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Imagine what you would be 
like if you couldn’t see, hear, 
taste, smell, or feel. You could 
be described as alive only in 
the narrowest sense of the 
word. You would have no per-
ceptions, memories, thoughts, 
or feelings. We understand the 
world through our senses, our 
“windows” to the world. Our 
reality is dependent upon the 
two basic processes of sensa-
tion and perception. To under-
stand this reality, we must first 
understand how we gather 
(sense) and interpret (perceive) 
the information that forms the 
foundation for our behavior and 
mental processing. Sensation 
and perception provide us with 
the information that allows us 
both to understand the world around us and to live in that world. Without them, there 
would be no world; there would be no “you.”

Perception does not exactly replicate the world outside. As Martinez-Conde 
and Macknik (2010, p. 4) point out, “It is a fact of neuroscience that everything 
we experience is actually a figment of our imagination. Although our sensations 
feel accurate and truthful, they do not necessarily reproduce the physical reality 
of the outside world.” Our “view” of the world is a subjective one that the brain 
constructs by using assumptions and principles, both built-in and developed from 
our past perceptual experiences (Hoffman, 1998). We perceive what the brain tells 
us we perceive. This means that sometimes our view of the world is inaccurate. 
Consider the tops of the two tables depicted in Figure 3.1. Do they appear to be 
the same shape and size? They don’t appear to be identical, but they are! If you 
trace one of the tabletops and then place the tracing on the other one, it will fit per-
fectly. As pointed out by Lilienfeld, Lynn, Ruscio, and Beyerstein (2010), “Seeing 
is believing, but seeing isn’t always believing correctly” (p. 7). We will revisit this 
illusion and its explanation later in the chapter; but, in general, this illusion is the 
result of the brain’s misinterpretation of perspective information about the two 
tables (Shepard, 1990). The important point for us is that the brain is misperceiv-
ing reality and that even with the knowledge that these two tabletops are identical, 
you will not be able to suppress the misperception your brain produces. What we 
perceive is generated by parts of the brain to which we do not have access. Your 
brain, not you, controls your perception of the world. The brain doesn’t work like a 
photocopy machine during perception. The brain interprets during perception; our 
perception is its interpretation. Beauty is not in the eye of the beholder, but rather 
in the brain of the beholder.

To understand how sensation and perception work, we must first look at how the 
physical world outside and the psychological world within relate to each other. This 
pursuit will take us back to the experimental roots of psychology and the work of 
nineteenth-century German researchers in psychophysics. These researchers were 

Figure 3.1 | Turning the Tables, an Example 
of a Misperception | The two tabletops appear to 
have different dimensions and shapes. Surprisingly, 
however, they are identical. To convince yourself, 
measure one and then compare it to the other. Even 
knowing this, you cannot make your brain see them 
as identical.  (From Mind Sights: Original Visual Illusions, Ambiguities, and 

Other Anomalies, by R. N. Shepard, 1990, New York: W.H. Freeman/Henry Holt.)
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102 | CHAPTER 3 | SENSATION AND PERCEPTION

not psychologists but rather physiologists and physicists. They used experimental 
methods to measure the relationship between the physical properties of stimuli and 
a person’s psychological perception of those stimuli (hence the term psychophys-
ics). Psychophysical researchers (psychophysicists) demonstrated that our mental 
activity could be measured quantitatively. Following a discussion of some of their 
major findings, we will take a look at how our two primary senses, vision and hear-
ing, gather and process information from the environment, specifically focusing on 
how we see color and how we distinguish the pitch of a sound. Last, we will detail 
the general process of visual perception by examining how the brain organizes and 
recognizes incoming visual information, makes distance judgments to enable depth 
perception, and sometimes constructs misperceptions (illusions) as in Figure 3.1.

How the Physical World Relates  
to the Psychological World
Just as the name implies, psychophysical research focuses on the relationship 
between the physical world and the psychological world. Early psychophysical 
researchers attempted to answer basic questions concerning how we process the 
intensities of physical energy forms such as light waves and sound waves. We will 
discuss three questions that they addressed in their research—the detection ques-
tion, the difference question, and the scaling question.

The detection and difference questions examine limits on our sensory process-
ing. The detection question is concerned with the limits on our ability to detect very 
faint signals. How intense does a light have to be for us to see it? How intense does 
a sound have to be for us to hear it? Similarly, the difference question is concerned 
with limits on our detection abilities, but in this case with our ability to detect very 
small differences between stimuli. What is the smallest difference in brightness 
between two lights that we can see? What is the smallest difference in loudness 
between two sounds that we can hear? The scaling question is not concerned with 
sensory processing limits, but rather with how we perceive the magnitudes (intensi-
ties) of clearly detectable stimuli. What is the relationship between the actual physi-
cal intensities of stimuli and our psychological perceptions of these intensities? 
For example, if we double the physical intensity of a light, do we see it as twice as 
bright? If we double the intensity of a sound, do we hear it as twice as loud? The 
answer to both of these questions is, surprisingly, “no.” If our perception does not 
reflect the actual changes in intensities, then how are the perceived changes related 
to the actual changes? The scaling question asks how our perceptual scaling of 
stimulus intensities is related to the actual physical scaling of stimulus intensities.

The Detection Question
What’s the dimmest light we can see or the softest sound we can hear? 
To answer such questions about the limits of our detection abilities, early  
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HOW THE PHYSICAl WORlD RElATES TO THE PSYCHOlOgICAl WORlD  | 103

psychophysicists varied the amount of energy in a sensory stimulus  
(for example, the intensity of a light or sound) and asked a person to answer 
“yes” or “no” as to whether the stimulus (the light or the sound) was detected. 
They attempted to measure the minimum amount of energy necessary for 
detection, what they called the absolute threshold. They reasoned that a person 
would always detect a stimulus that contained at least this threshold amount 
of energy. In other words, the person would say “no” to all stimuli with less 
than this amount of energy and “yes” to all stimuli with this amount or more.  
Figure 3.2(a) depicts a plot of the result that psychophysical researchers 
thought they would observe.

Absolute threshold. The experimental results, however, did not fit this predic-
tion. There was no abrupt transition point from responding “no” to responding 
“yes.” Instead, the percentage of the time that a person said “yes” increased grad-
ually as the amount of energy in the stimulus increased. 
This pattern of responding is depicted in Figure 3.2(b). 
Given this result, psychophysicists had to use a statistical 
definition to define the absolute threshold, the minimum 
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Figure 3.2 | Theoretical and 
Observed Absolute Thresholds |   
(a) This is a depiction of the result 
that psychophysical researchers 
thought they would observe in their 
detection studies. Theoretically, the 
absolute threshold is the minimum 
amount of physical energy in a 
stimulus (the minimum intensity of 
a stimulus) necessary to detect it. If 
a stimulus does not have this much 
energy, it should never be detected. 
If it has this much energy or more,  
it should always be detected.  
(b) This is a depiction of the result 
that psychophysical researchers  
actually obtained. There was no 
amount of physical energy in a 
stimulus that led to the kind of 
responding depicted in (a). Instead, 
the responding looked more like a 
flattened S shape. Thus, the absolute 
threshold was defined statistically  
as the minimum amount of energy in 
a stimulus detected 50% of the time.

 absolute threshold The minimum 
amount of energy in a sensory  
stimulus detected 50% of the time.
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104 | CHAPTER 3 | SENSATION AND PERCEPTION

amount of energy in a sensory stimulus 
detected 50% of the time. In other 
words, the absolute threshold is the 
amount of energy that has an equal 
probability of being detected or not 
detected. Using this definition, research-
ers have found that humans are pretty 
good detectors of weak stimuli. For 
example, we are able to see a candle 
flame on a mountain at a distance of  
30 miles on a dark clear night with no 
other lights present and hear the tick of 
a watch under quiet conditions at a dis-
tance of 20 feet (Galanter, 1962).

Defining the absolute threshold in 
this way creates a strange definition 
of subliminal (limen means threshold 
in Latin, so “subliminal” means below 
threshold) stimuli—stimuli detected 
less than 50% of the time. This means 
that subliminal stimuli are ones detect-
ed up to 49% of the time. Such a 
definition clearly does not match what 

people commonly take subliminal to mean: not consciously detected. Based on 
this everyday definition, however, some interesting questions about sublimi-
nal processing arise. Is there any empirical evidence for subliminal perception 
(perception without conscious awareness)? Is there any empirical evidence 
for subliminal persuasion (advertisers influencing consumer behavior with 
subliminal stimuli)? The answer to this last question is a clear “no” (Moore, 
1988, 1992; Pratkanis, 1992; Pratkanis & Greenwald, 1988; Trappey, 1996). 
There is no need to worry that television, music, and other media are sublimi-
nally manipulating us. But what about those claims that subliminal tapes can 
improve your memory, help you to lose weight, and so on? Research has also 
shown that the tapes don’t have the effects claimed (Greenwald, Spangenberg, 
Pratkanis, & Eskenazi, 1991).

Research in well-controlled laboratory settings (Bar & Biederman, 1998; 
Marcel, 1983), however, has demonstrated, with respect to subliminal percep-
tion, that sensory input can definitely be registered without our conscious 
awareness. Such perception is short-lived, though, and doesn’t seem to have 
any consequential, long-term impact on our behavior (Greenwald, Draine, 
& Abrams, 1996; Greenwald, Klinger, & Schuh, 1995). Subliminal percep-
tion should not be confused with extrasensory perception (ESP), perception 
without using our known senses, such as mental telepathy (perceiving anoth-
er person’s thoughts). Just as there is no reliable evidence for subliminal  
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persuasion, neither is there any 
such evidence for ESP (Druckman 
& Swets, 1988; Milton & Wiseman, 
1999; Galak, LeBoeuf, Nelson, & 
Simmons, 2012). After decades 
of research, no one has ever dem-
onstrated a single, reproduc-
ible ESP finding. In 1964, James 
Randi, a magician and master 
debunker of paranormal claims, 
offered $1,000 to any person who 
could demonstrate any psychic, 
supernatural, or paranormal abil-
ity under controlled conditions. 
The prize has since grown to be 
$1 million. Although hundreds 
have applied, Randi still has his 
money. (For more information, 
go to the “The Million Dollar 
Challenge” icon at Randi’s Web site, www.randi.org.)

Signal detection theory. Contemporary psychophysical researchers believe that 
the detection of faint signals involves decision making, as well as sensory process-
ing, so they use signal detection theory to examine a person’s detection of very 
faint sensory stimuli (Green & Swets, 1966; Swets, 1964). According to signal 
detection theory, our ability to detect a faint sensory signal (stimulus) is a  
decision-making process that depends upon a person’s physiological sensitivity 
to the signal and upon a person’s decision-making criterion, which is based on 
nonsensory factors such as personality traits, expectations, alertness, and motiva-
tion. A person must make a decision about the sensory evidence that is available. 
Is there sufficient evidence to say a signal was present? This is like the decision a 
juror has to make in a trial. The juror has to decide, based upon the evidence 
presented, whether the defendant is guilty or not guilty. Based on their person-
alities and beliefs, jury members may use very different decision-making criteria 
(need varying amounts of evidence before deciding guilt). Similarly, people may 
have equal physiological sensitivity to sensory signals, but come to different  
decisions about whether they detected them or not because they use different 
criteria for their decisions.

The task used by signal detection researchers is different 
from that used to measure the absolute threshold. Instead 
of presenting a faint signal of varying intensity on each trial, 
either a signal of constant faint intensity is presented on a 
trial or no signal is presented, and the observer decides that 
a signal was presented and responds “yes” or that no signal  

C
o

p
yr

ig
h

t 
©

 2
01

5 
b

y 
S

id
n

ey
 H

ar
ri

s/
C

ar
to

o
n

st
o

ck
.c

o
m

 signal detection theory A theory that 
assumes that the detection of faint 
sensory stimuli depends not only upon 
a person’s physiological sensitivity to 
a stimulus but also upon his decision 
criterion for detection, which is based 
on nonsensory factors.

Griggs_5e_ch03_1st_Pass.indd   105 7/25/16   6:44 PM

Copyright  ©2016 Worth Publishers. Distributed by Worth Publishers. Not for redistribution. 



106 | CHAPTER 3 | SENSATION AND PERCEPTION

was presented and responds “no.” Thus, 
there are four possible events that could 
occur on a trial: detecting a signal when 
one was presented (a hit), saying a  
signal was presented when it was not  
(a false alarm), failing to detect a signal 
when one was presented (a miss), or cor-
rectly saying a signal was not presented 
when it was not (a correct rejection). 
Two of these events (hit and correct 
rejection) are correct responses by the 
observer, and two (false alarm and miss) 

are errors. All four events are depicted in Table 3.1.
Using the data for these four outcomes over a large number of trials, a signal 

detection theoretical analysis provides two quantitative measures, one for a per-
son’s physiological sensitivity to faint sensory signals and one for his decision 
criterion (how much evidence is needed for a “yes” response). The importance of 
the former measure is obvious, but why is the latter measure of value? Consider a 
sample detection task in the real world—looking at an X-ray to determine whether 
a faint spot indicating cancer is present. Remember, there are two possible errors 
in a detection decision—saying a signal is present when it is not (a false alarm) and 
saying a signal is not present when it is (a miss). The costs of either of these errors 
could be great. In the X-ray example, a false alarm might lead to additional (and 
unnecessary) clinical tests and possibly unnecessary surgery; a miss might lead to 
no treatment and death.

The measurement of a person’s decision criterion tells us about these two error 
rates. For example, a person with a very lax decision criterion (a tendency to say 
“yes” with little evidence, a “yea” sayer) will make many false alarms but have few 
misses because he is saying “yes” most of the time. The opposite is true for a per-
son with a very strict decision criterion (a tendency to only say “yes” when there 
is much evidence, a “nay” sayer). A strict criterion leads to many misses but few 
false alarms because the observer is saying “no” most of the time. So, depending 
upon the cost of each type of error, a person can change his decision criterion to 
lessen the cost. The bottom line is that our perception of even a faint signal is a 
subjective process impacted by nonsensory factors. With this understanding of 
limitations on our ability to detect faint sensory signals, let’s see what psycho-
physical researchers have found out about our ability to detect very small differ-
ences between signals—the difference question.

