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In the laboratory, researchers examine simpler examples of habituation that 
they can describe in terms of a single easily controlled stimulus and a single easily 
measurable response. One such response is the acoustic startle reflex, which is 
a defensive response to a loud, unexpected noise. When a rat in an experimental 
chamber is startled by a loud noise, it jumps, much as you might jump if someone 
sneaked up behind you and yelled in your ear. If the same noise is presented over 
and over again, every minute or so, the rat’s startle response declines (Figure 3.1a), 
just as your responsiveness to noises would decrease after moving into a new 
home; if the process goes on long enough, the rat may cease to startle altogether. 
At this point, the rat’s startle response has habituated to the loud noise.

Another common way to study habituation uses the orienting response, an 
organism’s natural reaction to a novel stimulus or to an important event. For 
example, if a checkerboard pattern (or any other unfamiliar visual stimulus) is 
presented to an infant, the infant’s orienting response is to turn her head and 
look at it for a few seconds before shifting her gaze elsewhere. If the checker-
board is removed for 10 seconds and then redisplayed, the infant will respond 
again—but for a shorter time than on the first presentation (Figure 3.1b). The 
duration of staring, called fixation time, decreases with repeated presentations of 
the stimulus, in a manner very much like the habituation of rats’ startle response 
(Malcuit, Bastien, & Pomerleau, 1996).

Normally, habituation is advantageous for an organism. Through habitu-
ation to familiar stimuli, the individual avoids wasting time and energy on an 
elaborate response to every repeated event. But habituation carries risks. A 
deer that has gotten used to the sound of gunshots is a deer whose head may 
end up as a hunter’s trophy. A poker player whose responses become habitu-
ated to the excitement of winning a small pot may start to play for larger and 
larger stakes, putting his finances at risk. The dangers of habituation are 
immortalized in the story of the boy who cried wolf. In this folk tale, the boy 
plays practical jokes on his neighbors, calling them to come save him from an 
imaginary wolf; eventually the villagers learn there is no reason to respond 
when he calls. Later, a real wolf attacks, but the villagers ignore the boy’s cries, 
and no one comes to save him. 
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Figure 3.1 Habituation  
(a) The acoustic startle response 
in rats declines with repeated 
presentation of a loud audi-
tory stimulus. (b) The time infants 
spend looking at a visual stimulus 
declines with repeated presenta-
tion of the stimulus. 
[(a) Adapted from Davis, 1980; (b) adapted 
from Malcuit et al., 1996.]
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WHAT’S THE PROPERTY OF HABITUATION?

How about your fixation time?
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presented to an infant, the infant’s orienting response is to turn her head and 
look at it for a few seconds before shifting her gaze elsewhere. If the checker-
board is removed for 10 seconds and then redisplayed, the infant will respond 
again—but for a shorter time than on the first presentation (Figure 3.1b). The 
duration of staring, called fixation time, decreases with repeated presentations of 
the stimulus, in a manner very much like the habituation of rats’ startle response 
(Malcuit, Bastien, & Pomerleau, 1996).

Normally, habituation is advantageous for an organism. Through habitu-
ation to familiar stimuli, the individual avoids wasting time and energy on an 
elaborate response to every repeated event. But habituation carries risks. A 
deer that has gotten used to the sound of gunshots is a deer whose head may 
end up as a hunter’s trophy. A poker player whose responses become habitu-
ated to the excitement of winning a small pot may start to play for larger and 
larger stakes, putting his finances at risk. The dangers of habituation are 
immortalized in the story of the boy who cried wolf. In this folk tale, the boy 
plays practical jokes on his neighbors, calling them to come save him from an 
imaginary wolf; eventually the villagers learn there is no reason to respond 
when he calls. Later, a real wolf attacks, but the villagers ignore the boy’s cries, 
and no one comes to save him. 
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(a) The acoustic startle response 
in rats declines with repeated 
presentation of a loud audi-
tory stimulus. (b) The time infants 
spend looking at a visual stimulus 
declines with repeated presenta-
tion of the stimulus. 
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In the laboratory, researchers examine simpler examples of habituation that 
they can describe in terms of a single easily controlled stimulus and a single easily 
measurable response. One such response is the acoustic startle reflex, which is 
a defensive response to a loud, unexpected noise. When a rat in an experimental 
chamber is startled by a loud noise, it jumps, much as you might jump if someone 
sneaked up behind you and yelled in your ear. If the same noise is presented over 
and over again, every minute or so, the rat’s startle response declines (Figure 3.1a), 
just as your responsiveness to noises would decrease after moving into a new 
home; if the process goes on long enough, the rat may cease to startle altogether. 
At this point, the rat’s startle response has habituated to the loud noise.

Another common way to study habituation uses the orienting response, an 
organism’s natural reaction to a novel stimulus or to an important event. For 
example, if a checkerboard pattern (or any other unfamiliar visual stimulus) is 
presented to an infant, the infant’s orienting response is to turn her head and 
look at it for a few seconds before shifting her gaze elsewhere. If the checker-
board is removed for 10 seconds and then redisplayed, the infant will respond 
again—but for a shorter time than on the first presentation (Figure 3.1b). The 
duration of staring, called fixation time, decreases with repeated presentations of 
the stimulus, in a manner very much like the habituation of rats’ startle response 
(Malcuit, Bastien, & Pomerleau, 1996).

Normally, habituation is advantageous for an organism. Through habitu-
ation to familiar stimuli, the individual avoids wasting time and energy on an 
elaborate response to every repeated event. But habituation carries risks. A 
deer that has gotten used to the sound of gunshots is a deer whose head may 
end up as a hunter’s trophy. A poker player whose responses become habitu-
ated to the excitement of winning a small pot may start to play for larger and 
larger stakes, putting his finances at risk. The dangers of habituation are 
immortalized in the story of the boy who cried wolf. In this folk tale, the boy 
plays practical jokes on his neighbors, calling them to come save him from an 
imaginary wolf; eventually the villagers learn there is no reason to respond 
when he calls. Later, a real wolf attacks, but the villagers ignore the boy’s cries, 
and no one comes to save him. 
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(a) The acoustic startle response 
in rats declines with repeated 
presentation of a loud audi-
tory stimulus. (b) The time infants 
spend looking at a visual stimulus 
declines with repeated presenta-
tion of the stimulus. 
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In the laboratory, researchers examine simpler examples of habituation that 
they can describe in terms of a single easily controlled stimulus and a single easily 
measurable response. One such response is the acoustic startle reflex, which is 
a defensive response to a loud, unexpected noise. When a rat in an experimental 
chamber is startled by a loud noise, it jumps, much as you might jump if someone 
sneaked up behind you and yelled in your ear. If the same noise is presented over 
and over again, every minute or so, the rat’s startle response declines (Figure 3.1a), 
just as your responsiveness to noises would decrease after moving into a new 
home; if the process goes on long enough, the rat may cease to startle altogether. 
At this point, the rat’s startle response has habituated to the loud noise.

Another common way to study habituation uses the orienting response, an 
organism’s natural reaction to a novel stimulus or to an important event. For 
example, if a checkerboard pattern (or any other unfamiliar visual stimulus) is 
presented to an infant, the infant’s orienting response is to turn her head and 
look at it for a few seconds before shifting her gaze elsewhere. If the checker-
board is removed for 10 seconds and then redisplayed, the infant will respond 
again—but for a shorter time than on the first presentation (Figure 3.1b). The 
duration of staring, called fixation time, decreases with repeated presentations of 
the stimulus, in a manner very much like the habituation of rats’ startle response 
(Malcuit, Bastien, & Pomerleau, 1996).

