizes the importance of top-down processes 
and only accounts for unsubtle perceptual discriminations.

Does viewpoint affect object recognition?
Viewpoint-invariant mechanisms are typically used when object recognition • 
is easy whereas viewpoint-dependent mechanisms are used when it is 
diffi cult. Consistent with this view, some neurons in inferotemporal cortex 
are sensitive to an object’s orientation whereas others are not. Viewpoint-
dependent and viewpoint-invariant mechanisms are often used jointly to 
facilitate object recognition.

Disorders of object recognition
Research on patients with visual agnosia suggests that object recognition • 
involves several processing stages. Some patients have impaired processing 
at an early stage (form and shape discrimination). Others have impaired 
processing at the next stage (integration of visual information). Still other 
patients have problems with accessing stored knowledge about objects. 
Patients can also have problems in accessing knowledge about the structure 
of visual scenes to guide their eye movements.

Section Summary
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      FACE RECOGNITION 
 Recognizing faces is of enormous importance in our lives. We can sometimes 
identify people from their physique, the way they walk, or their mannerisms. 
Most of the time, however, we simply look at their faces. Form a visual image 
of someone important in your life. Your image probably contains fairly detailed 
information about their face and its special features. 

 In view of its great importance, we would expect face recognition to occur 
rapidly. Hsiao and Cottrell (2008) carried out a study on face recognition in 
which observers were allowed one, two, three, or unlimited eye fi xations on 
each face. Face-recognition performance was above chance even with only 
one fi xation, and was as good with two fi xations as with three or unlimited 
fi xations. On average, the fi rst fi xation was just to the center of the nose and 
the second fi xation was around the center of the nose. This emphasis on the 
nose presumably occurs because the nose is close to the center of the face. 

 Face recognition plays a crucial role in many court cases. Hundreds 
(perhaps thousands) of innocent people have been locked up in prison because 
eyewitnesses mistakenly claimed to recognize them as the person who committed 
a crime. We know this because DNA has shown conclusively that the person 
found guilty of a crime didn’t commit it (see Chapter 6). 

  Why  do eyewitnesses sometimes identify the wrong person? The most 
important reason is that face recognition is often rather diffi cult. In one 
study (Davis & Valentine, 2009), participants watched moving video images 
resembling those captured by closed-circuit television (CCTV). The participants 
decided whether individuals physically present were the same as those shown 
in the video images. Participants made many errors even when high-quality 
close-up images were used. 

 Kemp et al. (1997) provided college students with credit cards containing 
their photograph. The students were told to buy some goods in a supermarket 
and then present their photo ID to the cashier. When the students used the 
correct card, the cashier accepted it 93% of the time. However, when students 
presented the card of someone else who looked similar to them, the cashier 
accepted the incorrect card 64% of the time! 

  Does  face recognition involve different processes to object recognition? 
Most of the evidence supports the notion that faces are processed differently 
from other objects. We will start by considering research on healthy individuals 
followed by fi ndings from brain-damaged patients. Finally, we consider 
theoretical approaches to understanding face recognition. 

  FACE VS. OBJECT RECOGNITION 
  How  does face recognition differ from the recognition of other objects? An 
important part of the answer is that face recognition involves more holistic 
processing (combining or integrating information across the whole object). 
Information about specifi c features of a face can be unreliable because 
different individuals share similar facial features (e.g., eye color) or because an 
individual’s features can change (e.g., skin shade; mouth shape). This makes it 
desirable for us to process faces holistically.  

 In the part–whole effect, memory for a face part is more accurate when 
it is presented within the whole face rather than on its own. Farah (1994) 
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studied this effect. Participants were presented with drawings of faces or 
houses, and associated a name with each face and each house. After that, they 
were presented with whole faces and houses or with only a single feature (e.g., 
mouth; front door). 

 Recognition performance for face parts was much better when the whole 
face was presented rather than only a single feature. This is the part–whole 
effect. In contrast, recognition performance for house features was very similar 
in whole- and single-feature conditions.    

 According to Gauthier and Tarr (2002), many of the fi ndings pointing to 
major differences between face and object processing shouldn’t be taken at face 
value (sorry!). According to them, it is crucially important that most people 
have far more  expertise  in recognizing individual faces than the individual 
members of other categories. There is only modest support for this viewpoint 
(McGugin and Gauthier, 2010; see below). 

   FACE BLINDNESS: PROSOPAGNOSIA 
 If face processing differs substantially from object processing, we might expect 
to fi nd some brain-damaged individuals with severely impaired face recognition 

       You can obtain a sense of another illusion (the 
composite face illusion) found with faces but not 
other objects by looking at Figure 2.11. First look 
at the top row and ask yourself whether the top 
halves of the faces (above the white line) are the 
same or different. Then look at the bottom row and 
perform exactly the same task. 

    In fact, the top halves are identical in both 
rows. However, you probably took longer and/
or made the wrong decision with respect to the 
top row. The difference between the two rows is 

that the bottom halves differ in the top row but 
are identical in the bottom row. The top halves 
look slightly different in the top row because it 
is natural to integrate information from both half 
faces in a holistic way. 

 The Research Activity gave you some insight 
into the composite face illusion. In this illusion, 
participants are presented with composite faces (two 
half faces of different individuals) and these two half 
faces are aligned or misaligned along the horizontal 
axis. Performance on tasks requiring perception of 

only one half face is impaired when the half faces 
are aligned compared to when they are misaligned 
(e.g., Young et al., 1987). This composite illusion is 
typically not found with non-face objects (McKone 
et al., 2007), suggesting there is less holistic 
processing with objects. 

  Why  does the composite face illusion exist? At 
a general level, we have a strong tendency to fuse 
together two aligned face halves. Taubert and Alais 
(2009) found that there was more evidence of holistic 
processing when faces were misaligned along the 
vertical axis than when they were misaligned along the 
vertical axis. They argued that this occurred because 
vertically misaligned faces are more biologically 
plausible than horizontally misaligned ones. 

Research Activity 2.2: Composite face illusion

   Figure 2.11  The composite face illusion. All the top halves 
of the faces are identical. However, when aligned with dis-
tinct bottom halves (see top row), they appear slightly differ-
ent. This occurs because faces are perceived as an integrat-
ed whole. When the top halves of the faces are aligned with 
identical bottom parts (bottom row), it is more obvious that 
the top halves are the same. From Kuefner et al. (2010).  
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but not object recognition. Such individuals exist. They suffer from a condition 
known as  prosopagnosia  (pros-uh-pag-NO-see-uh), coming from the Greek 
words meaning “face” and “without knowledge”. 

 Patients with prosopagnosia (often referred to as face-blindness) have enormous 
problems with faces. JK, a woman in her early 30s, described an embarrassing 
incident caused by her prosopagnosia: “I went to the wrong baby at my son’s 
daycare and only realized that he was not my son when the entire daycare staff 
looked at me in horrifi ed disbelief” (Duchaine & Nakayama, 2006, p. 166). 

 Some (but by no means all) prosopagnosics have very good object 
recognition. Duchaine (2006) studied a prosopagnosic called Edward, a 53-
year-old married man with two PhDs who did very poorly on several tests of 
face memory. In contrast, he performed slightly better than healthy controls 
on most memory tasks involving nonface objects, even when the task involved 
recognizing individual members within categories. 

  Why  do prosopagnosics have very poor face recognition but reasonable 
object recognition? One explanation is that they have suffered damage to a 
part of the brain specialized for processing faces. Another possibility is that face 
recognition is simply much harder than object recognition. Face recognition 
involves distinguishing among members of the same category (i.e., faces), 
whereas object recognition generally only involves identifying the relevant 
category (e.g., cat; car). However, the fi ndings of Duchaine (2006) cast doubt 
on that explanation. 

 We would have strong evidence that face recognition involves different 
processes from object recognition if we discovered patients with intact face 

recognition but impaired object recognition. 
Moscovitch et al. (1997) studied CK, a man with 
impaired object recognition. He performed as well 
as controls on face-recognition tasks regardless of 
whether the face was a photograph, a caricature, 
or a cartoon provided it was upright and the 
internal features were in the correct locations. 

 In sum, while most prosopagnosics have 
somewhat defi cient object recognition, others 
have essentially intact object recognition even 
with diffi cult object-recognition. Surprisingly, 
a few individuals have reasonably intact face 
recognition in spite of severe problems with 
object recognition. These fi ndings suggest that 
different processes (and brain areas) underlie face 
and object recognition. 

   FUSIFORM FACE AREA 
  Which  brain region is specialized for face processing? 
The  fusiform face area  in inferotemporal cortex 
has (as its name strongly implies!) been identifi ed 

as such a brain region (see Kanwisher & Yovel, 2006, for a review). This area 
(shown in Figure 2.12) is frequently damaged in patients with prosopagnosia 
(Barton et al., 2002). 

Key Terms

Prosopagnosia:
a condition mostly 
caused by brain damage 
in which there is a severe 
impairment in face rec-
ognition with little or no 
impairment of object rec-
ognition; popularly known 
as “face blindness.”

Fusiform face area:
an area within the inf-
erotemporal cortex that 
is associated with face 
processing; the term is 
somewhat misleading 
given that the area is 
also associated with the 
processing of other cate-
gories of visual objects.

   Figure 2.12  Approximate 
location of the fusiform face 
area in the right hemi-
sphere, viewed from the 
back. From Ward (2010).  
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    The fusiform face area typically responds at least twice as strongly to faces 
as to other objects in brain-imaging studies (McKone et al., 2007). Downing 
et al. (2006) presented participants with faces, scenes, and 18 object categories 
(e.g., tools, fruits, vegetables). The fusiform face area responded signifi cantly 
more strongly to faces than to any other stimulus category. 

 Gauthier and Tarr (2002) argued that the fusiform face area is NOT 
specifi c to face processing. Instead, they claimed it is used for processing  any  
object category for which the observer possesses real expertise. Most evidence 
is inconsistent with this claim. McKone et al. (2007) reviewed studies that 
considered whether the effects of expertise with 
various objects are greatest in the fusiform face 
area. In fact, larger effects were reported  outside  
the fusiform face area than  inside  it. 

 We need to avoid exaggerating the importance 
of the fusiform face area in face processing. Grill-
Spector et al. (2006) found the fusiform face 
area is NOT used exclusively for face processing. 
Observers saw faces and three categories of 
objects (animals, cars, and abstract sculptures). 
More high-resolution voxels (small volume 
elements in the brain) in the fusiform face area 
were selective to faces than to any of the object 
categories. However, the differences were not 
dramatic. The average number of voxels selective 
to faces was 155 compared to 104 (animals), 63 
(cars) and 63 (sculptures). 

   THEORIES OF FACE RECOGNITION 
 Several theories of face recognition have been 
put forward. The single most infl uential theory 
is that of Bruce and Young (1986). According 
to that theory, when we look at a familiar face, 
we fi rst access familiarity information followed 
by personal information (e.g., the person’s 
occupation), followed by the person’s name. 

