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Learning objectives

13.1.1	 Define attention and describe some of the 
concepts associated with it.

13.1.2	 Describe and explain the various concepts in 
the study of attention.

13.1.3	 Describe the main brain networks of attention 
and how they were discovered.

13.1.4	 Describe two disorders of attention due to 
brain damage.

13.2.1	 Explain what scientists know about 
consciousness and describe its components.

13.2.2	 Define and explain the hard and easy problems 
of consciousness.

13.2.3	 Explain what is meant by neural correlates of 
consciousness.

13.2.4	 Describe and explain the global workspace 
theory of consciousness.

13.2.5	 Describe and explain some disorders of 
consciousness.

13.2.6	 Explain how consciousness can be hidden.

13.2.7	 Describe and explain experiments designed to 
test whether humans have free will.

unresponsive 
Wakefulness: the Case 
of terri schiavo
The most taken-for-granted of our mental abilities 

is consciousness. Consciousness can be defined as 

the awareness of the constant stream of stimuli, both 

external and internally generated, that make up our daily 

lives, for example, the sight of an apple, its taste, and the 

emotions triggered by the warm memories of watching 

your grandmother baking apple pie. This ability depends 

on the intact functioning and integrity of the neocortex. 

Brain damage resulting from an accident or stroke 

(interruption of blood flow to a part of the brain) can 

potentially wipe out consciousness. Such is the case of 

Terri Schiavo. In 1990, at age 26, Schiavo suffered cardiac 

arrest and collapsed, depriving her brain of oxygen. 

There was much speculation about the reason for her 

collapse, but in the end the cause was undetermined.

Whatever the reason, the lack of oxygen caused enough 

brain damage to leave Schiavo in a state of unrespon-

sive wakefulness (then called a persistent vegetative 

state), in which vital functions such as heartbeat and 

respiration, as well as a normal sleep-wake cycle, are 

preserved but no awareness of the environment exists. 

Wakefulness and vital functions are regulated by 

regions of the brainstem, the medulla, and the hypo-

thalamus. These regions all remain intact in people with 

unresponsive wakefulness.

Unable to eat, Schiavo required a feeding tube. She 

remained in this state for 15 years. At times, Schiavo 

seemed to show signs of awareness. For example, she 

seemed to follow commands to open and shut her eyes 

and could track a balloon and flashing lights with her 

eyes. However, doctors called these responses involun-

tary reflexes, which are also mediated by the brainstem. 

In 2005, after a long legal battle between her husband, 

who asserted that she would not have wanted to live this 

way, and her parents, who wanted her to remain alive, 

the decision was made to remove Schiavo’s feeding tube 

and she died nearly two weeks later.

INTRODUCTION
You likely learned what the word attention means early 
in life. You were surely told to “pay attention” by your 
parents and teachers. We can assume that their wish was 
that you listen to what they were saying. In everyday life, 
the term attention is used in many ways. Regardless of 
how it is used, attention always refers to narrowing one’s 
focus to something specific. This is made evident in the 
quotes about attention that follow:

Pay attention to your enemies, for they are the 
first to discover your mistakes.

Antisthenes (Greek philosopher,  
445 B.C.E.–365 B.C.E.)

You have to pay attention to details to have 
success in the playoffs. You can’t take anyone 
lightly.

Nicklas Lidstrom (former  
professional hockey player)
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360  BehAviorAL neurosCienCe

Attention is psychic energy, and like physical 
energy, unless we allocate some part of it to 
the task at hand, no work gets done.

Mihaly Csikszentmihalyi  
(famous psychologist)

Scientists who study attention have defined many 
concepts that further characterize the subject. They 
have also identified brain circuits that control atten-
tional processes and how damage to these circuits lead 
to disorders of attention. It is to these topics that we 
turn in the first part of this chapter.

The second part of the chapter is dedicated to 
consciousness. There is no agreed-upon definition 
for consciousness. One definition refers to the expe-
rience of the continuous flow of your thoughts, feel-
ings, and perceptions. Consciousness is studied by 
philosophers, psychologists, and neuroscientists. 
How the brain produces consciousness remains a 
mystery. In this chapter’s treatment of conscious-
ness, you will learn about some of the early ideas 
about consciousness held by past and contempo-
rary philosophers. You will also learn about some of 
the problems that need to be addressed if we are to 
understand how the brain produces consciousness. 
We will also look at what brain areas are activated 
during conscious events and explore what can go 
wrong with a person’s consciousness following 
brain damage.

13.1 Attention

Module Contents

13.1.1	 What Is Attention?

13.1.2	 Concepts in the Study of Attention

13.1.3	 Attention: Where in the Brain?

13.1.4	 Disorders of Attention

Learning objectives

13.1.1	 Define attention and describe some of the 
concepts associated with it.

13.1.2	 Describe and explain the various concepts in 
the study of attention.

13.1.3	 Describe the main brain networks of attention 
and how they were discovered.

13.1.4	 Describe two disorders of attention due to 
brain damage.

13.1.1 WHAT IS ATTENTION?
>> LO	13.1.1 Define attention and describe 
some of the concepts associated with it.

Key Terms

• Attention: The ability to select a stimulus, focus 
on it, sustain that focus, and shift that focus at will.

• Overt attention: The shifting of attention that 
includes the reorienting of sensory receptors.

• Covert attention: The ability to shift attention 
from stimulus to stimulus without reorienting 
sensory receptors.

• Endogenous attention: Self-directed and 
voluntary attention to a stimulus.

• Exogenous attention: Attention drawn toward a 
stimulus in a reflexive and involuntary manner.

• Spatial attention: Attention directed to the spatial 
location of stimuli.

• Object attention: Attention directed at a specific 
object.

• Feature attention: Attention directed at a specific 
feature of an object.

Attention is the ability to select a stimulus, focus 
on it, sustain that focus, and shift that focus at will. 
Attention can be overt or covert. For example, while 
studying this chapter you are choosing to focus your 
attention on the words you are reading. However, if 
you are expecting one of your friends, you may occa-
sionally shift your gaze from the words in your text-
book to a window through which you might notice 
your friend’s arrival. In this case, it would be obvious 
to someone looking at your eyes that your focus of 
attention has changed. The shifting of attention, which 
includes the reorienting of sensory receptors, in this 
case, your eyes, is known as overt attention.

Now, as you stare at the center of the page you are 
reading, notice that, without moving your eyes, you can 
switch your attention to an object other than the page. 
In this case, someone looking at your eyes would not be 
able to tell what your focus of attention is. The ability to 
shift attention from stimulus to stimulus without reori-
enting sensory receptors is known as covert attention. 
Another example of covert attention would be looking at 
your friend straight in the eyes while she speaks to you 
in a café, while monitoring the more interesting conver-
sations going on around you. Hermann von Helmholtz 
(1821–1894) is credited as the first scientist to provide 
experimental evidence for covert attention in the 1860s. 
He stared at the center of an array of letters on a screen 
in the dark. As he did this, he focused on a different part 
of the screen without shifting his gaze. He then lit a spark 
that illuminated the screen. What he noticed was that 
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CHAPTER 13 Attention And ConsCiousness  361

even if the entire array of letters was in his visual field, 
he could only read the letters in the area of the screen 
where his attention was directed (Figure 13.1).

Endogenous and Exogenous Attention

While sitting in class, you can choose either to listen to 
your professor or to engage in a whispered conversation 
with a classmate, which is not recommended because 
it is annoying to everyone. If you choose the conver-
sation, you are focusing your attention on your class-
mate’s words. However, if your professor suddenly says, 
“Okay, listen up!” the chances are that you will attend 
to what the professor has to say. Attending to what your 
classmate had to say, over the professor’s words of wis-
dom, was voluntary and self-directed. Self-directed and 
voluntary attention to a stimulus is known as endog-
enous attention. However, when your professor said, 
“Okay, listen up!” your attention was reflexively drawn 
away from your classmate to your professor, in an auto-
matic and involuntary manner. Attention that is drawn 
toward a stimulus in a reflexive and involuntary man-
ner is known as exogenous attention.

Spatial, Object, and Feature Attention

Attention can be directed to different aspects of a 
scene. For example, you can direct your attention to 

the spatial location of particular stimuli, for example, 
the left side of the New York street scene in Figure 13.2. 
This is known as spatial attention. Directing your 
attention to a specific object in that location, such as 
the food stand, is known as object attention. In addi-
tion, you can focus on a specific feature of the food 
stand, such as the picture of a hot dog. Attention to a 
feature of an object is known as feature attention.

13.1.2 CONCEPTS IN THE 
STUDY OF ATTENTION
>> LO	13.1.2 Describe and explain the various 
concepts in the study of attention.

FIGURE 13.1

Hermann von Helmholtz’s covert attention 
experiment.

Gaze of
eyes

Location
attended
(covertly)

Electric
spark

Carolina Hrejsa/Body Scientific Intl.

FIGURE 13.2

One image can command spatial, object, and feature 
attention, depending on the aspects of the scene on 
which you are focusing.
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362  BehAviorAL neurosCienCe

Key Terms

• Selective attention: The process that permits 
specific information to be picked voluntarily out of 
a number of stimuli.

• Cocktail party effect: The phenomenon in which 
selective attention is paid to a specific stimulus 
among a range of other stimuli.

• Dichotic listening: An experimental set-up 
in which a spoken message is played into a 
participant’s ear while another message is played 
into the participant’s other ear.

• Early-selection models: Selective attention 
models in which sensory information is selected 
before any perceptual analysis is completed.

• Early-filtering model: An early-selection model in 
which only sensory information that is selectively 
attended to makes it through a filter leading to 
further perceptual analysis.

• Attenuator model: An early-selection model in 
which some sensory information is attenuated 
rather than being completely filtered out from 
further perceptual analysis.

• Late-filtering model: A selective attention 
model in which perceptual systems process 
all the information that enters them, followed 
by an unconscious decision concerning which 
information to attend to.

• Conjunction search: A visual search based on 
focusing attention on a combination of specific 
features.

• Feature search: A visual search based on 
focusing attention on a specific 
feature.

• Binding problem: The question 
of how features of experience 
are processed by distinct brain 
areas and neural systems but 
experienced as a unified whole.

• Feature integration theory 
(FIT): A proposed solution to 
the binding problem, in which 
attention is the glue that binds 
the various features of objects.

• Illusory conjunction: A visual 
task from which FIT is derived, in 
which the features of two distinct 
stimuli are erroneously conjoined 
when presented briefly.

The Cocktail Party Effect

So far, our examples of attention 
involved visual attention. However, 

as you may have guessed, the same attentional pro-
cesses exist for all senses. For example, have you ever 
noticed that while focusing on your friend’s words 
during a conversation in a busy place, such as a café or 
cafeteria, you pay no attention to the background noise, 
even if it is quite loud? That is, if someone were to ask 
you what the people sitting right beside you were say-
ing, you would likely draw a blank. This is the result of 
selective attention, which permits you to voluntarily 
pick specific information to focus on out of a number of 
stimuli. The phenomenon in which selective attention 
is paid to a specific stimulus among a range of other 
stimuli is known as the cocktail party effect. It was 
first investigated by British psychologist E. C. Cherry 
(1914–1979) in the early 1950s.