Normally, habituation is advantageous for an organism. Through habitu-
ation to familiar stimuli, the individual avoids wasting time and energy on an 
elaborate response to every repeated event. But habituation carries risks. A 
deer that has gotten used to the sound of gunshots is a deer whose head may 
end up as a hunter’s trophy. A poker player whose responses become habitu-
ated to the excitement of winning a small pot may start to play for larger and 
larger stakes, putting his finances at risk. The dangers of habituation are 
immortalized in the story of the boy who cried wolf. In this folk tale, the boy 
plays practical jokes on his neighbors, calling them to come save him from an 
imaginary wolf; eventually the villagers learn there is no reason to respond 
when he calls. Later, a real wolf attacks, but the villagers ignore the boy’s cries, 
and no one comes to save him. 
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Figure 3.1 Habituation  
(a) The acoustic startle response 
in rats declines with repeated 
presentation of a loud audi-
tory stimulus. (b) The time infants 
spend looking at a visual stimulus 
declines with repeated presenta-
tion of the stimulus. 
[(a) Adapted from Davis, 1980; (b) adapted 
from Malcuit et al., 1996.]
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In the laboratory, researchers examine simpler examples of habituation that 
they can describe in terms of a single easily controlled stimulus and a single easily 
measurable response. One such response is the acoustic startle reflex, which is 
a defensive response to a loud, unexpected noise. When a rat in an experimental 
chamber is startled by a loud noise, it jumps, much as you might jump if someone 
sneaked up behind you and yelled in your ear. If the same noise is presented over 
and over again, every minute or so, the rat’s startle response declines (Figure 3.1a), 
just as your responsiveness to noises would decrease after moving into a new 
home; if the process goes on long enough, the rat may cease to startle altogether. 
At this point, the rat’s startle response has habituated to the loud noise.

Another common way to study habituation uses the orienting response, an 
organism’s natural reaction to a novel stimulus or to an important event. For 
example, if a checkerboard pattern (or any other unfamiliar visual stimulus) is 
presented to an infant, the infant’s orienting response is to turn her head and 
look at it for a few seconds before shifting her gaze elsewhere. If the checker-
board is removed for 10 seconds and then redisplayed, the infant will respond 
again—but for a shorter time than on the first presentation (Figure 3.1b). The 
duration of staring, called fixation time, decreases with repeated presentations of 
the stimulus, in a manner very much like the habituation of rats’ startle response 
(Malcuit, Bastien, & Pomerleau, 1996).

Normally, habituation is advantageous for an organism. Through habitu-
ation to familiar stimuli, the individual avoids wasting time and energy on an 
elaborate response to every repeated event. But habituation carries risks. A 
deer that has gotten used to the sound of gunshots is a deer whose head may 
end up as a hunter’s trophy. A poker player whose responses become habitu-
ated to the excitement of winning a small pot may start to play for larger and 
larger stakes, putting his finances at risk. The dangers of habituation are 
immortalized in the story of the boy who cried wolf. In this folk tale, the boy 
plays practical jokes on his neighbors, calling them to come save him from an 
imaginary wolf; eventually the villagers learn there is no reason to respond 
when he calls. Later, a real wolf attacks, but the villagers ignore the boy’s cries, 
and no one comes to save him. 

80

60

40

20

0

Mean
amplitude

of acoustic
startle

response

Time (in minutes)
2010

(a) Startle in rats

2.5

2.0

1.5

1.0

0.5

0

Fixation time
(in seconds)

Trials
9–101–2 3–4 5–6 7–8 11–12

(b) Orienting response in infants

Figure 3.1 Habituation  
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in rats declines with repeated 
presentation of a loud audi-
tory stimulus. (b) The time infants 
spend looking at a visual stimulus 
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tion of the stimulus. 
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if the sound continues to be repeated many times after this point, the amount 
of time required before spontaneous recovery occurs will increase. In this case, 
the learning associated with repeated exposures is latent, because there are no 
observable changes in the rat’s behavior associated with the increased number 
of repetitions. The additional effects of repeated exposures after behavioral 
responding to a stimulus has ceased are only evident when subsequent tests show 
delayed spontaneous recovery (Thompson & Spencer, 1966).

The Process of Sensitization
Several times a year, news reports appear of a celebrity attacking a member of 
the paparazzi. The actor Sean Penn was charged with attempted murder after 
he grabbed a photographer by the ankles and held him over a ninth-floor bal-
cony. Rapper Kanye West was arrested for attacking a reporter at Los Angeles 
International Airport and destroying his camera. Given that celebrities have 
lots of photos taken of them by lots of people on a daily basis, you might expect 
that they would eventually become used to all the attention and take no notice 
of photographers. What causes some celebrities to become so aggressive when 
confronted with paparazzi? Is it just a case of bad tempers?

One possible explanation is that celebrities have had negative experiences 
involving photographers in the past that are affecting their responses to new 
interactions with random members of the paparazzi. Sensitization is a phenom-
enon in which experiences with an arousing stimulus lead to stronger responses 
to a later stimulus. In some cases, a single, very intense stimulus can produce 
sensitization, whereas in others, repeated exposures are required. In some 
ways, sensitization seems to be almost the opposite of habituation. Whereas in 
habituation repeated experiences can attenuate a rat’s acoustic startle reflex, in 
sensitization repeated experiences can heighten it. As described above, when 
rats are subjected to a loud noise over and over again, their startle response 
often habituates (Figure 3.2, green line). But if some of these rats are given an 
electric shock (Figure 3.2, red line) and then the loud noise is played again, their 
startle response will be much greater than that of the rats who did not receive 
a shock (Davis, 1989). In other words, the strong electric shock sensitizes the 
rats, increasing their startle response to a subsequent loud noise stimulus. Such 
sensitization is usually short-lived, however. It may persist for 10 or 15 minutes 
after the shock, but beyond that, the startle response drops back to normal 
levels. You may notice that the effect of shock in this experiment is very similar 
to dishabituation. In fact, some researchers have argued that dishabituation is 

the result of introducing a sensitizing stimulus (Thompson & 
Spencer, 1966).

Humans too show sensitization of startle reflexes. This is 
most easily revealed using the skin conductance response 
(SCR), also known as the galvanic skin response (GSR). The 
SCR is a change in the skin’s electrical conductivity associated 
with emotions such as anxiety, fear, or surprise. Fluctuations in 
electrical conductance can be recorded by electrodes similar to 
those used for an electroencephalogram (EEG; see Chapter 2 
for details). Lie detector tests usually measure a person’s SCR, 
because the emotions evoked by attempts at deception can alter 
the SCR. (Unfortunately, other emotions—such as nervousness 
or excitement—can also alter the SCR, which is why lie detec-
tor tests are not perfectly reliable indicators of truthfulness.)

Exposure to an unexpected loud noise (say, an explosion 
or a yell) causes a pronounced startle response in humans, 
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Figure 3.2 Sensitization 
of the rat acoustic startle 
reflex When a startle-provoking 
noise is presented repeatedly over 
a 20-minute period, rats’ startle 
reflex habituates (green line). If a 
foot shock is then administered 
to a subset of the rats (at minute 
21—red line), the amplitude of 
their startle reflex to a subsequent 
noise (at minute 22) is then greater 
than in the unshocked rats. 
(Adapted from Davis, 1989.)
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if the sound continues to be repeated many times after this point, the amount 
of time required before spontaneous recovery occurs will increase. In this case, 
the learning associated with repeated exposures is latent, because there are no 
observable changes in the rat’s behavior associated with the increased number 
of repetitions. The additional effects of repeated exposures after behavioral 
responding to a stimulus has ceased are only evident when subsequent tests show 
delayed spontaneous recovery (Thompson & Spencer, 1966).