 A modifi ed (and simplifi ed) version of that theory was proposed by 
Duchaine and Nakayama (2006), and will be discussed here (see Figure 2.13). 
Initially, observers decide whether the stimulus they are looking at is a face 
(face detection). This is followed by processing of the face’s structure (structural 
encoding), which is then matched to a memory representation (face memory). 
The structural encoding of the face can also be used for recognition of facial 
expression and gender discrimination. 

    We will consider three major assumptions of this theoretical approach. 
First, the initial stage of processing involves deciding whether the stimulus 
at which we are looking is a face (face detection). Earlier we discussed a 
prosopagnosic called Edward who had extremely poor face recognition. In 
spite of his problems with later stages of face processing, he detected faces as 
rapidly as healthy individuals (Duchaine, 2006). 

Face
detection

Structural
encoding

Face
memory

Emotion,
gender,

etc.

   Figure 2.13  Simplifi ed 
version of the Bruce and 
Young (1986) model of face 
recognition. Face detection 
is followed by processing of 
the face’s structure, which 
is then matched to a mem-
ory representation (face 
memory). The perceptual 
representation of the face 
can also be used for recog-
nition of facial expression 
and gender discrimination. 
Reprinted from Duchaine 
and Nakayama (2006), Copy-
right © 2006, with permis-
sion from Elsevier.  

Eysenck_Ch02.indd   51Eysenck_Ch02.indd   51 8/31/2011   3:04:17 PM8/31/2011   3:04:17 PM

http://www.psypress.com/fundamentals-of-cognition-2nd-edition-9781848720718

http://www.psypress.com/fundamentals-of-cognition-2nd-edition-9781848720718


52 Chapter 2 | Perception

 Second , separate  processing routes are involved in the processing of facial 
identity (who is the person?: face memory) and facial expression (what is he/she 
feeling?). It follows that some individuals should show good performance on 
facial identity but poor performance on identifying facial expression, whereas 
others should show the opposite pattern. These two patterns were reported by 
Young et al. (1993). 

 Humphreys et al. (2007) reported very clear fi ndings in three individuals 
with prosopagnosia. All three had poor ability to recognize faces, but their ability 
to recognize facial expressions (even the most subtle ones) was comparable to 
that of healthy individuals. 

 Third, it is assumed that we retrieve personal information about a person 
 before  recalling their name. The person’s name can  only  be recalled provided 
that some other information about him/her has already been recalled. Young et 
al. (1985) asked people to keep a diary record of problems they experienced in 
face recognition. There were 1008 incidents in total, but people  never  reported 
putting a name to a face while knowing nothing else about that person. In 
contrast, there were 190 occasions on which someone remembered a reasonable 
amount of information about a person but not their name. 

 In spite of Young et al.’s (1985) fi ndings, the assumption that the processing 
of names  always  occurs after the processing of personal information (e.g., 
occupation) is too rigid. Brédart et al. (2005) found that members of a Cognitive 
Science Department could name the faces of their close colleagues faster than 
they could retrieve personal information about them. This occurred because 
the participants had been exposed so often to the names of their colleagues. 

 In sum, there is good support for the various processing components 
identifi ed within the theoretical approach initiated by Bruce and Young (1986). 
More specifi cally, it is valuable to distinguish between the processing of facial 
identity and facial expression. It is typically harder to retrieve someone’s name 
than to retrieve personal information about them. However, this isn’t always 
the case even though that is the prediction from the theory. 

   SUPER-RECOGNIZERS 
 We saw earlier that some individuals (especially those with prosopagnosia) have 
extremely poor face-recognition ability. There is also evidence for individuals 
having exceptional face-recognition ability. Russell et al. (2009) identifi ed 
four individuals who claimed to have signifi cantly better than average face 
recognition ability. For example, one of them said, “It doesn’t matter how 
many years pass, if I’ve seen your face before I will be able to recall it. It only 
happens with faces” (Russell et al., 2009, p. 253). 

 All four individuals performed at a very high level on several tasks involving 
face recognition. For example, one task involved identifying famous people when 
shown photographs of them before they were famous (often when they were 
children). Russell et al. (2009) called these individuals “super-recognizers”. 

 Genetic factors probably help to explain the existence of super-recognizers. 
Wilmer et al. (2010) studied face recognition in identical twins (who share 
100% of their genes) and fraternal twins (who share 50% of their genes). The 
face-recognition performance of identical twins was much more similar than 
that of fraternal twins. This fi nding suggests that genetic factors infl uence face-
recognition ability. 
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      VISUAL IMAGERY AND VISUAL PERCEPTION 
 Close your eyes for a few moments and imagine the face of someone very 
important in your life. What did you experience? Many people claim that 
forming visual images is like “seeing with the mind’s eye,” suggesting there are 
important similarities between imagery and perception. 

 There are also important differences between imagery and perception. 
Visual imagery involves forming a mental representation of an object in the 
absence of the relevant stimulus in the environment and so relies totally on top-
down processes. In contrast, visual perception depends heavily on bottom-up 
processes. Note that this issue is discussed briefl y in Chapter 1. 

 If visual imagery and perception are similar, why don’t we confuse them? 
In fact, a few people show such confusions – they suffer from hallucinations 
in which what they believe to be visual perception occurs in the absence of the 
appropriate environmental stimulus. Hallucinations are common in individuals 
with  Charles Bonnet syndrome , a condition associated with eye disease in which 

Face vs. object recognition
Phenomena such as the part–whole effect and the composite illusion • 
indicate that face recognition involves holistic processing to a greater 
extent than does object recognition. However, it has been argued that these 
phenomena simply refl ect our expertise with faces.

Face blindness
Many patients with prosopagnosia or face blindness have essentially intact • 
object recognition. Other patients have defi cient object recognition but 
intact face recognition. These fi ndings suggest that face recognition involves 
different processes to object recognition.

Fusiform face area
The fusiform face area has been identifi ed as being of special importance • 
for face processing. Supporting evidence comes from prosopagnosics 
who generally have damage to this area. Brain-imaging studies on healthy 
individuals indicate that the area is used in object recognition as well as 
face recognition.

Theories of face recognition
Bruce and Young (1986) and Duchaine and Nakayama (2006) argued that • 
several different processes are involved in face recognition. There is 
reasonable evidence for processing components including face detection, 
facial identity, and facial expression. Names are generally (but not always) 
retrieved more slowly than other kinds of personal information.

Super-recognizers
Super-recognizers have exceptional face-recognition ability. Twin studies • 
indicate that genetic factors strongly infl uence face-recognition ability, 
which may help to account for the existence of super-recognizers.

Section Summary

Key Terms

Charles Bonnet 
syndrome:
a condition in which indi-
viduals with eye disease 
form vivid and detailed 
visual hallucinations that 
are mistaken for visual 
perception.
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detailed visual hallucinations not under the patient’s control are experienced. 
One sufferer reported the following hallucination: “There’s heads of 17th 
century men and women, with nice heads of hair. Wigs, I should think. Very 
disapproving, all of them. They never smile” (Santhouse et al., 2000). 

 ffytche et al. (1998) found that patients with Charles Bonnet syndrome 
had increased activity in brain areas specialized for visual processing when 
hallucinating. In addition, hallucinations in color were associated with increased 
activity in brain areas specialized for color processing, hallucinations of faces 
were related to increased activity in regions specialized for face processing, and 
so on. Thus, the hallucinations experienced by patients with Charles Bonnet 
syndrome probably involve the same (or similar) processes to those involved in 
visual perception. 

 Very few people experience hallucinations. Indeed, anyone (except those 
with eye disease) suffering from numerous hallucinations is unlikely to remain 
at liberty for long!  Why  don’t most of us confuse images with perceptions? One 
reason is that we often deliberately construct images, which is not the case with 
perception. 

 Another reason is that images typically contain much less detail than 
perception. Harvey (1986) found that participants rated their visual images of 
faces as most similar to photographs of the same faces from which the sharpness 
of the edges and borders had been removed. 

  Why  is visual imagery useful to us? According to Moulton and Kosslyn 
(2009, p. 1274), imagery “allows us to answer ‘what if’ questions by making 
explicit and accessible the likely consequences of being in a specifi c situation 
or performing a specifi c action.” For example, car drivers may use imagery to 
predict what will happen if they make a particular maneuver and top golfers 
use mental imagery to predict what would happen if they hit a certain shot. 

  THEORIES 
  What  is the nature of visual imagery? The assumption that visual imagery 
resembles visual perception is popular. Stephen Kosslyn (e.g., 1994, 2005) 
has put forward an extremely infl uential theory based on that assumption. It 
is known as perceptual anticipation theory because the mechanisms used to 
generate images involve processes used to anticipate perceiving stimuli. Thus, 
the theory assumes there are close similarities between visual imagery and 
visual perception. 

 More specifi cally, visual images are depictive representations – they are like 
pictures or drawings in that the objects and parts of objects contained in them are 
arranged in space. Information within an image is organized spatially in the same 
way as information within a percept. Thus, for example, a visual image of a desk 
with a computer on top of it and a cat sleeping beneath it would be arranged so 
that the computer was at the top of the image and the cat at the bottom. 

  Where  in the brain are these depictive representations formed? Kosslyn 
argues that they are formed in a brain area in which the spatial organization of 
brain activity resembles that of the imagined object. According to Kosslyn and 
Thompson (2003), depictive representations are created in early visual cortex 
in the occipital area at the back of the brain. Early visual cortex consists of 
primary visual cortex (also known as BA17 or V1) and secondary visual cortex 
(also known as BA18 or V2). 
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 Kosslyn and Thompson (2003) used the term 
“visual buffer” to refer to the brain areas in which the 
depictive representations are formed, among which 
Areas 17 and 18 are of special importance. This 
visual buffer is used in visual perception as well as 
visual imagery; indeed, Areas 17 and 18 are of great 
importance in the early stages of visual processing. 

 In perception, processing in the visual buffer 
depends primarily on external stimulation. In 
contrast, visual images in the visual buffer depend 
on nonpictorial, propositional information stored 
in long-term memory. Visual long-term memories 
of shapes are stored in the inferior temporal lobe, whereas spatial representations 
are stored in posterior parietal cortex (see Figure 2.14). 

    We can compare Kosslyn’s perceptual anticipation theory with the 
propositional theory of Zenon Pylyshyn (e.g., 2002, 2003). According to 
Pylyshyn, performance on mental imagery tasks does  not  involve depictive 
or pictorial representations. Instead, what is involved is tacit knowledge 
(knowledge not generally accessible to conscious awareness). 

 More specifi cally, tacit knowledge is “knowledge of what things would 
look like to subjects in situations like the ones in which they are to imagine 
themselves” (Pylyshyn, 2002, p. 161). This knowledge is in the form of 
propositions, which represent meaning in an abstract form. Thus, participants 
given an imagery task base their performance on relevant stored knowledge 
rather than visual images. 

 The exact nature of the tacit knowledge allegedly involved in visual 
imagery is puzzling, because Pylyshyn has not provided a very explicit account. 
However, there is no reason within his theory why early visual cortex would be 
involved when someone forms a visual image. 