However, as you selectively attend to your friend’s 
words, you retain the ability to covertly monitor audi-
tory information that is going on around you. For 
example, if your friend is boring, you can start paying 
attention to a more interesting conversation between 
the people sitting beside you while seemingly hanging 
on to every one of your friend’s words. Also, even if you 
are selectively attending to what your friend is saying 
while tuning out other people’s conversations, should 
someone mention your name or other information of 
interest, you are likely to automatically turn your atten-
tion toward that person.

Cherry investigated the cocktail party effect in the 
laboratory by recreating it using dichotic listening, 
illustrated in Figure 13.3. A spoken message was played 
into a participant’s right ear while a different message 
was played into the left ear. The participant was asked 
to repeat the message played into one ear while listen-
ing to it. This proved to be an easy task for most partic-
ipants. However, participants failed to repeat much of 
what was played into the ear not attended to.

FIGURE 13.3

The dichotic-listening set-up used by Cherry.

The horses galloped
across the field . . .

President Lincoln
often read by the
light of the fire . . .

“President Lincoln
often read by the

light of the �re . . .”
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halbergman/istockphoto

Copyright ©2021 by SAGE Publications, Inc.  
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



CHAPTER 13 Attention And ConsCiousness  363

These were fascinating results, but the mecha-
nisms for how we can selectively attend to some stimuli 
while ignoring other stimuli going on simultaneously 
were still in need of an explanation.

Early- Versus Late-Selection Models

Imagine what life would be like without selective atten-
tion. Focusing on any one thing would be impossible. 
You would have great difficulty getting anything done, 
being distracted continuously with countless bits of 
information exciting every one of your senses. For this 
reason, information from our senses must enter a bot-
tleneck or filtering process through which only a lim-
ited amount of information enters.

Psychologists have wondered about the nature 
of this filtering process and have come up with three 
models. The first two models illustrated in Figure 13.4 
are early-selection models. Within these models, sen-
sory information is selected early, that is, before any 
perceptual analysis is completed. According to the 
first of these models, proposed by psychologist Donald 
Broadbent (1957), sensory information is filtered out 
early in the nervous system and only the information 
selectively attended to makes it through the filter. This 
is known as an early-filtering model (Figure 13.4a). 
However, the problem with Broadbent’s early-filtering 
model is that information not attended to is sometimes 
perceived. For example, this happens when, as men-
tioned earlier, you hear your name being said in back-
ground noise that, until your name was mentioned, you 
were not paying any attention to.

This problem was addressed by psychologist Anne 
Treisman, who proposed an alteration to Broadbent’s 
early-filtering model. She proposed that unattended 
information is attenuated but not blocked out from fur-
ther perceptual analysis (A. M. Treisman, 1964). This is 
known as the attenuator model (Figure 13.4b). She also 
proposed that certain types of information, such as your 
name, have a lower threshold for making it through the 
filter—that is, it makes it through more easily.

Finally, within the late-filtering model (Figure 
13.4c), proposed by Deutsch and Deutsch (1963), per-
ceptual systems process all the information that enters 
them. A later-occurring process then selects which 
information makes it to our conscious awareness or is 
stored in memory. This means that even if you are not 
consciously aware of things being said around you at 
the moment (because you are not paying attention to 
them), they may still influence your understanding of 
other information at a later time.

Visual Search

You are certainly familiar with the situation where you 
park your car in a shopping mall’s parking lot, spend 
several hours shopping, and then spend several more 
minutes looking for your car. If your car is a black 
sedan of a certain make, then you’re in trouble. This is 
because many cars in the parking lot fit that descrip-
tion. It may take you a long time to find your car, and 
you might even walk up to a car only to find that it 
is not yours. I once even got into someone else’s car 

whose doors were unlocked. However, if 
your car is bright pink, you are likely to 
spot it soon after you exit the mall. Why 
is this so? The answer seems obvious 
. . . because it will appear to “pop out” 
among other cars.

Nevertheless, what you need to 
know is that looking for a specific black 
sedan among many others involves dif-
ferent attentional processes than spot-
ting a bright pink car that looks like no 
other car in the lot. Looking for your 
black sedan requires that you discrimi-
nate it from the other black sedans by 
looking for the specific features that 
make up your car. For example, assume 
your black sedan is of a certain make, 
with mag wheels, and a “Baby on Board” 
sticker on the back window. In this case, 
you are focusing your attention on a 
combination of specific features, that 
is, a black sedan with mags and a “Baby 
on Board” sticker in the back window. 
This is known as a conjunction search. 
In a conjunction search, information 
is processed serially. Your attentional 
spotlight moves from car to car in the 
parking lot, looking for the combination 

FIGURE 13.4

Models of selective attention: (a) early-filtering model, (b) attenuation 
model, (c) late-filtering model.

Detection RecognitionInput

Filter

(a)  Early Filtering (Broadbent)

Detection RecognitionInput

Attenuator

(b)  Attenuation (Treisman):

RecognitionDetectionInput

Filter

(c)  Late Filtering (Deutsch & Deutsch):
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364  BehAviorAL neurosCienCe

of features that correspond to your car. In addition, the 
time it will take you to find your car will depend on the 
number of similar cars in the lot.

In contrast, if your car is bright pink, you can find 
it based on only one feature—“bright pink”—because 
there are not likely to be many bright pink cars in the 
lot. This is known as a feature search. Your pink car 
pops out among all the others automatically and no 
serial search is necessary.

Anne Treisman investigated the differences in 
attentional processing during feature and conjunction 
searches (A. Treisman, 1982). As shown in Figure 13.5, 
she found that study participants more readily iden-
tified a red X among several green Xs than a red X 
among several green Xs and red Os.

In Figure 13.5a (the feature search), finding the red 
X among several green Xs is done quickly because one’s 
attention does not have to focus on each of the Xs in a 
serial manner. The red X appears to just pop out of the 
crowd of Xs, just like the bright pink car popped out of the 
sea of cars in the parking lot in the preceding example.

In contrast, in Figure 13.5b (the conjunction search), 
finding the red X takes significantly longer because it 
does not simply pop out at you. This is because “red” is 
not the only feature of the target letter X, as in Figure 13.5a. 
There are also red Os and several green Xs. In other words, 
the correct color must be combined with the correct letter. 
To do so, attention must be focused on each of the letters 
in a serial manner, which takes significantly longer.

Feature Integration Theory

When you look at an object, you can perceive its color, 
shape, orientation, and distance and whether it is 

FIGURE 13.5

(a) In a feature search, a stimulus can be located based on a single feature, such as discriminating a red X 
among several green ones. (b) In a conjunction search, a stimulus is discriminated based on a combination of 
features, such as finding a red X among several green Xs and red Os. In this case, discrimination is based on 
both shape (X) and color (red).

(a) Feature search display (b) Conjunction search display

Robertson, L.C. (2003). Binding, spatial attention and perceptual awareness. Nature Reviews of Neuroscience 4(2): 93–102. With permission from Springer Nature.

FIGURE 13.6

Feature integration theory.
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From Ch. 7: A Cognitive Basis for Friend-Foe Misidentification in Combat, Keebler, 
Sciarini, & Jentsch. In Human Factors Issues in Combat Identification, edited by Herz, 
Andrews & Wolf. Copyright © 2010. With permission from Taylor & Francis.
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CHAPTER 13 Attention And ConsCiousness  365

of letters, with each letter of the pair being in a differ-
ent color (e.g., red A and blue X), for a very brief period. 
The subjects were then asked to report on what they 
had seen. Subjects frequently combined the letters with 
the wrong colors (i.e., blue A and red X), an illusory 
conjunction. Subjects sometimes reported seeing a let-
ter or a color that was not part of the presented stimuli, 
known as a letter or color intrusion, respectively.

The explanation for these results is that, when 
presented for a brief period, the features of objects 
cannot be accurately bound, because there is not 
enough time for the attentional spotlight to zoom into 
the feature map.

13.1.3 ATTENTION: 
WHERE IN THE BRAIN?
>> LO	13.1.3 Describe the main brain networks 
of attention and how they were discovered.

Key Terms

• Dorsal-frontoparietal system: Includes areas of the 
dorsal-posterior parietal cortex along the intraparietal 
sulcus and the frontal eye field in the frontal cortex. It 
is involved in the top-down control of attention.

• Ventral-frontoparietal system: Includes the 
temporoparietal cortex (or temporoparietal 
junction [TPJ]) and the ventral frontal cortex. It is 
involved in the bottom-up control of attention.

• Top-down control of attention: When attention 
is voluntary and controlled by conscious thought, 
expectations, and goals.

• Bottom-up control of attention: Also known as 
stimulus-driven attention, in which stimuli that are 
currently unattended to, surprising, or unexpected 
shift your attention from what you are currently 
attending to.

So far, you have learned about some of the basic ideas 
and concepts that compose the study of attention. 
However, we have not yet mentioned the brain areas 
thought to be involved in attention. Researchers have 
investigated (and continue to investigate) many brain 
areas and how they interact in attention.

The Dorsal-Frontoparietal System and 
the Ventral-Frontoparietal System

In this section, we focus on two systems known to be inv-
olved in attention. These are the dorsal-frontoparietal 
system and the ventral-frontoparietal system. The 
dorsal-frontoparietal system includes areas of the dorsal- 
posterior parietal cortex along the intraparietal  
sulcus and the frontal eye field (FEF) in the frontal  
cortex. The ventral-frontoparietal system includes the 

FIGURE 13.7

Illusory conjunction. See text for details.

Presented
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Letter intrusion

Illusory conjunction

Color intrusion

A X

A X

A T A X

Robertson, L.C. (2003). Binding, spatial attention and perceptual awareness. Nature 
Reviews of Neuroscience 4(2): 93–102. With permission from Springer Nature.

moving or stationary. Without hesitation, you attribute 
these qualities to the specific object to which you are 
paying attention, for example, a red ball rolling down a 
hill. However, these various features of objects are pro-
cessed within distinct brain areas. The question of how 
different features of an object are perceived as a whole 
is known as the binding problem.

Several solutions to the binding problem have 
been proposed (see Revonsuo, 1999). One solution 
that has attracted much attention (pun intended) 
is known as the feature integration theory (FIT)  
(A. M. Treisman & Gelade, 1980). According to FIT, visual 
scenes are made up of stimulus patterns, consisting of 
features such as color, curvature, orientation, motion, 
and depth. As illustrated in Figure 13.6, Treisman pro-
posed that these features compose a feature map. In this 
map, the features are unbound and not associated with 
a particular object. According to Treisman, the feature 
map is scanned by an attentional spotlight. Once under 
the spotlight, the features of an object are bound. At this 
point, the object is perceived and compared to represen-
tations of objects in memory and recognized.

Feature integration theory accounts for a phenom-
enon known as illusory conjunction, in which the 
features of two distinct stimuli are erroneously con-
joined when presented briefly. For example, as illus-
trated in Figure 13.7, Anne Treisman and colleagues  
(A. Treisman & Schmidt, 1982) showed subjects a pair 
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366  BehAviorAL neurosCienCe

temporoparietal cortex (or temporoparietal junction 
[TPJ]) and the ventral frontal cortex.