The Process of Sensitization
Several times a year, news reports appear of a celebrity attacking a member of 
the paparazzi. The actor Sean Penn was charged with attempted murder after 
he grabbed a photographer by the ankles and held him over a ninth-floor bal-
cony. Rapper Kanye West was arrested for attacking a reporter at Los Angeles 
International Airport and destroying his camera. Given that celebrities have 
lots of photos taken of them by lots of people on a daily basis, you might expect 
that they would eventually become used to all the attention and take no notice 
of photographers. What causes some celebrities to become so aggressive when 
confronted with paparazzi? Is it just a case of bad tempers?

One possible explanation is that celebrities have had negative experiences 
involving photographers in the past that are affecting their responses to new 
interactions with random members of the paparazzi. Sensitization is a phenom-
enon in which experiences with an arousing stimulus lead to stronger responses 
to a later stimulus. In some cases, a single, very intense stimulus can produce 
sensitization, whereas in others, repeated exposures are required. In some 
ways, sensitization seems to be almost the opposite of habituation. Whereas in 
habituation repeated experiences can attenuate a rat’s acoustic startle reflex, in 
sensitization repeated experiences can heighten it. As described above, when 
rats are subjected to a loud noise over and over again, their startle response 
often habituates (Figure 3.2, green line). But if some of these rats are given an 
electric shock (Figure 3.2, red line) and then the loud noise is played again, their 
startle response will be much greater than that of the rats who did not receive 
a shock (Davis, 1989). In other words, the strong electric shock sensitizes the 
rats, increasing their startle response to a subsequent loud noise stimulus. Such 
sensitization is usually short-lived, however. It may persist for 10 or 15 minutes 
after the shock, but beyond that, the startle response drops back to normal 
levels. You may notice that the effect of shock in this experiment is very similar 
to dishabituation. In fact, some researchers have argued that dishabituation is 

the result of introducing a sensitizing stimulus (Thompson & 
Spencer, 1966).

Humans too show sensitization of startle reflexes. This is 
most easily revealed using the skin conductance response 
(SCR), also known as the galvanic skin response (GSR). The 
SCR is a change in the skin’s electrical conductivity associated 
with emotions such as anxiety, fear, or surprise. Fluctuations in 
electrical conductance can be recorded by electrodes similar to 
those used for an electroencephalogram (EEG; see Chapter 2 
for details). Lie detector tests usually measure a person’s SCR, 
because the emotions evoked by attempts at deception can alter 
the SCR. (Unfortunately, other emotions—such as nervousness 
or excitement—can also alter the SCR, which is why lie detec-
tor tests are not perfectly reliable indicators of truthfulness.)

Exposure to an unexpected loud noise (say, an explosion 
or a yell) causes a pronounced startle response in humans, 
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to a subset of the rats (at minute 
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STARTLE RESPONSE
SKIN CONDUCTANCE

What is the skin conductance response?

The skin conductance response, also known as the electrodermal response (and in older terminology 
as "galvanic skin response"), is the phenomenon that the skin momentarily becomes a better 
conductor of electricity when either external or internal stimuli occur that are physiologically 
arousing. Arousal is a broad term referring to overall activation, and is widely considered to be one of 
the two main dimensions of an emotional response. Measuring arousal is therefore not the same as 
measuring emotion, but is an important component of it. Arousal has been found to be a strong 
predictor of attention and memory.

http://www.media.mit.edu/galvactivator/faq.html
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(Lang, Davis, & Ohman, 2000)
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(Groves & Thompson, 1970). The actual outcome—the strength of the response 
to S on a given presentation—depends on such factors as how often S has been 
repeated and how intense and recent was the sensitizing event. It can also depend 
on whether other stimuli have activated the state system. For stimuli that lead 
to little arousal, decreases in connection strengths associated with processes 
of habituation will be the main determinants of how an organism’s responses 
change over time, leading to the behavioral phenomenon that researchers call 
habituation. When stimuli are highly arousing, global effects of sensitization will 
be more evident in responses, leading to the behavioral phenomenon known as 
sensitization. In dual process theory, both sensitization and habituation processes 
change over time such that the largest effects of repetition always occur in early 
exposures.

The role of arousal in learning about repeated events is most evident in the 
habituation and sensitization of emotional responses (as discussed in “Learning 
and Memory in Everyday Life” on page 80). Studies of emotional responses to 
extreme events (say a roller-coaster ride) suggest that there are multiple phases 
of emotional responding—an initial phase that is scary followed by a rebound 
effect of exhilaration. After repeated experiences, the initial fear responses may 
become weaker, whereas the rebound responses grow stronger (such that what 
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Figure 3.3 The dual 
process theory of habitu-
ation Dual process theory 
suggests that both habituation 
and sensitization processes 
occur in parallel during every 
presentation of a stimulus and 
that the final response after 
repeated presentations results 
from the combination of both 
processes. (a) Initially, a stimu-
lus such as S activates sensory 
neurons that lead to a motor 
response R and activates a 
separate state system signaling 
detection of the stimulus. (b) In 
habituation, repeated presen-
tations of S can weaken the 
connections between neurons 
(smaller arrow), thus reducing 
the strength of R or the likeli-
hood that S leads to R. (c) In 
sensitization, exposure to an 
arousing stimulus increases the 
likelihood that subsequent pre-
sentations of S lead to R. 
[(a) Adapted from Groves and Thompson, 
1970.]
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(Groves & Thompson, 1970). The actual outcome—the strength of the response 
to S on a given presentation—depends on such factors as how often S has been 
repeated and how intense and recent was the sensitizing event. It can also depend 
on whether other stimuli have activated the state system. For stimuli that lead 
to little arousal, decreases in connection strengths associated with processes 
of habituation will be the main determinants of how an organism’s responses 
change over time, leading to the behavioral phenomenon that researchers call 
habituation. When stimuli are highly arousing, global effects of sensitization will 
be more evident in responses, leading to the behavioral phenomenon known as 
sensitization. In dual process theory, both sensitization and habituation processes 
change over time such that the largest effects of repetition always occur in early 
exposures.

The role of arousal in learning about repeated events is most evident in the 
habituation and sensitization of emotional responses (as discussed in “Learning 
and Memory in Everyday Life” on page 80). Studies of emotional responses to 
extreme events (say a roller-coaster ride) suggest that there are multiple phases 
of emotional responding—an initial phase that is scary followed by a rebound 
effect of exhilaration. After repeated experiences, the initial fear responses may 
become weaker, whereas the rebound responses grow stronger (such that what 
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process theory of habitu-
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suggests that both habituation 
and sensitization processes 
occur in parallel during every 
presentation of a stimulus and 
that the final response after 
repeated presentations results 
from the combination of both 
processes. (a) Initially, a stimu-
lus such as S activates sensory 
neurons that lead to a motor 
response R and activates a 
separate state system signaling 
detection of the stimulus. (b) In 
habituation, repeated presen-
tations of S can weaken the 
connections between neurons 
(smaller arrow), thus reducing 
the strength of R or the likeli-
hood that S leads to R. (c) In 
sensitization, exposure to an 
arousing stimulus increases the 
likelihood that subsequent pre-
sentations of S lead to R. 
[(a) Adapted from Groves and Thompson, 
1970.]
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(Groves & Thompson, 1970). The actual outcome—the strength of the response 
to S on a given presentation—depends on such factors as how often S has been 
repeated and how intense and recent was the sensitizing event. It can also depend 
on whether other stimuli have activated the state system. For stimuli that lead 
to little arousal, decreases in connection strengths associated with processes 
of habituation will be the main determinants of how an organism’s responses 
change over time, leading to the behavioral phenomenon that researchers call 
habituation. When stimuli are highly arousing, global effects of sensitization will 
be more evident in responses, leading to the behavioral phenomenon known as 
sensitization. In dual process theory, both sensitization and habituation processes 
change over time such that the largest effects of repetition always occur in early 
exposures.