   IMAGERY RESEMBLES PERCEPTION 
 If visual perception and visual imagery involve similar processes, they should 
infl uence each other. There should be  facilitative  effects if the content of the 
perception and the image is the same but  interference  effects if the content is 
different. As we will see, both predictions have been supported. 

 So far as facilitation is concerned, we will consider a study by Pearson 
et al. (2008). They studied  binocular rivalry  – when two different stimuli 
are presented one to each eye, only  one  is consciously perceived at any given 
moment. If one of the stimuli is presented shortly beforehand, that increases the 
chances it will be perceived in the binocular rivalry situation. 

 Pearson et al. (2008) obtained the predicted fi ndings when observers initially 
 perceived  a green vertical grating or a red horizontal grating. This facilitation 
effect was greatest when the orientation of the grating under binocular rivalry 
conditions was the same as the initial orientation and least when there was a 
large difference in orientation. 

 Pearson et al. (2008) also considered what happened when the initial 
single grating was  imagined  rather than perceived. The pattern of facilitation 
in binocular rivalry was remarkably similar to that observed when the initial 
single grating was perceived. These fi ndings suggest that visual imagery involves 
similar processes to visual perception. 

Posterior parietal cortex

Inferior temporal lobe

Areas 17 and 18
of the visual cortex

   Figure 2.14  The approxi-
mate locations of the visual 
buffer in BA17 and BA18 
of long-term memories of 
shapes in the inferior tem-
poral lobe, and of spatial 
representations in posterior 
parietal cortex, according 
to Kosslyn and Thompson’s 
(2003) anticipation theory.  

Key Terms

Binocular rivalry:
when two different visual 
stimuli are presented 
one to each eye, only 
one stimulus is seen; 
the stimulus that is seen 
tends to alternate over 
time.
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 So far as interference is concerned, we will focus on a study by Baddeley and 
Andrade (2000). Participants rated the vividness of visual or auditory images 
under control conditions (no additional task) or while performing a second task. 
This second task involved visual/spatial processes or verbal processes (counting 
aloud repeatedly from 1 to 10). The visual/spatial task reduced the vividness of 
visual imagery more than that of auditory imagery because some of the same 
mechanisms were involved on the visual/spatial task and visual imagery task. 

  Brain imaging 
 If visual imagery and visual perception involve similar processes, we would 
expect similar brain areas to be activated when people engage in tasks involving 
imagery or perception. Note that I said similar rather than identical – the fact 
that visual perception involves bottom-up processes but visual imagery does not 
means that no-one would expect precisely the same brain areas to be involved. 

 According to Kosslyn (1994, 2005), much processing associated with 
visual imagery occurs in early visual cortex (Areas 17 and 18), although several 
other brain areas are also involved. Kosslyn and Thompson (2003) considered 
numerous studies in which activation of early visual cortex was assessed. Tasks 
involving visual imagery were associated with activation of early visual cortex 
in about half the studies reviewed. This is impressive evidence that visual 
imagery can involve very similar processes to those used in visual perception. 

 Kosslyn and Thompson (2003) identifi ed three factors infl uencing whether 
early visual cortex was activated during visual imagery:  

   1.      The nature of the task:  Imagery tasks requiring participants to inspect fi ne 
details of their visual images were much more likely to be associated with 
activity in early visual cortex than were other imagery tasks.  

  2.      Sensitivity of brain-imaging technique:  There was more evidence that early 
visual cortex was involved in visual imagery when more sensitive brain-
imaging techniques (e.g., fMRI) were used than when less sensitive ones 
(e.g., PET) were used.  

  3.      Shape-based vs. scanning tasks:  Early visual cortex was more likely to be 
involved when the imagery task required processing of an object’s  shape  
than when the emphasis was on imagining an object in motion. As we will 
see shortly, spatial processing (required to imagine an object in motion) 
involves different brain areas to visual processing.    

 The fi nding that activation in early visual cortex is often associated with 
visual imagery provides no guarantee it is  essential  for visual imagery. More 
convincing evidence was reported by Kosslyn et al. (1999). Participants 
memorized a stimulus containing four sets of stripes, after which they formed 
a visual image of it and compared the stripes (e.g., in terms of their relative 
width). Immediately before performing the task, some participants received 
repetitive transcranial magnetic stimulation (rTMS; see Glossary) applied to 
Area 17 (V1). rTMS signifi cantly impaired performance on the imagery task, 
thus showing it is causally involved in imagery. 

 Showing that the brain areas involved in visual imagery are often the 
same as those involved in visual perception doesn’t prove that imagery and 
perception involve the same processes. However, the fi ndings of Klein et al. 
(2004) provide some reassurance. Participants were presented with fl ickering 
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black-and-white, bow-tie shaped stimuli with a horizontal or a vertical 
orientation in the perceptual condition. In the imagery condition, they imagined 
the same bow-tie shaped stimuli. 

  What  did Klein et al. (2004) fi nd? Unsurprisingly, there was more activation 
within early visual cortex in the vertical direction when the stimulus was in 
the vertical orientation and more in the horizontal direction when it was in the 
horizontal orientation. Dramatically, the same pattern was also the case in the 
imagery condition. This provides evidence that the processes involved in visual 
imagery closely approximate those involved in visual perception. 

 Ganis et al. (2004) compared patterns of activation across most of the 
brain in visual perception and imagery. There were two main fi ndings. First, 
there was extensive overlap in the brain areas associated with perception and 
imagery. This was especially so in the frontal and parietal areas, perhaps because 
perception and imagery involve similar cognitive control processes. 

 Second, the brain areas activated during imagery formed a subset of those 
activated during perception, especially in temporal and occipital regions. Thus, 
visual imagery involves only  some  of the processes involved in visual perception. 
It has been estimated (Kosslyn, 2005) that visual imagery tasks are associated 
with activation in about two-thirds of the brain areas activated during visual 
perception. Perception necessarily involves more low-level organization than 
imagery, and imagery relies more heavily on memory and top-down processes. 

    IMAGERY DOES  NOT  RESEMBLE PERCEPTION 
 In spite of the fi ndings discussed above, there are important differences between 
visual imagery and visual perception. For example, imagine a cube balanced on 
one corner and then cut across the equator. What is the shape of the cut surface 
when the top is cut off? Most students say it is a square (Ian Gordon, personal 
communication), but in fact it is a regular hexagon. This suggests that images 
often consist of simplifi ed structural descriptions omitting important aspects of 
the object being imagined.    

       Have a look at Figure 2.15, which contains the 
outlines of three objects. Start with the object on 
the left and form a clear image of it. When you have 
done so, close your eyes and rotate the image by 90 
degrees clockwise and decide what you see. Then 
repeat this exercise with the other two objects. 
When you have done that, see what happens 
when you rotate the book through 90 degrees. You 
should fi nd it easy to identify the objects when you 
perceive them even though you probably couldn’t 
when you only imagined rotating them.   

  Slezak (1991, 1995) carried out research using stimuli 
very similar to those shown in Figure 2.15. No observers 
reported seeing the objects. This  wasn’t  a defi cit in 

   Figure 2.15  Slezak (1991, 1995) asked participants to 
memorise one of the above images. They then imagined 
rotating the image 90° clockwise and reported what they 
saw. None of them reported seeing the fi gures that can 
be seen clearly if you rotate the page by 90° clockwise. 
Left image from Slezak (1995), centre image from Slezak 
(1991), right image reprinted from Pylyshyn (2003), 
reprinted with permission from Elsevier and the authors.  

Research Activity 2.2: Rotating images
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  Brain damage 
 If visual perception and visual imagery involve the same mechanisms, brain 
damage should have similar effects on perception and imagery. That is often 

the case (Bartolomeo, 2002, 2008). However, there 
are many exceptions. Moro et al. (2008) studied two 
brain-damaged patients. Patient 1 was a 29-year old 
woman who worked as a clerk and Patient 2 was 
a 23-year-old man who was a factory worker. Both 
had essentially intact visual perception but impaired 
visual imagery. 

 What was nature of their imagery impairment? 
They were very poor at drawing objects from 
memory even though they could copy the same 
objects when shown a drawing (see Figure 2.16). 
When patient 2 described a guitar he said: “You 
play it with one hand here and the other hand here 
[he moved his hands accordingly] but its shape … I 
don’t know.” 

    Patients (including those studied by Moro et 
al., 2008) with impaired visual imagery but intact 
visual perception have damage to the left temporal 
lobe. This happens because much of our knowledge 
of concepts (including objects) is stored there 
(Patterson et al., 2007). 

  What  do the above fi ndings mean? It is likely that 
visual images are generated from information stored 
in the temporal lobes. However, this generation 

process is not needed (or is much less important) for visual perception. 
 Other patients have intact visual imagery but impaired visual perception 

(Bartolomeo, 2002, 2008). In  Anton’s syndrome  (“blindness denial”), blind 
people are unaware they are blind and may confuse imagery with actual 
perception. Goldenburg et al. (1995) described a patient with Anton’s syndrome, 
nearly all of whose primary visual cortex had been destroyed. In spite of that, 
the patient generated visual images so vivid they were mistaken for real visual 
perception. Zago et al. (2010) reported similar fi ndings in another patient with 
Anton’s syndrome having total damage to primary visual cortex. 

 In sum, there are important differences between the processes and brain 
areas involved in visual imagery and visual perception. This conclusion is 
supported by evidence that some brain areas are more important for perception 
than for imagery, and vice versa. In general, the information available in visual 
perception is more detailed and can be used more fl exibly than that available 
in visual images. 

21

M
em

o
ry

M
o

d
el

C
o

p
y

   Figure 2.16  Drawings from 
memory and from copy by 
Patient 1 (29-year-old woman) 
on the left and by Patient 2 
(23-year-old man) on the right. 
The drawings that were cop-
ied are shown in the middle. 
From Moro et al. (2008).  

memory – participants who sketched the image from 
memory and then rotated it saw the new object. 

  What  can we learn from this Research Activity 
and the work of Slezak (1991, 1995)? The take-

home message is that there is a clear-cut difference 
between imagery and perception. More specifi cally, 
the information contained in images can’t be used 
as  fl exibly  as visual or perceptual information. 

Key Terms

Anton’s syndrome:
a condition in which 
blind patients mistak-
enly believe that visual 
imagery is actually visual 
perception.
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    MENTAL ROTATION 
 So far we have considered the processes involved when someone forms a  static  
mental image of a face or some other object. However, our imagery abilities 
can be used in many other ways. We can form images in other sense modalities; 
for example, imagining the sounds of church bells or the taste of our favorite 
food. In addition, we possess powers of spatial ability – we can close our eyes 
and imagine the layout of familiar rooms. 

 We can also imagine what would happen if some object were  rotated  from 
one orientation to another. For example, you may have had the frustrating 
experience of trying to fi t several suitcases into a small car trunk. Perhaps you 
solved the problem by imagining what would happen if some suitcases were 
rotated into a different position. As we will see, much research has considered 
the processes involved in mental rotation.  