Each system is involved predominantly in one of the 
ways in which we use our ability to pay attention. The 
dorsal-frontoparietal system is activated during endog-
enous attention. Recall that, as mentioned in the first 
section of the chapter, endogenous attention is guided 
voluntarily, such as when you decide to pay attention to 
what your friend is saying rather than to conversations 
between other people. This requires what is known as the 
top-down control of attention, which refers to attention 
controlled by conscious thought, expectations, and goals.

In contrast, the ventral-frontoparietal system is 
involved in exogenous attention. Again, recall from 
the beginning of the chapter that exogenous attention 
is driven by stimuli that are outside of your current 
focus of attention, such as when a knock at the door 
causes you to momentarily abandon your textbook to 
see who is at the door. This involves the bottom-up 
control of attention, in which unexpected stimuli 
automatically shift your attention away from what 
you are currently attending to. This is also known as  
stimulus-driven attention.

Maurizio Corbetta (1998) discovered that different 
brain systems are involved in the top-down and bottom- 
up control of attention. He did so by conducting some 
ingenious experiments. To see how the brain was acti-
vated during the top-down control of attention, Corbetta 
and Shulman (2002) asked participants to stare at 

the middle of a screen, while their brains were being 
imaged by functional magnetic resonance imaging 
(fMRI). The participants then saw an arrow signaling 
them to covertly shift their attention to a location in the 
periphery of their visual field, where a visual stimulus 
would be presented. Remember the meaning of covert 
attention from the beginning of the chapter. Here it 
means that the participants had to direct their attention 
to where the arrow indicated but without moving their 
eyes. This is an example of covert spatial attention.

The procedure and results of this experiment are 
illustrated in Figure 13.8a. The top-down control of 
attention activated areas along the intraparietal sulcus, 
including the anterior, posterior, and ventral intraparietal 
sulcus (aPs, pPs and vPs, respectively) as well as the FEF. 
These are the areas, mentioned earlier, that are part of the  
dorsal-frontoparietal system of attention. This occurred 
whether the participants covertly attended to the right or 
to the left. Note that other brain areas, such as the fusiform 
gyrus and area MT+, were also activated. However, these 
were thought to be activated by the sensory analysis of the 
cue and were not attributed to attentional processes.

Remember that in addition to spatial attention, 
attention can also be focused on objects and features 
of objects. As mentioned earlier, features of objects 
include color, shape, and direction of motion. Corbetta 
(1998) also found that the same regions were activated 
when participants were told to pay attention to the 
direction of motion of objects (Figure 13.8b).

FIGURE 13.8

Top-down direction of attention. Areas activated (a) by covertly attending to a region of space and (b) by 
covertly attending to the direction of motion.
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Corbetta, M & G.L. Shulman. Control of Goal-Directed and Stimulus-Driven Attention in the Brain. Nature Reviews Neuroscience 3(3): 201–215. With permission from Springer 
Nature.
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CHAPTER 13 Attention And ConsCiousness  367

As you just learned, we do not always direct our 
attention to stimuli in a top-down manner. Attention is 
often directed to stimuli that were previously unattended 
to or unexpected. That is, attention is often directed 
through a bottom-up or stimulus-driven process, such 
as when the sound of an incoming email interrupts your 
attention to an important research paper you were read-
ing, or when someone taps you on the shoulder to ask 
you a question while you are immersed in listening to 
music through your earbuds. In each case, your atten-
tion is reoriented from focusing on one stimulus to 
another. Notice that this reorienting occurs across sen-
sory modalities. For example, from visual (studying) to 
auditory (email notification) or from auditory (listening 
to music) to tactile (tap on the shoulder).

The brain areas involved in the reorientation of atten-
tion were investigated in an experiment conducted by 
Karen Davis and colleagues at the University of Toronto 
(Downar, Crawley, Mikulis, & Davis, 2000). The exper-
imental procedure is illustrated in Figure 13.9a. While 
having their brain imaged by fMRI, participants were 

FIGURE 13.9

(a) Participants were subjected to two types of 
stimuli in three sensory modalities simultaneously: 
visual (blue or red abstract figures), auditory (sound 
of running water or of a croaking frog), and tactile 
(circular brushing or tapping on the right leg). A 
transition in only one type of stimulus was made 
every 14 seconds (top row). (b) Activation of the TPJ 
occurred at every transition, irrespective of modality.

(a)

(b)

Transition

Visual

Auditory

Tactile

Time 14 s

A A AT T TV V V

Visual transitions
Auditory
transitions
Tactile transitions

All transitions

(a) Downar, J., et al. (2000). A multimodal cortical network for the detection of 
changes in the sensory environment. Nature Neuroscience 3(3), 277–283. With 
permission from Springer Nature; (b) Corbetta, M & G.L. Shulman. Control of Goal-
Directed and Stimulus-Driven Attention in the Brain. Nature Reviews Neuroscience 
3(3): 201–215. With permission from Springer Nature.

simultaneously stimulated in three different modalities: 
visual, auditory, and tactile. The participants were subjected 
to two types of stimuli for each modality. The visual stimuli 
consisted of either a blue or a red abstract figure, the audi-
tory stimuli consisted of either the sound of running water 
or that of a croaking frog, and the tactile stimuli consisted 
of either circular brushing or the tapping of the right leg 
with a brush. Each of the stimuli is represented in the cor-
responding visual, auditory, and tactile rows in the figure.

The reorientation of the participants’ attention 
was created by changing the stimulus type in one 
of the modalities (a transition) every 14 seconds. For 
example, at the far left of Figure 13.9a, a participant 
is stimulated by the blue abstract figure, the running 
water sound, and circular brushing of the leg simulta-
neously. After 14 seconds, a transition was made in the 
auditory stimulus only (represented by the capital A in 
the transition row). Fourteen seconds later, a transition 
was made only in the tactile stimulus, that is, from cir-
cular brushing to tapping. These transitions caused the 
participants to reorient their attention to the change.

Figure 13.9b shows the results of the experiment. The 
reorienting of attention at each transition was associated 
with activity in the ventral-frontoparietal attentional net-
work, especially in the TPJ, independently of the modality 
in which the transition occurred. Activity was also shown 
to increase in the brain areas associated with each of the 
modalities when a transition in each of the respective 
modalities occurred. These results suggest that the TPJ, 
which is part of the frontoparietal attentional network, is 
involved in the reorienting of attention.

FIGURE 13.10

The thalamus is subdivided in many different areas. 
The pulvinar (green) is located at the posterior-most 
end of the thalamus.
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368  BehAviorAL neurosCienCe

The Thalamus

In addition to the two cortical networks of attention 
just discussed, attention is also controlled subcorti-
cally. Neuroscientists Steven Petersen and David Lee 
Robinson inactivated a region of the thalamus called 
the pulvinar on one side of the brain (Figure 13.10) in 
monkeys (Petersen, Robinson, & Keys, 1985).

The monkeys had difficulty in covertly orienting 
their attention to cued locations presented on the side 
of the screen that was opposite to the side of the thal-
amus that was inactivated. They were also less able to 
ignore distracting stimuli. Taken together, these find-
ings meant that the pulvinar is important for both top-
down and bottom-up processing of attention.

One idea about selective attention is that it depends 
on the synchronous firing of neurons in different brain 
areas. For example, selective attention has been associ-
ated with the synchronous firing of neurons in the FEF 
with those in the visual cortex (Gregoriou, Gotts, Zhou, & 
Desimone, 2009), as well as with the synchronous firing of 
neurons in the frontal cortex with those in the parietal cor-
tex (Buschman & Miller, 2007). However, it was not known 
how the firing of neurons in different brain areas became 
synchronized. Neuroscientist Sabine Kastner and col-
leagues at Princeton University found that the synchro-
nous firing of neurons across brain areas is driven by the 
pulvinar (Saalmann, Pinsk, Wang, Li, & Kastner, 2012).

13.1.4 DISORDERS 
OF ATTENTION
>> LO	13.1.4 Describe two disorders of attention 
due to brain damage.

Key Terms

• Balint syndrome: A syndrome characterized by 
simultanagnosia, optic ataxia, and oculomotor 
apraxia due to damage to the parieto-occipital 
region.

• Simultanagnosia: The inability to perceive 
multiple objects simultaneously in a visual  
scene.

• Optic ataxia: The inability to accurately reach for 
objects.

• Oculomotor apraxia: The inability to perform 
voluntary eye movements.

• Unilateral neglect: A syndrome characterized 
by the inability to attend to the side of visual 
space on the opposite side of unilateral 
damage to the parietal and temporal  
cortices (sometimes referred to as hemispatial 
neglect).

The brain processes associated with attention are 
taken for granted. In fact, we are not aware of them. 
However, damage to the brain areas involved in these 
processes can significantly affect the way we perceive 
the world. In this unit, we discuss two different pat-
terns of damage to the brain’s attentional systems. 
These patterns of brain damage are associated with 
attentional disorders such as Balint syndrome and 
unilateral neglect.

Balint Syndrome

Imagine not being able to perceive two objects at the 
same time. For example, suppose that both a fork and 

FIGURE 13.11

Common tests of simultanagnosia. (a) Patients with Balint syndrome can focus their attention on only one object 
in a visual scene at a time, resulting in the inability to describe the context of the scene. (b) Balint syndrome 
patients also have difficulty disengaging their attention from an individual component of an object (e.g., they 
would likely perceive an individual W rather than the letter F, or an individual vegetable rather than a face).

(a) (b) W W W W W W W W W W W W W
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CHAPTER 13 Attention And ConsCiousness  369

a key were presented within your visual field. When 
asked what you are seeing, you would report seeing 
only the fork or the key but not both. This means that 
you would be unable to grasp the relationship between 
objects in a visual scene. As reported by a patient with 
Balint syndrome, watching television can be a frus-
trating experience because she could focus her atten-
tion on only one character at a time.

Balint syndrome was named after Hungarian neu-
rologist and psychiatrist Rezso Balint (1874–1929), who 
first observed it in a brain-damaged patient (Husain & 
Stein, 1988). Balint syndrome is associated with bilat-
eral damage to the parieto-occipital region, which 
attests to the importance of the parietal and occipi-
tal cortices for visual attention. The damage to these 
regions can occur in many different ways, including 
through strokes, tumors, traumatic brain injury, or neu-
rodegenerative diseases.

Balint syndrome is characterized by three primary 
symptoms. Simultanagnosia, as described previously, 
is the inability to perceive multiple objects in a visual 
scene. For example, while looking at the scene in Figure 
13.11a, a Balint syndrome patient may be able to focus 
attention only on the man riding the camel, resulting 
in the failure to describe the context of the entire scene, 
which is a man riding a camel in the vicinity of the 
Egyptian pyramids.

This deficit also extends to individual objects. 
That is, they may focus on only one specific feature 
of an object without being able to process the whole. 
For example, a patient with Balint syndrome looking 
at Figure 13.11b (left) might focus on only a single W, 
failing to perceive that the collection of Ws forms the 
letter F. They may also fail to perceive that a collection 
of vegetables forms a face (Figure 13.11b, right).