The Difference Question
What’s the smallest difference in brightness between two lights or in loud-
ness between two sounds that we can detect? To answer such questions about 
how much difference there needs to be between stimuli to perceive them as  

Table 3.1    Four Possible Outcomes in  
a Signal Detection Study
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different, psychophysicists vary the amount of difference in physical energy between 
two clearly detectable stimuli (for example, two lights or two sounds) and ask a 
person to answer “yes” or “no” as to whether the stimuli (lights or sounds) are differ-
ent. With this procedure, these early psychophysical researchers thought that they 
could measure a person’s threshold for perceiving a difference in intensity between 
two stimuli. However, as with absolute threshold measurement, the results did not 
reveal a set threshold amount, so the difference threshold had to be defined sta-
tistically as the minimum difference between two stimuli detected 50% of the time. 
Another name for the difference threshold is the just noticeable difference, or jnd.

Weber’s law. When measuring a person’s difference threshold, psychophysi-
cists presented two stimuli on each trial and varied the amount of difference 
between them across trials. It is important to understand how they manipu-
lated the amount of difference across trials. To do this, they kept the intensity 
of one stimulus the same on every trial and changed the intensity of the other 
stimulus across trials. They called the stimulus whose intensity remained the 
same the standard stimulus, and the stimulus whose intensity changed across 
trials the comparison stimulus. For example, the standard stimulus for judg-
ing differences in lifted weights might be 20 pounds, and the comparison 
stimuli would be various weights less than or greater than 20 pounds. On one 
trial the comparison weight might be 19.5 pounds, 21 pounds on the next trial, 
and so forth.

Ernst Weber, a nineteenth-century German psychophysicist, discovered that 
difference thresholds and the standard stimulus intensities used to measure 
them have a very lawful relationship. Simply put, Weber’s law says that for each 
type of sensory judgment that we can make, the measured difference thresh-
old is a constant fraction of the standard stimulus value used to measure it. 
Psychophysicists have determined the constants for the various types of sensory 
judgment. For example, for judging brightness of lights the constant is .08, but it 
is .05 for loudness of tones (Teghtsoonian, 1971). A smaller constant means that 
smaller differences can be detected for that type of sensory judgment. To under-
stand Weber’s law, let’s consider perceiving differences in lifted weights. The con-
stant for lifted weights is .02, or 1/50. If the standard stimulus used to determine 
the difference threshold were 100 pounds, the threshold 
would be 2 pounds. If the standard were 200 pounds, the 
threshold would be 4 pounds. What would the difference 
threshold be for a standard stimulus of 1,000 pounds? It 
would be 20 pounds (1/50 of 1,000). Researchers have found 
that Weber’s law holds for most types of sensory judgments 
but not for very low-intensity or very high-intensity stimuli 
(Gescheider, 1976).

In everyday life, Weber’s law means that our ability to 
perceive a difference is relative to the constant background 
intensity. For example, in a dimly lit room, a little bit of light 
will be noticed; but in a brightly lit room, it will take a much 

 difference threshold The minimum 
difference between two sensory 
stimuli detected 50% of the time. The 
difference threshold is also sometimes 
referred to as the just noticeable dif-
ference, or jnd.

Weber’s law For each type of sensory 
judgment that we can make, the mea-
sured difference threshold is a con-
stant fraction of the standard stimulus 
value used to measure it. This constant 
fraction is different for each type of 
sensory judgment.
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108 | CHAPTER 3 | SENSATION AND PERCEPTION

greater increase in light to be noticed. In both cases, however, the proportion of 
the background intensity necessary to see an increase in brightness will be the 
same. The bottom line is that we notice proportional differences and not absolute 
differences. But when we perceive differences between stimuli that are well above 
threshold level, are the perceived differences in magnitude the same as the actual 
differences in the physical intensities of the stimuli? This is the scaling question.

The Scaling Question
The detection question and the difference question were concerned with thresh-
olds and with the perception of very weak stimulus intensities or very small dif-
ferences between stimulus intensities. The events occurring in normal perception, 
however, are well above threshold levels; therefore, it is important to understand 
how we perceive the changing intensities of these everyday events that are well 
above our thresholds. To do so, we need to understand the scaling question—How 
do perceptual scales of measurement relate to physical scales of measurement? 
For almost all types of sensory judgment, the scales of measurement are not 
equivalent. They are lawfully related, however.

Stevens’s power law. S. S. Stevens, a twentieth-century American researcher, con-
ducted experiments in which he had people estimate the magnitudes of many 
types of sensory stimuli. Through these experiments, he discovered how the per-
ceived magnitude of a stimulus is related to its actual physical magnitude 
(Stevens, 1962, 1975). By relating the perceived magnitude judgments to the 
actual physical intensities, Stevens found that the perceived magnitude of a stim-
ulus (for example, the perceived brightness of a light or loudness of a sound) is 
equal to its actual physical intensity raised to some constant power for each type 
of sensory judgment. This relationship is called Stevens’s power law.

Now let’s try to figure out what this means by considering some different 
types of sensory judgment. First, if the constant power for a type of sensory 
judgment were 1, the perceived magnitude would actually equal the physical 
magnitude. However, this is seldom the case, though it does happen when we 
judge line lengths. If a line is doubled in length, we perceive its length as doubled. 
For almost all types of sensory judgments, however, the constant power that the 
physical intensity has to be raised to is either less than or greater than 1, which 
means that the perceived magnitude is less or greater, respectively, than the actu-
al physical magnitude. Brightness and loudness magnitude judgments are good 
examples of when the perceived magnitude is less than the actual magnitude. 

To perceive a light as twice as bright, its actual intensity 
has to be increased eight- to ninefold. A good example of 
the perceived magnitude being greater than actual physical 
magnitude is the judgment of electric shock intensities. If 
shock intensity is doubled, we perceive the increase as much 
more than double, about 10 times as great. The bottom 
line is that for almost all types of sensory judgments, our  

Stevens’s power law The perceived 
magnitude of a stimulus is equal to 
its actual physical intensity raised to 
some constant power. The constant 
power is different for each type of  
sensory judgment.
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Table 3.2    Three Psychophysical Questions and Answers

Psychophysical Questions Answers

Detection Question: What is the 
minimum amount of energy in a 
stimulus that humans can detect?

Absolute threshold: The minimum 
amount of energy in a stimulus that can 
be detected 50% of the time 

Signal detection theory: Detection of faint 
stimuli depends not only upon physiolog-
ical sensitivity to a stimulus but also upon 
a person’s decision criterion for detection, 
which is based on nonsensory factors

Difference Question: What is the 
minimum difference in stimulus 
energy between two stimuli that 
humans can detect?

Difference threshold: The minimum dif-
ference in stimulus energy between two 
stimuli that can be detected 50% of the 
time

Weber’s law: The measured difference 
threshold is a constant fraction of the 
standard stimulus used to measure it and 
this constant is different for each type of 
sensory judgment

Scaling Question: How are human 
perceptual scales of measurement 
related to physical scales of mea-
surement?

Stevens’s power law: The perceived mag-
nitude of a stimulus is equal to its actual 
physical intensity raised to some constant 
power for each type of sensory judgment

perception of stimulus magnitude does not match the 
actual physical world. Our perception is a transformation 
that is created within us.

Another phenomenon that helps us to understand how we 
process the intensity of stimuli is sensory adaptation—our sensitivity to unchanging 
and repetitious stimuli disappears over time. For example, when we first put our watch 
on our wrist, we are aware of it, but that sensitivity disappears quickly. Why? Our sens-
es are set to detect changes in the environment, and therefore they adapt to continu-
ous or repeated presentation of a stimulus with decreasing responsiveness. Sensory 
adaptation makes sense from an evolutionary viewpoint. It is more important for our 
survival to detect environmental changes than things that don’t change. Changes are 
more likely to signal danger. There are some limits on sensory adaptation, though. We 
don’t adapt to extremely intense, especially painful stimuli, such as a severe toothache 
or incredibly loud noises. We also don’t usually adapt to unchanging visual stimuli; 
our eyes are constantly moving so their visual images continue to change.

To help you to integrate the information in this section, the three psycho-
physical questions along with the answers we have described are summarized in  
Table 3.2. If anything in this table is not clear to you, restudy the relevant text 
material before going on to the next section.

 sensory adaptation Our sensitivity to 
unchanging and repetitious stimuli  
disappears over time.
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Section Summary
In this section, we discussed some of the basic findings from psychophysical research. 
We considered three psychophysical questions—the detection, difference, and scaling 
questions. To answer the detection question, psychophysical researchers measured 
the absolute threshold, the minimum stimulus intensity that can be detected 50% 
of the time. Using this definition, researchers have found humans to be pretty good 
detectors of faint signals. However, because they view the detection task as a decision-
making process involving a response criterion, contemporary sensory researchers 
prefer to use signal detection theory to describe our detection abilities. Using this 
type of analysis, both an observer’s decision criterion and her sensitivity to faint sen-
sory stimuli can be identified. Thus, if the costs of a particular observer’s errors (false 
alarms or misses) are high, the observer’s criterion can be changed to reduce these 
rates. Regardless of the type of analysis, researchers have failed to find any reliable 
evidence for subliminal persuasion or extrasensory perception.

To answer the difference question, psychophysicists measured the difference 
threshold, the minimum difference in stimulus intensity between two stimuli that 
can be detected 50% of the time. It turns out that difference thresholds and the  
standard stimulus intensities used to measure them have a relationship called 
Weber’s law—the measured difference threshold is a constant proportion of the 
standard stimulus value used in its measurement. This constant is different for each 
type of sensory judgment, and a smaller constant indicates that smaller differences 
can be detected for that type of sensory judgment.

Surprisingly, research on the scaling question has indicated that the relation-
ship between perceived stimulus magnitudes and the actual physical magnitudes is 
almost always not an equivalent one. According to Stevens’s power law, to equal the 
perceived intensity, the actual physical intensity has to be raised to some constant 
power, and this constant is different for each type of sensory judgment. When this 
constant power is 1, the perceived intensity equals the actual intensity. This, however,  
seldom occurs, but it is the case for line-length judgments. Almost all of the time the 
constant is less or greater than 1, which means that the perceived intensity is less 
or greater, respectively, than the actual physical intensity. Brightness and loudness 
are examples of perceived magnitude judgments being less than the actual physical 
magnitudes, and electric shock is an example of magnitude judgments being greater. 
Sensory adaptation, our decreasing sensory responsiveness to constant, nonex-
treme stimuli, also helps us to understand how we process the intensity of stimuli. 

ConceptCheck     1

Why were absolute and difference thresholds given statistical definitions?

According to signal detection theory, what would happen to a person’s false 
alarm and miss rates if the person switched from a very lax to a very strict deci-
sion criterion?

What does a really large constant fraction in Weber’s law tell us about our ability 
to judge differences? 

What does Stevens’s power law tell us about our perception of the physical 
intensities of stimuli?
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How We See and How We Hear
Our two most dominant senses are vision and hearing. This 
section will first discuss how our eyes and ears gather and 
process information from the environment. Visual and audi-
tory stimuli are physical energies in the form of waves—light 
waves and sound waves. We need to understand the charac-
teristics of these waveforms to understand how visual and 
auditory stimuli are processed, so we need to discuss them first. A typical waveform 
and its primary characteristics (wavelength, frequency, and amplitude) are illus-
trated in Figure 3.3.

Wavelength refers to the distance in one cycle of a wave, from one crest to the 
next. Different wavelengths of light lead to varying perceptions of color. Humans 
can perceive wavelengths roughly from 400 to 700 nanometers (nm), or billionths 
of a meter. As the wavelengths decrease from 700 nm, the resulting hues go from 
red through the colors of the spectrum down to violet. One way to remember 
the order of these colors is by remembering the name ROY G. BIV, which stands 
for Red, Orange, Yellow, Green, Blue, Indigo, and Violet. Amplitude refers to 
the amount of energy in a wave, its intensity, which is the height of the wave at 
its crest. For light waves, the amplitude determines the brightness of the light. 
Different amplitudes lead to different levels of brightness; the greater the ampli-
tude, the brighter the light.

For auditory stimuli, the frequency of the waveform rather than its length is 
used. Frequency refers to the number of times the waveform cycles in one second. 
Longer wavelengths have lower frequencies, and shorter wavelengths have higher 
frequencies. The frequency of a sound wave determines its pitch, the quality of 
sound that we describe as high or low. For example, female voices usually have a 
higher pitch than male voices. Humans can perceive sound wave frequencies from 

 wavelength The distance in one cycle 
of a wave, from one crest to the next.

amplitude The amount of energy in a 
wave, its intensity, which is the height 
of the wave at its crest.

frequency The number of times a 
wave cycles in one second.

(a) (b)

Short wavelength = high frequency
(bluish colors, high-pitched sounds)

Long wavelength = low frequency
(reddish colors, low-pitched sounds)

Great amplitude
(bright colors, loud sounds)

Small amplitude
(dull colors, soft sounds)

Figure 3.3 | A Typical 
Waveform and Its 
Characteristics | 
Wavelength is the distance 
of one complete cycle of 
the wave, from one crest 
to the next. A wave’s fre-
quency refers to the num-
ber of times it can cycle in 
one second—the longer 
the wave, the lower the 
frequency. The amplitude 
of the wave refers to the 
amount of energy in the 
wave, which is the height 
of the wave at its crest.
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about 20 to 20,000 hertz (Hz), the number of cycles of the sound wave in one sec-
ond. This unit of measurement’s name, hertz, comes from a nineteenth-century 
German physicist named Heinrich Hertz, who studied sound. The amplitude of a 
sound wave corresponds to our perception of its loudness. As the amplitude of a 
wave increases, its perceived loudness increases.

The brain cannot process physical energies such as light waves and sound waves. 
There are receptor cells in our eyes and ears that specialize in transduction— 
converting physical energy into neural signals that the brain can understand. This 
conversion is the first step in processing incoming sensory information. Following 
transduction, the incoming visual and auditory signals undergo further processing 
on their way to the brain, and within the brain before we see and hear the brain’s 
interpretations of these signals. Next, we will take a closer look at transduction 
and the initial information processing in the eyes and ears, focusing on how we see 
color and how we distinguish the pitches of sounds.