        Have a look at the pairs of objects shown below 
(Figure 2.17). Decide in each case whether the two 
objects in each pair are identical or mirror images 
of each other. In addition, keep a record of how 
long it took you to make each decision.   

  When you done that, ask yourself how you did 
it. Most people report that they engaged in mental 

rotation – one object was rotated mentally until 
it was easy to compare directly with the other 
one. It probably took you about 3 s with the pairs 
of shapes in A and B – this is consistent with the 
notion that you made use of time-consuming 
mental rotation.  

Research Activity 2.3: Mental rotation

  How  can we show that people use mental rotation to perform the task in 
the Research Activity? This question was addressed by Shepard and Metzler 
(1971), who carried out classic research on mental rotation using stimuli such 
as those in the Research Activity. Their central assumption was as follows: If 
we use mental rotation, the time taken to decide whether two objects are 
identical will be longer the more rotation that is required. Shepard and Metzler 
found strong support for this assumption whether rotation was required in two 
dimensions or in three. 

  What  role does mental rotation play in our everyday lives? We need good 
spatial processing skills to move successfully around the environment. The 
ability to perform mental rotation rapidly and accurately is an indication of 
such processing skills. In one study (Fields & Shelton, 2006), there were two 
virtual environments (a city park and a zoo). Participants viewed survey movies 
of each environment recorded from 700 feet above the ground in virtual space. 
After that, they answered questions designed to assess their knowledge of the 
layout of each environment (e.g., “Imagine you are standing at the clock tower, 
facing the fountain. Point to the carousel”). Performance was better among 
those who performed well on a mental rotation test than those who did not. 

 Astronauts typically experience disorientation when in space. The 
conditions in which they work mean they need good mental rotation abilities 
to recognize objects seen from non-upright orientations (Kornilova, 1997). 
Menchaca-Brandan et al. (2007) developed a virtual reality simulation of a 
space station. Participants obtaining good scores on a mental rotation test were 
best at controlling a robot arm around the workspace. 
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  Gender differences 
 It is often believed that there are large gender 
differences in various cognitive abilities. Females 
are thought to outperform males on tests of 
verbal ability whereas males outperform females 
in terms of mathematical ability. In fact, the 
evidence provides only very modest support for 
these beliefs. When the available evidence is 
considered, there are only small and inconsistent 
gender differences in verbal and mathematical 
ability (Hyde, 2005). 

 However, males often outperform females on 
tests of spatial ability (Hyde, 2005; see Chapter 4). 
There are various reasons for this gender gap. 
The fact that males devote much more time than 
females to video games is an important factor 
(Terlecki & Newcombe, 2005). 

 One of the largest gender differences is in 
mental rotation, with males generally performing 
better than females (Hyde, 2005). In a crosscultural 
study involving 53 countries (Lippa et al., 2010), 
males signifi cantly outperformed females on 
a mental rotation task in every country. For 
reasons that are unclear, the gender difference 
was greater in countries having a high level of 
gender equality. 

  How  can we explain the gender difference in 
mental rotation ability? It has been argued that 
the fi ndings are consistent with a hunter-gatherer 
theory (e.g., Silverman et al, 2007). According 
to this theory, men in our ancestral past went 
out hunting and needed expert spatial skills to 
fi nd their way back home. In contrast, women 
historically needed different spatial skills to 
gather plant resources. 

 As predicted on the hunter-gatherer theory, 
women in 35 out of the 40 countries studied by Silverman et al. scored higher 
than men on memory for object locations. Further support for the theory was 
reported by Pacheco-Cobos et al. (2010). They found that Mexican women 
gathered mushrooms in the natural environment with less energy expenditure 
than Mexican men. 

 Social factors help to explain why males generally outperform females 
in mental rotation. Moè (2009) obtained the typical fi nding with standard 
instructions. However, when the instructions indicated that women were better 
than men at mental rotation, there was no gender difference in performance 
(Moè, 2009). This latter fi nding may have occurred because the instructions 
served to invalidate the gender stereotype that females are not as good as men 
at spatial skills. 

A

B

C

   Figure 2.17  The fi gures 
in A are the same, differing 
only with respect to an 80° 
rotation in the picture plane. 
The fi gures in B are also the 
same. They differ only with 
respect to an 80° rotation in 
depth. The fi gures in C are 
different – they cannot be 
rotated to appear identical. 
From Shepard & Metzler 
(1971).  
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 Cherney (2008) assessed the effects of 4 h of practice with computer games 
on mental rotation. Performance improved substantially on two tests of mental 
rotation even after this limited amount of practice. Of most importance here, 
the performance improvement was signifi cantly greater for female participants 
than for male ones. Thus, exposure to appropriate forms of practice can reduce 
(or eliminate) gender differences in mental rotation. 

   Cognitive neuroscience 
 The primary visual cortex in the occipital region of the brain and the temporal 
lobes (associated with the storage of object and concept information) are both 
important in visual imagery (Kosslyn & Thompson, 2003). In contrast, mental 
rotation involves spatial and motor processing (involving imagining object 
manipulation). Thus, the brain areas most associated with mental rotation 
should differ substantially from those associated with visual imagery. 

 Zacks (2008) reviewed 19 brain-imaging studies of mental rotation. The 
parietal region was activated during mental rotation, especially parts of the 
posterior parietal lobe such as BA7 and the intraparietal sulcus (see Figure 
2.18). There was increased activation in those areas with increasing amounts 
of mental rotation. These fi ndings are as expected given that parietal areas 
contain spatial maps and are associated with spatial processing (Thompson 
et al., 2009). Note that the posterior parietal region is generally  not  activated 
during visual imagery tasks (Kosslyn, 2005). 

    The discovery that parietal areas are activated during mental rotation tasks 
doesn’t show these areas are  necessary  for mental rotation. Stronger evidence 
can be obtained by using transcranial magnetic stimulation (TMS; see Glossary) 
to produce brief inhibition of processing in the parietal region. When this was 
done, performance on mental rotation tasks was impaired (Aleman et al., 2002; 
Harris & Miniussi, 2003). This suggests that parietal regions are essential for 
effi cient mental rotation. 

 Zacks (2008) also found that motor areas in the posterior frontal cortex 
were often activated during mental rotation. This often happens because there 
is mental simulation of the physical actions involved in object rotation. Such 

   Figure 2.18  Brain regions 
in the meta-analysis that 
responded during mental 
rotation tasks. Brighter 
colors indicate stronger 
responses. From Zacks 
(2008).  
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mental simulation should be greater when there is mental rotation of hands 
than of other objects (e.g., letters). In one study (Tomasino et al., 2005), 
transcranial magnetic stimulation applied to posterior frontal cortex impaired 
mental rotation of hands but not of letters. 

 In sum, cognitive neuroscientists have provided evidence that the processes 
involved in mental rotation differ substantially from those involved in visual 
imagery. More specifi cally, mental rotation involves brain areas known to be 
involved in spatial processing and others involved in motor simulation. 

      Patients with Charles Bonnet syndrome experience detailed visual • 
hallucinations. Areas specialized for visual processing are activated when 
these patients hallucinate. Visual imagery fulfi lls the function of predicting 
future perception. 

 Theories  
  According to Kosslyn, there are close similarities between visual imagery • 
and visual perception. Information within an image is organized spatially 
in the same way as information within a percept. Pylyshyn argues that 
mental imagery relies on relevant abstract stored knowledge. The common 
fi nding that early visual cortex is activated during visual imagery supports 
Kosslyn’s viewpoint. Evidence that visual imagery and visual perception can 
have mutually facilitatory or interfering effects also supports his position. 
However, the existence of patients with intact visual perception but impaired 
visual imagery and vice versa is more consistent with Pylshyn’s position. 
Images differ from percepts in being less detailed and less fl exible. 

 Mental rotation  
  Males generally outperform females on mental rotation tasks. A hunter-• 
gatherer theory provides a partial account of this fi nding. However, social 
factors (e.g., gender stereotypes) and greater relevant practice by males 
are also involved. The brain areas associated with mental rotation differ 
from those associated with visual imagery. More specifi cally, mental 
rotation involves brain areas associated with spatial processing and mental 
simulation.    

Section Summary

      PERCEPTION AND ACTION 
 The visual system is of great value in allowing us to construct an accurate 
internal model of the world around us. When we look around us, we are 
generally very confi dent that what we can see corresponds precisely to what 
is actually there. Indeed, the human species would have become extinct a very 
long time ago if we perceived the environment inaccurately! If we thought the 
edge of a precipice was further away than was actually the case, our lives would 
be in danger. In spite of these arguments in favor of accurate visual perception, 
psychologists have found we are subject to numerous visual illusions, some of 
which are discussed in Research Activity 2.4. 
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  The existence of the Müller-Lyer, Ponzo, and other illusions leaves us with an 
intriguing paradox. How has the human species survived given that our visual 
perceptual processes are apparently so prone to error? A plausible answer is that 
most visual illusions involve artifi cial fi gures, are far removed from the world 
around us, and so can be dismissed as tricks played 
by psychologists with nothing better to do. 

 There is some validity in the above argument. 
However, it doesn’t account for all illusions. For 
example, you can show the Müller-Lyer illusion 
with real three-dimensional objects (DeLucia & 
Hochberg, 1991). Place three open books in a 
line so the ones on the left and the right are open 
to the right and the middle one is open to the left (see Figure 2.20). The spine 
of the book in the middle should be the same distance from the spines of each 
of the other two books. However, the distance between the spine of the middle 
book and that of the book on the right should look longer. 

        Have a look at the two fi gures in Figure 2.19(a) and 
decide which of the two vertical lines is longer. 
Nearly everyone says the vertical line on the left 
looks longer than the one on the right. In fact, they 
are the same length, as can be confi rmed by using 
a ruler (this is the Müller-Lyer illusion). 

 Now have a look at the two rectangles in Figure 
2.19(b) and decide which is larger. Most people say 
rectangle A is larger than B, but they are in fact the 
same size (this is the Ponzo illusion).    

 These are just two out of literally hundreds of 
visual illusions. How can we explain them? Perhaps 
we treat two-dimensional illusion fi gures as if 
they were three-dimensional (Gregory, 1973). For 
example, the long lines in the Ponzo illusion look 
like railway lines or the edges of a road receding 
into the distance. As a result, rectangle A can be 
seen as further away from us than rectangle B. If it 
were a three-dimensional scene, then rectangle A 
would be larger than rectangle B.  

Research Activity 2.4: Visual illusions

   Figure 2.20  The spine of 
the middle book is closer 
to the spine of which other 
book? Now check your an-
swer with a ruler.  

A

B

(a) (b)

   Figure 2.19  (a) The Müller-Lyer illusion. (b) The Ponzo illusion.  
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     TWO VISUAL SYSTEMS: PERCEPTION AND ACTION  
 We turn now to an alternative explanation of the paradox that visual perception 
seems very accurate in everyday life but can be error-prone in the laboratory. 
According to Milner and Goodale (1998, 2008), we have  two  visual systems. There 
is a vision-for-perception system used to identify objects (e.g., to decide whether we 

are confronted by a cat or a buffalo). This system is 
used when we look at visual illusions. 