The role of arousal in learning about repeated events is most evident in the 
habituation and sensitization of emotional responses (as discussed in “Learning 
and Memory in Everyday Life” on page 80). Studies of emotional responses to 
extreme events (say a roller-coaster ride) suggest that there are multiple phases 
of emotional responding—an initial phase that is scary followed by a rebound 
effect of exhilaration. After repeated experiences, the initial fear responses may 
become weaker, whereas the rebound responses grow stronger (such that what 
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Figure 3.3 The dual 
process theory of habitu-
ation Dual process theory 
suggests that both habituation 
and sensitization processes 
occur in parallel during every 
presentation of a stimulus and 
that the final response after 
repeated presentations results 
from the combination of both 
processes. (a) Initially, a stimu-
lus such as S activates sensory 
neurons that lead to a motor 
response R and activates a 
separate state system signaling 
detection of the stimulus. (b) In 
habituation, repeated presen-
tations of S can weaken the 
connections between neurons 
(smaller arrow), thus reducing 
the strength of R or the likeli-
hood that S leads to R. (c) In 
sensitization, exposure to an 
arousing stimulus increases the 
likelihood that subsequent pre-
sentations of S lead to R. 
[(a) Adapted from Groves and Thompson, 
1970.]
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OPPONENT PROCESS THEORY
Opponent-process theory is a psychological 
and neurological model that accounts for a 
wide range of behaviors, including color vision. 
This model was first proposed in 1878 by 
Ewald Hering, a German physiologist, and 
later expanded by Richard Solomon, a 20th-
century psychologist.

Richard Solomon developed a motivational 
theory based on opponent processes. 
Basically he states that every process that 
has an affective balance, (i.e. is pleasant 
or unpleasant), is followed by a secondary, 
"opponent process". This opponent 
process sets in after the primary process 
is quieted. With repeated exposure, the 
primary process becomes weaker while 
the opponent process is strengthened.
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was once scary can become fun). One model of this process, called opponent 
process theory, explains this effect as a way that organisms maintain emotional 
stability. Opponent process theory is similar to dual process theory in that it 
assumes that an experienced event leads to two independent processes—in 
this case, two emotional processes, one that is pleasurable and one that is less 
pleasant. The overall emotion that one experiences in response to an event is 
the combined result of these two independent processes. Repeated experiences 
have different effects on the initial reaction versus the “rebound” reaction, such 
that over time the initial response habituates faster than its counterpart. Thus, 
your first time bungee jumping may not be nearly as much fun as your fifth 
time. Both dual process theory and opponent process theory suggest that the 
outcomes of repeated experiences are not as simple as they might at first appear. 
A “simple” decrease or increase in responding to an increasingly familiar event 
may reflect multiple learning processes occurring in parallel. Additionally, 
repeated experiences can change not only how an individual reflexively responds 
to familiar events but also how the person perceives and interprets those events, 
as described in the following section.

Test Your Knowledge

Maximizing Habituation
In some cases, such as in romantic relationships, it makes sense to try and minimize 
habituation. In contrast, if you discover that the shirt you are wearing is itchy, you’d 
be better off if you could maximize habituation and avoid sensitization. So what 
can you do (aside from changing your shirt)?  Try to come up with at least three 
strategies that could help you to minimize your scratching. (Answers appear in the 
Answers section in the back of the book.) 

Perceptual Learning
Habituation and sensitization are forms of learning in which repeated exposure 
to stimuli can lead to an increase or decrease in responding to those stimuli. But 
repeated exposure doesn’t just change how a human or other animal responds to 
stimuli. Sometimes, it can change how those stimuli are perceived. Perceptual 
learning is learning in which repeated experiences with a set of stimuli makes 
those stimuli easier to distinguish. Let’s consider a couple of examples.

Commercial poultry farmers like to sort male from female chicks as soon after 
hatching as possible to save the cost of feeding male chicks (males don’t lay eggs, 
and they produce lower-quality meat than females). By the time a chick is 5 or 
6 weeks old, its sex is clearly revealed by its feather patterns. But highly trained 
individuals, called chicken sexers, can distinguish whether a day-old chick is male 
or female just by glancing at the chick’s rear end. Accomplished chicken sexers 
can make this distinction with high accuracy at a viewing rate of one chick per half 
second, even though the male and female chicks look identical to the untrained 
eye (Biederman & Shiffrar, 1987). Some chicken sexers can’t even verbalize the 
subtle cues they use to make the distinction; they have seen so many examples of 
male and female chicks that they “just know which is which.” Medical diagnosti-
cians have similar sensitivities to subtle differences in symptoms. All rashes may 
look alike to an inexperienced medical student, but an experienced dermatolo-
gist can glance at a rash and tell immediately, and with high accuracy, whether a 
patient has contact dermatitis, ringworm, or some other condition. 
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Latent learning is a form of learning that is not 

immediately expressed in an overt response; it occurs 
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Perceptual learning is learning in which 
repeated experiences with a set of stimuli 
makes those stimuli easier to distinguish.
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Although you might not personally be an expert at dis-
tinguishing chicken genitals or rashes, you probably have 
become a connoisseur in other areas. Perhaps you can eas-
ily distinguish Coke from Pepsi or McDonald’s french fries 
from those of any other fast-food restaurant. Maybe for 
you, the sound of a Fender electric guitar is very different 
from the sound of a Gibson. Whatever your specialty, you 
likely developed your capacities to detect subtle differences 
through repeated exposures to those stimuli. This is the 
essence of perceptual learning.

Mere Exposure Learning
Chicken sexers don’t learn their trade by accident. They 
gain expertise through extensive, deliberate practice (such 
skill learning is discussed more extensively in Chapter 8). 
Sometimes, however, perceptual learning does happen 
through mere exposure to stimuli, without any conscious 
effort by the individual, a situation similar to what occurs 
during both habituation and sensitization. For example, 
Eleanor Gibson and colleagues exposed one group of rats 
to large triangular and circular shapes mounted on the walls 
of their home cages for about a month (E. Gibson & Walk, 
1956). The researchers then trained this group and a control 
group of rats to approach one of the shapes but not the other. 
Rats familiar with the shapes learned to discriminate between 
them faster than rats that had never seen the shapes before. 
During the initial exposure phase, nothing was done to teach 
the rats in the experimental group about the shapes, and the 

shapes were irrelevant to the rats’ daily activities. Nevertheless, experience view-
ing the shapes facilitated later learning about them. Because the perceptual learn-
ing in such experiments happens without explicit training, it is sometimes called 
mere exposure learning. This learning process is a type of latent learning (which 
we discussed at the chapter’s beginning), because before the rats begin train-
ing with the shapes, there is no behavioral evidence that they learned anything 
about the shapes that were present in their home cages. This initial learning only 
became evident when rats were explicitly trained to respond in different ways to 
the two different shapes.