How the Eye Works
The light-sensitive receptor cells are located in the retina at the very back of the 
eye; therefore, light waves have to travel through almost the entire eye before trans-
duction occurs. Figure 3.4 shows the path of the light and each of the parts of the 
eye that we will discuss. The cornea is the clear, tough covering on the front of 
the eye that starts bending the light waves that will eventually have to be focused 
on the retina. The light waves pass through the cornea and the pupil, a tiny hole 
through which the light waves enter the eye. The iris is a colored muscle that both 
gives eyes their color and controls the size of the pupil, which determines how 
much light enters. To lessen the amount of entering light, the iris will constrict 
(lessen) the size of the pupil, and to increase the amount of entering light, it will 
dilate (increase) the pupil’s size. A completely dilated pupil lets in about 16 times 
as much light as one that is completely constricted (Matlin & Foley, 1997).

The light then passes through the transparent lens, which is responsible for 
accommodation—the focusing of the light waves from objects of different  
distances directly on the retina. This process is called accommodation because the 
lens changes its shape (accommodates) in order to focus objects at different dis-

tances. When looking at distant objects (at least 20 feet away), 
the lens is in its unaccommodated flattest state, which allows 
the light waves to be focused on the retina. When we look 
at objects that are nearer, the lens accommodates by becom-
ing thicker in order to focus the light waves properly on the 
retina. Because light travels in straight lines, the retinal image 
will be inverted and reversed. The brain, however, rearranges 
this image to its correct orientation for our perception.

If the image is not properly focused on the retina because 
of defects in the lens or the shape of the eyeball, problems in 
vision arise. Nearsightedness occurs when the light waves 

transduction The conversion of physi-
cal energy into neural signals that the 
brain can understand.

accommodation The focusing of  
light waves from objects of different 
distances directly on the retina.

nearsightedness A visual problem 
in which the light waves from distant 
objects come into focus in front of the 
retina, blurring the images of these 
objects.
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Light

LightCross section
of retina below 
the fovea

Ganglion
cell

Bipolar cell
Rod

Cone

To visual
cortex

3

2 1

Retina

Fovea

Optic nerve

Blind spot
Cornea

Iris

Pupil

Lens

Visual cortex in 
occipital lobe

1. Light waves (the white arrows) are transduced 
by the rods and cones at the back of the retina, 
generating neural impulses about the visual 
image.

2. The rods and cones send the information 
about the visual image to the bipolar cells, which 
then pass it on to the ganglion cells (indicated by 
the dark arrows).

3. The axons of the ganglion cells, bundled 
together, converge to form the optic nerve. The 
optic nerve carries the visual image information 
to the visual cortex in the occipital lobe, via the 
thalamus.

Figure 3.4 | The Path of Light Through the Eye and the Structure of the Retina | The light travels through the 
cornea, enters through the pupil whose size is controlled by the iris, and is focused on the retina by the lens. Here, 
as explained in the figure, the light waves are (1) transduced into neural signals describing the visual image; and  
(2) these signals are sent to the bipolar cells, which forward them to the ganglion cells whose axons bundle togeth-
er to form the optic nerve, which (3) carries the signals back to the occipital lobes in the brain, via the thalamus, to 
be interpreted.

from distant objects come into focus in front of the retina, which blurs the images 
of these objects. Farsightedness is created by the opposite focusing problem—
light waves from nearby objects come into focus behind the 
retina, resulting in blurred images. So, in nearsightedness, 
we have difficulty viewing distant objects, but can see near 
objects well; in farsightedness, we have difficulty viewing near 
objects, but can see far objects well. Farsightedness is similar  

 farsightedness A visual problem in 
which the light waves from nearby 
objects come into focus behind the 
retina, blurring the images of these 
objects.
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to what happens to our vision as we age; the lens loses its abil-
ity to accommodate for nearby objects. Older people find it 
difficult to focus on near objects, so they have to get reading 
glasses and hold objects at a distance to help in seeing them.

It is also important to realize that our brains do not process 
everything in the physical world but rather only a tiny bit of it. For example, the part 
of the light spectrum that is visible to us is less than a ten-trillionth of it (Eagleman, 
2011). We have no awareness of the rest of the spectrum carrying X-rays, radio signals, 
gamma rays, and so on. No matter how hard you try, your senses are not equipped 
to tune into the rest of the spectrum. There is far more out there than meets the eye.

The structure of the retina. Except for the visual image being reversed and inverted, 
no visual processing occurs until the light waves reach the retina, which is only a mere 
half-millimeter thick (Brynie, 2009). As shown in Figure 3.4, the retina, the light-
sensitive layer of the eye, is composed of three layers of cells—ganglion, bipolar, and 
receptor (the rods and cones). The light waves pass through the ganglion and bipolar 
cells before reaching the rods and cones, where visual processing begins. The light 
waves are absorbed by photopigments (light-sensitive chemicals) within these recep-
tor cells, creating patterns of neural impulses that describe the visual image. This 
neural information is conveyed to the bipolar cells, which in turn send it along to the 
ganglion cells. The optic nerve, the axons of the ganglion cells bundled together, exits 
the eye carrying the information along the visual pathways to the brain. Where the 
optic nerve exits each eye, we have a blind spot—a retinal area with no receptor cells, 
preventing us from seeing anything there (Ramachandran, 1992). To experience the 
blind spots in each of your eyes, follow the instructions in Figure 3.5. Why don’t we 
normally notice the blind spot in each eye? The brain fills them in with what should 
be there by using the surrounding visual information (Churchland & Ramachandran, 
1996; Ramachandran & Gregory, 1991). If you would like to experience some  
examples of how your brain fills in your blind spots, visit “Seeing more than your  

Figure 3.5 | Find Your Blind Spots | To find the 
blind spot in your left eye, hold the book at arm’s 
length in front of you, close your right eye and 
stare at the orange on the right with your left eye, 
and keep staring at the orange while you move 
the book slowly toward you. The apple should 
disappear when it falls on the blind spot in your 
left eye, somewhere between 6 to 12 inches from 
your eye. To find the blind spot in your right eye, 
this time close the left eye and stare at the apple 
on the left with your right eye as you move the 
book slowly toward you. This time the orange 
should disappear when it falls upon the blind spot 
in your right eye. 

retina The light-sensitive layer of the 
eye that is composed of three layers of 
cells—ganglion, bipolar, and receptor 
(rods and cones).
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eye does” at serendip.brynmawr 
.edu/bb/blindspot1.html. It pro-
vides examples of how your brain 
uses colors and patterns in the 
area surrounding the blind spot 
to make the best guess about 
what should be in the blind  
spot itself.

The optic nerve carries the 
visual information to the thala-
mus, which is responsible for 
directing it to the primary visual 
cortex in our occipital lobes 
to be processed. But how does 
the visual cortex interpret this 
message from the retina? David 
Hubel and Torsten Wiesel’s innovative research in which they recorded patterns 
of electrical impulses in individual neurons in the visual cortex of cats provided 
the answer. They were awarded the Nobel Prize in Physiology or Medicine in 1981 
for their discoveries concerning information processing in the visual system. The 
story of their collaboration along with reprints of all of their key publications can 
be found in Hubel and Wiesel’s Brain and Visual Perception: The Story of a 25-Year 
Collaboration (2004). Because this cortical visual processing is very involved, we’ll 
just describe the general nature of this very counterintuitive processing.

Essentially, the brain recognizes a visual object (a process called pattern rec-
ognition) by breaking it down into its elementary features, such as angles and 
diagonal lines. Cortical cells called feature detectors then recognize these elemen-
tary features. Finally, the elementary features are put back together again, so that 
the whole object can be recognized. For example, to recognize a triangle, , it 
is broken down into its features (possibly, ⁄, , and ∖), which are recognized and 
then regrouped into the proper relationship. Strange isn’t it? To recognize an 
object, the object is broken down into its parts and then these parts are put back 
together again in order to identify object. Even stranger is that there are separate 
processing systems for form, color, distance, and motion information, which the 
brain somehow coordinates and unifies into our seamless perception of the world 
(Ratey, 2001).

But what if your primary visual cortex were severely damaged? You would 
be blind in the conventional sense, but you might possibly have what is 
called blindsight (seeing without knowing)—a condition in which a blind  
person has some spared visual capacities in the absence of 
any visual awareness (Weiskrantz, 2009). The oxymoron 
blindsight was coined by Lawrence Weiskrantz of Oxford 
University, who has studied this condition for more than  
40 years (Weiskrantz, Warrington, Sanders, & Marshall, 1974). 

David Hubel (left) and Torsten Wiesel (right)
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 blindsight A condition in which a  
blind person has some spared visual 
capacities in the absence of any  
visual awareness.
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People with blindsight respond to a visual stimulus without 
consciously experiencing it. For example, they claim that 
they do not see an object, but when asked to reach out and 
touch it, they can do so far more often than what chance 
would predict. If you put a large object in their path, they will 
walk around it but insist that they do not see anything. The 
experimental evidence concerning blindsight has sometimes 
been controversial (Cowey, 2010), and the explanation for 
blindsight remains unsettled. Some researchers believe that 

the blindsight responses stem from the flow of visual information through neural 
pathways that bypass the damaged visual cortex (a kind of information detour) to 
brain areas that do not convey the conscious perception but enable the blindsight 
responses (Ptito & Leh, 2007; Schmid et al., 2010). An alternative explanation is 
that a small amount of healthy tissue remains within the damaged visual cortex, 
not enough to provide conscious perception but sufficient for blindsight responses 
(Gazzaniga, Fendrich, & Wesainger, 1994). It is also possible that both hypoth-
eses are correct. Because there is much variability between those with blindsight, 
each hypothesis might explain different cases. One conclusion that can be made,  
however, is that normal visual perception requires a healthy visual cortex.

Rods and cones. There are two types of visual receptor cells, rods and cones, in 
the retina. They are called rods and cones because of their actual physical shapes. 
Their functions are also very different. Rods are principally responsible for dim 
light and achromatic (colorless) vision, and cones for bright light and color vision. 
Rods outnumber cones about 20 to 1 (Kalat, 2007). There are about 120 million 
rods and only 6 million or so cones in each eye. Cones are more centrally located 
in the retina than rods. They are located in the fovea, a tiny pit in the center of 
the retina, and in the periphery of the retina on each side of the fovea. Rods are 
only located in the periphery, and the proportion of rods to cones increases with 
increasing distance from the fovea. The major differences between rods and cones 
are summarized in Table 3.3.

Table 3.3    Differences Between Rods and Cones

Rods Cones

120 million in each eye 6 million in each eye

Located mainly in periphery of retina Located mainly in fovea and central retina

Primarily responsible for dim light 
vision

Primarily responsible for bright light vision

Responsible for achromatic  
(colorless) vision

Responsible for chromatic (color) vision

Lead to low visual acuity Lead to high visual acuity

rods Receptor cells in the retina that 
are principally responsible for dim 
light and achromatic vision.

cones Receptor cells in the retina 
that are principally responsible for 
bright light and color vision.

fovea A tiny pit in the center of the 
retina filled with cones.
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The difference in location of rods 
(peripheral) and cones (central) helps us 
to determine where we should focus an 
object for the best visual acuity (resolu-
tion of detail). In normal or brighter 
light when the cones are mainly respon-
sible for our vision, the object should be 
focused on the fovea, which is packed 
with cones. Cones provide a clearer pic-
ture of an object. Why? Cones, especial-
ly foveal cones, tend to have more direct 
routes than the rods to the bipolar and 
ganglion cells for the retinal informa-
tion that they process. For example, 
typically one foveal cone communicates 
with one bipolar cell, but several rods 
communicate with one bipolar cell. 
This means that the information that 
the rods send forward has been aver-
aged across several retinal positions, 
leading to a less clear picture of the reti-
nal image. Foveal cones do not have to 
do such averaging; therefore, the retinal 
image they send forward is more detailed and clearer. The cones in the periphery just 
outside of the fovea do some averaging but far less than the rods. A good example of 
the foveal cones’ role in the resolution of detail concerns the changes in French artist 
Edgar Degas’s paintings as his retinal disease worsened in his later years. As his central 
vision grew blurry, his paintings became less detailed and coarser and lost refinement 
(Marmor, 2006). He could not see the detail so he could not paint it.

But where should we focus an object in dim light conditions? The answer is 
in the periphery of the retina rather than the fovea. Why? This is where the rods 
are more densely located, and they are mainly responsible for our vision when not 
much light is available. We shouldn’t look directly at the object when there isn’t 
much light, but rather focus a little to the side of it so that it will be projected 
onto the periphery of the retina. The image won’t be as clear as when we can use 
our cones, but it is the best we can do in dim light. The major role of the rods in 
dim light vision is also apparent in dark adaptation, the process by which the 
rods and cones through internal chemical changes become more and more sensi-
tive to light in dim light conditions. The cones adapt quickly (in 5 to 10 minutes), 
but need more light to function, so they do not really help 
us to see in dim light. It takes longer for the rods to adapt  
(20 minutes or so), but they slowly help us to see in dim 
light. Normally, however, we have enough light for our cones 
to be working. That is why we see the world in vivid color. 

This is a highly magnified and colorized electromicrograph that 
clearly shows the difference between the rods and cones. The 
rods are the longer, thinner green receptors, and the cones are the 
shorter, more tapered blue receptors.
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 dark adaptation The process by which 
the rods and cones through internal 
chemical changes become more and 
more sensitive to light in dim light 
conditions.
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But how do the cones do this, and what else is involved in producing our percep-
tion of color? These are the questions we discuss next.

How We See Color
How many different colors can humans discriminate? Hundreds? Thousands? 
These estimates are not even close. It has been estimated that the human eye can 
discriminate about 7.5 million different colors (Fineman, 1996). How can we dif-
ferentiate so many colors? Actually our color vision can be explained by combin-
ing two rather simple theories of color vision, the trichromatic theory and the 
opponent-process theory. We will consider each one separately and then how the 
two work together to explain color vision.

Trichromatic theory of color vision. Trichromatic theory, as the word trichro-
matic implies, proposes that there are three colors involved. It assumes that there are 
three types of cones, activated best by short, medium, or long wavelengths of light, 
roughly corresponding to blue, green, and red. Indeed, physiological research indi-
cates that there are three types of cones, each containing a slightly different  
photopigment that is maximally sensitive to blue, green, or red wavelengths of light 
(Wald, 1964). The trichromatic theory  assumes that all of the many colors that we 
can perceive are mixtures of various proportions of these three cone activities. If all 
three types of cones are equally active, we see white (the sum of the three wavelengths 
of light). Trichromatic theory played a role in the creation of the television screen, 
which consists of microscopic red, green, and blue dots. The colors we see on the 
screen are the product of how these three types of dots are activated by the television 
broadcast and how the light-emitting dots activate our three types of cones.