Other symptoms of Balint syndrome include optic 
ataxia, which is the inability to accurately reach for 
objects, and oculomotor apraxia, which is the diffi-
culty in voluntarily moving the eyes.

Unilateral Neglect

Spatial neglect refers to a condition in which 
brain-damaged patients can pay attention to only one 
side of visual space and completely ignore the other 
side. For example, a neglect patient may eat the food 
located on only one side of the plate. When asked to 
copy drawings of objects, patients typically copy only 

FIGURE 13.12

Patients with unilateral neglect fail to attend to 
the side of visual space that is contralateral to the 
brain damage. When formally tested, patients with 
unilateral neglect copy only one side of the drawing 
and ignore the side of the drawing contralateral to 
the drawing to be copied.
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Adapted from Brain, Mind, and Behavior, 2nd Edition, Bloom, & Lazerson. Copyright 
© 1985, 1988 by Educational Broadcasting Corporation. Published by W.H. Freeman 
& Company, an Annenberg/CPB Project.

one side of the drawings (Figure 13.12). For this rea-
son, it is often called unilateral neglect or hemispa-
tial neglect.

In contrast to Balint syndrome, unilateral neglect 
results from damage to only one hemisphere. This 
explains why the neglected side of visual space is con-
tralateral to the brain damage. The damage observed 
in unilateral neglect is to the parietal and temporal cor-
tices, usually in the right hemisphere, but is also some-
times observed in the left hemisphere.

MODULE SUMMARY

Attention is the ability to select a stimulus, focus on it, 
sustain that focus, and shift that focus at will. Attention 
can be subdivided in two broad types: overt attention 
and covert attention. Overt attention is the shifting of 
attention, which includes the reorienting of sensory 
receptors, whereas covert attention is the ability to shift 
attention from stimulus to stimulus without reorienting 
sensory receptors. Attention can also be endogenous, 

which is the self-directed and voluntary attention to a 
stimulus, or exogenous, which occurs when attention is 
drawn toward a stimulus in a reflexive and involuntary 
manner. Attention focused to a specific location in space 
is known as spatial attention. Object attention refers 
to attention directed at a specific object, and feature 
attention refers to attention directed at a specific feature 
of an object. During the process of selective attention, 
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370  BehAviorAL neurosCienCe

specific information to focus on is picked out of a number 
of stimuli. The phenomenon by which a specific stimulus, 
such as one’s name, can be picked out of a range of 
other stimuli is known as the cocktail party effect.

Three models of selective attention have been proposed: 
an early-filtering model, in which only sensory information 
selectively attended to is analyzed; an attenuator model, 
in which some sensory information is attenuated rather 
than being completely filtered out; and a late-filtering 
model, in which perceptual systems process all incoming 
information followed by an unconscious decision 
concerning which information to attend to. Visual searches 
can involve focusing attention on a combination of 
features, in what is known as a conjunction search. Visual 
searches can also be done by focusing on one individual 
feature at a time, in what is known as a feature search.

Features of experience are processed by distinct brain 
areas and neural systems but are experienced as a 
unified whole. This is known as the binding problem. 
Feature integration theory was proposed as a solution 
to the binding problem. Support for feature integration 
theory comes from findings that features of two distinct 

stimuli are erroneously conjoined when presented briefly, 
in a phenomenon known as an illusory conjunction.

Two main attentional systems have been discovered 
in the brain. One of these systems is the dorsal-
frontoparietal system, which is involved in the top-down 
control of attention, that is, when attention is controlled 
voluntarily by conscious thought. The other system is 
the ventral-frontoparietal system, which is involved 
in the bottom-up control of attention, that is, when 
stimuli that are currently unattended to, surprising, or 
unexpected shift attention away from what is currently 
being attended to. Attention is also controlled by the 
pulvinar, an area of the thalamus involved in both top-
down and bottom-up control of attention. The pulvinar 
also synchronizes the activity of neurons across brain 
areas during focused attention. Damage to attentional 
systems can give rise to disorders of attention. Balint 
syndrome is characterized by simultanagnosia, optic 
ataxia, and oculomotor apraxia due to damage to the 
parieto-occipital region. Unilateral neglect (also known 
as hemispatial neglect) is characterized by the inability to 
attend to the side of visual space on the opposite side of 
unilateral damage to the parietal and temporal cortices.

TEST YOURSELF

13.1.1 Name the different types of attention and 
differentiate between the various types.

13.1.2 Explain the various concepts that are part of the 
study of attention.

13.1.3 Describe the main brain networks of attention. Describe 
the experiments by which they were discovered.

13.1.4 Name and describe two disorders of attention and 
the type of brain damage that characterizes them.

13.2 Consciousness

Module Contents

13.2.1	 What Is Consciousness?

13.2.2	 The Problems of Consciousness

13.2.3	 The Neural Correlates and Contents of 
Consciousness

13.2.4	 A Neurobiological Theory of Consciousness

13.2.5	 Disorders of Consciousness

13.2.6	 Hidden Consciousness

13.2.7	 Free Will

Learning objectives

13.2.1	 Explain what scientists know about 
consciousness and describe its components.

13.2.2	 Define and explain the hard and easy problems 
of consciousness.

13.2.3	 Explain what is meant by neural correlates of 
consciousness.

13.2.4	 Describe and explain the global workspace 
theory of consciousness.

13.2.5	 Describe and explain some disorders of 
consciousness.

13.2.6	 Explain how consciousness can be hidden.

13.2.7	 Describe and explain experiments designed to 
test whether humans have free will.

13.2.1 WHAT IS 
CONSCIOUSNESS?
>> LO	13.2.1 Explain what scientists know about 
consciousness and describe its components.

Key Terms

• Subjective experience: The continuous flow of 
thoughts, feelings, and perceptions that one is 
privy to throughout life.

• Intentionality: The idea that consciousness 
includes mental states that are about something.
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CHAPTER 13 Attention And ConsCiousness  371

• Chinese room: A thought experiment designed 
to show that computers manipulate symbols by 
how they are organized and ordered but, unlike 
humans, do so without purpose, meaning, or 
understanding of what they are doing.

The mystery of consciousness has fascinated people for 
millennia and continues to baffle philosophers and scien-
tists to this day. In the 1600s, philosopher and mathemati-
cian René Descartes (1596–1650) proposed that the mind 
and the brain were separate entities. Descartes thought 
that the immaterial and rational mind was what separated 
us from animals, which without a mind (or soul) were mere 
automatons. However, this raised the question of how an 
immaterial mind can interact with the physical body. 
Descartes’s answer to this question was that the mind 
controlled the body through the pineal gland, situated 
between the two hemispheres of the brain (see Chapter 1).

Today, neuroscientists believe that the brain pro-
duces consciousness. However, the question of where 
and how consciousness is generated in the brain is the 
focus of much hypothesizing and heated debates. Some 
contemporary philosophers believe that this question 
will never be answered, whereas the most optimistic 
ones believe that we are close to an answer.

The study of consciousness is complex. This will 
become obvious to you as you read through the chap-
ter. Defining consciousness is not an easy task. There 
is no universally accepted definition of consciousness. 
We can at least agree that consciousness has to do with 
subjective experience, which includes the continuous 
flow of thoughts, feelings, and perceptions that one is 
privy to throughout life. Subjective experiences often 
cannot be put into words for others to understand 
them. For example, imagine trying to explain to some-
one who is blind from birth the “redness” of an apple.

Is the Mind Like a Computer?

One question often asked by students is whether the 
mind or brain is like a computer. An answer to this ques-
tion was proposed by philosopher John Rogers Searle. 
Searle rejects the idea that the mind is a computer-like, 
sophisticated information processor. To Searle, com-
puters manipulate symbols by how they are organized 
and ordered, but they do so without intentionality, that 
is, with no purpose, meaning, or understanding of what 
they are doing. The computations they perform are about 
something to us but about nothing to them (J. R. Searle, 
1983). To illustrate this idea, Searle proposed a thought 
experiment known as the Chinese room (J. Searle, 1980).

This thought experiment goes as follows: Imagine 
yourself alone, inside a room with nothing but a com-
puter. Occasionally, a strip of paper with Chinese char-
acters printed on it is slipped under the door. Your 
task is to respond to these characters, but you do not 
understand Chinese. Fortunately, you can feed the char-
acters into the computer, which outputs the rules, writ-
ten in your native language, for you to properly reply in 
Chinese (Figure 13.13). This would surely fool anyone 

on the outside that a Chinese speaker was in the room. 
The Chinese characters you thus produce would mean 
something to someone who can read Chinese but mean 
nothing to you. Searle’s take-home message is that a 
computer can appear conscious simply because it can 
follow a set of instructions. But like you, in the Chinese 
room, the computer has no understanding of what its 
outputs mean.

Why Study Consciousness?

Although neuroscientists have, so far, not been able 
to pinpoint the areas of the brain responsible for con-
sciousness, research aimed at identifying these areas is 
definitely worthwhile (Michel et al., 2019). Aside from 
satisfying deep curiosity about the topic, which is the 
core of all scientific endeavors, finding out more about 
how the brain produces consciousness will provide a 
deeper understanding of various neurological disor-
ders, such as unresponsive wakefulness, described in 
the chapter’s opening vignette on Terri Schiavo.

13.2.2 THE PROBLEMS 
OF CONSCIOUSNESS
>> LO	13.2.2 Define and explain the hard and 
easy problems of consciousness.

Key Terms

• Easy problem: Explaining mental phenomena 
that are testable by standard methods of science.

• Hard problem: Explaining how brain activity 
produces subjective experience.

• Explanatory gap: The problem in explaining 
how neural mechanisms are linked to subjective 
experience.

FIGURE 13.13

The Chinese room. Examples of instructions given 
to non-Chinese speakers to properly reply to notes 
written in Chinese.
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372  BehAviorAL neurosCienCe

Philosopher David Chalmers (1995) proposed what are 
known as the easy problem and the hard problem of 
consciousness. The easy problem refers to the expla-
nation of mental phenomena that are testable by stan-
dard methods of science. This includes the recognition 
of stimuli, cognitive processes, and the processes 
involved in wakefulness and sleep. An easy problem is 
solved once its neurobiological mechanisms are spec-
ified. For example, visual experience is explained by 
the stimulation of photoreceptors by a specific range 
of wavelengths along the electromagnetic spectrum, 
which ultimately results in the activation of the visual 
cortex and extrastriate areas (see Chapter 6).

Chalmers proposed that the hard problem is what 
remains once the neurobiological mechanisms of a 
phenomenon have been explained. For example, we can 
explain the mechanisms by which visual experience 
occurs (through the sequence of events just described), 
but we cannot explain how these mechanisms give rise 
to the subjective experience of colors. Similarly, we can 
explain how potentially threatening stimuli activate the 
amygdala, which in turn activates the sympathetic ner-
vous system through activation of the hypothalamus 
(see Chapter 11), but we cannot explain the feelings of 
fear and anxiety that emerge from this process.

Philosophers wonder why these mechanisms or 
processes give rise to subjective experience, and neu-
roscientists wonder about how the brain produces such 
experiences. Philosopher Joseph Levine (1983) calls 
the problem in explaining how neural mechanisms are 
linked to subjective experience the explanatory gap.