 There is also a vision-for-action system used 
for visually guided action. This system provides 
accurate information about our position with respect 
to objects. It is the system we generally use when 
avoiding a speeding car or grasping an object. 

 The notion of two partially independent 
visual systems has received support from studies 
in cognitive neuroscience (Gazzaniga et al., 2009). 
There is a “what” pathway or ventral going 
to the inferotemporal cortex (see Figure 2.21) 
corresponding to the vision-for-perception system. 

    There is also a “where” or “how” pathway 
(the dorsal pathway) going to the parietal cortex 
(Figure 2.21) corresponding to the vision-for-
action system. Note, however, that these two 
pathways aren’t separated neatly and tidily, and 

there is considerable interchange of information between them (Zanon et al., 
2010). Note also that the “what” or “where” pathway has more involvement 
in object recognition than suggested by the fi gure (Farivar, 2009). 

 We can relate Milner and Goodale’s (1998, 2008) theoretical approach 
to visual illusions. Suppose people were presented with three-dimensional 
versions of a visual illusion such as the Müller-Lyer. It would be expected that 
the illusion would be present if they were asked which line was longer, because 
that would involve the vision-for-perception system. However, the illusion 
should be reduced in size or disappear if people pointed at the end of one of the 
two fi gures, because that would involve the vision-for-action system. 

  Findings 
 The above predictions have been supported in several studies. Bruno et al. 
(2008) reviewed 33 studies involving the Müller-Lyer or related illusions in 
which the observers  pointed  rapidly at one of the fi gures. The mean illusion 
effect was 5.5%. In other studies using standard procedures (e.g., verbal 
estimations of length), the mean illusion effect was 22.4%. Thus, the mean 
illusion effect was four times greater with the vision-for-perception system than 
with the vision-for-action system. 

 The hollow-face illusion is one of the most powerful illusions. In this 
illusion, a realistic hollow mask looks like a normal face (see Figure 2.22; visit 
the website: www.richardgregory.org/experiments). In a study by Króliczak 
et al. (2006), a target (a small magnet) was placed on the face mask or on a 
normal face. Here are two of the tasks:  

   1.      Draw the target position (using the vision-for-perception system);  
  2.      Make a fast fl icking fi nger movement to the target (using the vision-for-

action system).    

Superior longitudinal
fasciculus

Posterior
parietal cortex

Inferior longitudinal
fasciculus

Inferotemporal
cortex

“Where”

“What”

   Figure 2.21  The ventral 
(what) and dorsal (where or 
how) pathways involved in 
vision having their origins in 
primary visual cortex (V1). 
From Gazzaniga, Ivry, and 
Mangun (2009), with permis-
sion from W.W. Norton.  
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Perception and action 65

    There was a strong illusion effect when observers drew the target position. In 
contrast, observers’ performance was very accurate (i.e., illusion-free) when 
they made a fl icking movement. These fi ndings were as predicted theoretically. 

 There was also a third condition in which observers made a slow pointing fi nger 
movement to the target. Performance might have been expected to be accurate 
in this condition because it involved use of the vision-for-action system. In fact, 
however, the illusory effect was fairly strong. Why was this? According to Króliczak 
et al. (2006), actions involve the vision-for-perception system as well as the vision-
for-action system when they are preceded by conscious cognitive processes. 

 More evidence that the vision-for-perception system can infl uence our 
actions was shown by Creem and Proffi tt (2001). They distinguished between 
 effective  and  appropriate  grasping. For example, we can grasp a toothbrush 
effectively by its bristles, but appropriate grasping involves picking it up by 
the handle. Creem and Proffi tt’s key assumption was that appropriate grasping 
involves accessing stored knowledge about the object. As a result, appropriate 
grasping requires use of the vision-for-perception system. 

 Creem and Proffi tt (2001) tested the above hypothesis by asking people to 
pick up various familiar objects with distant handles (e.g., toothbrush; hammer; 
knife). The handle always pointed away from the participant, and the measure 
of interest was the percentage of occasions on which the objects were grasped 
appropriately. Participants’ ability to grasp object appropriately was greatly 
impaired when they performed a learning task involving retrieving words from 
long-term memory. These fi ndings suggest that retrieval of knowledge (using 
the vision-for-perception system) is necessary for appropriate grasping. 

   Figure 2.22  Left: nor-
mal and hollow faces with 
small target magnets on 
the forehead and cheek of 
the normal face; right: front 
view of the hollow mask 
that appears as an illusory 
face projecting forwards. 
Reprinted from Króliczak 
et al. (2006), Copyright © 
2006, with permission from 
Elsevier.  

          The notion that there are fairly separate vision-for-perception and vision-
for-action systems is very infl uential. 

       Findings showing that action-based performance (e.g., pointing; grasping) 
often reduces or eliminates visual illusory effects are consistent with the 
existence of two visual systems (Stottinger et al., 2010).  

+

+

Evaluation

Eysenck_Ch02.indd   65Eysenck_Ch02.indd   65 8/31/2011   3:04:23 PM8/31/2011   3:04:23 PM

http://www.psypress.com/fundamentals-of-cognition-2nd-edition-9781848720718

http://www.psypress.com/fundamentals-of-cognition-2nd-edition-9781848720718


66 Chapter 2 | Perception

        IN SIGHT BUT OUT OF MIND 
 Have a look around you (go on!). I imagine you have the strong impression of 
seeing a vivid and detailed picture of the visual scene in front of your eyes. In 
fact, however, many psychologists argue that we are deluding ourselves! Suppose 
you are watching a video in which students are passing a ball to each other. 

 At some point a woman in a gorilla suit walks right into camera shot, 
looks at the camera, thumps her chest, and then walks off (see Figure 2.23). 
Altogether she is on the screen for 9 s. I am sure you feel it is absolutely certain 
that you would spot the woman dressed up as a gorilla almost immediately. 
Simons and Chabris (1999) carried out an experiment along the lines just 
described (see the video at www.simonslab.com/videos.html). What percentage 
of their participants do you think failed to spot the gorilla? Think about your 
answer before reading on. 

    It seems probable that practically no one would fail to spot a “gorilla” taking 
9 s to stroll across a scene. In fact, the fi ndings were VERY surprising: 50% of 
observers didn’t notice the woman’s presence at all! 

 Simons and Levin (1998) carried out similar research in which people 
walking across a college campus were asked for directions by a stranger. About 

It has been claimed that many visual illusions occur because we treat two-• 
dimensional fi gures as if they were three-dimensional. However, this doesn’t 
explain why the Müller-Lyer illusion can be found with three-dimensional 
objects.

Two visual systems: Perception and action
Much evidence suggests the existence of two partially independent systems • 
specialized for perception and for action. According to Milner and Goodale, 
the vision-for-perception system is much more susceptible than the vision-
for-action system to visual illusions. This prediction has been supported 
many times. However, the vision-for-perception system infl uences actions 
when they are based on conscious cognitive processes. More generally, 
the two systems often interact with each other rather than functioning 
separately.

Section Summary

      The two visual systems typically  interact  with each other (Schenk & 
McIntosh, 2010). However, the emphasis within the theory is on their 
 separate  contributions to vision and action.   

     Actions are infl uenced by the vision-for-perception system more than was 
implied by early versions of the theory. Actions are most likely to be infl uenced 
by the vision-for-perception system when hey aren’t automatic but instead 
are based on conscious cognitive processes (Milner & Goodale, 2008).    

–

–
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10 or 15 s into the discussion, two men carrying 
a wooden door passed between the stranger and 
the participants. While that was happening, the 
stranger was substituted with a man of different 
height, build, and voice wearing different clothes. 
However, half the participants failed to realize 
their conversational partner had changed! You 
can see this video on the website given above 
(The “Door” Study). 

 At this point, let’s consider the terms used 
to describe the phenomena just discussed. First, 
there is  inattentional blindness , the failure to 
notice an unexpected object appearing in a visual 
display (e.g., the gorilla in the midst of students). 
Second, there is  change blindness , the failure to 
detect that an object has moved, changed, or 
disappeared (e.g., one stranger being replaced with a different one). 

 The notion that we greatly overestimate our ability to detect visual changes 
was confi rmed by Levin et al. (2002). Observers saw various videos involving 
two people having a conversation in a restaurant. In one video, the plates on 
their table changed from red to white, and in another a scarf worn by one of 
them disappeared. 

 The above videos had previously been used by Levin and Simons (1997), 
who found that no observers detected any of the changes. Levin et al. asked 
their participants whether they thought they would have noticed the changes if 
they hadn’t been forewarned about them. Forty-six per cent claimed they would 
have noticed the change in the color of the plates, and 78% the disappearing 
scarf. Levin et al. used the term  change blindness blindness  to describe our 
wildly optimistic beliefs about our ability to detect visual changes. 

 Change blindness is important in the real world. For example, an Airbus 
AT320-111 coming into land at Strasbourg in France in 1992 mysteriously 
crashed into a mountain a considerable distance short of the runway. The most 
likely explanation is that the pilot didn’t notice an important signal change on 
the visual display in front of him. Galpin et al. (2009) found that drivers and 
nondrivers viewing a complex driving-related scene showed much evidence of 
change blindness for central items that seemed relatively unimportant. 

 On a more positive note, change blindness is a blessing for magicians. Most 
magic tricks involve misdirection – the spectators’ attention is drawn away 
from some action crucial to the success of the trick. When this is done skillfully, 
spectators fail to see how the magician is doing his/her tricks while thinking 
they have seen everything that is going on. 

 Movie makers are also grateful for the existence of change blindness. It 
means we rarely spot visual changes when the same scene has been shot more 
than once with parts of each shot being combined in the fi nal version. In  Basic 
Instinct , there is a famous scene in which Sharon Stone crosses her legs to 
reveal her lack of underwear. During that scene, the cigarette she was holding 
suddenly disappears and then reappears. 

 In the movie  Diamonds Are Forever , James Bond tilts his car on two wheels 
to drive through an alleyway. As he enters the alleyway, the car is balanced on 

   Figure 2.23  Frame show-
ing a woman in a gorilla 
suit in the middle of a game 
of passing the ball. From 
Simons and Chabris (1999). 
Reproduced with permis-
sion from D. J. Simons.  

Key Terms

Inattentional blindness:
the failure to perceive 
the appearance of an 
unexpected object in the 
visual environment; see 
change blindness.

Change blindness:
the failure to detect that 
a visual stimulus has 
moved, changed, or been 
replaced by another stim-
ulus; see inattentional 
blindness.

Change blindness blind-
ness:
the tendency of individu-
als to exaggerate greatly 
their ability to detect 
visual changes and so 
avoid change blindness.
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its right wheels, but when it emerges on the other side it is miraculously on its 
left wheels! You can see more examples at: www.jonhs.com/moviegoofs 

  WHEN IS CHANGE BLINDNESS FOUND? 
 The extent to which we show change blindness or inattentional blindness depends 
on several factors. You can (hopefully!) see the effects of one of these factors 
if you look at Figure 2.24 and try to spot the difference between the pictures. 
Rensink et al. (1997) found that observers took an average of 10.4 s to spot 
the difference between the fi rst pair of pictures but only 2.6 s with the second 
pair of pictures. This discrepancy occurred because the height of the railing is of 
marginal interest whereas the position of the helicopter is of central interest. 