It is important to realize that the proposed mixtures of the primary colors are 
additive mixtures—different wavelengths of light are directly 
mixed together. In additive mixtures, all of the wavelengths of 
light reach the retina and are added together. The resulting col-
ors are very different from those for subtractive mixtures, such 
as mixing paints. In subtractive mixtures, some wavelengths 
are absorbed (subtracted) and so do not get reflected from the 
mixture to the retina. For example, if we mix red, green, and 
blue paints together in equal amounts, the result is black (no 
light reflected). A mixture of equal proportions of red, green, 
and blue wavelengths of light, however, appears white. These 
subtractive and additive mixtures are shown in Figure 3.6.

The trichromatic theory provides a good explanation of 
the most prevalent type of color blindness—red-green color 
blindness in which red and green cannot be discriminated. 
Approximately 10% of males and less than 1% of females 
are red-green colorblind (Livingstone, 2002). According to 
trichromatic theory, a person with red-green color blindness 
has normal blue-sensitive cones but has deficient red- or green- 

trichromatic theory A theory of color 
vision that assumes that there are 
three types of cones, each only acti-
vated by wavelength ranges of light 
corresponding roughly to blue, green, 
and red. It further assumes that all of 
the various colors that we can see are 
mixtures of various levels of activation 
of the three types of cones. If all three 
are equally activated, we see white.

additive mixtures Direct mixtures of 
different wavelengths of light in which 
all of the wavelengths reach the retina 
and are added together.

subtractive mixtures Mixtures of 
wavelengths of light in which some 
wavelengths are absorbed (subtracted) 
and so do not get reflected from the 
mixtures to the retina.
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Subtractive color mixing Additive color mixing
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Figure 3.6 | Subtractive and Additive Mixtures | (a) In a subtractive mixture, some wavelengths 
are absorbed (subtracted) and so do not get reflected from the mixture. For example, mixing  
equal amounts of red, green, and blue paints is a subtractive mixture. The intersection of all three 
colors appears black. (b) Mixing equal amounts of red, green, and blue wavelengths of light,  
however, is an additive mixture in which all the wavelengths are directly mixed together, producing 
different results than mixing paints of these three colors. For example, the intersection of all three 
wavelengths appears white. The binary additive mixtures are also counterintuitive. For example, the 
additive mixture of equal proportions of red and green wavelengths of light appears yellow. 
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sensitive cones, which would explain their inability to discriminate red and green. Why, 
however, is this type of color blindness more prevalent in males than in females? As 
Livingstone explains, the genes responsible for producing the photopigments in the 
red- and green-sensitive cones are located on the X chromosome. Females have two 
X chromosomes, but males have only one. Thus, for females carrying a defect in the 
gene that produces the photopigment for the red- or green-sensitive cones in one of 
these chromosomes, the other chromosome will likely be normal, and consequently, 
they will have normal color vision. Males who carry such a defective gene, however, do 
not have another X chromosome (no backup) so their color vision will be abnormal. 

There are, however, color phenomena that trichromatic theory has difficulty 
explaining. We know that red-green and blue-yellow are pairs of complementary 
colors, wavelengths that when added together produce white. This means we can-
not produce an additive mixture that is perceived to be reddish-green or a bluish-
yellow. Trichromatic theory can’t explain why such colors can’t be produced if 
every color is an additive mixture of the three primary colors. In addition, this 
theory has difficulty explaining how we see complementary-color afterimages. 
For example, if we stare at a solid red square for a while and then look at a white 
sheet of paper, we will see a solid green square. Why? To 
explain such phenomena, researchers developed a second 
theory of color vision, the opponent-process theory (Hurvich 
& Jameson, 1957), which we will discuss next.

 complementary colors Wavelengths 
of light that when added together  
produce white.

(a) (b)
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Opponent-process theory of color vision. The opponent-
process theory assumes that there are three opponent-
process cell systems helping us to see color and that they 
are located at the post-receptor level of processing (after 
cone processing), which would mean along the visual path-
ways from the bipolar cells to the brain. The systems are 
the pairs, red-green and blue-yellow, plus a black-white 
(levels-of-brightness) system. The colors within each sys-
tem oppose each other—if one is stimulated, the other one 
is inhibited. For example, there are blue-yellow opponent-

process cells stimulated by blue light and inhibited by yellow light, and others 
that are stimulated by yellow and inhibited by blue. Researchers have found that 
some ganglion cells as well as some cells in the thalamus and visual cortex 
respond in accordance with opponent-process theory (DeValois & DeValois, 
1975; Engel, 1999; Gegenfurtner & Kiper, 2003). Thus, we know that such cell 
systems exist.

Opponent-process theory can easily explain why we can’t see a reddish-green 
or a bluish-yellow. The complementary colors involved in each case cannot both 
be simultaneously stimulated. They cancel each other out. The theory can also 
explain complementary color afterimages. When you stare at one of the two 
colors in an opponent-process system for a while, the part of that system respon-
sible for processing this color gets fatigued and has to stop and recover. This 
is why we see the complementary color in the system when we look at a white 
surface—the other color is recovering and cannot oppose it. A good example is 
the American red, white, and blue flag. If we stare at a picture of this flag for a 
while and then switch our attention to a white sheet of paper, we see a comple-
mentary green, black, and yellow flag! If you stare at the green, black, and yellow 
flag in Figure 3.7 for about 40 seconds and then look at the white space next to 
it, what do you see?

opponent-process theory A theory of 
color vision that assumes that there 
are three opponent-process cell 
systems (red-green, blue-yellow, and 
black-white) that process color infor-
mation after it has been processed 
by the cones. The colors in each 
system oppose one another in that if 
one color is stimulated, the other is 
inhibited.

Figure 3.7 | Demonstration of Complementary 
Afterimage | Stare at the flag above for a while and then 
look at the white space to its right. You should see the 
American flag.
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Theory Explanation of Color Vision

Trichromatic theory There are three types of cones, each only activated 
by wavelength ranges of light corresponding 
roughly to blue, green, and red; all colors are mix-
tures of various levels of activation of these three 
types of cones

Opponent-process theory There are three opponent-process cell systems 
(red-green, blue-yellow, and black-white) that pro-
cess color information after it has been processed 
by the cones; the colors in each system oppose one 
another (if one is stimulated, the other is inhibited)

Composite theory Color information is processed by the cones 
according to trichromatic theory, but color infor-
mation is processed at the post-receptor cell level 
according to opponent-process theory

Table 3.4   Three Theories of Color Vision

There is research that supports both trichromatic theory and opponent-process 
theory, so the best explanation for how we see color involves both theories, but at 
different locations in the visual pathways (Boynton, 1988). Color information is 
processed by the cones according to trichromatic theory, but color information is 
processed at the post-receptor cell level (by bipolar, ganglion, thalamic, and corti-
cal cells) according to the opponent-process theory. This simple composite theory 
is a good example of competing theories becoming complementary theories. All 
three theories of color vision are summarized in Table 3.4.

This brief discussion of how we see color shows how visual input from the environ-
ment is processed, analyzed, and reconfigured, starting with its initial processing in 
the retina and as it continues along the visual pathways to the brain to be interpreted. 
Next, we will consider how such processing of auditory information enables us to hear.

How the Ear Works 
The auditory sensory system is a mechanical (vibratory) system with the recep-
tor cells located in the inner portion of each ear. As you can see in Figure 3.8  
(page 122), the ear is divided into three sections—the outer ear, middle ear, and 
inner ear. The parts of each section are also shown in Figure 3.8. The pinna, the 
external part of the ear, collects sounds and funnels them through the audi-
tory canal to the tympanic membrane (the eardrum), which marks the boundary 
between the outer ear and middle ear. The sound waves produce vibrations in 
the eardrum, and these vibrations create a chain reaction that moves the malleus, 
incus, and stapes (more commonly referred to as the hammer, anvil, and stirrup 
given their shapes), the three tiny bones in the middle ear (the three smallest 
bones in the human body). The movement of the stapes creates vibrations of the 
oval window, a membrane covering an opening into the inner ear.
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Outer ear           Middle ear       Inner ear

Bones of the
middle ear

Bone

Auditory
nerve

Cochlea

Eardrum

Sound
waves

Auditory
canal

Pinna

Oval window

Malleus
(Hammer)

Incus
(Anvil)

Stapes
(Stirrup)

Cochlea,
partially uncoiled

Sound
waves

Eardrum
Oval window

Auditory nerve

Nerve fibers to auditory nerve

Basilar membrane containing hair cells

Motion of fluid in the cochlea

Enlargement of middle ear and inner ear
(note that the cochlea is uncoiled for
explanatory purposes, but not in reality)

Auditory cortex
of temporal lobe

Figure 3.8 | The Path of Sound Through the Ear | Sound is conducted through the ear by way of air 
pressure changes. After entering through the pinna, the sound waves create vibrations in the eardrum  
that lead to movement of the three tiny bones in the middle ear. This movement leads to vibration of the 
oval window that leads to movement of the fluid in the inner ear, displacement along the basilar mem-
brane, and movement of the hair cells within the membrane. The movement of these hair cells creates the 
neural signals that are taken to the primary auditory cortex in the temporal lobes by the auditory nerve via 
the thalamus.

The cochlea is a snail-shaped structure in the inner ear that contains the recep-
tor cells for hearing. Tiny hair cells that line the basilar membrane (a membrane 
that extends the length of the cochlea) are the receptors for hearing. There are 

not nearly as many hair cells in the ears as there are rods and 
cones in the eyes, only about 16,000 hair cells in each ear 
(Matlin & Foley, 1997). The vibrations of the oval window 
displace fluid within the cochlea, which causes movement of 
the basilar membrane and thus movement of the hair cells in 
the membrane. The auditory message is coded according to 
how these tiny hair cells move. This motion of the hair cells 

cochlea A snail-shaped structure  
in the inner ear that contains the 
receptor cells for hearing.

hair cells The receptor cells for hear-
ing. They line the basilar membrane 
inside the cochlea.
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gets translated into neural impulses 
that get passed on to the auditory 
nerve cells that carry the information 
to the thalamus, which directs the 
information to the primary auditory 
cortex in the temporal lobes.

Hearing loss caused by damage to 
these hair cells or the auditory nerve 
fibers is called nerve deafness. The 
most common causes of such damage 
are aging and continued exposure to 
extremely loud noises. Nerve deafness 
is much more difficult to treat than 
conduction deafness, hearing loss 
caused by damage to the mechanical 
system carrying the auditory infor-
mation to the cochlea. For example, 
puncturing an eardrum can lead to 
conduction deafness. Hearing aids 
can often help to alleviate this type 
of deafness.

It is important to realize that just as we learned that we only process a small 
part of the light spectrum, parts of the auditory spectrum are outside the range 
of human hearing. We cannot process ultrasound stimuli, those above 20,000 Hz, 
and infrasound stimuli, those below 20 Hz. Other animals, however, have differ-
ent windows on the auditory world. For example, elephants, whales, and giraffes 
can hear infrasound stimuli; and dolphins and bats, ultrasound stimuli. Whales 
and elephants use infrasound to communicate over long distances, possibly up to 
hundreds of miles in the case of whales. Dolphins communicate using ultrasound 
frequencies, and bats use them to navigate and hunt in darkness. Dogs and cats 
can hear frequencies above 40,000 and 50,000 Hz, respectively; and the upper 
range for dolphins may extend to 150,000 Hz (Goldstein, 2007). Thus, the outside 
world is really noisy; we just lack the ability to process it.

Now, given our basic understanding of how the ear works and how auditory 
information gets coded and processed, we’ll consider an important aspect of this 
complex coding, how we distinguish different pitches.

How We Distinguish Pitch
Remember that pitch is the quality of sound that we describe 
as high or low and is determined by the frequency of a sound 
wave. We can perceive sound wave frequencies from about 
20 to 20,000 Hz. Each of the frequencies in this rather large 
range corresponds to a different pitch that we can perceive. 

This image of hair cells lining the cochlea has been greatly magni-
fied and colorized. The hair cells vibrate in response to sound, and 
this motion gets translated into neural impulses that get carried to 
the primary auditory cortex.

S
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 nerve deafness Hearing loss created 
by damage to the hair cells or the audi-
tory nerve fibers in the inner ear.

conduction deafness Hearing loss 
created by damage to one of the 
structures in the ear responsible for 
mechanically conducting the auditory 
information to the inner ear.
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The best explanation of how we perceive this range of pitches parallels the story 
of how we see different colors. We will find that to get the best explanation, two 
theories will need to be combined—place theory and frequency theory. First, we 
will consider each of the two theories, and then how they go together.

Place theory. Place theory assumes that there is a specific place along the basilar 
membrane, starting from the oval window, which will respond maximally to a par-
ticular frequency. Thus, the brain will know the frequency by knowing the location 
of peak activity along the basilar membrane. In some ingenious experiments on the 
cochleas from human cadavers, Georg von Békésy discovered that each frequency 
generates a traveling wave that moves along the basilar membrane and peaks at a 
particular location (Békésy, 1960). Starting at the oval window and 20,000 Hz, the 
pitch goes down as the peak activity moves down the basilar membrane. These 
peak locations tell the brain the frequencies of the incoming auditory stimuli.

Frequency theory. Frequency theory assumes that the frequency of the sound 
wave is mimicked by the firing rate of the hair cells across the entire basilar mem-
brane. For example, if the frequency were 100 Hz, the firing rate for the membrane 
would be 100 impulses per second. The brain would know the frequency by the 
basilar membrane’s firing rate in reaction to the auditory stimulus.