People show mere exposure learning too. In one study, volunteer participants 
learned to discriminate between complex line drawings—the scribbles seen in 
Figure 3.4. First, each participant was asked to look briefly at a card containing 
a target scribble. Then the participant was shown a series of individual cards 
that each contained a scribble and was told that some of the cards contained the 
same scribble seen on the first card. As each card was presented, the participant 
was asked to tell the experimenter whether it matched the target scribble. The 
experimenter gave no feedback—no indication of whether a participant’s answer 
was correct or not—but at the end of the process, the same steps (beginning with 
the scrutiny of the target card) were repeated all over again, and then a third 
time. Initially, participants were pretty accurate at identifying repetitions of the 
target scribble, as well as correctly rejecting as unfamiliar the novel scribbles 
that were very unlike the target (“dissimilar scribbles”). Early in the experi-
ment, however, participants would also incorrectly “recognize” many scribbles 
that were similar to the target scribble. But with more and more exposure to 
scribbles, the participants began to distinguish the target scribble from very 

Through extensive experience, gem 
assessors become attuned to subtle 
visual differences in stones.
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The perceptual learning in such experiments happens 
without explicit training, it is sometimes called mere 
exposure learning.
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similar but novel stimuli (J. J. Gibson & Gibson, 1955). This is an example of 
perceptual learning through mere exposure to scribbles. 

Your ability to distinguish among individuals may have developed similarly. 
In general, you will be better at distinguishing individuals belonging to racial 
groups that you have frequently encountered throughout your life than indi-
viduals of racial groups you don’t interact with much (for further discussion of 
this topic see “Learning and Memory in Everyday Life” on page 89).

Discrimination Training
Of course, as noted above, not all perceptual learning happens through mere 
exposure. Chicken sexers don’t just wander randomly through a poultry fac-
tory until they can spot males and females, and medical diagnosticians don’t 
just happen across their knowledge; they spend years studying and interning. 
Part of this training—for both doctors and chicken sexers—consists of study-
ing examples, trying to distinguish between them, and receiving feedback about 
accuracy. Training with feedback can greatly facilitate perceptual learning. The 
availability of feedback distinguishes this type of perceptual learning from mere 
exposure learning. 

Training an individual to respond differently to different stimuli is often 
referred to as discrimination training. During discrimination training, feed-
back can be provided by pairing different stimuli with different outcomes (as 
in classical conditioning, discussed in Chapter 4), by rewarding or punishing 
an individual’s responses to stimuli (as in operant conditioning; see Chapter 5), 
or by demonstrating desired performance (as in social learning, described in 
Chapter 11). Perceptual learning during discrimination training is not latent, 
because the improvements in acuity are behaviorally evident and are noticed as 
part of the learning process. Because perceptual learning during discrimination 
training occurs in parallel with other learning phenomena, however, it is often 
difficult to say with certainty which behavioral changes are the result of percep-
tual learning versus other learning mechanisms (Hall, 1991). Nevertheless, this 
form of perceptual learning is often the focus of neuroscience studies, because 
it leads to the largest changes in perceptual sensitivities (as well as the larg-
est changes in brain structure and function, a topic we return to in the Brain 
Substrates section later in this chapter).

When you look at a dog, you probably notice many different things about it. 
It’s big, it’s cute, it has two eyes, there is drool coming out of its mouth. What 
you might not be able to appreciate is the dog’s apparent pedigree, how its tail 
posture compares with that of other dogs of the same breed, the ratio of its leg 
length to head length, its dental structure, or its monetary value. If you happen 

Target scribble

Similar scribbles

Dissimilar  scribbles Figure 3.4 Mere expo-
sure learning in humans A 
 person repeatedly views a 
particular scribble (target), 
then tries to identify cards with 
the same s cribble when they 
are mixed into a deck of cards 
with other scribbles varying in 
similarity to the target scribble. 
The ability to identify the target 
scribble gradually improves, 
even without  feedback about 
performance. 
(Adapted from J. J. Gibson and Gibson, 
1955.)
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to be a professional judge for dog shows, 
however, you may notice these features at 
first glance. Dog-show judges have been 
repeatedly exposed to dogs over many years. 
Some of what they’ve learned comes from 
mere exposure: after seeing a few thousand 
cocker spaniels, a person begins to get an 
idea of what the breed should look like. But 
any sensible and successful dog-show judge 
hasn’t relied on mere exposure alone: he’s 
also made active attempts to learn about 
good and poor examples of the breed. Both 
processes—mere exposure learning and dis-
crimination training—make an experienced 

dog-show judge better than other people at discriminating between individual 
dogs of the same breed.

Experts at any kind of perceptual discrimination, including dog-show 
judges, learn in part by practicing with many examples and receiving feedback 
about the accuracy of their judgments. But what happens if the dog-show 
judge is asked to judge the prize pigs at the county fair? Is he likely to prove as 
eagle-eyed an expert on pigs as he is on dogs? The answer is generally no. In 
most cases, perceptual learning shows a high degree of learning specificity, 
which means that learning about one group of stimuli doesn’t transfer auto-
matically to other stimuli. Like habituation, perceptual learning is stimulus 
specific.

For example, people can be trained to distinguish a complex visual image 
from the same image that is slightly tilted—less than one degree (Fiorentini & 
Berardi, 1981). Imagine trying to distinguish one photo of a pile of ice cubes 
from a second photo of that same pile made a minute later. After a minute, 
the positions of the ice cubes will have shifted slightly from melting, but this 
difference would be extremely difficult to detect. With practice, participants 
gradually improve on such fine visual discrimination tasks, until they choose 
correctly about 90% of the time (Figure 3.5). Surprisingly, if the same people 
are now tested on their ability to detect these same differences for images 
tilted at a 90-degree angle (the images are turned on their side), the earlier 
learning doesn’t automatically transfer to the new task. In fact, people’s per-
formance discriminating the rotated images is no better than if they had been 
shown entirely new images. In other words, the earlier perceptual learning 
had high specificity and did not transfer, even to the same images at different 
orientations. 

Models of Perceptual Learning
Habituation, sensitization, and perceptual learning might seem at first glance 
to be very different kinds of learning. Nevertheless, several prominent theories 
suggest that these seemingly different behavioral phenomena all depend on 
similar (or identical) learning mechanisms. For example, the dual process theory 
of habituation, introduced earlier in the chapter, explains perceptual learning 
as resulting from a combination of habituation and sensitization processes 
(Hall, 2009). Consider again the experiment on mere exposure learning in 
which rats lived in a cage with triangles and circles on the walls (E. Gibson & 
Walk, 1956). The triangles and circles shared some features: both shapes were 
constructed of the same material, both were located on the walls (but never, 
for example, on the floor of the cage), and so on. They also differed in some 
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Figure 3.5 Learning 
 specificity in humans People 
are first trained to distinguish 
highly similar visual patterns. 
Next, they are trained on a task 
that is identical except that the 
original images are rotated from 
vertical to horizontal (a 90-degree 
rotation). At the start of this “new” 
task, their performance is the 
same as if they had never seen the 
images before—people show no 
benefits from their prior perceptual 
learning. 
(Adapted from Fiorentini and Berardi, 1981.)
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to be very different kinds of learning. Nevertheless, several prominent theories 
suggest that these seemingly different behavioral phenomena all depend on 
similar (or identical) learning mechanisms. For example, the dual process theory 
of habituation, introduced earlier in the chapter, explains perceptual learning 
as resulting from a combination of habituation and sensitization processes 
(Hall, 2009). Consider again the experiment on mere exposure learning in 
which rats lived in a cage with triangles and circles on the walls (E. Gibson & 
Walk, 1956). The triangles and circles shared some features: both shapes were 
constructed of the same material, both were located on the walls (but never, 
for example, on the floor of the cage), and so on. They also differed in some 
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Figure 3.5 Learning 
 specificity in humans People 
are first trained to distinguish 
highly similar visual patterns. 
Next, they are trained on a task 
that is identical except that the 
original images are rotated from 
vertical to horizontal (a 90-degree 
rotation). At the start of this “new” 
task, their performance is the 
same as if they had never seen the 
images before—people show no 
benefits from their prior perceptual 
learning. 
(Adapted from Fiorentini and Berardi, 1981.)