    In studies such as those of Simons and Chabris (1999) and Simons and 
Levin (1998), observers were not told beforehand to expect a change in the 
visual display (incidental approach). Observers are much more likely to detect 

(b) Change in central interest (CI)

(a) Change in marginal interest (MI)

   Figure 2.24  (a), the object 
that is changed (the railing) 
undergoes a shift in location 
comparable to that of the 
object that is changed (the 
helicopter) in (b). However, 
the change is much easier 
to see in (b) because the 
changed object is more im-
portant. From Rensink 
et al. (1997).  
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a change when told in advance to expect one (intentional approach). Beck et al. 
(2007) found that observers detected visual changes 90% of the time using the 
intentional approach but only 40% using the incidental approach. 

 Substantial evidence for change blindness can be found even with the 
intentional approach. Rosielle and Scaggs (2008) asked students to identify 
what was wrong with a picture of a familiar scene on their college campus 
(see Figure 2.25). Nearly all the students (97%) rated the scene as familiar, 
but only 20% detected the change. Such fi ndings indicate that our long-term 
memory for complex scenes can be much less impressive than we believe to be 
the case. 

    You will remember the surprising fi nding of Simons and Chabris (1999) 
that 50% of observers failed to detect a woman dressed as a black gorilla. 
There were two teams of students in the video (one dressed in white and the 
other dressed in black), and observers counted the passes of the team of students 

Original scene Altered scene

   Figure 2.25  Examples 
of the original and altered 
versions of the photographs. 
From Rosielle and Scaggs 
(2008).  
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70 Chapter 2 | Perception

dressed in white. The observers focused on people dressed in white which led 
them to ignore the black gorilla. 

 Simons and Chabris (1999) carried out a further experiment in which 
observers counted the passes made by either members of the team dressed 
in white or the one dressed in black. The gorilla’s presence was detected by 
only 42% of observers when the attended team was the one dressed in white. 
However, the gorilla’s presence was detected by 83% of observers when 
the attended team was dressed in black. What do these fi ndings mean? An 
unexpected object (i.e., the gorilla) attracts more attention and so is more likely 
to be detected when it is  similar  to task-relevant stimuli. 

 Hollingworth and Henderson (2002) studied the role of attention in change 
blindness. They recorded eye movements while observers looked at a visual 
scene (e.g., kitchen; living room) for several seconds. It was assumed that the 
object fi xated at any given moment was being attended. There were two kinds 
of changes that could occur to each visual scene:  

    • Type change , in which an object was replaced by an object from a different 
category (e.g., a plate was replaced by a bowl).  
   • Token change , in which an object was replaced by an object from the same 
category (e.g., a plate was replaced by a different plate).    

    There were two main fi ndings (see Figure 2.26). First, changes were much more 
likely to be detected when the changed object had received attention (been 
fi xated) before the change occurred. Second, change detection was much better 
when there was a change in the type of object rather than merely swapping one 
member of a category for another (token change). 

   WHAT CAUSES CHANGE BLINDNESS? 
 It has generally been assumed that change blindness (and its opposite, change 
detection) depends on attentional processes. Thus, we detect changes when we 
are attending to an object that changes, and we show change blindness when 
not attending to that object (Rensink, 2002). This approach receives support 
from the fi nding that observers are more likely to detect changes in an object 
when it is fi xated prior to the change (Hollingworth & Henderson, 2002). 

 The above approach assumes that our visual perception of unattended 
objects is very incomplete. However, other explanations are possible (Simons & 
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   Figure 2.26  Percentage of 
correct change detection as 
a function of form of change 
(type vs. token) and time 
of fi xation (before vs. after 
change); also false alarm 
rate when there was no 
change. From Hollingworth 
and Henderson (2002). 
Copyright © 2002 American 
Psychological Association. 
Reproduced with 
permission.  
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Rensink, 2005). Perhaps we initially form detailed and complete representations 
but these representations decay rapidly or are overwritten by a subsequent 
stimulus (Lamme, 2003). That would be consistent with our subjective 
impression that we briefl y have access to reasonably complete information 
about the visual scene in front of us. 

 Support was reported by Landman et al. (2003). Observers were presented 
with an array of eight rectangles (some horizontal and the others vertical), 
followed 1600 ms later by a second array of eight rectangles. The observers’ 
task was to decide whether any of the rectangles had changed orientation from 
horizontal to vertical or vice versa. 

 There was very little change blindness provided the observers’ attention 
was directed to the rectangle that might change within 900 ms of the offset 
of the fi rst array. Thus, we have access to fairly complete information about a 
visual scene for almost 1 s provided no other visual stimulus is presented. 

 In sum, our visual system is designed very effi ciently. We have access to fairly 
detailed information about the current visual scene. However, it is important 
that what we currently perceive isn’t disrupted by what we last perceived. This is 
achieved by overwriting or replacing the latter with the former. A consequence 
is that we often exhibit change blindness. 

      There is much evidence that most people are very susceptible to inat-• 
tentional blindness and change blindness. Our optimistic belief about 
our ability to detect visual changes is known as change blindness 
blindness. 

 When is change blindness found?  
  Change blindness is less likely to occur when observers expect a • 
change compared to when they aren’t forewarned of a change. It also 
tends to occur when the changed object is relatively unimportant, 
when the changed object resembles task-relevant stimuli, and when it 
has been fi xated prior to the change.

  What causes change blindness?  
  Change blindness is due in part to our inability to retain detailed in-• 
formation about a visual scene for more than a very short period of 
time. It is also due in part to failures of attention. In addition, there is 
sometimes overwriting or replacing of information about the previous 
visual representation by the current one.    

Section Summary

Key Terms

Subliminal perception:
perceptual processing 
occurring below the level 
of conscious awareness 
that can nevertheless 
infl uence behavior.

     PERCEPTION WITHOUT AWARENESS? 
 Can we perceive aspects of the visual world without any conscious awareness 
that we are doing so? In other words, is there such a thing as unconscious 
perception or  subliminal perception  (i.e., perception occurring even though 
the stimulus is below the threshold of conscious awareness)? Common sense 
suggests that the answer is “No.” However, there is increasing evidence that 
the correct answer is “Yes.” 
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72 Chapter 2 | Perception

 The case for subliminal perception apparently received support from the 
notorious “research” carried out in 1957 by James Vicary, who was a struggling 
market researcher. He claimed to have fl ashed the words HUNGRY? EAT 
POPCORN and DRINK COCA-COLA for 1/300th of a second (well below 
the threshold of conscious awareness) numerous times during showings of a 
movie called  Picnic  at a cinema in Fort Lee, New Jersey. Vicary claimed there 
was an increase of 18% in the cinema sales of Coca-Cola and a 58% increase 
in popcorn sales. Alas, Vicary admitted in 1962 that the study was a hoax. 

 This hasn’t stopped advertisers from trying to infl uence our buying habits 
via subliminal perception. Wilson Bryan Key (1980) had a very close look at a 
Howard Johnson’s menu. He claimed that the picture of a plate of clams on the 
menu actually depicted a sex orgy involving several people and a donkey! 

 In what follows, I consider two main strands of research on subliminal 
perception. First, I discuss studies on individuals with normal vision presented 
with stimuli they can’t see consciously. 

 Second, I discuss studies on brain-damaged patients denying conscious 
awareness of visual stimuli presented to parts of their visual fi eld. In spite of 
that, they are often able to detect and localize visual stimuli presented to the 
“blind” region. 

  PERCEPTION WITHOUT AWARENESS 
 There are three main ways we can present individuals having intact vision with 
visual stimuli below the level of conscious awareness. First, we can present 
stimuli that are very weak or faint. Second, we can present stimuli very briefl y. 
Third, we can use masking – the target stimulus is immediately followed by a 
masking stimulus that inhibits processing of the target stimulus. 

  How  do we decide whether an observer is consciously aware of a given 
visual stimulus? Merikle et al. (2001) distinguished two approaches:  

   1.      Subjective threshold:  This is defi ned by an individual’s failure to report 
conscious awareness of a stimulus; it is the most obvious measure to use.  

  2.      Objective threshold:  This is defi ned by an individual’s inability to make an 
accurate forced-choice decision about a stimulus (e.g., guess at above chance 
level whether it is a word).    

 In practice, observers often show “awareness” of a stimulus assessed by the 
objective threshold even when the stimulus doesn’t exceed the subjective 
threshold. What should we do in such circumstances? Many psychologists 
argue that the objective threshold is more valid than a reliance on observers’ 
possibly inaccurate or biased reports of their conscious experience. What is clear 
is that evidence for subliminal or unconscious perception based on the objective 
threshold is more convincing than evidence based on the subjective threshold. 

  Findings 
 Naccache et al. (2002) asked participants to decide rapidly whether a clearly 
visible target digit was smaller or larger than 5. Unknown to them, an invisible 
masked digit was presented for 29 ms immediately before the target. The 
masked digit was congruent with the target (both digits on the same side of 5) 
or incongruent. 
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 There was no evidence of conscious perception of the masked digits. No 
participants reported seeing any of them (subjective measure). In addition, their 
performance when guessing whether the masked digit was below or above 5 
was at chance level (objective measure). However, performance with the target 
digits was faster on congruent than on incongruent trials, indicating that 
unconscious perceptual processing of the masked digits had occurred. 

 Jiang et al. (2006) presented pairs of pictures followed by a mask making 
them invisible to observers (based on the objective threshold). One picture was 
an intact picture of a nude male or female and the other was a scrambled 
version. These subliminal pictures infl uenced participants’ attentional processes 
(see Chapter 3). The attention of heterosexual males was attracted to intact 
pictures of invisible female nudes, and that of heterosexual females to invisible 
male nudes. These fi ndings indicate there was some perceptual processing of 
invisible sexual stimuli. 

 It is generally assumed that information perceived with awareness can be 
used to  control  our actions whereas information perceived without awareness 
cannot. If so, there should be situations in which perceiving with or without 
awareness has very different effects on behavior. 

 Persaud and McLeod (2008) found supporting evidence in a study in which 
they presented the letter ‘b’ or ‘h’ for 10 ms (short interval) or 15 ms (long 
interval). In the key condition, participants were told to respond with the letter 
that had  not  been presented. With the longer presentation interval, participants 
responded correctly with the nonpresented letter on 83% of trials. This suggests 
there was some conscious awareness of the stimulus in that condition. 

 With the short presentation interval, however, participants responded 
correctly on only 43% of trials (signifi cantly below chance). Thus, there was some 
processing of the stimulus but participants lacked awareness of that processing. 

  How much  visual processing occurs below the level of conscious awareness? 
In one study (Rees, 2007), activation was assessed in brain areas associated 
with face processing or with object processing while pictures of invisible faces 
or houses were presented. The identity of the picture (face vs. house) could be 
predicted with almost 90% accuracy by studying patterns of brain activation. 
Thus, even stimuli that can’t be perceived consciously can be processed 
reasonably thoroughly by the visual system. 