13.2.3 THE NEURAL 
CORRELATES AND CONTENTS 
OF CONSCIOUSNESS
>> LO	13.2.3 Explain what is meant by neural 
correlates of consciousness.

Key Terms

• Neural correlates of consciousness: The minimal 
neuronal events jointly sufficient for any one 
specific conscious percept.

• Cortical blindness: People for whom the source of 
blindness is damage to the primary visual cortex.

• Blindsight: The phenomenon observed in people 
with cortical blindness who can make accurate 
guesses about stimuli while at the same time not 
being visually aware of them.

• Binocular rivalry: The phenomenon in which 
perception spontaneously switches between 
two different images that are presented 
simultaneously to each eye.

• Affective blindsight: The phenomenon in which 
patients with blindsight react reliably to the 
emotional stimuli presented to their blind visual field.

Neuroscientists who study consciousness want to dis-
cover the brain processes that accompany conscious 
awareness. To do so, they conduct experiments in 
which stimuli are manipulated so that they can be pro-
cessed in a conscious or an unconscious manner, while 
measuring the brain activity triggered in participants. 
The results of these experiments provide clues to the 
neurobiological basis of consciousness.

Neuroscientists Francis Crick, co-discoverer of 
DNA, and Christof Koch (1990) stated that “the prob-
lem of consciousness will, in the long run, be solved 
only by explanations at the neuronal level” (p. 263). 
To many scientists, great leaps in the understanding 
of consciousness will be made through discovering 
neural correlates of consciousness (NCCs). Crick 
and Koch (1990) define NCCs as the minimal neuronal 
events jointly sufficient for any one specific conscious 
percept. This is illustrated in Figure 13.14. In this exam-
ple, the percept of a dog can be produced only once a 

FIGURE 13.14

The neural correlates of consciousness (NCCs). For example, the percept of a dog can be achieved only once 
a minimal set of neuronal events have occurred.

Outside world Inside the brain Conscious percept

Adapted from The Quest for Consciousness: A Neurobiological Approach, Koch. Copyright © 2004 by Roberts and Company Publishers.
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CHAPTER 13 Attention And ConsCiousness  373

basic set of neural processes have occurred. In other 
words, it is the NCCs that differentiate conscious per-
cepts from phenomena that remain unconscious.

Not all stimuli are consciously perceived. One goal 
of neuroscientists, in their quest to find the NCCs, is to 
distinguish between the brain processes involved when 
a subject is consciously aware of a stimulus from the pro-
cesses involved when a subject is not consciously aware 
of a stimulus. A stimulus does not have to be consciously 
perceived to be acted upon. One striking example of 
this is found in patients with cortical blindness. These 
patients have intact retinas. The source of their blindness 
is damage to the primary visual cortex. In a phenome-
non known as blindsight—a term coined by psycholo-
gist Lawrence Weiskrantz, who studied the phenomenon 
extensively—patients can make accurate guesses about 
a stimulus while at the same time not being visually 
aware of it. In another phenomenon, known as binocular 
rivalry, the brain processes involved in conscious and 
unconscious processing can be distinguished.

Blindsight

In a classic study, Weiskrantz and colleagues reported 
findings obtained from the study of a brain-damaged 
patient known as DB (Weiskrantz, Warrington, Sanders, 
& Marshall, 1974). DB was subjected to the ablation of 
the right occipital cortex (which contains the primary 
visual cortex) to remove a tumor. This left him blind to 
stimuli presented to him in his left visual field (you can 
read about the reasons for this crossover in Chapter 6). 
This is known as cortical blindness. Despite not being 
able to consciously perceive stimuli presented to his 
left, he was able to discriminate between different ori-
entations of gratings and directions of movement when 
presented there. He was also able to reach out toward 
stimuli present in his left visual field.

More recently, Weiskrantz and colleagues studied a 
patient with cortical blindness, known as TN, who suf-
fered damage to the primary visual cortex in both the 
left and right hemispheres, which means that he is blind 
to both the left and right visual fields. Remarkably, TN, 
who is totally blind, can navigate throughout his envi-
ronment while avoiding objects (De Gelder, 2010).

How can this be happening? From the retina, visual 
information follows a path to the thalamus, from which 
information flows to the primary visual cortex and then 
through the “where” and “what” pathways of the parietal and 
temporal cortices, respectively (see Chapter 6). However, as 
shown in Figure 13.15, the retina also sends projections to 
the superior colliculus (SC), which in turn connects with the 
“where” pathway of the parietal cortex. In this way, the SC 
mediates reflexive responses to visual information, such as 
automatically orienting the eyes to objects moving around 
in the visual field (Tamietto et al., 2010).

Blindsight is but one example in which behavior 
is controlled without conscious perceptual awareness. 
Recall from Chapter 11 “the low road” and “the high 
road” of emotional processing proposed by psycholo-
gist Joseph LeDoux. On “the low road,” the amygdala 
automatically triggers a fear response to potentially 

FIGURE 13.15

Visual pathways from the retina. Blindsight is mediated 
through a pathway from the retina to the superior 
colliculus and the “where” pathway of the parietal lobe.
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Amanda Tomasikiewicz/Body Scientific Intl.

threatening stimuli through connections with the 
hypothalamus. You may also remember Antonio 
Damasio’s somatic-marker hypothesis (also discussed 
in Chapter 11), according to which unconscious emo-
tions can assist in decision making in times of uncer-
tainty by giving you a hunch about which of several 
options you should choose or stay away from.

FIGURE 13.16

Affective blindsight. Some patients with blindsight 
can reliably and appropriately react to faces with 
emotional expressions presented in their blind visual 
field, as measured by facial electromyography.

Liana Bauman/Body Scientific Intl.
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374  BehAviorAL neurosCienCe

In fact, patients with blindsight can react to emo-
tional expressions on the faces of people without being 
consciously aware of it, a phenomenon termed affec-
tive blindsight. Neuroscientist Beatrice De Gelder 
and colleagues (Tamietto et al., 2009) presented blind-
sight patients (including DB, mentioned earlier) with 
images of faces displaying various emotions in their 
blind visual field (Figure 13.16). At the same time, they 
measured the patients’ facial reactions using facial 
electromyography, which measures muscle tension. 
Amazingly, even if the patients could not see the faces 
on the screen, the patients’ facial expressions mim-
icked those presented on the screen. The authors took 
these findings as evidence that emotional contagion, 
which is the spreading of emotions from one person 

to another, occurs through visual pathways that do not 
include conscious visual awareness.

Binocular Rivalry

Binocular rivalry refers to the phenomenon in which 
visual perception spontaneously switches between two 
different images that are presented simultaneously to 
each eye, as illustrated in Figure 13.17. You can experi-
ence this on your own by looking at two different objects 
through a paper-towel roll held to each of your eyes.

Why is binocular rivalry important for neurosci-
entists who study consciousness? What is intriguing 
about binocular rivalry is that, although both images 
are stimulating each of the retinas simultaneously, 

FIGURE 13.17

(a) Binocular rivalry is induced by presenting each eye with a different image. Perception alternates between 
the two images. (b) Apparatus used in binocular rivalry experiments.

Vanderbilt University.

FIGURE 13.18

Binocular rivalry procedure used by Sheinberg and Logothetis (1997). Top row: Sequence of stimuli presented 
to the left and right eyes simultaneously during the procedure (stimulus). Middle row (top): Pattern of action 
potentials generated in the inferotemporal cortex (IT) neuron (Cell r105) from which electrical activity was 
recorded. Middle row (bottom): Histogram of the neuronal response from the IT neuron. Bottom row: Pattern 
of left and right chain pulls in response to faces or starburst patterns (Report).
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D. L. Sheinberg, D.L. & N. K. Logothetis. (1997). The role of temporal cortical areas in perceptual organization. Proceedings of the National Academy of Sciences U. S. A. 94(7): 
3408–3413. With permission from the National Academy of Sciences.
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CHAPTER 13 Attention And ConsCiousness  375

only one of them enters visual consciousness at a time. 
Neuroscientists realized that they could record brain 
activity to discover which brain area is active when 
one of the two images enters consciousness, providing 
them with an NCC for visual information. The results 
of such a study were reported by neuroscientists David 
Sheinberg and Nikos Logothetis (1997). The procedure 
is illustrated in Figure 13.18.

They recorded electrical activity from an individ-
ual neuron in the inferotemporal cortex (IT) of a mon-
key while subjected to a procedure meant to induce 
binocular rivalry. The IT neuron responded to images 
of human and animal faces but not to images of a star-
burst pattern. They trained the monkeys to pull a lever 
situated to the left when they saw a starburst pattern 
and a lever situated to the right when they saw a face, 
by giving them a food reward when they did so.

After having trained the monkeys to do this task, 
the experimenters put them through a rivalry test. 
Neither the image of a starburst nor the image of an 
ambiguous figure (top row) presented to the left eye 
triggered a response in IT neurons (middle row). 
However, the monkey pulled the left lever, as it was 
taught to do, in response to seeing the starburst image 
during training (bottom row).

Next, they observed that the monkey, while being 
presented simultaneously with a starburst pattern 
to the left eye and a face to the right eye, alternately 
pulled the left and right levers, indicating that it alter-
nated between perceiving the face and the starburst 
pattern. Interestingly, electrical activity was recorded 
only from the IT neuron when the monkey pulled on 
the right lever, indicating that it perceived the face.

What does this mean? Because the neuron in area 
IT became active only when the monkey became con-
sciously aware of the face, even if it was stimulating the 
retina of the monkey’s right eye continuously, it was 
concluded that activation of area IT was an NCC for 
the visual perception of faces.

Binocular rivalry has also been studied in humans. For 
example, psychologist Frank Tong and colleagues induced 
binocular rivalry in study participants by having them view 
the image of a face with one eye and the image of a house 
with the other, through green-red glasses (Figure 13.19a) 
(Tong, Nakayama, Vaughan, & Kanwisher, 1998).

The fusiform face area (FFA) was found to be acti-
vated when the subjects reported being consciously 
aware of the face. In contrast, the parahippocampal 
place area (PPA) was activated when the subjects 
reported being consciously aware of the house (Figure 
13.19b). A plot of the pattern of the alternating brain 
activation depending on whether the subjects con-
sciously perceived the face or the house is shown in 
Figure 13.19c. The right side of the plot shows that 
activation of the FFA and PPA during conscious aware-
ness of the face and house during the rivalry test did 
not differ from when subjects were made to fixate on 
either the face or house separately. This indicated that 
activation of the FFA and the PPA may be an NCC for 
perceiving faces and other objects, respectively.

13.2.4 A NEUROBIOLOGICAL 
THEORY OF 
CONSCIOUSNESS
>> LO	13.2.4 Describe and explain the global 
workspace theory of consciousness.