Gluck2e_CH03.indd   88Gluck2e_CH03.indd   88 28/11/12   2:04 PM28/11/12   2:04 PM

Melt or not?



BEHAVIORAL PROCESSES | 89

People typically judge the faces of 
people from another racial group to 
be more similar to one another than 

are the faces of unfamiliar people from their 
own race (Malpass & Kravitz, 1969). This 
bias is called the “other-race effect.” Current 
psychological theories suggest that the 
other-race effect results from a person’s hav-
ing more experience with faces from certain 
racial groups than from others. Consistent 
with this idea, non-Caucasian children who 
are adopted by Caucasian families show bet-
ter discrimination of Caucasian faces than 
of faces from members of their own racial 
group (Meissner & Brigham, 2001).

You may like to think that you treat all 
strangers equally, without taking appear-
ance or speech patterns into account. 
But laboratory experiments suggest that 
this is unlikely. Despite people’s stated 
ideals, they also often show racial biases 
in situations other than the distinguish-
ing of faces. For example, people often 

show evidence of unconscious negative 
associations when answering questions 
about racial groups other than their own 
(Greenwald, McGhee, & Schwartz, 1998). 
These biases are not predictable from 
their self-reports. You can try some of 
these unconscious racial bias experiments 
yourself online at https://implicit.harvard.
edu/implicit/ if you are curious to see 
how you fare. Recent research suggests 
that people’s insensitivity to facial differ-
ences among members of other races can 
actually contribute to unconscious racial 
biases (Lebrecht, Pierce, Tarr, & Tanaka, 
2009). The explanation offered for this is 
that the less able a person is to reliably 
differentiate individuals of a certain racial 
classification, the more likely it is that they 
will unconsciously apply generic racial 
stereotypes to all individuals of that group.

If the ability to distinguish faces is a 
consequence of the frequency with which 
different types of faces are encountered, 

then the other-race effect is essentially a 
side effect of visual perceptual learning. 
In that case, you might expect that if you 
trained an individual to distinguish faces 
of racial groups they are not familiar with, 
you might be able to reduce that person’s 
other-race effect. Furthermore, if the other-
race effect contributes to unconscious 
racial biases, such training might reduce 
those biases, as well. This prediction 
has recently been confirmed in laboratory 
experiments. Caucasian participants who 
were extensively trained to distinguish 
between faces of African American indi-
viduals showed both a reduction in the 
other-race effect and a reduction in uncon-
scious racial biases (Lebrecht et al., 2009). 
Apparently, learning to recognize indi-
viduals of other racial groups can reduce 
overgeneralization of racial stereotypes, 
even when that learning involves no social 
interactions that might counteract the 
 stereotypes.

LEARNING AND MEMORY IN EVERYDAY LIFE

Racial Bias

features: for example, the triangles had straight sides and the circles had round 
sides. According to dual process theory, when the rat viewed a triangle on the 
wall, its responses  habituated to all of the features it experienced. Similarly, its 
responses also habituated to all visual aspects of the circle on the wall. Notice 
that the shared features of the shapes were experienced every time the rat 
viewed either shape but that distinguishing features were experienced only 
when the rat viewed a certain shape. Since the shared features were repeatedly 
experienced twice as often, the effects on responding of viewing the shared 
features should have been greater—there should be twice as much habituation 
of responses to the shared features. The end result would be that distinctive 
features (such as straight versus round edges) would be more likely to provoke 
orienting responses than shared features. In other words, for rats that lived 
with the shapes, the features that distinguished the two shapes became more 
noticeable than the shared features. Thus, rats that lived with the shapes would 
be expected to learn to distinguish the shapes faster than rats that had never 
seen them before, because the experienced rats should pay less attention to the 
shared features of the shapes.

Other theoretical explanations of perceptual learning suggest that habitu-
ation depends on perceptual learning, rather than the other way around. For 
example, the comparator model of habituation proposes that the changes 
in responses to repeated events are a consequence of the gradual construc-
tion of neural representations of stimuli and the contexts in which they occur 
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MODELS OF PERCEPTUAL LEARNING
How do we imagine the process of perceptual learning?



MODELS OF PERCEPTUAL LEARNING

• Habituation

• Sensitization

• Perceptual learning

• => Similar (or identical) learning system could be involved in these.



MODELS OF PERCEPTUAL LEARNING

The effect of prolonged exposure to visually presented patterns on learning to discriminate them.
Gibson, Eleanor J.; Walk, Richard D.
Journal of Comparative and Physiological Psychology, Vol 49(3), Jun 1956, 239-242.

What kind of learning?

Which rat is better to discriminate?



MODELS OF PERCEPTUAL LEARNING

The effect of prolonged exposure to visually presented patterns on learning to discriminate them.
Gibson, Eleanor J.; Walk, Richard D.
Journal of Comparative and Physiological Psychology, Vol 49(3), Jun 1956, 239-242.

Then, how to more easily discriminate?



MODELS OF PERCEPTUAL LEARNING

The effect of prolonged exposure to visually presented patterns on learning to discriminate them.
Gibson, Eleanor J.; Walk, Richard D.
Journal of Comparative and Physiological Psychology, Vol 49(3), Jun 1956, 239-242.

Then, how to more easily discriminate?

Shared features
& Non-shared features

Habituation
& Sensitization



MODELS OF PERCEPTUAL LEARNING

The effect of prolonged exposure to visually presented patterns on learning to discriminate them.
Gibson, Eleanor J.; Walk, Richard D.
Journal of Comparative and Physiological Psychology, Vol 49(3), Jun 1956, 239-242.

Shared features
& Non-shared features

1. What’s the shared feature?



MODELS OF PERCEPTUAL LEARNING

The effect of prolonged exposure to visually presented patterns on learning to discriminate them.
Gibson, Eleanor J.; Walk, Richard D.
Journal of Comparative and Physiological Psychology, Vol 49(3), Jun 1956, 239-242.

Shared features
& Non-shared features

1. What’s the shared feature?

So, whichever you saw, you can see the shared feature.
=> More repeatedly you see the shared feature than non-shared ones



MODELS OF PERCEPTUAL LEARNING

The effect of prolonged exposure to visually presented patterns on learning to discriminate them.
Gibson, Eleanor J.; Walk, Richard D.
Journal of Comparative and Physiological Psychology, Vol 49(3), Jun 1956, 239-242.

Shared features
& Non-shared features

1. What’s the shared feature?

So, whichever you saw, you can see the shared feature.
=> More repeatedly you see the shared feature than non-shared ones

If the shared features were repeatedly experienced twice as often,
how about the habituation?
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• Each presentation of a stimulus results in a pattern of neural activity in the brain.