    BLINDSIGHT 
 Several British soldiers in the First World War blinded by gunshot wounds that 
had destroyed their primary visual cortex (V1) were treated by a captain in 
the Royal Army Medical Corps called George Riddoch. These soldiers could 
perceive motion in those parts of the visual fi eld in which they claimed to be 
blind (Riddoch, 1917)! 

 Many years later, Larry Weiskrantz (2004) at the University of Oxford 
studied a similar phenomenon. He described brain-damaged patients with 
some visual perception in the absence of any conscious awareness as having 
 blindsight , which neatly captures the paradoxical nature of their condition. 

 Most patients with blindsight have extensive damage to V1. However, their loss 
of visual awareness in the blind fi eld is probably not due directly to the V1 damage. 
Damage to V1 has knock-on effects throughout the visual system, leading to greatly 
reduced activation of subsequent visual processing areas (Silvanto, 2008). 

Key Terms

Blindsight:
an apparently paradoxical 
condition often produced 
by brain damage to early 
visual cortex in which 
there is behavioral evi-
dence of visual percep-
tion in the absence of 
conscious awareness.
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  Findings 
 One of the most thoroughly studied blindsight patients is DB. He began to 
experience increasingly frequent very severe migraines. As a result, he had a 
brain operation that destroyed the right half of his primary visual cortex (V1). 
DB showed some perceptual skills including an ability to detect whether a 
visual stimulus had been presented to the blind area and to identify its location. 
However, he reported no conscious experience in his blind fi eld. According 
to Weiskrantz et al. (1974, p. 721), “When he was shown a video fi lm of his 
reaching and judging orientation of lines [by presenting it to his intact visual 
fi eld], he was openly astonished.” 

 Another much-studied blindsight patient is GY. He has extensive damage to 
V1 in the left hemisphere and a smaller area of damage in the right parietal area 
caused by a car accident at the age of eight. In a study by Persaud and Cowey 
(2008), GY was presented with a stimulus in the upper or lower part of his visual 
fi eld. On some trials (inclusion trials), he was told to report the part of the visual 

fi eld to which the stimulus had been presented. On 
other trials (exclusion trials), GY was told to report 
the  opposite  of the stimulus’s actual location (e.g., 
“Up” when it was in the lower part). 

 GY tended to respond with the real rather than 
the opposite location on exclusion trials as well 
as inclusion trials (see Figure 2.27). This suggests 
he had access to location information but lacked 
any conscious awareness of that information. 
In contrast, healthy individuals showed a large 
difference in performance on inclusion and 
exclusion trials (see Figure 2.27) indicating they 
had conscious access to location information. 

    Some research on patients with blindsight has 
focused on whether they can discriminate between emotional stimuli presented 
below the level of conscious awareness. This effect (known as  affective blindsight ) 
has been obtained in several studies (e.g., Tamietto & de Gelder, 2008), and is 
discussed in Chapter 12. 

 Researchers often ask blindsight patients to indicate on a yes/no basis 
whether they have seen a given stimulus. That opens up the possibility that 
blindsight patients have some conscious vision but simply set a high threshold 
for reporting awareness. Overgaard et al. (2008) used a four-point scale of 
perceptual awareness: “clear image”; “almost clear image”; “weak glimpse”; 
and “not seen”. Their blindsight patient, GR, had to decide whether a triangle, 
circle, or square had been presented to her blind fi eld. 

 GR was correct 100% of the time when she had a clear image, 72% of 
the time when her image was almost clear, 25% of the time when she had a 
weak glimpse, and 0% of the time when the stimulus wasn’t seen. Thus, the 
use of a sensitive method to assess conscious awareness suggests that degraded 
conscious vision sometimes underlies blindsight patients’ ability to perform at 
above-chance levels on visual tasks. 

   Issues 
 There is much evidence suggesting that blindsight is a genuine phenomenon. 
However, there are various reasons why it is sometimes hard to interpret the 
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Key Terms

Affective blindsight:
the ability to discriminate 
among different emo-
tional stimuli in spite of 
the absence of conscious 
perception.
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evidence. First, blindsight patients differ in how much conscious perception 
they possess (Danckert & Rossetti, 2005). Weiskrantz (2004) used the term 
blindsight Type 1 to describe patients with no conscious awareness. He used the 
term blindsight Type 2 to describe those patients with awareness that something 
was happening. An example of Type 2 blindsight was found in patient EY. He 
“sensed a defi nite pinpoint of light,” although “it does not actually look like a 
light. It looks like nothing at all” (Weiskrantz, 1980). 

 Second, as Cowey (2010, p. 20) pointed out, “Subjects are too seldom asked 
to describe exactly what they mean when they say they are ‘aware’.” Blindsight 
patients may appear to have less conscious perception when the defi nition of 
awareness is stringent than when it is lenient (Overgaard et al., 2008). 

   Unconscious perception  
   Conscious awareness of a visual stimulus can be assessed by using a • 
subjective or an objective threshold (the latter is more stringent). There is 
evidence for unconscious perception using behavioral data and the objective 
threshold. Studies using brain-imaging data suggest there can be substantial 
processing of visual stimuli in the absence of conscious awareness. 

 Blindsight  
  Blindsight patients show some ability to indicate the location and movement • 
of visual stimuli they deny seeing. Some of these patients also demonstrate 
affective blindsight. However, the use of sensitive methods to assess 
conscious awareness suggests that some blindsight patients have degraded 
conscious vision in their “blind” area.    

Section Summary

      AUDITORY PERCEPTION 
 As mentioned in the Introduction to this chapter, speech perception is easily the 
most important form of auditory perception. However, other kinds of auditory 
perception (e.g., music perception) also play a major role in many people’s lives. 
In this section of the chapter, we will mainly consider the processes involved 
in speech perception. However, we start by comparing speech perception with 
other forms of auditory perception. 

  IS SPEECH PERCEPTION SPECIAL? 
 There has been controversy concerning the relationship between speech perception 
and auditory perception in general (Cleary & Pisoni, 2001; Peretz & Coltheart, 
2003; Todd et al., 2006). One possibility (Trout, 2001) is that humans are born 
with a special mechanism designed for speech perception only. However, most 
theorists argue in favor of a general mechanism used to process both speech and 
nonspeech sounds. Some of the relevant evidence is discussed below. 

  Categorical perception 
 Suppose we present listeners with a series of sounds starting with /ba/ and 
gradually moving towards /da/ and ask them to report what sound they hear. It 
might be expected the listeners would report a gradual change from perceiving 
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one phoneme to the other. In fact, however, there is an abrupt shift in perception 
(Liberman et al., 1967). This tendency for speech sounds intermediate between 
two phonemes to be perceived as one phoneme or the other is known as 
 categorical perception . 

 Further evidence for categorical perception of phonemes was reported by 
Raizada and Poldrack (2007). Two auditory stimuli were presented at the same 
time, and listeners decided whether they represented the same phoneme. Differences 
in brain activation of the two stimuli were strongly amplifi ed when they were on 
opposite sides of the boundary between two phonemes. This amplifi cation effect 
probably plays a role in producing categorical perception of phonemes. 

 The existence of categorical perception doesn’t mean we can’t distinguish 
at all between slightly different sounds assigned to the same phoneme category. 
Listeners decided faster that two sounds represented the same syllable when 
the sounds were identical than when they were not (Pisoni & Tash, 1974). 

 At one time, it was claimed that categorical perception didn’t occur with 
nonspeech sounds. If so, that would suggest that speech processing involves 
a special mechanism. However, there is increasing evidence that this claim is 
inaccurate. Locke and Kellar (1973) studied the identifi cation of chords by 
musicians and nonmusicians. Musicians showed much clearer evidence of 
categorical perception than nonmusicians when categorizing chords as A minor 
or A major. This fi nding may help to explain why categorical perception of 
phonemes is so strong – we are all expert listeners to phonemes. 

 Categorical perception of phonemes is infl uenced by context. Ganong (1980) 
presented listeners with various sounds ranging between a word (e.g., dash) and 
a nonword (e.g., tash). There was a clear context effect – an ambiguous initial 
phoneme was more likely to be assigned to a given phoneme category when it 
produced a word than when it did not. Thus, context expanded the category 
of the expected phoneme. Context also infl uences categorical perception of 
musical chords (McMurray et al., 2008) via top-down processes. 

 There is reasonable evidence that listeners make some use of the speech 
production system when engaged in speech perception. Möttönen and Watkins 
(2009) wondered whether the speech production system is relevant to categorical 
perception of phonemes. They applied transcranial magnetic stimulation 
(TMS; see Glossary) to the motor cortex to inhibit processes associated with 
lip movements. This led to impaired categorical perception of speech sounds 
involving lips in their articulation. Thus, speech perception depends in part on 
motor processes. This probably represents an important difference from the 
processing of nonspeech sounds. 

   Cognitive neuroscience 
 There is considerable overlap in the brain areas associated with the processing 
of speech and nonspeech sounds. Husain et al. (2006) found that various speech 
and nonspeech sounds activated similar regions in the primary and nonprimary 
areas of the temporal cortex, intraparietal cortex, and frontal lobe. In addition, 
there were only relatively minor differences in patterns of brain activity when 
speech and nonspeech sounds were processed. 

 Clear evidence that somewhat different brain areas are involved in speech and 
music processing comes from studies on brain-damaged individuals. Some of them 
have intact speech perception but impaired music perception, whereas others have 
intact music perception but impaired speech perception (Peretz & Coltheart, 2003). 

Key Terms

Categorical perception:
the fi nding that when a 
sound is intermediate 
between two phonemes, 
the listener typically 
perceives one or other of 
the phonemes.
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   Summary  
Most evidence suggests that several forms of auditory perception (including speech 
perception) involve the same general mechanisms. For example, there is evidence of 
categorical perception for speech and music sounds, and in both cases categorical 
perception is infl uenced by top-down processes. In addition, similar patterns of 
brain activity occur when speech and nonspeech sounds are processed. 

 There are also some differences in the processes involved in speech perception 
and other forms of auditory perception. The processes involved in speech 
perception are often more complex than those involved in processing nonspeech 
sounds, and so more brain areas are activated during speech perception (Obleser 
et al., 2006). Another difference is that motor processes are probably more 
important during speech perception than during auditory perception generally. 

    SPEECH PERCEPTION 
 The take-home message of this section will be that speech perception is much 
more complex than it may appear. Why do you think that is? Consider the 
problems you have experienced if you have tried to understand foreigners 
speaking in a language you studied at school. If your experience is anything like 
mine, what you hear is someone who seems to be speaking incredibly rapidly 
without pausing for breath. 

 Struggling to understand foreign speakers reveals two problems listeners 
have to contend with all the time. First, language is typically spoken at about 
10 phonemes (basic speech sounds conveying meaning) per second, so we have 
to process it very rapidly. Amazingly, we can understand speech artifi cially 
speeded up to 50–60 sounds or phonemes per second (Werker & Tees, 1992). 