FIGURE 13.19

(a) Viewing a superimposed face and a house, in 
different colors (green and red, respectively), through 
green-red glasses induces binocular rivalry. (b) fMRI 
image of the activation in the FFA when subjects 
reported being consciously aware of the face (left) 
and activation of the PPA when subjects reported 
being consciously aware of the house (right). (c) Plot 
of the activation (% MR Signal) in the FFA (blue) and 
PPA (red) with conscious awareness of the face  
(F) and house (H) during rivalry (left) and while 
fixating on only the image of the face or the house 
in a nonrivalrous condition (right).

Tong, F. et al. (1998). Binocular Rivalry and Visual Awareness in Human Extrastriate 
Cortex. Neuron 21(4): 753–759. With permission from Elsevier.
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376  BehAviorAL neurosCienCe

Key Terms

• Global workspace theory: The idea that 
consciousness arises from the activity of brain 
modules that process and bind the features 
of a specific kind of information, which is then 
broadcast throughout the brain.

• Cortico-thalamic core: Refers to the dense 
connectivity between the thalamus and the 
cortex.

• Subliminal stimulus: A stimulus that can affect 
behavior while remaining below the threshold of 
consciousness.

• Preconscious stimulus: A stimulus that does not 
give rise to conscious awareness despite its high 
strength.

• Inattentional blindness: A phenomenon by which 
a stimulus of high strength fails to be perceived 
due to the lack of attention to it.

• Conscious stimulus: A stimulus that gives rise to 
conscious awareness due to its high strength and 
the level of attention it elicits.

Several neurobiological theories of consciousness 
have been proposed, and several others are being 
developed (Mayner et al., 2018; Tononi, 2012; Zeman, 
Grayling, & Cowey, 1997). So far, none of them can 
explain all of what consciousness involves. For exam-
ple, none can solve the hard problem of consciousness, 
that is, how the interaction between neurons gives rise 
to subjective experience. However, these theories do 

propose ways by which information processed by our 
senses either remains unconscious or enters conscious 
awareness.

Global Workspace Theory

The global workspace theory (GWT) of conscious-
ness was proposed by neuroscientist Bernard Baars 
(Baars, 2005; Cho, Baars, & Newman, 1997). The basic 
idea of GWT is that the brain has several modules 
within the cortico-thalamic core, which refers to the 
dense connectivity between the thalamus and cortex. 
According to GWT, each of these modules processes 
and binds the features of a specific kind of information. 
This is illustrated in Figure 13.20a. Simple decontextu-
alized visual information, such as viewing a single star 
against a dark sky, is processed in the primary visual 
cortex. Objects that incorporate several visual features 
such as color, shape, and size, such as a coffee cup, are 
processed within another module. Events within their 
context are processed within the medial temporal 
lobes (MTL) and hippocampal system. A module also 
exists in the prefrontal cortex for nonsensory experi-
ences such as the feeling-of-knowing (the feeling that 
you are able to retrieve information about something), 
judgment, expectations, and beliefs (Baars, Franklin, & 
Ramsoy, 2013).

Figure 13.20b shows how features containing spe-
cific kinds of information, within modules, are bound to 
produce the conscious experience of an event. The infor-
mation within the modules is represented by connector 
nodes or “hubs,” which permit communication between 
the modules. Each hub represents a node of the global 
workspace and forms its connective core (Figure 13.20c). 

FIGURE 13.20

(a) Possible modules and their location within the cortico-thalamic core. (b) Information contained within each 
module is represented within connector hubs by which the bound content of each module is broadcasted.  
(c) The interconnected hubs from each module form the connective core of the global workspace.

(a) Baars, B. J., S. Franklin, & T.Z. Ramsoy. (2013). Global workspace dynamics: cortical “binding and propagation” enables conscious contents. Frontiers in Psychology 4, 20;  
(b) & (c) Shanahan, M. (2012). The brain’s connective core and its role in animal cognition. Philosophical Transactions of the Royal Society B 367(1603), 2704–2714.
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CHAPTER 13 Attention And ConsCiousness  377

The bound information contained within a module can 
thereby be broadcast to every other module in the global 
workspace (Shanahan, 2012).

How does information make it into the global 
workspace to begin with? The answer to this question is 
attention. The attentional spotlight, as described earlier, 
binds the features of whatever is being focused on to be 
entered in the appropriate module(s). Neuroscientist 
Stanislas Dehaene (an important contributor to GWT) 
suggests that if the strength of the stimulus crosses 
a certain threshold of neuronal activation, it “ignites” 
conscious awareness by being broadcast throughout 
the global workspace, where it can be combined with 
other information, giving rise to the unified quality of 
conscious experience (Dehaene, Changeux, Naccache, 
Sackur, & Sergent, 2006).

Dehaene and colleagues identified three types of 
stimuli, based on their ability to ignite conscious aware-
ness: subliminal stimuli, preconscious stimuli, and 
conscious stimuli. A subliminal stimulus can affect 
behavior while remaining below the threshold of con-
sciousness. For example, in one experiment, subjects 
were presented with a scene designed to induce either 
negative or positive emotions. However, the duration of 
the presentations was so brief that all the participants 
reported seeing was a flash of light. Nevertheless, the 
participants rated people associated with the positive 
scene more positively than people associated with the 
negative scene (Krosnick et al., 1992).

A preconscious stimulus is one that does not 
ignite conscious awareness despite its high strength. 
Inattentional blindness is a prime example of pre-
conscious stimulation, where a strong stimulus does 
not enter conscious awareness due to the attentional 
spotlight being diverted to other stimuli. The most 
famous example of inattentional blindness is the invis-
ible gorilla test by Harvard University psychologist 
Christopher Chabris (Chabris & Simons, 2010). In the 
invisible gorilla test, participants are asked to watch 
a video in which six people are passing around a bas-
ketball. Three of them are wearing black shirts, and 
the other three are wearing white shirts. The partici-
pants are asked to count the number of passes made 
by the people wearing white shirts. As the participants’ 
attention is focused on counting the passes, a person 
dressed in a gorilla suit enters the scene, stands in the 
middle, pounds its chest for 9 seconds, and then leaves 
the scene. Half of the participants reported not seeing 
the gorilla.

A conscious stimulus is one that is of high strength 
and is paid attention to. As shown in Figure 13.21, sub-
liminal and preconscious stimuli activate nodes only 
locally, within modules, but activation does not spread 
to a connector hub that would broadcast the informa-
tion through the global workspace. Only stimuli that 
are powerful enough and to which attention is paid can 
do so. Through long-distance connections, conscious 
stimuli activate global workspace neurons situated in 
the parietal, cingulate, and prefrontal cortices.

13.2.5 DISORDERS OF 
CONSCIOUSNESS
>> LO	13.2.5 Describe and explain some 
disorders of consciousness.

Key Terms

• Level of consciousness: The extent to which a 
person is awake.

• Content of consciousness: The extent to which 
ongoing stimuli are being processed.

FIGURE 13.21

Patterns of activation triggered by conscious, 
preconscious, and subliminal stimuli (T = visual 
target). Only high-strength stimuli that are paid 
attention to result in igniting conscious awareness, 
through long-distance connections that encompass 
parietal, cingulate, and prefrontal cortices (T1). 
Preconscious stimuli, which are of high strength but 
not paid attention to, and subliminal stimuli, which 
are of weak strength, result in activity that remains 
local (i.e., it does not spread through the global 
workspace).

Conscious
high strength
and attention

Preconscious
high strength,
no attention

Subliminal
weak strength

Global
workspace

T1 T2 T3

Dehaene, S., et al. (2006). Conscious, preconscious, and subliminal processing: a 
testable taxonomy. Trends in Cognitive Sciences 10(5), 204–211. With permission from 
Elsevier.
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378  BehAviorAL neurosCienCe

• Coma: A state of unresponsiveness that results 
from brain injury. Patients in a coma have closed 
eyes, cannot be awakened, and do not respond to 
stimulation.

• Glasgow coma scale: A scale used to assess 
whether a patient has slipped into a coma. It 
measures the extent to which patients can 
open their eyes and perform verbal and motor 
responses.

• Brain death: A condition in which life-sustaining 
activity of the brainstem cannot be detected.

• Unresponsive wakefulness: A condition in which 
patients show high levels of wakefulness without 
any signs of consciousness (previously known as 
a persistent vegetative state).

• Minimally conscious state: A condition in which 
patients show high levels of wakefulness with 
some signs of consciousness.

Figure 13.22 illustrates how states of consciousness can 
be conceived as varying along two dimensions, that is, 
the level of consciousness (wakefulness) and the con-
tent of consciousness (awareness) (Laureys, 2005).

Coma

Coma is a state of unresponsiveness that results from 
brain injury. Patients in a coma have closed eyes, can-
not be awakened, and do not respond to stimulation. 

However, painful stimuli may result in a stereotypi-
cal withdrawal response, which may disappear as the 
coma deepens. Contrary to popular belief, coma is not 
a state in which a person is simply sleeping. Comatose 
patients do not go through the sleep stages of NREM 
you learned about in Chapter 9. They do, however, 
show high-amplitude and low-frequency brain waves 
that resemble stages 3 and 4 of NREM sleep. They do 
not show the characteristic EEG patterns of REM sleep.
Coma results from damage to the brain’s ascending 
activating system, which includes areas in the brain-
stem such as the locus coeruleus, raphe nuclei, and 
pedunculopontine tegmental nucleus (see Chapter 9 
to review). It can also occur with widespread damage to 
the cortex. The brain damage that results in coma can 
have several causes. These include stroke, where blood 
flow to the brain is cut off or significantly reduced, and 
physical trauma, such as may occur during an automo-
bile accident. In that case, swelling of the brain may 
push down on the brainstem, which as you already 
know, contains the ascending activating system. Coma 
can also occur in people who are diabetic if brain levels 
of glucose get too low. Cardiac arrest stops blood flow 
to the brain, depriving it of oxygen and giving rise to 
hypoxia, as in the case of Terri Schiavo, recounted in 
the chapter’s opening vignette.

Whether someone has slipped into a coma, as well 
as the depth of the coma, is typically measured using the 
Glasgow coma scale (Table 13.1). The Glasgow coma 
scale was developed by University of Glasgow profes-
sors of neurosurgery Graham Teasdale and Bryan J. 

FIGURE 13.22

States of consciousness plotted in relation to their levels of wakefulness and awareness. The green ellipse 
contains normal states, whereas the red, orange, blue, and yellow ellipses contain abnormal disruptions in 
consciousness that are sometimes induced or occur through brain damage.
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Adapted from Laureys, S. (2005). The Neural Correlate of (Un)awareness: Lessons From the Vegetative State. Trends in Cognitive Sciences 9(12): 556–559. With permission 
from Elsevier.
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CHAPTER 13 Attention And ConsCiousness  379

Jennet in the 1970s (Teasdale & Jennett, 1974). It is used 
to measure the extent to which patients open their eyes 
and can perform verbal and motor responses. Each of 
these components is given a maximum score of 4, 5, and 
6, respectively, for a total maximum of 15. A patient is 
considered to be in a coma if his or her score is 8 or less.

Coma is a transitional stage, which can last from 
a few days to a few weeks. Many comatose patients 
recover, whereas others lose function of the brainstem 
in a condition called brain death. Still others will prog-
ress from coma to a state of unresponsive wakefulness 
and may then progress to a minimally conscious state, 
both of which are discussed in the sections that follow.