Now let’s see why and how we put theories together to get a better explana-
tion of pitch perception. First, research has found that specific locations along 
the basilar membrane correlate well with the frequencies of sound waves, except 
for lower pitches ( 500 Hz). For these lower pitches, the firing rate of the basilar 
membrane mimics the frequency. This means that place theory can explain how 
we hear the entire range of pitches except for low pitches, but frequency theory 
can explain how we hear these low pitches. Is frequency theory only able to explain 
how we perceive pitches below 500 Hz? No, the upper limit on firing rate is  
5,000 times per second. There is a maximum firing rate for nerve cells, about  

1,000 times per second. However, with the addition of the 
volley principle, in which the cells take turns firing to 
increase the maximum firing rate for the group of cells, fre-
quency theory could explain our perception of frequencies 
up to about 5,000 Hz (Zwislocki, 1981). Because 5,000 times 
per second is the upper limit for the firing rate using the vol-
ley principle, frequency theory would not be able to explain 
how we perceive higher frequencies of 5,000 to 20,000 Hz.

Combining the two theories gives us a composite the-
ory that fits the research findings on pitch perception. 
Frequency theory explains the perception of lower frequen-
cies ( 500 Hz), and place theory explains how we perceive 
higher frequencies ( 5,000 Hz). This means that the brain 
uses the firing rate to differentiate the low frequencies and 
the location of maximal hair cell activity along the basilar 
membrane to distinguish the high frequencies. For the range 

place theory A theory of pitch percep-
tion that assumes that there is a  
specific location along the basilar 
membrane that will maximally respond 
to a particular frequency, thereby 
indicating the pitch to the brain. As this 
location goes down the basilar mem-
brane from the oval window, the pitch 
goes down from 20,000 Hz to 20 Hz.

frequency theory A theory of pitch 
perception that assumes that the  
frequency of the sound wave is  
mimicked by the firing rate of the 
entire basilar membrane.

volley principle Cells taking turns  
firing will increase the maximum firing 
rate for a group of cells.
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Table 3.5   Theories of Pitch Perception

Theory Explanation of Pitch Perception

Place theory There is a specific location along the basilar membrane that 
will maximally respond to a particular frequency, thereby 
indicating the pitch to the brain

Frequency theory The frequency of the sound wave is mimicked by the firing 
rate of the entire basilar membrane, thereby indicating the 
pitch to the brain

Composite theory Lower frequencies ( 500 Hz) are processed according to  
frequency theory, higher frequencies ( 5,000 Hz) are  
processed according to place theory, and for frequencies 
between from 500 to 5,000 Hz, both theories are working

of frequencies in between (roughly 500 to 5,000 Hz), both sources of information 
work, giving us double coverage and better pitch perception. This is fortunate 
because this range of frequencies contains the sounds most important to us—for 
example, human speech. All three theories of pitch perception are summarized in 
Table 3.5.

Section Summary
In this section, we discussed our two most dominant senses—vision and hearing. 
Stimuli for both senses occur in the form of waves, light waves and sound waves, 
respectively. For light waves, different wavelengths lead to the perception of differ-
ent colors, and the amplitude of the wave determines the level of perceived bright-
ness. With respect to sound waves, wave frequency determines the pitch that we 
perceive, and wave amplitude determines our perception of loudness. The brain 
cannot process such physical energy forms, hence receptor cells (rods and cones 
in the retina and hair cells in the basilar membrane within the cochlea) transduce 
(convert) the physical energy into neural signals that the brain can understand.

Light waves pass through many parts of the eye before being transduced by the 
rods and cones at the back of the retina. Once transduced, the neural signals are 
carried by the optic nerve to the thalamus, which sends them to the primary visual 
cortex where they are interpreted. In this interpretation process, the object is broken 
down into its elemental features, which are recognized by feature detectors, and 
then the features are combined so that the whole object can be recognized. The 
cones and rods divide the initial visual processing. Cones are responsible for bright 
light and color vision; rods are responsible for dim light and achromatic vision.

There are two competing explanations for how we see color—trichromatic theory 
and opponent-process theory. Trichromatic theory proposes three types of cones, 
each responding to ranges of wavelengths corresponding to red, green, and blue. 
All other colors are derived from varying proportions of these three primaries. 
Research indicates that we do have these three types of cones. Opponent-process 
theory assumes that there are three types of cell systems (red-green, blue-yellow, 
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and black-white) at the post-receptor level that help us to see color. Being comple-
mentary pairs, the colors within each system oppose (cancel) each other. Opponent-
process theory can explain complementary color phenomena that the trichromatic 
theory cannot. The combination of these two theories provides the best explanation 
of color vision. The trichromatic theory explains how the cones operate, and the 
opponent-process theory explains how cells in the visual pathways operate after the 
cones have done their initial processing.

The auditory system is a mechanical vibratory system with the hair cell recep-
tors located within the basilar membrane in the cochlea. Incoming vibrations result 
in fluid displacement in the cochlea that causes movement of these hair cells. The 
nature of these hair cell movements creates the auditory message that gets carried 
by the auditory nerve, by way of the thalamus, to the primary auditory cortex for 
interpretation. Damage to these hair cells or the auditory nerve results in nerve 
deafness, which is very difficult to treat. Damage to one of the structures conduct-
ing the auditory information to the inner ear causes conduction deafness, which is 
easier to treat.

To explain how we perceive pitch, two theories are necessary. We can perceive a 
fairly large range of frequencies, 20 to 20,000 Hz. Place theory, which assumes that 
there are specific locations along the basilar membrane correlated with each fre-
quency, explains how we hear high pitches (frequencies above 5,000 Hz). Frequency 
theory, which assumes that the firing rate of the hair cells mimics the incoming fre-
quency information, explains how we hear low pitches (frequencies less than 500 Hz).  
Frequency theory (with the addition of the volley principle) and place theory both 
operate to give us better pitch perception for moderate pitches (frequencies from 
500 to 5,000 Hz).

ConceptCheck    2

Explain the difference between nearsightedness and farsightedness with respect 
to focusing problems.

Explain what opponent-process theory would predict that you would see if you 
stared for a minute at a flag with alternating yellow and white stripes and a rect-
angular patch of green in the center and then looked at a white sheet of paper.

Explain why longer sound waves lead to lower frequencies and shorter ones 
lead to higher frequencies.

Explain why neither the place theory nor the frequency theory by itself can 
explain human perception of pitch from 20 to 20,000 Hz.

How We Make Sense of What We See
So far we have learned that sensory structures such as the eyes and ears are 
designed to receive and begin processing various aspects of stimuli from our 
external environment. These structures transduce the raw data from the environ-
ment into neural impulses that the brain can understand. This initial informa-
tion gathering and recoding by the sensory structures is usually referred to as  
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sensation, and the resulting interpretation by the brain, perception. These two 
processes, however, are not quite as distinct as their definitions make them sound. 
They work together in more of an interactive way. A consideration of bottom-up 
and top-down processing for visual perception should help you to understand 
this interaction. Following this discussion, we’ll consider perceptual organiza-
tion and constancy, two processes essential for bringing order to incoming visual 
information. Last, we’ll discuss distance perception, how the brain manages to 
give us the third dimension of depth in our perception of the world.

Bottom-up Processing and Top-down Processing
Perception is the product of bottom-up and top-down processing. Bottom-up 
processing refers to the processing of incoming sensory input as it travels up from 
the sensory structures to the brain. It is called bottom-up because it is coming 
from the senses up to the brain. Bottom-up processing starts with the transduc-
tion of the incoming sensory signals. You can think of bottom-up processing as 
bringing the sensory input from the environment to the brain to be interpreted. 
However, the perceptual systems in the brain do not just randomly search through 
billions of possibilities to recognize the sensory input that is sent up. The search is 
greatly narrowed by top-down processing—the brain’s use of knowledge, beliefs, 
and expectations to interpret the sensory information. It is referred to as top-down 
because it is coming from the top (the brain) back down to the lower sensory 
structures. To understand the difference between these two types of processing, 
think about listening to someone speak in a language that is foreign to you. You 
have bottom-up processing in that you hear the sounds. You cannot interpret 
this sensory input, however, because you do not have top-down processing (com-
prehension of the foreign language is not part of your knowledge base). Because 
top-down processing is so critical to perception, there are more top-down neural 
connections than bottom-up connections, about a 10:1 ratio (Hickok, 2014).

To further your understanding of these two types of processing, look at  
Figure 3.9 (page 128). Do you see a meaningful pattern? If not, then your top-down 
processing is letting you down. There is a cow staring directly at you. The head is on 
the left side of the image. To see it, your top-down processing 
has to organize various features in the figure successfully to 
fit your knowledge of what such a cow looks like. Once your 
brain does this, you won’t have trouble seeing it the next time 
you look at this figure. You’ll have the necessary top-down 
processing. In fact, using similar stimuli, Tovee, Rolls, and 
Ramachandran (1996) found that neurons in the temporal 
lobes permanently altered their connections once the mean-
ingful pattern (such as the cow in our example) has been seen. 
In addition, using a jumble of black and white splotches from 
which you eventually see a dog, Ramachandran, Armel, and 
Foster (as reported in Ramachandran & Blakeslee, 1998, p. 297)  

 sensation The initial information 
gathering and recoding by the sensory 
structures.

perception The interpretation by the 
brain of sensory information.

bottom-up processing The processing 
of incoming sensory information as it 
travels up from the sensory structures 
to the brain.

top-down processing The brain’s use 
of knowledge, beliefs, and expecta-
tions to interpret sensory information.
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found that if two completely different views of this dog are presented in rapid 
succession, naive subjects can see only incoherent motion of the black and white 
splotches; but if they have already seen the dog, it is seen to jump or turn in 
the appropriate manner, demonstrating the role of top-down object knowledge 
in motion perception. If you are still having trouble locating the cow, the dark 
splotches at the bottom of the figure, just to the left of center, represent her nose 
and mouth. Up higher are other dark areas that are her eyes and ears.

The subjective nature of perception is due to this top-down processing. Our 
past experiences, beliefs, and expectations bias our interpretations of sensory 
input. As the French novelist Anais Nin observed, “We do not see things as they 
are, we see things as we are” (Tammet, 2009). Perceptual set and the use of contex-
tual information in perception are two good examples of this biasing effect of top-
down processing. Perceptual set occurs when we interpret an ambiguous stimulus 
in terms of how our past experiences have “set” us to perceive it. Our top-down 
processing biases our interpretation so that we’re not even aware of the ambiguity. 

Let’s consider how we perceive close plays in sporting events. 
Don’t we usually see them in favor of “our” team? We are 
set by past experiences to see them in this biased way. This 
means that past experiences guide our perception with top-
down processing. In other words, we see it “our way.”

Figure 3.9 | Perceptual 
Organization and Top-down 
Processing | Do you see a 
meaningful object in this fig-
ure? There is one. It is a cow 
staring directly at you. Can 
you find it? To do so, your 
perceptual top-down process-
ing mechanisms will have to 
organize some of the features 
of the figure to match your 
knowledge of what a cow looks 
like. If you are having trouble 
locating the cow, its head occu-
pies most of the left half of the 
figure, and its body, the right 
half. Once you see it, you won’t 
have any difficulty seeing it the 
next time. Your top-down pro-
cessing mechanisms will know 
how to organize the features so 
you perceive it.  (From American Journal 

of Psychology. Copyright 1951 by the Board of 

Trustees of the University of Illinois. Used with 

permission of the University of Illinois Press.)

perceptual set  The interpretation 
of ambiguous sensory information in 
terms of how our past experiences 
have set us to perceive it.
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Contextual effects are even stronger examples of top-down processing guiding per-
ception. A contextual effect on perception occurs when we use the present context 
of sensory input to determine its meaning. Figure 3.10 shows a simple example of 
such contextual effects. Most people see the top line of characters as the alphabetic 
sequence A, B, C, D, E, F, and the second line as the numeric sequence 10, 11, 12, 13, 
14. But if we now look at the characters creating the B and the 13, they are the same 
in each case. The context created by each line (alphabetic versus numeric) determined 
our interpretation. If surrounded by letters, the characters were interpreted as the let-
ter B; if surrounded by numbers, the characters were interpreted as the number 13.

Context is a crucial contributor to perception. Without contextual informa-
tion, the brain may not be able to decide upon an interpretation. What about 
the following characters: IV? They could be alphabetical (the letters I and V) or 
numeric (the Roman numeral for 4). Inserted into a sentence with other words, 
such as “Jim was in the hospital and hooked up to an IV,” we would perceive 
them as letters. However, if they were inserted into the sentence, “Edward IV was 
the King of England in the fifteenth century,” we would perceive their numerical 
meaning. The addition of contextual information provides top-down processing 
that allows the brain to resolve such ambiguities in normal perception.

Perceptual Organization and Perceptual Constancy
Perceptual organization and constancy are essential processes for bringing order 
to the incoming sensory input. Let’s consider perceptual organization first. To be 
interpreted, the bits of incoming sensory data must be organized into meaningful 
wholes—shapes and forms. Some German psychologists working in the early part of 
the twentieth century developed many principles that explain how the brain auto-
matically organizes visual input into meaningful holistic objects. Because the German 
word gestalt translates as “organized whole,” these psychologists became known 
as Gestalt psychologists. To the Gestalt psychologists, these 
organized wholes are more than just the sum of their parts. A 
good example of this is stroboscopic movement, the perceptual 
creation of motion from a rapidly presented series of slightly  

 contextual effect The use of the pres-
ent context of sensory information to 
determine its meaning.

Figure 3.10 | A Context Effect on Perception |  
The interpretations of the ambiguous characters 
composing the second item in the first series and 
the fourth item in the second series are determined 
by the context created by the items on each side of 
them. In the first series, these items are letters so 
the interpretation of the ambiguous characters is a 
letter, B. In the second series, the items are num-
bers so the interpretation is a number, 13. (Sensation 

and Perception (6th ed.), by S. Coren, l. M. Ward, & J. T. Enns, 2004, New York: 

Wiley. ISBN: 0471272558.)
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varying images. For example, we see smooth motion when 
watching a movie, but in actuality there are only still picture 
frames being shown rapidly in succession. The motion we 
perceive emerges from the parts, the still frames, but is not 
present in them. You have already experienced another example 
of the whole being greater than the sum of its parts in the last 
question in ConceptCheck 3, Chapter 2. The whole (a portrait 

of Rudolf II of Prague) is greater than the sum of its parts (fruits, flowers, and veg-
etables). To explain how we organize our visual input into holistic objects, Gestalt 
psychologists proposed many different organizational principles. We will consider 
two major ones—the figure-and-ground principle and the principle of closure.