 Second, there is the  segmentation problem . This is the diffi culty of separating 
out (or distinguishing) words from the pattern of speech sounds. This problem 
arises because speech typically consists of a continuously changing pattern of 
sound with few periods of silence. This can make it hard to know when one 
word ends and the next word begins. 

 Listeners also have to face the problem of  coarticulation . This refers to the fact 
that how a speaker produces a given phoneme depends in part on the phonemes 
preceding and following it. For example, the /b/ phonemes in ‘bill’, ‘bull’, and 
‘bell’ are all slightly different acoustically (Harley, 2008). While coarticulation 
can cause problems, it tells us something about the following phoneme. 

 Finally, Mattys and Liss (2008) pointed out that listeners in everyday life often 
try to understand degraded speech. For example, other people may be talking at 
the same time and/or there may be distracting sounds (e.g., noise of traffi c; noise 
of aircraft). As yet, we don’t know much about how we minimize distraction 
because listeners in the laboratory are rarely confronted by this problem. 

  SEGMENTATION PROBLEM  
 How  do listeners manage to work out where one word ends and the next 
starts? Various factors are involved. First, certain sequences of speech sounds 
(e.g., <m, r> are never found together within English words. Such sequences 
suggest a likely boundary between words (Dumay et al., 2002). 

 Second, segmentation is infl uenced by the possible-word constraints in 
English. For example, a stretch of speech lacking a vowel isn’t a possible word. 
Norris et al. (1997) found that listeners found it hard to identify the word 

Key Terms

Segmentation problem:
the listener’s problem of 
dividing the almost con-
tinuous sounds of speech 
into separate phonemes 
and words.

Coarticulation:
the fi nding that the pro-
duction of a phoneme 
is infl uenced by the pro-
duction of the previous 
sound and by prepara-
tions for the next sound; 
it provides a useful cue to 
listeners.
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“apple” in “fapple” because the /f/ couldn’t possibly be an English word. In 
contrast, listeners easily detected the word “apple” in “vuffapple” because 
“vuff” could conceivably be an English word. 

 Third, there is stress. In the English language, the initial syllable of most 
nouns and verbs is stressed. When listeners heard strings of words without the 
stress on the fi rst syllable (e.g., “conduct ascents uphill”) presented faintly, they 
often misheard them (Cutler & Butterfi eld, 1992). For example, “conduct ascents 
uphill” was often misperceived as the meaningless “A duck descends some pill.” 

 The fact that stress information is misleading for words in which the initial 
syllable isn’t stressed suggests it has limited value in deciding where one word 
ends and the next starts. Word context is important. Mattys et al. (2005) found 
that lexical cues (e.g., providing information about syntax) were more useful 
than stress in facilitating word segmentation in a no-noise condition. However, 
stress was more useful than lexical cues in noise. 

   McGurk effect 
 Deaf people make much use of visual information in the form of lip-reading to 
assist them in understanding speech. What is less well-known is that people whose 
hearing is entirely intact also use lip-reading (Rosenblum, 2008). 

 McGurk and MacDonald (1976) prepared a videotape of someone saying 
“ba” repeatedly. The sound channel then changed so there was a voice saying 
“ga” in synchronization with lip movements still indicating “ba.” Listeners 
heard “da,” which is a blending of the visual and auditory information. 
This combining of visual and auditory information when the two sources of 
information are in confl ict is the  McGurk effect . It is a robust effect and has 
been found even with a female face and a male voice (Green et al., 1991). 

 The McGurk effect is infl uenced by top-down processes based on listeners’ 
expectations. More listeners show the McGurk effect when the crucial word 
(based on blending the discrepant visual and auditory cues) is consistent with 
the meaning of the rest of the sentence than when it was not. 

   Context effects 
 When listeners try to identify sounds or words, they often make use of contextual 
information to assist them in that task (see discussion of categorical perception). 
Consider the following study by Warren and Warren (1970). Listeners heard 
a sentence in which a small portion had been removed and replaced with a 
meaningless sound. The sentences used were as follows (the asterisk indicates a 
deleted portion of the sentence):  

   It was found that the *eel was on the axle.  • 
  It was found that the *eel was on the shoe.  • 
  It was found that the *eel was on the table.  • 
  It was found that the *eel was on the orange.    • 

 Listeners’ perception of the crucial element in the sentence (i.e., “*eel”) was 
infl uenced by sentence context. Those listening to the fi rst sentence heard 
“wheel”, those listening to the second sentence heard “heel”, and those exposed 
to the third and fourth sentences heard “meal” and “peel”, respectively. The 
auditory stimulus (“*eel”) was always the same, so all that differed was the 
contextual information. This is the  phonemic   restoration effect . 

 Various explanations of the phonemic restoration effect have been offered 
(e.g., Grossberg, 2003; Warren, 2006). One plausible explanation is that 

Key Terms

McGurk effect:
when there is a confl ict 
between a spoken pho-
neme and the speaker’s 
lip movements, the sound 
that is heard combines 
the auditory and visual 
information.

Phonemic restoration 
effect:
the fi nding that listeners 
presented with a sen-
tence including a missing 
phoneme use the sen-
tence context to identify 
it and are not aware that 
it is missing.
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contextual information is used by top-down processes to create expectations 
about what we are likely to hear. These expectations cause listeners to interpret 
“*eel” in different ways depending on the sentence context. 

 Everyone agrees that context infl uences our perception of spoken 
words. However,  when  in processing these infl uences occur is less clear. 
The traditional view assumes that contextual information is processed  after  
information concerning the meanings of words within a sentence (Hagoort & 
van Berkum, 2007). 

 Some researchers have assessed the validity of the traditional view using 
event-related potentials (ERPs; see Glossary) or “brain waves.” This technique 
permits very precise assessment of the timing of different processes, which is 
important when assessing the point in time at which context has its effect. 
The N400 component is of particular importance in research on sentence 
comprehension. It is a negative wave with a peak at about 400 ms. A large 
N400 in sentence processing typically indicates there is a mismatch between the 
meaning of the word currently being processed and its context. 

 Evidence against the traditional view was reported by Nieuwland and van 
Berkum (2006) using ERPs. Here is an example of the materials they used:

  A woman saw a dancing peanut who had a big smile on his face. The 
peanut was singing about a girl he had just met. And judging from the 
song, the peanut was totally crazy about her. The woman thought it was 
really cute to see the peanut singing and dancing like that. The peanut 
was salted/in love, and by the sound of it, this was defi nitely mutual.   

 “Salted,” which was appropriate in terms of word meanings but inappropriate 
within the story context, was used in the material presented to some listeners, 
and “in love,” which was appropriate in the story context but inappropriate in 
terms of word meanings, in the material presented to others. The key fi nding 
was that the N400 was greater for “salted” than for “in love”. Thus, contextual 
information can have a very rapid impact on sentence processing. 

 Hagoort and van Berkum (2007) discussed an unpublished experiment 
of theirs in which participants listened to sentences. Some sentences included 
a word inconsistent with the apparent characteristics of the speaker (e.g., 
someone with an upper-class accent saying, “I have a large tattoo on my back”). 
There was a large N400 to the inconsistent word (“tattoo”). As Hagoort and 
van Berkum (2007, p. 806) concluded, “By revealing an immediate impact of 
what listeners infer about the speaker, the present results add a distinctly social 
dimension to the mechanisms of online language interpretation.” 

 In sum, contextual information infl uences perception of spoken sounds and 
words. It used to be assumed that the effects of context occurred relatively late in 
speech perception. However, research using ERPs has provided strong evidence 
that contextual information has a rapid infl uence on speech perception. 

   Motor theory 
 Let’s return to the issue of how listeners perceive words accurately even though 
the speech signal provides variable information. One infl uential approach 
is based on the assumption that listeners effectively  mimic  the articulatory 
movements of the speaker. The motor signal thus produced is claimed to 
provide much less variable or inconsistent information about what the speaker 
is saying than the speech signal itself. Thus, the motor system we use to produce 
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speech is used to assist speech perception. This motor theory was initially put 
forward by Liberman et al. (1967). Various other versions have been suggested 
(Galantucci et al., 2006). 

 Support for motor theory was reported by Dorman et al. (1979). A tape was 
made of the sentence “Please say shop,” and a 50 ms period of silence was inserted 
between “say” and “shop”. As a result, the sentence was misheard as “Please say 
chop.” Our speech musculature forces us to pause between “say” and “chop” 
but not between “say” and “shop.” Thus, the evidence from internal articulation 
would favor the wrong interpretation of the last word in the sentence. 

 In a study by Fadiga et al. (2002), Italian participants listened to Italian 
words. Some of the words (e.g., “terra”) required strong tongue movements 
when pronounced, whereas others (e.g., “baffo”) did not. The key fi nding 
was that there was greater activation of the listeners’ tongue muscles when 
presented with words such as “terra.” 

 According to the motor theory, listeners would fi nd it harder to perceive 
speech if parts of the motor system were disrupted by repetitive transcranial 
magnetic stimulation (rTMS; see Glossary). Meister et al. (2007) applied rTMS 
to the left premotor cortex. This impaired performance on a listening task 
requiring language processes. 

 The motor theory of speech perception is supported by several kinds of 
evidence. However, it doesn’t account for all the fi ndings. For example, some 
brain-damaged patients whose motor speech system has been almost destroyed 
nevertheless have an essentially intact ability to perceive spoken words (Harley, 
2008). Another puzzling fi nding from the perspective of motor theory is that 6- to 
8-month infants perform reasonably well on syllable detection tasks even though 
they have extremely limited expertise in producing speech (Polka et al., 2008). 

 In sum, the evidence suggests that listeners often mimic the speaker’s 
articulatory movements when trying to understand speech. However, this is 
only one strategy among many, and speech perception is possible in the absence 
of such mimicking.               

   Is speech perception special? 
    There has been controversy as to whether speech perception depends on a • 
special mechanism or on more general mechanisms common to all auditory 
perception. The fi nding that categorical perception is found in the processing 
of speech and music stimuli is consistent with the notion of a general 
mechanism, as is the similarity in patterns of brain activity associated with 
speech and nonspeech processing. However, motor processes are probably 
more important in speech perception. 

 Speech perception  
  Listeners engaged in speech perception contend with degraded speech, the • 
segmentation problem, and coarticulation. The McGurk effect shows that speech 
perception depends in part on visual information (i.e., lip-reading). The phonemic 
restoration effect shows the importance of context in speech perception. 
Contextual information is often used early in processing to help listeners to 
identify spoken words. Some of the speech production system can assist speech 
perception. However, that system is not essential for speech perception to occur.    

Section Summary
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1. “Face recognition involves different processes than object recognition.” Discuss.
2. Describe and discuss the similarities and differences between visual 

perception and visual imagery.
3. What factors determine whether or not we experience change blindness?
4. What problems do listeners experience when trying to understand speech? 

How do they overcome these problems?
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Boloix, E. (2007). The representation of visual scenes: New insight from change • 
blindness studies. Année Psychologique, 107, 459–487. Research and theory 
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two visual systems.
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