Unresponsive Wakefulness

Emergence from coma may mean that the person 
has recovered. Unfortunately, some patients instead 
make a transition to what is known as unresponsive 
wakefulness (see Figure 13.22). Patients in the state of 
unresponsive wakefulness show high levels of wake-
fulness but have no conscious awareness. They open 

their eyes but show no signs of being conscious. They 
can only perform reflexive responses. Also, contrary 
to what is observed in coma, patients in unresponsive 
wakefulness go through normal sleep-wake cycles. 
Unresponsive wakefulness is associated with normal 
life-sustaining functions of the brainstem and reestab-
lishment of ascending activating system functioning. 
However, conscious awareness is prevented because 
of widespread cortical damage, including loss of con-
nectivity between the frontal and parietal cortices as 
well as between primary sensory areas and association 
areas of the cortex.

There are two classes of association areas: uni-
modal association areas and multimodal association 
areas. Unimodal association areas are located adjacent 
to their respective primary sensory cortex and integrate 
the different types of sensory information processed by 
that area. For example, the visual association area is uni-
modal in that it only integrates different types of visual 
information, such as shape, color, and size. Multimodal 
association areas link information from different 
sources. There are three types of multimodal associa-
tion areas, illustrated in Figure 13.23. Each of these mul-
timodal association areas combines different kinds of 
information. These are (1) the limbic association area, 
which links emotions and memory to sensory inputs;  
(2) the posterior association area, which is at the junc-
tion of the occipital, temporal, and parietal lobes and 
links together information from the primary sensory 
areas and unimodal association areas; and (3) the ante-
rior association area of the prefrontal cortex, which links 
information from all association areas and is involved in 
higher mental functions such as memory and planning.

In a related condition, known as minimally con-
scious state, patients show higher levels of respon-
siveness. That is, they can follow simple commands, 
can give simple verbal or gestural yes-or-no answers, 

TABLE 13.1

The Glasgow coma scale. Patients are scored on 
their best response on criteria for eye opening (1–4), 
verbal response (1–5), and motor response (1–6). 
The maximum score is 15. A patient whose score is 
8 or less is considered to be in a coma.

BEHAVIOR RESPONSE SCORE

eye-opening 
response

spontaneously

to speech

to pain

no response

 4

 3

 2

 1

Best verbal 
response

oriented to time, place, and person

Confused

inappropriate words

incomprehensible sounds

no response

 5

 4

 3

 2

 1

Best motor 
response

obeys commands

Moves to localized pain

Flexion withdrawal from pain

Abnormal flexion (decorticate)

Abnormal extension (decerebrate)

no response

 6

 5

 4

 3

 2

 1

total score: Best response

Comatose client

Totally unresponsive

15

8 or less

 3

Source: Based on Teasdale G. and B. Jennett. (1974). Assessment of coma and impaired 
consciousness. A practical scale. The Lancet 2(7872):81–4. With permission from 
Elsevier.

FIGURE 13.23

Association areas of the cortex as well as primary 
sensory areas.
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380  BehAviorAL neurosCienCe

and show some purposeful behavior. Whether some-
one is in the state of unresponsive awareness or a 
minimally conscious state depends on the amount of 
brain damage and loss of connectivity between brain 
areas. Positron emission tomography (PET) scans 

performed on the brains of patients in both mini-
mally conscious state and unresponsive wakefulness 
(Figures 13.24a and 13.24b, respectively) show signifi-
cant reduction of metabolism in the associative corti-
ces (Stender et al., 2014).

FIGURE 13.24

PET scans showing the reduction of glucose metabolism in patients in a minimally conscious state (left) and 
patients in unresponsive wakefulness (right). Blue areas show significantly reduced metabolism compared to 
controls, whereas red shows areas with relatively preserved metabolism.

Stender, J., et al. (2014). Diagnostic precision of PET imaging and functional MRI in disorders of consciousness: a clinical validation study. The Lancet 384(9942): P514–522. With 
permission from Elsevier.

General Anesthesia: It’s Just Like Going to Sleep

The	Myth

If you have ever undergone surgery, there is a good 
chance that it was done under general anesthesia. 
If so, you may have been told by a doctor, likely the 
anesthesiologist, that you were going to be put to sleep. 
In fact, this is not the case. Think about it. If you were just 
sleeping, you would certainly be awakened by the first 
cut of the knife or even by the noises going on around 
you. It is not as if the members of the surgical team are 
whispering and tippy-toeing around, being careful not to 
wake you.

So,	What	Is	General	Anesthesia?

General anesthesia is a drug-induced state of 
unconsciousness. While under general anesthesia 

IT’S A MYTH!

FIGURE 1

Uhrig, L. et al. (2014). Cerebral mechanisms of general anesthesia. Effets des 
agents d’anesthesie. Annales Francaises d’Anesthesie et de Reanimation 33, 
Annales Françaises d’Anesthesie et de Réanimation 33(2): 72–82. With permission 
from Elsevier.
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CHAPTER 13 Attention And ConsCiousness  381

13.2.6 HIDDEN 
CONSCIOUSNESS
>> LO	13.2.6 Explain how consciousness can be 
hidden.

Key Term

• Locked-in syndrome: A condition characterized 
by intact awareness, wakefulness, and cognitive 
function while the person is paralyzed and unable 
to speak.

The absence of signs of consciousness does not mean 
that consciousness is not present to some extent. 
In fact, Schnakers et al. (2009) found that out of 44 
patients diagnosed to be in unresponsive wakefulness, 
18 were actually in a minimally conscious state, which 
means that they showed signs of consciousness, such 
as purposeful eye movements. In addition, 4 out of 41 
patients initially diagnosed with being in a minimally 
conscious state were found to have emerged from that 
state. Finally, signs of consciousness were found in 
another 16 patients who had received an uncertain 
diagnosis. These results as well as the criteria used to 
assess the patients are shown in Table 13.2.

TABLE 13.2

Criteria Used to Assess Consciousness

BEHAVIOR VS MCS
UNSURE OF 
DIAGNOSIS

1 – response to verbal order  4 ∗  4

2 – Purposeful eye movements  8 ∗  6

3 – Automatic motor response  1 ∗  1

4 – Pain localization  1 ∗  1

5 – several criteria for MCs  4 ∗  4

6 – Communication ∗ 1 ∗

7 – Functional object use ∗ 1 ∗

8 – several criteria for eMCs ∗ 2 ∗

total 18 4 16

Source: Schnakers, C., et al. (2009). Diagnostic accuracy of the vegetative and min-
imally conscious state: Clinical consensus versus standardized neurobehavioral 
assessment. BMC Neurology 2009:35.

Note: Number of patients initially diagnosed with unresponsive wakefulness (VS–
formerly, vegetative state) and minimally conscious state (MCS), and those whose 
diagnosis was unsure, showing behaviors taken as signs of consciousness. EMCS = 
emergence from MCS. An asterisk (∗) indicates that the criterion is nonapplicable.

people are insensitive to pain, are immobile, and have 
no memory of the event. As you can see in Figure 1, 
anesthesia is more akin to a coma than any phase of 
sleep in the associated levels of awareness. In fact, the 
patterns of EEG activity observed in general anesthesia 
have more similarities to unresponsive wakefulness, a 
minimally conscious state, and even brain death than 
they do with sleep.

General anesthesia has been described in some detail 
by Emery Brown and colleagues (Brown, Lydic, & Schiff, 
2010). General anesthesia consists of three periods: 
induction, maintenance, and emergence, which are 
subdivided further into four phases:

Induction period (paradoxical excitation): This 
period is called paradoxical because patients 
show excitation when the anesthetic drug is meant 
to make the patient unconscious. Soon after 
induction, as the dose is increased, patients show 
excitation, which includes defensive movements, 
incoherent speech, and euphoria. Phase 1: 
Respiration becomes progressively irregular, and 
the patient requires ventilation. Beta activity gives 
way to alpha activity.

Maintenance period (surgery is performed 
during phases 2 and 3). Phase 2: This is the 
intermediate state of anesthesia. It is characterized 
by mostly alpha and delta activity and resembles 

stage 3 of sleep. Phase 3: Characterized by what 
is known as burst suppression, which consists of 
a flat EEG with periods of alpha and beta activity. 
Phase 4: The deepest phase of anesthesia, where 
the EEG is completely flat and is equivalent to brain 
death. Phase 4 is induced only to protect the brain 
during neurosurgery or to control seizures.

Emergence period: The patient emerges from 
general anesthesia by going through the four 
phases in reverse order.

General anesthetics interfere with the transfer of sensory 
information between the thalamus and the cortex in a 
thalamus-cortical loop. They also inhibit wake-promoting 
signals that emanate from the reticular activating system 
(see Chapter 9 for a review). In a study published in 
2000, researcher Michael Alkire and colleagues scanned 
the brain of patients, under general anesthesia, using 
PET (Alkire, Haier, & Fallon, 2000). They found that 
the thalamo-cortical and cortico-thalamic loops were 
significantly disrupted in the brains of people who 
received a general anesthetic drug, compared to people 
who were awake.

So, why do doctors tell patients that they will simply go 
to sleep? Because telling them they will be going into a 
drug-induced coma might be scary for some patients 
and add unnecessary stress to that already associated 
with undergoing surgery. ●
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In addition, fMRI scans of the brains of patients 
considered to be in unresponsive wakefulness demon-
strated that some of them showed signs of conscious-
ness. In a study performed by neuroscientist Adrian 
Owen and colleagues (Monti et al., 2010), patients con-
sidered to be in unresponsive wakefulness were asked 
to imagine themselves performing a motor task such as 
playing tennis and a spatial task such as mentally walk-
ing through their homes. When imagining the motor 
task, playing tennis, the supplementary motor area of 
4 out of 23 patients was activated. When patients were 
asked to mentally walk through their homes, their par-
ahippocampal area was activated, consistent with the 
role that this area plays in spatial memory. This pattern 
of activation for the motor and spatial tasks was also 
observed in control subjects.

However, this was not convincing evidence that 
these patients were indeed conscious. After all, it was 
possible that the observed brain activity was gener-
ated in response to stimuli evoked by the content of the 
instructions given to them without conscious awareness. 
To make certain that this was not what they were observ-
ing, Owen and colleagues asked the patients questions 
that can be answered by yes or no while their brains 
were being scanned. They also instructed the patients 
to imagine playing tennis if they wanted to answer yes 
and to picture themselves walking through their home to 
answer no. Owen and colleagues therefore expected that 
activation of the supplementary motor cortex would cor-
respond to a yes and that activation of the parahippocam-
pal gyrus would correspond to a no. One patient could 
answer questions using this method with 100% accuracy.

Another condition in which unresponsive wake-
fulness can mistakenly be assumed is locked-in 
syndrome. Locked-in syndrome is characterized by 
intact awareness, wakefulness, and cognitive function. 
However, people with locked-in syndrome are para-
lyzed and are unable to speak. They are, nevertheless, 
able to open, close, and move their eyes. Some can use 
vertical eye movements to communicate.