Gestalt psychologists developed a basic rule for perceptual organization, 
the figure-and-ground principle—the brain organizes the sensory input into 
a figure or figures (the center of attention) and ground (the less distinct back-
ground). To get a better understanding of this principle, let us examine the 
image in Figure 3.11. This reversible figure-ground pattern was introduced by 
Danish Gestalt psychologist Edgar Rubin in 1915 (Rubin, 1921/2001). What is 
the figure and what is the ground? These keep changing. We see a vase as a white 
object on a colored background, but then we see two faces in silhouette facing 
each other on a white background. What you see is determined by which side of 
the wavy lines extending down either side of the image your brain focuses on to 
form the figure (Restak & Kim, 2010). If you concentrate laterally (outwardly), 
then you’ll see the faces. If you concentrate medially (inwardly), then you’ll see 
the vase. This is what is called border ownership (Rubin, 2001). When you per-
ceive the faces, you see the blue region as owning the border (the wavy lines); 
but when you perceive the vase, you see the white region as owning the border. 
With each switch in perspective, the brain keeps switching its figure and ground 
organization for these sensory data. This is called a reversible pattern because the 
figure and ground reverse in the two possible interpretations. What is figure in 
one interpretation becomes the background in the other. Without any context, 
top-down processing cannot determine which interpretation is the correct one. 

figure-and-ground principle The 
Gestalt perceptual organizational  
principle that the brain organizes 
sensory information into a figure or 
figures (the center of attention) and 
ground (the less distinct background).

Figure 3.11 | An Example of Figure-
Ground Ambiguity | Do you see a white 
vase or two blue facial silhouettes look-
ing at each other? You can see both, but 
only one at a time. When you switch 
your perception from one to the other, 
your brain is switching how the input 
is organized with respect to figure and 
ground. When you see a vase, the vase 
is the object, but when you see the two 
faces, the vase becomes the background.
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This is an example of a bistable 
perception—an unchanging visu-
al stimulus that leads to repeated 
alternation between two different 
perceptions (Yantis, 2014).

The ambiguous vase–silhouettes 
illustration helps us to understand 
the figure-and-ground principle, 
but ambiguity can also be due to 
the possibility of more than one 
object on the same background. 
The features of the object may 
allow more than one interpreta-
tion. A classic example of such an 
ambiguity is given in Figure 3.12. 
Do you see an old woman or a 
young woman? The young woman 
is looking back over her right shoulder, and the old woman’s chin is down on her 
chest. The young woman’s ear is the left eye of the old woman. Actually, depend-
ing upon how you organize the features, you can see both, but not simultaneously.  
If you are able to see both, your top-down processing will keep switching your per-
ception because there is no contextual information to determine which interpreta-
tion is correct.
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Figure 3.12 | An Example 
of an Organizational 
Perceptual Ambiguity | 
Do you see the head and 
shoulders of an old woman 
or a young woman? If you’re 
having trouble seeing the 
old woman, she has a large 
nose, which is located below 
and to the left of the cen-
ter of the figure. The old 
woman’s large nose is the 
chin and jaw of the younger 
woman. Now can you see 
both of them? Because there 
is no contextual information 
to determine a correct inter-
pretation, your perception 
will keep switching from one 
interpretation to the other.
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132 | CHAPTER 3 | SENSATION AND PERCEPTION

This young/old woman organization-
al ambiguity is often credited to British 
cartoonist W. E. Hill who published it in 
a humor magazine in 1915, but it appears 
that Hill adapted it from an original con-
cept that was popular throughout the 
world on postcards and trading cards 
in the nineteenth century. The earli-
est known depiction of the young/old 
woman ambiguity is on an anonymous 
German postcard from 1888 shown on 
the left in Figure 3.13 (Weisstein, 2009). 
Can you perceive both the young woman 
and the old woman? Having identified 
them in Hill’s illustration should have 
facilitated their perception on this card. 
As in Hill’s illustration, the old woman’s 
large nose is the chin and lower jaw of 
the younger woman. Botwinick (1961) 
created the male version of this figure 
(shown on the right in Figure 3.13) and 
entitled it “Husband and Father-in-Law” 
because the title of Hill’s female ambigu-
ous figure was “Wife and Mother-in-
Law.” If you’re having trouble perceiving 
the two men, the older man’s big nose 
(like the older woman’s big nose) is the 

chin and lower jaw of the younger man; but the two men are facing in the opposite 
direction of the two women in Hill’s illustration.

Another important Gestalt perceptual organizational principle is closure, 
which refers to the tendency to complete (close) incomplete figures to form 
meaningful objects. You’ve already seen some examples of closure in Figures 3.9 
and 3.10. Closure was used to perceive the cow in Figure 3.9 (page 128) and to 
perceive the ambiguous characters in Figure 3.10 (page 129) as the letter B in the 
alphabetic context. The French artist Paul Cézanne used the principle of closure 
in his paintings by leaving bare patches of canvas in them for the viewer to fill 

in the blanks (Lehrer, 2007; Sweeney, 2011). Significantly, 
he worked at about the same time as the Gestalt psycholo-
gists developed their principles of perceptual organization. 
In order to close a figure, we use top-down knowledge. 
Sometimes, however, the brain goes too far in using closure 
and creates figures where none exist. Such figures are called 
subjective contours—lines or shapes that are perceived to 
be present but do not really exist (Kanizsa, 1976). The white 

Figure 3.13 | Two More Organizational Perceptual 
Ambiguities | On the left is a young/old woman ambi-
guity taken from a German postcard from 1888. The 
ambiguity on this postcard is like the one in Figure 3.12. 
Can you see both the young woman and the old woman? 
Their head positions are just like those in Figure 3.12. The 
old woman’s big nose is the chin and jaw of the younger 
woman. On the right is a similar perceptual ambiguity 
that allows the perception of both a young man and an 
old man. If you’re having difficulty seeing both men, the 
old man’s big nose is the chin and jaw of the younger 
man just like in the ambiguous women’s version. The two 
men, however, are facing to the right and not to the left 
like the two women. ((a) Science Source; (b) Drawn by Mr. george P. Marsden, 

Chief, Medical Arts Section, DRS, NIH)

closure The Gestalt perceptual 
organizational principle that the brain 
completes (closes) incomplete figures 
to form meaningful objects.

subjective contour A line or shape 
that is perceived to be present but 
does not really exist. The brain  
creates it during perception.
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triangle that seems to be overlying three black circles and another triangle in 
Figure 3.14 is a subjective contour. Only three 45° angles and three black circles 
with a chunk missing are present. In perceiving these stimuli, the brain creates an 
additional object, the second triangle, by filling in the missing parts of the sides 
of this triangle; but this triangle doesn’t really exist. The caption for Figure 3.14  
explains how to demonstrate that the overlying triangle is really not there. 
Because 4-month-old infants also see such subjective contours (Ghim, 1990), 
it appears that our brains are hardwired to make sense of missing information 
by using top-down processing to fill in what should be there (Hood, 2009). The 
visual cortex also responds to the illusory contours as if they are real. Von der 
Heydt, Peterhans, and Baumgartner (1984) found that illusory contours evoked 
responses in cells in the visual cortex that responded as if the contours were real 
lines and edges.

Not only does the brain create subjective contours, but it also creates ones 
that are ambiguous. An example of an ambiguous subjective contour is the 
Necker cube in Figure 3.15 on page 134 (from Bradley, Dumais, & Petry, 1976). 
In perceiving a Necker cube, you have filled in the nonexistent lines that connect 
its corners. The cube seems to float in front of the page, with green circles behind 
it. All that is really there are green circles with white lines in them. Your brain 
constructs the cube’s subjective edges and its three-dimensional shape. You can 
show that this is a subjective contour by placing your finger over a green circle. 
The lines emanating from that circle will vanish. You can also reverse the ori-
entation of this phantom cube just as you can for a true Necker cube (another 
example of a bistable perception). Focus on the “x.” It will move from the front 
edge of the cube to the back edge when the cube reverses orientation. This phan-
tom cube not only illustrates an ambiguous subjective contour, but it also allows 
you to remove the subjective edges of the cube from your perception. Imagine 
that the green circles are holes and that you are looking at the cube through 
these holes. The cube is actually suspended behind the page. This perception 

Figure 3.14 | An Example of a Subjective 
Contour | Does there appear to be a very bright 
triangle overlying three black circles and another 
triangle? This brighter-appearing triangle isn’t real-
ly there. It is a subjective contour created by your 
brain in its perception of the three black circles 
with a chunk missing (the three Pac Man–like char-
acters). To demonstrate that this overlying brighter 
triangle is truly not there, cover up everything in 
the display but the horizontal blank center. When 
you do this, you will not see any difference in level 
of brightness across the horizontal center of the 
display. If the whiter triangle were really there, you 
would see differences in brightness.
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may take a little longer to achieve, but be patient. Once you are able to perceive 
this interpretation, the illusory contour lines vanish, but the cube continues to 
reverse. Thus, there are four perceptions possible for this seemingly simple visual 
display, demonstrating that perception is a process of active construction. This 
display also demonstrates that the brain constructs our three-dimensional view 
of the world from the visual cues available in a visual stimulus, in this case a 
two-dimensional one (Hoffman, 1998). We will discuss how we perceive depth 
in the next section.

In addition to being able to organize and group sensory input to form mean-
ingful objects, the brain must be able to maintain some type of constancy in its 
perception of the outside world, and it does. Perceptual constancy refers to the 
perceptual stability of the size, shape, brightness, and color for familiar objects 
seen at varying distances, different angles, and under different lighting condi-
tions. These various types of constancy are referred to as size, shape, brightness, 
and color constancy, respectively. The retinal images for familiar objects change 
under different visual conditions such as different viewing angles or distances. 
For example, the size of a car doesn’t shrink in our perception as it drives away. 
The size of its retinal image shrinks, but its size in our perception doesn’t change. 
The brain adjusts our perceptions in accordance with what we have learned 
about the outside world. We know that the car’s size doesn’t change and realize 

that it is just farther away from us. Perceptual constancy 
must override this changing sensory input to maintain an 
object’s normal size, shape, brightness, and color in our per-
ception of the object. Perceptual constancy is a very adaptive 
aspect of visual perception. It brings order and consistency 
to our view of the world.

Figure 3.15 | Another Example of an Ambiguous 
Subjective Contour | This phantom Necker cube is an 
example of an ambiguous subjective contour. Instead of 
seeing green circles with white lines inside them, you 
see a cube, seemingly floating above the page. The lines 
between the circles that connect the corners of the cube 
are nonexistent. The cube also reverses orientation. 
Focus on the “x,” and it will move from the front edge 
of the cube to the back. You can also make the subjec-
tive segments of the cube vanish by viewing the circles 
as holes in the page and imagining that you are looking 
through the holes to see the cube suspended below. The 
cube below also reverses orientation so there are four 
different possible interpretations of this seemingly simple 
stimulus. (Reprinted by permission from Macmillan Publishers ltd: “Reply to 

Cavonius,” by D. R. Bradley, S. T. Dumais, & H. M. Petry, 1976, Nature, 261, p. 78.)

perceptual constancy  The percep-
tual stability of the size, shape, bright-
ness, and color for familiar objects 
seen at varying distances, different 
angles, and under different lighting 
conditions.
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Using our understanding of how the brain achieves these constancies, how-
ever, we can create situations that fool the brain, creating an illusion. Consider 
brightness constancy (also called lightness constancy). The brightness of an 
object depends upon the amount of light the object reflects relative to its sur-
roundings. Look at Figure 3.16a. Which checker square is brighter, Square A or 
Square B? Doesn’t Square B appear brighter to you? It is not. The two squares 
are the same shade of gray. Edward H. Adelson at MIT created this illusion. What 
causes our illusory perception that the two squares are not the same brightness? 
Whereas there are other factors involved (e.g., how the brain uses shadow infor-
mation because B is in the shadow and A is not), the primary one is that the two 
squares have different surrounding contexts. Square A appears darker because 
it is surrounded by lighter squares, and Square B appears lighter because it is  
surrounded by darker squares. The brain uses the surroundings of the two squares 
to determine their brightness and is led astray in this case. Look at Figure 3.16b. 
Now the surroundings of the two squares are the same so your brain judges their 
brightness to be the same and you perceive them as the same. Perceived brightness 
of an object depends upon its surrounding context. Remember that even know-
ing that the two tables in the Turning the Tables illusion given in Figure 3.1 (see  
page 101) were the same size, you could not make your brain perceive them as 
equal. The same holds here. Even knowing that the two squares in Figure 3.16a 
are the same, you cannot make your brain perceive them to be the same. If you are 

Figure 3.16 | Adelson’s Checker Shadow Illusion |  (a) Which checker square is brighter— 
Square A or Square B? It certainly appears that Square B is brighter. However, the two squares are the  
same shade of gray. Whereas there are other factors involved in this brightness illusion, an important one is 
that the two squares have different surrounding contexts. Square A appears darker because it is surrounded 
by lighter squares, and Square B appears lighter because it is surrounded by darker squares. The message: 
Perceived brightness is relative. (b) The two squares are now surrounded by the same context, allowing you 
to see that they are indeed the same shade of gray. 

(a) (b)
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136 | CHAPTER 3 | SENSATION AND PERCEPTION

still not convinced that Squares A and B in Figure 3.16a are the same, then photo-
copy the page, cut the two squares out, and compare them. This will convince you.