• Each time the brain detects a stimulus, it forms a representation of that stimulus and 
compares that representation with memories of previously experienced stimuli.



COMPARATIVE MODEL

• Each presentation of a stimulus results in a pattern of neural activity in the brain.

• Each time the brain detects a stimulus, it forms a representation of that stimulus and 
compares that representation with memories of previously experienced stimuli.

No match => response is triggered (orienting response)
Partial match => the existing representation is modified.
Good match => the orienting response is suppressed.



DIFFERENTIATION THEORY

• Gibson's (1969) theoretical position, a perceptual differentiation theory, is that perceptual 
learning is learning to extract information out of the sensory data of the environment. The 
environment is seen as supplying an abundance of information.

• Brain is limited in how much information it can collect in a single exposure to a novel stimulus.

• Repeated exposures give the brain the opportunity to collect more information about a stimulus.

• Similar to comparator models of habituation

• But, no provide any account of habituation
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• Dual process theory

• Shared/non-shared feature perception model

• Comparator model

• Differentiation theory



4 MODELS

• Dual process theory

• Shared/non-shared feature perception model

• Comparator model

• Differentiation theory

Which models fit well to short-term and long-term 
habituation and sensitization effects?



PRIMING
Brain knows what you experienced before even you cannot remember…



PRIMING

Priming is an implicit memory effect in which exposure to one stimulus (i.e., perceptual pattern) 
influences the response to another stimulus.

Prior exposure can affect a person’s 
behavior and perception even if the person 
is not conscious of the previous exposure 
or its effect or both.
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“the knowledge of an event, or fact, of which meantime we have not been think-
ing, with the additional consciousness that we have thought or experienced it before” 
[italicized as in James, 1890]. Familiarity can be defined as the perception of 
similarity that occurs when an event is repeated—it is, in James’s words, a “sense 
of sameness.” Although it is difficult to know what this feeling of sameness is 
like for a rat or monkey, we can conclude from tasks such as the novel object 
recognition task that rats and monkeys discriminate different levels of familiar-
ity, just as they distinguish different intensities of sound or shades of gray. In the 
past decade, memory researchers have intensively investigated how individuals 
judge familiarity, how this capacity relates to other memory abilities, and what 
brain mechanisms contribute to familiarity judgments (Eichenbaum, Yonelinas, 
& Ranganath, 2007). Consequently, a learning phenomenon that scientists once 
used mainly to distinguish habituation from fatigue has transformed into a cor-
nerstone of modern memory research. 

Priming
Prior exposure to a stimulus can lead to a sense of familiarity the next time that 
stimulus is observed. Even when it does not lead to a sense of familiarity, it can 
affect the individual’s response to the stimulus (or related stimuli) the next time 
the stimulus is observed; this latter effect is called priming. For example, prim-
ing in humans is often studied using a word-stem completion task, in which 
a person is given a list of word stems (MOT__, SUP__, and such) and asked to 
fill in the blank with the first word that comes to mind. People generally fill in 
the blanks to form common English words (MOTEL or MOTOR, SUPPOSE 
or SUPPER). But if the people were previously exposed to a list of words con-
taining those stems (MOTH, SUPREME, and so on), then they are much more 
likely to fill in the blanks to form words that were present in that list, even if they 
don’t consciously remember having previously seen the words on the list (Graf, 
Squire, & Mandler, 1984). When they complete the word stem with a previously 
experienced word, they do not recognize the word as one they recently saw, and 
yet the prior experience clearly affects their word choice. Such effects are con-
sistent with the findings from sexual habituation studies described previously in 
“Learning and Memory in Everyday Life” on page 80 that prior exposure can 
affect a person’s behavior and perception even if the person is not conscious of 
the previous exposure or its effects or both.

Nonhuman animals show priming, too. For example, blue jays like to eat 
moths, and moths have evolved coloration patterns that help them blend into 
the background where they alight. Therefore, blue jays 
have to be very good at detecting subtle differences in visual 
patterns that distinguish a tasty meal from a patch of tree 
bark. Researchers studied this detection ability by training 
blue jays to look at pictures on a screen (Figure 3.8a) and 
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Figure 3.8 Priming in blue 
jays (a) Virtual moths on a gray 
background are more detectable 
than the same moths on speckled 
backgrounds. Higher numbers indi-
cate more cryptic backgrounds. (b) 
Blue jays learn to peck on screens 
when they detect a virtual moth 
and to peck on a green key when 
they detect no moths. (c) When 
a moth is similar to a recently 
detected moth, blue jays are better 
able to detect the moth, suggest-
ing that prior exposure facilitates 
recognition. In other words, prim-
ing has occurred. 
(Adapted from Bond and Kamil, 1999.)
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“the knowledge of an event, or fact, of which meantime we have not been think-
ing, with the additional consciousness that we have thought or experienced it before” 
[italicized as in James, 1890]. Familiarity can be defined as the perception of 
similarity that occurs when an event is repeated—it is, in James’s words, a “sense 
of sameness.” Although it is difficult to know what this feeling of sameness is 
like for a rat or monkey, we can conclude from tasks such as the novel object 
recognition task that rats and monkeys discriminate different levels of familiar-
ity, just as they distinguish different intensities of sound or shades of gray. In the 
past decade, memory researchers have intensively investigated how individuals 
judge familiarity, how this capacity relates to other memory abilities, and what 
brain mechanisms contribute to familiarity judgments (Eichenbaum, Yonelinas, 
& Ranganath, 2007). Consequently, a learning phenomenon that scientists once 
used mainly to distinguish habituation from fatigue has transformed into a cor-
nerstone of modern memory research. 

Priming
Prior exposure to a stimulus can lead to a sense of familiarity the next time that 
stimulus is observed. Even when it does not lead to a sense of familiarity, it can 
affect the individual’s response to the stimulus (or related stimuli) the next time 
the stimulus is observed; this latter effect is called priming. For example, prim-
ing in humans is often studied using a word-stem completion task, in which 
a person is given a list of word stems (MOT__, SUP__, and such) and asked to 
fill in the blank with the first word that comes to mind. People generally fill in 
the blanks to form common English words (MOTEL or MOTOR, SUPPOSE 
or SUPPER). But if the people were previously exposed to a list of words con-
taining those stems (MOTH, SUPREME, and so on), then they are much more 
likely to fill in the blanks to form words that were present in that list, even if they 
don’t consciously remember having previously seen the words on the list (Graf, 
Squire, & Mandler, 1984). When they complete the word stem with a previously 
experienced word, they do not recognize the word as one they recently saw, and 
yet the prior experience clearly affects their word choice. Such effects are con-
sistent with the findings from sexual habituation studies described previously in 
“Learning and Memory in Everyday Life” on page 80 that prior exposure can 
affect a person’s behavior and perception even if the person is not conscious of 
the previous exposure or its effects or both.