Locked-in syndrome occurs most commonly fol-
lowing damage to the brainstem and corticospinal 
tract due to a stroke, where blood flow to the brain is 
interrupted or restricted. In contrast, cortical function 
remains relatively intact. Brain imaging of the location 
of damage as well as intact cortical function in some-
one with locked-in syndrome is shown in Figure 13.25 
(Laureys et al., 2005).

13.2.7 FREE WILL
>> LO	13.2.7 Describe and explain experiments 
designed to test whether humans have free will.

Key Terms

• Sense of agency: The feeling of initiating and 
controlling one’s own actions.

• Readiness potential: Neuronal activity, measured 
by EEG, that preceded the urge to press a 
button by 500 ms in Benjamin Libet’s free will 
experiment.

Another question related to consciousness is whether 
we have free will. That is, are people’s actions con-
sciously willed, or are they determined by unconscious 
brain processes (despite the feeling of initiating and 
controlling one’s own actions, which is referred to as 
the sense of agency)?

In the 1980s, Benjamin Libet set out to answer 
this question in what was to become a famous exper-
iment (Libet, Gleason, Wright, & Pearl, 1983). The 
experiment is illustrated in Figure 13.26. Participants 
were instructed to press a button, at any time, while 
observing a clock. At the same time, their brainwave 
activity was being measured by EEG. The participants’ 
task was to note the time on the clock when they felt 
the urge to press the button. What Libet discovered  

FIGURE 13.25

(a) MRI scan showing the location of hemorrhage in a patient with locked-in syndrome. (b) PET scan showing 
intact cerebral metabolism (activity) in the cortex of a locked-in patient.

Laureys, S. et al. (2005). The locked-in syndrome: what is it like to be conscious but paralyzed and voiceless? Progress in Brain Research, 150: 495–511, 611. With permission 
from Elsevier.
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was that EEG activity in the supplementary motor 
area (SMA), which is involved in the preparation of 
motor actions, was detectable, on average, 800 ms 
before their reported urge to press the button. This 
neural activity, as measured by EEG, that preceded 
the urge to press the button became known as the 
readiness potential.

In a more recent study, Chun Siong Soon and 
colleagues (Soon, Brass, Heinze, & Haynes, 2008) pre-
sented participants with a stream of consonants each 
separated by 500 ms, on a screen, while their brains 
were imaged by fMRI (Figure 13.27a). The participants 
were told to press either a left or a right button with the 
corresponding index finger whenever they felt the urge 
to do so. They were then presented with the last three 
letters in the sequence and asked to indicate which let-
ter was on the screen when they felt the urge to press 
a button.

As expected, left and right button presses were 
associated with activation of the right and left motor 
cortices, respectively, which occurred slightly after 

subjects reported feeling the urge to press a button. 
Activity was also detected in the pre-SMA and SMA 
(Figure 13.27b). The main finding was that activity in 
the lateral and medial frontopolar cortex, as well as 
activity in an area of the parietal cortex extending from 
the precuneus to the posterior cingulate cortex, was 
detected, at least 7 seconds before the time at which 
participants said they felt the urge to press a button 
(Figure 13.27c). This suggested that the intention to act 
had already been formulated by the brain before the 
participants felt the urge to press a button. This result 
supported Libet’s findings but also extended them, in 
that brain activity that preceded the urge to press a 
button was detected in cortical areas involved in earlier 
motor planning.

Taken together, the results obtained by Libet and 
Soon suggest that motor actions may be the product 
of unconscious brain processes that precede the con-
scious decision to act. This also means that the sense of 
agency may arise only once a threshold of this subcon-
scious brain activity has been crossed.

FIGURE 13.26

Top: The experimental set-up in Libet’s study. Bottom: The readiness potential. Movement onset occurred 200 
ms after the time participants reported they had the urge to press the button. The EEG activity in the SMA (the 
readiness potential) was detected 1 second, or more, prior to the reported urge to press the button.
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Haggard, P. (2008). Human volition: towards a neuroscience of will. Nature Reviews Neuroscience, 9(12): 934–946. With permission from Springer Nature.
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MODULE SUMMARY

Consciousness can be defined as the flow of thoughts 
and feelings that are continuous throughout life. These 
are grounded in subjective experience. Contemporary 
philosopher David Chalmers differentiated between 
the easy and hard problem of consciousness. The 
easy problem concerns mental phenomena that are 
testable by standard methods of science, whereas the 

hard problem concerns how operations of the brain 
account for subjective experience. Neural correlates of 
consciousness (NCC) are the minimal neuronal events 
jointly sufficient for any one specific conscious percept. 
This differs from the constituents of consciousness, which 
are neural correlates of consciousness that are an integral 
part of consciousness or that directly cause it to occur.

FIGURE 13.27

(a) Procedure followed by Soon and colleagues. (b) Activity in the pre-SMA, SMA, right and left motor cortex 
occurred after the urge to act had become conscious. (c) Activity that preceded the urge to act in the lateral 
and medial frontopolar cortex as well as in the parietal cortex extending from the precuneus to the posterior 
cingulate cortex was detected with above-chance accuracy at least 7 seconds before the conscious decision 
to act was made.

Adapted from Soon, C.S., et al. (2008). Unconscious determinants of free decisions in the human brain. Nature Neuroscience, 11(5): 543–545. With permission from Springer 
Nature.
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Several neurobiological theories of consciousness have 
been proposed and several others are being developed, 
but so far, none of them can explain everything that 
consciousness involves. One of these theories is known 
as the global workspace theory (GWT) proposed by 
neuroscientist Bernard Baars in the 1980s. The basic idea 
of GWT is that the brain has several modules within the 
cortico-thalamic core. Each of these modules processes 
and binds the features of a specific kind of information. 
The bound information contained within a module can 
then be broadcast to every other module in the global 
workspace, which can then add their content to the 
experience, together giving rise to conscious awareness.

There are several disorders of consciousness. These 
include coma, which is a state in which patients cannot 
be awakened and do not respond to stimulation; 

unresponsive wakefulness, in which patients show high 
levels of wakefulness without any signs of consciousness; 
and minimally conscious state, in which patients show high 
levels of wakefulness with some signs of consciousness. 
Brain death is a condition in which life-sustaining 
activity of the brainstem cannot be detected. The 
absence of signs of consciousness does not mean that 
consciousness is not present to some extent. Brain scans 
of patients considered to be in unresponsive wakefulness 
demonstrated that some of them showed signs of 
consciousness. Locked-in syndrome is characterized by an 
inability to move but with intact awareness, wakefulness, 
and cognitive functions. Neuroscientists have investigated 
the question as to whether free will exists. The results 
of these experiments suggest that motor actions are the 
product of unconscious brain processes that precede the 
conscious decision to act.

TEST YOURSELF

13.2.1 Define consciousness. What are two key 
components of it?

13.2.2 Name and define the two problems of 
consciousness according to David Chalmers.

13.2.3 What is meant by the “neural correlates of 
consciousness”? Why are the phenomena of 
blindsight and binocular rivalry important to the 
study of neural correlates of consciousness?

13.2.4 Explain the global workspace theory of 
consciousness proposed by Bernard Baars.

13.2.5 Explain the conditions of coma, unresponsive 
wakefulness, and minimally conscious state.

13.2.6 What do the findings of Adrian Owen and 
colleagues mean regarding the treatment 
of people diagnosed with unresponsive 
wakefulness?

13.2.7 Describe the two experiments in this section 
regarding free will. How do they suggest that we 
may not have free will?

Cellphone Use While Driving: Just Don’t Do It!

Have you or someone you know ever texted or spoken 
on a cellphone while driving? The answer is likely to be 
yes. You probably already know that this is a bad idea. 
Driving involves dealing with many potential dangers 
that can put the life of the driver and others at risk. 
An easier question to answer is if you would consider 
driving after drinking alcohol. I hope the answer to 
this question is “No!” Even so, research shows that 
driving ability is just as impaired by distractions such 
as speaking on the phone or texting as it is by drinking 
(Leung, Croft, Jackson, Howard, & McKenzie, 2012).

Driving requires paying attention to multiple 
environmental stimuli occurring at the same time and 
through different sensory modalities (e.g., vision and 
hearing). When someone is engaged in distracting 
activities while driving, such as texting or speaking on 
the phone, attention is being switched from the vital 
information required for safe driving to reading and 

writing text or listening to or speaking to the person 
on the phone. Contrary to popular belief, attention 
is not efficiently divided among tasks (Ophir, Nass, & 
Wagner, 2009). Driving while texting or while speaking 
on the phone has been shown to significantly slow 
braking reaction and reduce driving speed. It also 
causes participants to have trouble staying in their own 
lane or adjusting their speed to that of a car directly 
ahead, it decreases the driver’s peripheral detection, 
and it produces several other significant impairments 
(Consiglio, Driscoll, Witte, & Berg, 2003; Hosking, Young, 
& Regan, 2009; Strayer & Johnston, 2001).

Researchers are interested in finding how the brain 
allots attentional resources while driving. That is, does 
the brain allot attentional resources to distractors at 
the expense of resources allotted to the tasks relevant 
to driving? In one study, researchers challenged 
participants driving a car within a virtual reality 

APPLICATIONS

(Continued)
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386  BehAviorAL neurosCienCe

computer program with distractors, while their brains 
were being imaged by fMRI (Schweizer et al., 2013). The 
virtual driving task is illustrated in Figure 13.28a.

In a regular-driving condition, participants were 
required to drive on a straight country road with no 
traffic, make a right or left turn with no traffic, and 
make a left turn with traffic (left, middle, and right, 
respectively [right turn not shown]). In each condition, 
participants also had to listen to yes-or-no questions 
and answer by pressing corresponding buttons on the 
steering wheel. This effectively mimics the use of a 
hands-free device to speak on a cellphone.

What	Was	Found?

Brain activation during regular (left turn + traffic) and 
distracted driving (left turn + traffic + audio) is shown 

in Figures 13.28b and 13.28c, respectively. Brain areas 
associated with motor, visuomotor, and visuospatial 
integration were activated during regular driving. 
This includes the somatosensory cortex, visual 
cortex, premotor cortex, and cerebellum. During 
distracted driving, areas involved in higher cognitive 
processes, such as the prefrontal cortex, were also 
activated.

Figures 13.28b and 13.28c indicate that there is a shift in 
activation from posterior regions to frontal regions. This 
means that the distractor caused a shift from the use of 
resources necessary for safe driving (e.g., visuospatial 
and motor skills) to the use of resources necessary for 
listening to and answering questions. This means that 
you should avoid speaking on your cellphone while 
driving, even if you use a legal and widely promoted 
hands-free device. ●

FIGURE 13.28

(a) Virtual reality driving task. Left: Straight country road with no traffic. Center: Making a left turn 
with no traffic. Right: Making a left turn with traffic. (b) fMRI images of the brains of participants in 
the regular-driving condition (left turn + traffic). (c) fMRI images of the brains of participants in the 
distracted-driving condition (left turn + traffic + distractor). Green circles show the shift in activation 
from posterior regions in the regular-driving condition to frontal regions in the distracted-driving 
condition.

Schweizer, T.A., et al. (2013). Brain activity during driving with distraction: an immersive fMRI study. Front. Hum. Neuroscience 7:53.
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