Perceiving constancies also seems to have subjective components that can lead 
different people to see the same stimulus differently, but each person would still 
see it in a constant fashion. A good example is “The Dress” color debate (also 
known as “Dressgate”) that went viral on the Internet in February 2015. A photo 
of the dress to be worn by a mother-in-law-to-be was posted online in an attempt 
to solve the disagreement between the future bride and groom about the color of 
the dress in the photo. The bride saw the dress as white and gold, and the groom 
as blue and black (the actual colors of the dress). Indeed, the public also seemed 
to be firmly entrenched into white-and-gold and blue-and-black camps with 
the vast majority of people not being able to switch their color interpretations. 
These two perceptions of the dress are given in Figure 3.17. Why the difference in 
color perception? Whereas there are many explanations that have been proposed  
for this difference and perceptual researchers are still in disagreement about the  
explanation, one of the most plausible proposals argues that it stems from individ-
ual differences in color constancy (Macknik & Martinez-Conde, 2015). To achieve 
color constancy, the brain has to determine what the illumination source is for an 
object. Thus, it is possible that the differing color perceptions of the dress stem 
from people differing in their interpretation of what the illumination source for 
the dress is. According to Macknik and Martinez-Conde, light in the natural world 
comes from either direct golden sunlight or from the blue sky so the cortical color 

Figure 3.17 | The Two 
Color Interpretations of 
“The Dress” | These are the 
two color interpretations of 
the photo of “The Dress” that 
went viral on the Internet in 
early 2015. People became 
firmly entrenched in their per-
ception of the dress as white 
and gold or blue and black. 
The dress was actually blue 
and black. As explained in the 
text, the two interpretations 
may stem from subjective 
assumptions made by the 
brain about the illumination 
source for the dress. 
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processing areas in the brain assume that most illumination has these colors. Thus, 
people looking at The Dress could assume that it is lit either by blue sky or golden 
sunlight. If the brain assumes it is blue sky, then it will subtract the blue from its 
perception of the dress, and the dress would appear white and gold. If it assumes 
illumination by sunlight, then it would subtract gold, and the dress would appear 
blue and black. It has also been proposed that the brains of people who stay up later 
(night owls) have more experience with artificial lighting which has more reddish 
light in it, so to achieve color constancy the brains of these people would subtract 
the red from their perception of the dress, which also results in seeing the dress as 
blue and black (Lafer-Sousa, Hermann, & Conway, 2015). In sum, to achieve color 
constancy different people make different assumptions about the light source that 
lead to different color perceptions of the dress. As Macknik and Martinez-Conde 
concluded, “The dress demonstrates that we can see the world in strikingly differ-
ent ways depending on what our individual brain brings to the table” (p. 20). 

Perceptual organization and perceptual constancy are essential processes in 
perception. Without them, our perceptions would be meaningless fragments in 
a constant state of flux. Constancy and organization bring meaning and order 
to them. However, neither of these aspects explains another crucial part of visual 
perceptual processing—how we perceive the third dimension: depth.

Depth Perception
Depth perception involves the judgment of the distance of objects from us. The 
brain uses many different sources of relevant information or cues to make judg-
ments of distance. These cues may require both eyes (binocular cues) or only one 
eye (monocular cues).

The major binocular cue is retinal disparity. To understand retinal disparity, 
first consider that our two eyes are not in the same place on our face. Each eye 
(retina) takes in a slightly different view of the world. The difference (disparity) 
between these two views of each retina provides information about the distance 
of an object from us. It allows the brain to triangulate the distance from us. The 
retinal disparity cue refers to the fact that as the disparity (difference) between 
the two retinal images increases, the distance from us decreases.

To understand this, hold up your right hand in front of you and form a fist 
but extend your index finger upward. If you hold it stationary and focus on it, 
and now close one eye, and then rapidly open it and close the other one a few 
times, your finger will appear to move. If you now move the finger closer to you 
and repeat the rapid closing and opening of the eyes one at a 
time, again, the finger appears to move, but now much more 
because the retinal views of the finger are more disparate. 
When right in front of your eyes, you see maximal movement 
because the disparity between the two retinal images is at its 
maximum.

There are several monocular cues, but we will discuss 
only a couple of them so that you have some understanding  

 depth perception Our ability to per-
ceive the distance of objects from us.

retinal disparity A binocular depth 
cue referring to the fact that as the 
disparity (difference) between the two 
retinal images of an object increases, 
the distance of the object from us 
decreases.
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of how such cues work. Linear perspective  
(sometimes called perspective convergence) 
refers to the fact that as parallel lines recede 
away from us, they appear to converge—the 
greater the distance, the more they converge. 
For example, think about looking down a set 
of railroad tracks or a highway. The tracks and 
the two sides of the road appear to converge as 
they recede away from us. Because convergence 
is involved, this cue is sometimes referred to as 
perspective convergence. Another monocular 
cue that is easy to understand is interposition— 
if one object partially blocks our view of anoth-
er, we perceive it as closer. Near objects partially 
overlap farther ones.

Monocular cues, binocular cues, and various 
distance-judging principles the brain uses are 
normally valid distance indicators. However, 
sometimes these cues and principle lead the 
brain to create misperceptions. We refer to such 
misperceptions as illusions—misperceptions of 

reality. Two illusions are illustrated in Figure 3.18. The first (a) is called the Ponzo 
illusion because it was first demonstrated by the Italian psychologist Mario Ponzo 
in 1913. The two horizontal bars are identical in size, but the top one appears 
larger. The other illusion (b) is the Terror Subterra illusion (Shepard, 1990). The 
pursuing monster (the higher one) looks larger than the pursued monster, but 
the two monsters are identical in size. In addition to this size illusion, the identi-
cal faces of the two monsters are sometimes misperceived as expressing different 
emotions, such as rage in the pursuer and fear in the pursued monster. How are 
distance cues involved in these misperceptions of size in these two illusions?

To understand how distance cues are involved in these illusions, we must first 
consider how the brain relates the retinal image size of an object to the object’s 

distance from us. As an object gets farther away from us, its 
size on the retina decreases. This is simple geometry, and the 
brain uses this geometric principle in creating our perception 
of the object. Now consider the situation in which two objects 
have equal retinal image sizes, but distance cues indicate to 
the brain that one of the objects is farther away. What would 
the brain conclude from this information? Using the principle 
relating retinal image size to distance, it would conclude that 
the object farther away must be larger. This is the only way 
that its retinal image size could be equal to that of the object 
closer to us. Thus, the brain enlarges the size of the more  

linear perspective A monocular 
depth cue referring to the fact that as 
parallel lines recede away from us, 
they appear to converge—the greater 
the distance, the more they seem to 
converge. Sometimes referred to as 
perspective convergence.

interposition A monocular depth cue 
referring to the fact that if one object 
partially blocks our view of another, 
we perceive it as closer to us.
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distant object in our perception of the objects. However, if the cues provided incor-
rect distance information and the objects were really equidistant from us, then we 
would see a misperception, an illusion. The brain incorrectly enlarged the object that 
it had mistakenly judged to be farther away. This is comparable to something we 
have experienced in working math problems: plug an incorrect value into an equa-
tion and get the problem wrong. This is essentially what the brain is doing when 
it uses incorrect information about distance, leading to a mistake in perception. 
It is important to realize that our brain’s computing of the retinal image size and 
distance from us of objects is done at the unconscious level of processing. We are 
privy only at a conscious perceptual level to the product of our brain’s calculations.

Now let’s apply this explanation to our sample illusions. Think about 
the Ponzo illusion shown in Figure 3.18a. If this illusion is due to the 
brain’s using incorrect distance information about the two horizontal bars, 
which cue that we described is responsible? That’s right—linear perspective.  

Figure 3.18 | The Ponzo and Terror Subterra Illusions | (a) The two red bars in the 
Ponzo illusion are identical in size. However, the top bar appears to be larger. (b) The 
two monsters in the Terror Subterra illusion are identical in size, but the pursuing mon-
ster (the top one) appears to be larger. To convince yourself that the two bars and the 
two monsters are identical, trace one of the bars (monsters) on a thin sheet of paper  
and then slide the tracing over the other bar (monster). Both illusions seem to be  
caused by the brain’s misinterpretation of the relative distance from us of the two bars 
in (a) and the two monsters in (b). ((a) Sorapop Udomsri/Shutterstock; (b) Mind Sights: Original Visual Illusions, 

Ambiguities, and Other Anomalies, by R. N. Shepard, 1990, New York: W.H. Freeman/Henry Holt.)

(a) (b)
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The convergence of the railroad tracks normally indicates increasing distance. 
Given this cue information, the brain incorrectly assumes that the top bar is far-
ther away. Because the two horizontal bars are the same size and truly equidistant 
from us, they are the same size on our retinas. Because their retinal images are of 
equal size but the brain thinks that the bars are at varying distances from us, it 
incorrectly distorts the top bar (the one assumed to be farther away) to be larger 
in our perception, or, should I say, misperception.

The Terror Subterra illusion shown in Figure 3.18b can be explained in the 
same way. Monocular depth cues, mainly linear perspective, lead the brain to 
judge the pursuing monster to be farther away. Given that the retinal image 
sizes of the two monsters are equal because the two monsters are identi-
cal and equidistant from us and that the pursuing monster is incorrectly 
judged to be farther away, the brain enlarges the pursuing monster in our 
conscious perception, resulting in the illusion. As in the Ponzo illusion, the 
brain applies the valid principle relating retinal image size to the distance 
of objects from us, but uses incorrect distance information and thus creates  
a misperception.

The Müller-Lyer illusion depicted in Figure 3.19 (a and b) is another example 
of an illusion created by the brain misapplying the geometry relating retinal 
image size to distance from us (Gregory, 1968). As in the other two illusions, the 
brain mistakenly thinks that the line on the right with arrow feather endings is 
farther away than the line on the left with arrowhead endings. Why? In this case, 
the brain is using a relationship between distance and different types of corners 
that it has learned from its past perceptual experience. The line with arrow feath-
er endings has the appearance of a corner that is receding away from us (like the 
corners where two walls meet in a room), while the line with arrowhead endings 
has the appearance of a corner that is jutting out toward us (like the corners 
where two sides of a building meet). These two types of corners are illustrated in 
Figure 3.19 (c and d). Thus, based on its past experience with such corners, the 
brain believes that the line with arrow feather endings is farther away.

However, in reality, the line with the arrow feather endings is not farther away. 
The two vertical lines are identical in length and equidistant from us; therefore, 
their two retinal images are identical. Given the identical retinal images and the 
incorrect judgment about relative distance, the brain incorrectly enlarges the 
line with arrow feather endings so that we perceive it as being longer. In support 
of this explanation, cross-cultural researchers have found that people who live 
in physical environments without such distance-indicating corners are far less 
susceptible to seeing the illusion (Segall, Campbell, & Herskovits, 1963, 1966; 
Stewart, 1973).

The Turning the Tables illusion in Figure 3.1 also arises because our 
brain gives us a three-dimensional interpretation of a two-dimensional draw-
ing (Shepard, 1990). Perspective cues indicate that the long side of the 
table on the left goes back in depth whereas the long side of the table on  
the right is more nearly at right angles to our line of sight. Thus, if the table 
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Figure 3.19 | The 
Müller-Lyer Illusion |   
(a and b) The two vertical 
line segments are equal in 
length. However, the one 
with the arrow feather end-
ings on the right appears 
longer than the one with 
the arrowhead endings 
on the left. (c and d) Like 
the illusions in Figure 3.18, 
this illusion is created by 
the brain misapplying the 
geometry relating the reti-
nal image size of objects 
and their distance from us. 
Based on its experiences 
with receding and project-
ing corners as illustrated 
here, our brain mistakenly 
thinks that the line with 
arrow feather endings 
is a receding corner and 
thus farther from us than 
the line with arrowhead 
endings, which our brain 
thinks is a projecting cor-
ner. Because the retinal 
images of the two lines are 
identical, the brain incor-
rectly lengthens the arrow 
feather line in our con-
scious perception. (Data from 

The Intelligent Eye, by R. l. gregory, 

1970, Orion Publishing group ltd., p. 80.)

(a) (b)

(c) (d)

on the left goes back in depth, the brain will think that its retinal image must 
be foreshortened (appear shorter than it really is) because this is what happens 
in true three-dimensional viewing. The fact that the retinal images of the two 
tabletops, however, are identical in length thus implies that the real length of 
the table on the left must be greater than the real length of the table on the 
right (and vice versa for the short sides of the two tables given their depth inter-
pretations by the brain). Because these inferences about orientation, depth, and 
length are made automatically by the brain, we remain powerless to eliminate 
the illusion even though we know that the tabletops are identical. The draw-
ing of the tables automatically triggers the brain to make a three-dimensional 
interpretation, and we cannot choose to see the drawing as what it is, patterns 
of lines on a flat piece of paper.
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The moon illusion can 
also be explained in a similar 
way (Restle, 1970). The illu-
sion is that the moon appears 
to be larger on the horizon 
than when it is overhead at 
its zenith. But the moon is 
the same size and at the same 
distance from us whether it is 
on the horizon or overhead. 
This means that the moon’s 
larger size on the horizon 
has to be an illusion. The 
objects near the horizon lead 
the brain to think that the 
moon is farther away when it 
is near the horizon than when 
it is overhead. Because the 
retinal images of the moon 
at these two locations are the 
same and the brain mistak-
enly thinks that the horizon 

moon is farther away, it distorts the moon’s size to appear much larger in our 
perception than when it is overhead, and this increase in apparent size makes it 
appear nearer (Gregory, 2009). It really isn’t, and it is easy to see that this is the 
case. To make the moon on the horizon shrink, we can roll up a sheet of card-
board into a viewer and look at the moon through this viewer so that we only 
see the moon and not any of the objects on the horizon. The moon will appear 
to shrink dramatically in size because the brain will no longer be led astray in its 
judgment of distance for the horizon moon.

Linear perspective (parallel lines converging as they recede away from us) 
plays a major role in many illusions, but what would the brain do if it were led to 
believe that parallel lines weren’t converging as they receded away from us? Look 
at Figure 3.20, the leaning tower illusion (Kingdom, Yoonessi, & Gheorghiu, 
2007). The same exact photo of the Leaning Tower of Pisa is shown in both 
panels. Yet the tower on the right appears to be leaning more. Why? Our visual 
system treats the two images as if they are part of a single scene, rather than as 
two separate images of the same tower. Normally, if two adjacent towers rise at 
the same angle, they appear to converge as the tops of the towers recede from 
view; but because these are identical photos, the projections of the towers on 
the retina are parallel and do not converge in the distance (increasing height 
in this case). Thus, the brain decides that they are diverging. It employs its rule 
that lines receding away from us must diverge if their projections are parallel. 
Even knowing that these are identical photographs, you will not be able to  

The Moon Illusion | The moon on the horizon appears much larger than it 
does when it is overhead, higher up in the sky, but this is an illusion. The 
moon is the same size and remains the same distance from us regardless of 
where it is in the sky. Objects near the horizon lead the brain to think that the 
horizon moon is farther away than when it is overhead, so the brain mistakenly 
enlarges its size in our perception because the retinal images of the horizon 
and overhead moons are the same size. 
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Figure 3.20 | The Leaning Tower Illusion | These are duplicate pictures of the Leaning Tower of Pisa, but the 
one on the right seems to be leaning more. It isn’t, but you cannot override your brain’s interpretation to see 
these pictures as the same. To convince yourself that they are identical, photocopy the figure and then cut out 
one of the panels and compare it to the other panel. 

override your brain’s misinterpretation and see them as such. They will remain the  
“Twin Towers of Pisa,” with one tower leaning more than the other.