Nonhuman animals show priming, too. For example, blue jays like to eat 
moths, and moths have evolved coloration patterns that help them blend into 
the background where they alight. Therefore, blue jays 
have to be very good at detecting subtle differences in visual 
patterns that distinguish a tasty meal from a patch of tree 
bark. Researchers studied this detection ability by training 
blue jays to look at pictures on a screen (Figure 3.8a) and 
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when they detect a virtual moth 
and to peck on a green key when 
they detect no moths. (c) When 
a moth is similar to a recently 
detected moth, blue jays are better 
able to detect the moth, suggest-
ing that prior exposure facilitates 
recognition. In other words, prim-
ing has occurred. 
(Adapted from Bond and Kamil, 1999.)
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“the knowledge of an event, or fact, of which meantime we have not been think-
ing, with the additional consciousness that we have thought or experienced it before” 
[italicized as in James, 1890]. Familiarity can be defined as the perception of 
similarity that occurs when an event is repeated—it is, in James’s words, a “sense 
of sameness.” Although it is difficult to know what this feeling of sameness is 
like for a rat or monkey, we can conclude from tasks such as the novel object 
recognition task that rats and monkeys discriminate different levels of familiar-
ity, just as they distinguish different intensities of sound or shades of gray. In the 
past decade, memory researchers have intensively investigated how individuals 
judge familiarity, how this capacity relates to other memory abilities, and what 
brain mechanisms contribute to familiarity judgments (Eichenbaum, Yonelinas, 
& Ranganath, 2007). Consequently, a learning phenomenon that scientists once 
used mainly to distinguish habituation from fatigue has transformed into a cor-
nerstone of modern memory research. 

Priming
Prior exposure to a stimulus can lead to a sense of familiarity the next time that 
stimulus is observed. Even when it does not lead to a sense of familiarity, it can 
affect the individual’s response to the stimulus (or related stimuli) the next time 
the stimulus is observed; this latter effect is called priming. For example, prim-
ing in humans is often studied using a word-stem completion task, in which 
a person is given a list of word stems (MOT__, SUP__, and such) and asked to 
fill in the blank with the first word that comes to mind. People generally fill in 
the blanks to form common English words (MOTEL or MOTOR, SUPPOSE 
or SUPPER). But if the people were previously exposed to a list of words con-
taining those stems (MOTH, SUPREME, and so on), then they are much more 
likely to fill in the blanks to form words that were present in that list, even if they 
don’t consciously remember having previously seen the words on the list (Graf, 
Squire, & Mandler, 1984). When they complete the word stem with a previously 
experienced word, they do not recognize the word as one they recently saw, and 
yet the prior experience clearly affects their word choice. Such effects are con-
sistent with the findings from sexual habituation studies described previously in 
“Learning and Memory in Everyday Life” on page 80 that prior exposure can 
affect a person’s behavior and perception even if the person is not conscious of 
the previous exposure or its effects or both.

Nonhuman animals show priming, too. For example, blue jays like to eat 
moths, and moths have evolved coloration patterns that help them blend into 
the background where they alight. Therefore, blue jays 
have to be very good at detecting subtle differences in visual 
patterns that distinguish a tasty meal from a patch of tree 
bark. Researchers studied this detection ability by training 
blue jays to look at pictures on a screen (Figure 3.8a) and 
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ing that prior exposure facilitates 
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ing has occurred. 
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“the knowledge of an event, or fact, of which meantime we have not been think-
ing, with the additional consciousness that we have thought or experienced it before” 
[italicized as in James, 1890]. Familiarity can be defined as the perception of 
similarity that occurs when an event is repeated—it is, in James’s words, a “sense 
of sameness.” Although it is difficult to know what this feeling of sameness is 
like for a rat or monkey, we can conclude from tasks such as the novel object 
recognition task that rats and monkeys discriminate different levels of familiar-
ity, just as they distinguish different intensities of sound or shades of gray. In the 
past decade, memory researchers have intensively investigated how individuals 
judge familiarity, how this capacity relates to other memory abilities, and what 
brain mechanisms contribute to familiarity judgments (Eichenbaum, Yonelinas, 
& Ranganath, 2007). Consequently, a learning phenomenon that scientists once 
used mainly to distinguish habituation from fatigue has transformed into a cor-
nerstone of modern memory research. 
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Prior exposure to a stimulus can lead to a sense of familiarity the next time that 
stimulus is observed. Even when it does not lead to a sense of familiarity, it can 
affect the individual’s response to the stimulus (or related stimuli) the next time 
the stimulus is observed; this latter effect is called priming. For example, prim-
ing in humans is often studied using a word-stem completion task, in which 
a person is given a list of word stems (MOT__, SUP__, and such) and asked to 
fill in the blank with the first word that comes to mind. People generally fill in 
the blanks to form common English words (MOTEL or MOTOR, SUPPOSE 
or SUPPER). But if the people were previously exposed to a list of words con-
taining those stems (MOTH, SUPREME, and so on), then they are much more 
likely to fill in the blanks to form words that were present in that list, even if they 
don’t consciously remember having previously seen the words on the list (Graf, 
Squire, & Mandler, 1984). When they complete the word stem with a previously 
experienced word, they do not recognize the word as one they recently saw, and 
yet the prior experience clearly affects their word choice. Such effects are con-
sistent with the findings from sexual habituation studies described previously in 
“Learning and Memory in Everyday Life” on page 80 that prior exposure can 
affect a person’s behavior and perception even if the person is not conscious of 
the previous exposure or its effects or both.

Nonhuman animals show priming, too. For example, blue jays like to eat 
moths, and moths have evolved coloration patterns that help them blend into 
the background where they alight. Therefore, blue jays 
have to be very good at detecting subtle differences in visual 
patterns that distinguish a tasty meal from a patch of tree 
bark. Researchers studied this detection ability by training 
blue jays to look at pictures on a screen (Figure 3.8a) and 
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and to peck on a green key when 
they detect no moths. (c) When 
a moth is similar to a recently 
detected moth, blue jays are better 
able to detect the moth, suggest-
ing that prior exposure facilitates 
recognition. In other words, prim-
ing has occurred. 
(Adapted from Bond and Kamil, 1999.)
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IN THE NEXT CLASS…

• Cellular mechanisms of Sensitization, Habituation and Priming!
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Habituation, Response to Novelty, and Dishabituation in 
Human Infants: Tests of a Dual-Process Theory of 

Visual Attention 

PETER S. KAPLAN AND JOHN S. WERNER 

Two experiments were conducted to test a dual-process theory of infants‘ 
performance on visual habituation-dishabituation tasks. The findings demonstrate 
that (a) infant habituation functions are often nonmonotonic. with fixation increasing 
before the eventual response waning: (b) this initial increment in responding is 
related to stimulus “complexity”; tc) response to novelty is enhanced by increasing 
the “complexity” of the novelty-test stimulus; and (d) dishabituation, followed 
by decay, occurs for familiarized patterns when retested after the introduction 
of a “complex” stimulus. but not after introduction of a “simple” stimulus. 
Following P. Groves and R. Thompson (1970. Psychdo~icul Revirrv. 77, 419- 
450) we propose that infant visual attention to repeated presentations of a stimulus 
involves two processes, habituation and sensitization. ‘c 1984 .4cademx Prerr, Inc. 

Recent studies in our laboratory have provided support for a dual- 
process interpretation of infant visual attention (Bashinski, Werner, & 
Rudy, 1985). Those experiments tested the applicability of Groves and 
Thompson’s (1970) dual-process theory of habituation which was originally 
designed to account for data from nonhuman species, although its possible 
value for interpretation of infant habituation studies has also been rec- 
ognized (Rovee-Collier & Lipsitt, 1980; Thompson & Glanzman, 1976). 
Groves and Thompson assumed that two processes underlie responding 
to repeated stimulus presentation: (1) a process mediating response dec- 
rements called habitzuztiorz, and (2) a state-dependent process mediating 
response increments called sensitiwfion. Every stimulus has two behavioral 
effects: it elicits a response, and affects the general “state” of the organism, 
where the term state refers to the organism’s “general level of arousal, 
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