In creating the visual illusions that we have discussed, the brain is using valid 
principles, but faulty information about such factors as relative distance or per-
spective. The overall result (our perception) is incorrect. In summary, the distance 
cues and principles the brain uses to give us an accurate view of the external world 
work almost all of the time, but these same cues and principles sometimes cause 
misperceptions.

Section Summary
In this section, we looked at visual perception in more detail. Bottom-up and top-
down processing are both necessary for smooth and efficient perception. While 
top-down processing is adaptive, as illustrated by perceptual constancy, it is also 
responsible for the subjective nature of perception. Perceptual bias and contextual 
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perceptual effects are good examples of how our past experiences, beliefs, and 
expectations guide our interpretation of the world.

Perceptual organization and perceptual constancy are essential processes for 
giving order to incoming sensory input. Gestalt psychologists proposed many prin-
ciples that guide the organization of sensory input into meaningful holistic objects, 
such as the figure-and-ground and closure principles. In addition to organizing the 
sensory input into meaningful objects, the brain must maintain constancy in its 
perception of the world. To achieve perceptual constancy, the brain uses top-down 
processing to change sensory input to maintain an object’s normal size, shape, 
brightness, and color in our perception of the object.

Depth perception (the judgment of the distance of objects from us) is a crucial 
part of visual perception. To judge depth, the brain uses information from binocu-
lar cues, such as retinal disparity, and monocular cues, such as linear perspective 
and interposition. The brain’s perception of object size is related to its distance 
from us. As an object gets farther away from us, its size on our retina decreases. 
However, sometimes the brain applies this geometric principle relating retinal 
image size to distance and creates a misperception (an illusion). The Ponzo, Terror 
Subterra, Müller-Lyer, Turning the Tables, and moon illusions are good examples 
of such misapplication. In each case, the brain incorrectly judges that the two 
objects involved in the illusion, which have equal retinal image sizes, are at varying 
distances, and so it mistakenly makes the object judged to be farther away larger 
in our perception.

ConceptCheck    3

Explain why perceptual processing requires both bottom-up and top-down  
processing.

Explain how the top-down processing involved in context effects on  
perception is similar to that involved in using the Gestalt organizational  
principle of closure.

Explain why seeing one of your professors in a local grocery store makes it 
more difficult to recognize her.

Explain why the brain’s application of the geometric relationship between  
retinal image size of an object and its distance from us leads the brain to create 
the Ponzo, Müller-Lyer, and moon illusions.
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Chapter Key Terms
You should know the definitions of the following key terms from the chapter. They 
are listed in the order in which they appear in the chapter. For those you do not 
know, return to the relevant section of the chapter to learn them. When you think 
that you know all of the terms, complete the matching exercise based on these terms.

Study Guide

absolute threshold 
signal detection theory 
difference threshold 
Weber’s law 
Stevens’s power law 
sensory adaptation 
wavelength 
amplitude 
frequency 
transduction 
accommodation 
nearsightedness 
farsightedness 
retina 
blindsight

rods 
cones 
fovea 
dark adaptation 
trichromatic theory 
additive mixtures 
subtractive mixtures 
complementary colors 
opponent-process theory 
cochlea
hair cells
nerve deafness 
conduction deafness 
place theory 
frequency theory 

volley principle
sensation 
perception 
bottom-up processing 
top-down processing 
perceptual set 
contextual effect 
figure-and-ground principle 
closure 
subjective contour 
perceptual constancy 
depth perception 
retinal disparity 
linear perspective 
interposition

Key Terms Exercise
Identify the correct term for each of the following 
definitions. The answers to this exercise follow 
the answers to the ConceptChecks at the end of 
the chapter.

 1. The focusing of light waves from objects of 
different distances directly on the retina.

   

 2. A visual problem in which the light waves 
from nearby objects are focused behind the 
retina, blurring the images of these objects.

   

 3. A theory of color vision that assumes that 
there are three types of cones, each activated 

only by wavelength ranges of light corre-
sponding roughly to blue, green, and red.

   

 4. The brain’s use of knowledge, beliefs, and 
expectations to interpret sensory information.

   

 5. The Gestalt perceptual organizational prin-
ciple that the brain completes incomplete 
figures to form meaningful objects.

   

 6. Our sensitivity to unchanging and repetitious 
stimuli disappears over time.
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 7. Hearing loss created by damage to one of the 
structures in the ear responsible for carrying 
the auditory information to the inner ear.

   

 8. The number of times a waveform cycles in  
1 second.

   

 9. The perceived magnitude of a stimulus is 
equal to its actual physical intensity raised to 
a constant power, and this constant power is 
different for each type of sensory judgment.

   

 10. The minimum difference between two sen-
sory stimuli detected 50% of the time.

   

 11. Wavelengths of light that when added togeth-
er produce white.

   

 12. A theory of pitch perception which assumes 
that the frequency of the sound wave is mim-
icked by the firing rate of the entire basilar 
membrane.

   

 13. A line or shape that is perceived to be present 
but does not really exist. The brain creates it 
during perception.

   

 14. The perceptual stability of the size, shape, 
brightness, and color for familiar objects 
seen at varying distances, different angles, 
and under different lighting conditions.

   

 15. The process by which the rods and cones, 
through internal chemical changes, become 
more and more sensitive to light in dim light 
conditions.

   

Practice Test Questions
The following are practice multiple-choice test 
questions on some of the chapter content. The 
answers are given after the Key Terms Exercise 
answers at the end of the chapter. If you guessed 

on a question or incorrectly answered a question, 
restudy the relevant section of the chapter.

 1. The amount of energy in a sensory stimulus 
detected 50% of the time is called the ______.
 a. difference threshold 
 b. absolute threshold 
 c. false alarm rate 
 d. miss rate

 2. If a person is using a very strict criterion for a 
signal detection task, the false alarm rate will 
be ______, and the miss rate will be ______.
 a. high; high 
 b. high; low 
 c. low; high 
 d. low; low

 3. According to Weber’s law, if the difference 
threshold constant 5 1/50, then the difference 
threshold for a standard stimulus of 100 units 
would be ______.
 a. 1 
 b. 2 
 c. 5 
 d. 10

 4. Red wavelengths of light are ______, and  
violet wavelengths of light are ______.
 a. long; long 
 b. long; short 
 c. short; long 
 d. short; short

 5. The rods in the retina are responsible  
for ______ vision, and the cones are respon-
sible for ______ vision.
 a. color; dim light 
 b. bright light; dim light 
 c. color; bright light 
 d. dim light; color

 6. According to the opponent-process theory of 
color vision, if you stared at a blue circle for a 
while and then looked at a white surface, you 
would see a circular ______ afterimage.
 a. blue 
 b. green 
 c. yellow 
 d. black
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 7. Transduction of sound waves into neural 
impulses is performed by the ______.
 a. eardrum 
 b. oval window 
 c. malleus, incus, and stapes 
 d. hair cells in the basilar membrane

 8. The best explanation for how we perceive 
low pitches ( 500 Hz) is the ______ theory, 
and the best explanation for how we perceive 
high pitches ( 5,000 Hz) is the ______ theory.
 a. place; place 
 b. place; frequency 
 c. frequency; place 
 d. frequency; frequency

 9. Perceptual set is a good example of ______. 
 a. the figure-ground principle 
 b. perceptual constancy 
 c. bottom-up processing 
 d. top-down processing

 10. Which of the following is a binocular depth cue?
 a. linear perspective 
 b. interposition 
 c. retinal disparity 
 d. all of the above

 11. What is the purpose of transduction? 
 a. increasing the intensity of a stimulus so it 

is easier for the brain to detect
 b. translating physical energy into neural 

signals that the brain can understand
 c. determining whether or not a stimulus  

is detectable
 d. integrating visual signals with auditory 

signals

 12. Damage to the hair cells in the cochlea causes 
______ deafness, and ______ occurs when 
light waves from distant objects come into 
focus in front of the retina.
 a. nerve; nearsightedness 
 b. conduction; nearsightedness 
 c. nerve; farsightedness 
 d. conduction; farsightedness

 13. Even though the image of your dog on your 
retina changes as your dog runs to fetch a 

stick, you do not perceive your dog as getting 
smaller. Which process of perception explains 
this phenomenon?
 a. perceptual set 
 b. perceptual constancy 
 c. dark adaptation 
 d. accommodation

 14. Perceiving either a vase or two facial silhou-
ettes looking at each other was used to illus-
trate the Gestalt principle of ______; perceiv-
ing two ambiguous characters numerically as 
13 or alphabetically as the letter B was used 
to illustrate ______.
a. closure; subjective contours 
b. figure and ground; contextual effects 
c. closure; contextual effects 
d. figure and ground; subjective contours

 15. Although Henry’s watchband was bothering 
him when he first put it on, a short while later 
he did not even notice he was wearing it. This 
illustrates ______.
a. accommodation 
b. sensory adaptation 
c. subliminal perception 
d. perceptual constancy

Chapter ConceptCheck Answers
ConceptCheck | 1

 The two types of threshold were given statisti-
cal definitions because the experimental data 
did not permit an absolute definition. There was 
no none-to-all point of change in the results that 
were observed when psychophysical research-
ers attempted to measure the absolute and dif-
ference thresholds.

 In switching from a very lax to a very strict deci-
sion criterion, a person’s false alarm rate would 
go down and the miss rate would go up. These 
changes would be due to the person’s changing 
from saying “yes” most of the time to saying 
“no” most of the time.

 A really large constant fraction in Weber’s law 
would indicate that difference judgments for 
that type of sensory judgment are not very 
good; a larger proportion of the standard stimu-
lus is necessary for a difference to be perceived.

STUDY gUIDE | 147
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 Stevens’s power law tells us that our per-
ceptions of the magnitudes of the physical 
intensities of stimuli are seldom equivalent to 
the actual physical intensities. Our perceived 
magnitude of a stimulus is usually equal to  
the actual physical intensity raised to some 
power. Hence, our perception of a physical 
intensity is a transformation of it created within 
us. Sometimes the perceived magnitude is 
greater than the actual physical intensity, and 
sometimes it is less.

ConceptCheck | 2

 In nearsightedness, we have difficulty viewing 
distant objects because their images come into 
focus in front of the retina; in farsightedness, 
we have difficulty viewing near objects because 
their images come into focus behind the retina. 
The focusing problems could be due to defects 
in the lens or the shape of the eyeball.

 After staring at the flag with alternating yellow 
and white stripes and a block of green in the 
middle, the yellow, white, and green parts of 
the three opponent-process systems would be 
fatigued and thus unable to oppose the blue, 
black, and red parts of these systems when you 
stared at the white sheet of paper. Thus, instead 
of seeing white, you would see an afterimage 
of a flag with alternating blue and black stripes 
and a block of red in the middle. Once the 
opposing parts of the three systems recovered, 
the flag afterimage would disappear, and you 
would see the white surface.

 Longer wavelengths lead to lower frequencies 
because such wavelengths can only cycle a 
small number of times per second. Similarly, 
shorter wavelengths lead to higher frequencies 
because they can cycle more times per second.

 Neither theory by itself can explain how we 
hear the entire range of pitches, 20 to 20,000 Hz,  
because each theory is unable to explain pitch 
perception for a particular part of this range. 
Place theory cannot explain how we perceive 
low pitches ( 500 Hz) because there are no 
places of maximal firing along the basilar mem-
brane for these frequencies. The firing rate of 
the entire membrane mimics these frequencies. 
Similarly, frequency theory cannot explain how 

we perceive high pitches, those greater than 
5,000 Hz, because there is a physiological limit 
on the firing rate for cells. Even if the volley 
principle is employed, this limit is about 5,000 
times per second. This means that the hair cells 
could not generate firing rates to match the 
high frequencies.

ConceptCheck | 3

 Perceptual processing requires both types of 
processing because without bottom-up pro-
cessing you would have nothing to perceive 
and without top-down processing you would 
have no knowledge to use to interpret the 
bottom-up input.

 The similarity is that, in both cases, the brain 
uses top-down processing to complete the per-
ception. In context effects, the brain uses the 
present context to complete the perception by 
determining what would be meaningful in that 
particular context. In closure, the brain uses the 
incomplete part of an object to determine what 
the remaining part should be in order for it to 
be a meaningful object.

 It is more difficult to recognize your professor 
because she is in a very different context. Your 
brain is thrown for a “perceptual loop” because 
she doesn’t fit in this context (outside the class-
room). This is why it takes your brain longer to 
find the relevant top-down knowledge.

 The retinal image sizes of the two objects in 
each case are equal because the two objects are 
actually equal in size and are equidistant from 
us. Available distance cues, however, lead the 
brain to believe mistakenly that one of the two 
objects in each case is farther away. Therefore, 
the brain enlarges the size of the object that 
it thinks is more distant because this would 
have to be the case in order for the geometric 
relationship between retinal image size and 
distance from us to hold. For example, in the 
Ponzo illusion, the linear perspective distance 
cue leads the brain to think that the top horizon-
tal bar is farther away. Because the two horizon-
tal bars have identical retinal image sizes, the 
brain then uses the geometric relationship and 
mistakenly creates an illusion by making the 
top bar larger in our perception.
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Answers to Key Terms Exercise
 1. accommodation 
2. farsightedness 
3. trichromatic theory 
4. top-down processing 
5. closure 
6. sensory adaptation
7. conduction deafness
8. frequency
9. Stevens’s power law 

10. difference threshold 
11. complementary colors 
12. frequency theory
13. subjective contour 
14. perceptual constancy 
15. dark adaptation

Answers to Practice Test Questions
1. b; absolute threshold 
2. c; low; high 
3. b; 2 
4. b; long; short
5. d; dim light; color 
6. c; yellow 
7. d; hair cells in the basilar membrane 
8. c; frequency; place 
9. d; top-down processing

10. c; retinal disparity
11. b; translating physical energy into neural  

signals that the brain can understand
12. a; nerve; nearsightedness 
13. b; perceptual constancy 
14. b; figure and ground; contextual effects 
15. b; sensory adaptation
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