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One of the first clinical cases to contribute 
knowledge about brain function was that of 
Phineas Gage (Harlow, 1993/1868). Gage was a 
railroad foreman in the mid-1800s. While on 
the job, a blasting cap drove a metal rod into 
his left eye, up through the frontal lobe of his 
brain and out the top of his skull (see Figure 
2.1). Gage survived the accident and lived for 
several more years, but his personality and 
cognitive abilities were altered from the way he 
was before the accident. He was less able to 
control his emotions, and his decision-making 
abilities suffered. He was no longer able to 
serve as a foreman because he lacked the  
cognitive control needed for this role. From 
this clinical case, we learned that the frontal 
lobe is important in emotional regulation and 
decision making.

Other clinical studies have helped research-
ers localize language functions in the frontal 
and temporal lobes of the brain (Rorden & 
Karnath, 2004). A patient named Tan was stud-
ied by Paul Broca in the late 1800s. Tan had 
been unable to speak for many years (“tan” was 
one of the only sounds he could produce). After 
Tan’s death, Broca examined Tan’s brain and 
found damage to the left frontal lobe, near the 
front of the temporal lobe (see Figure 2.2). This 
location was named Broca’s area, and damage to 
this area causes Broca’s aphasia, a disorder 
where a person has difficulty producing speech. 
Near this time, another important brain area for 
language was identified by Karl Wernicke. This 
area is in the left temporal lobe close to the front 
of the occipital lobe and is known as Wernicke’s 
area (see Figure 2.2). Damage to Wernicke’s area 
causes a deficit in language comprehension and 
meaningful language production. A person 
with Wernicke’s aphasia can speak, but his or 
her speech is meaningless. The person produces 
what is known as a “word salad,” where the 
speech is fluent but incomprehensible. For 
Broca and Wernicke, clinical case studies aided 
in their development of this early knowledge about the brain areas responsible for 
language abilities.

A more recent case study illustrates the role of brain function in a more specific 
skill: object identification. Oliver Sacks (1990) described a patient he saw who had 
difficulty in distinguishing between living and nonliving objects. For example, the 
patient mistook parking meters for children and furniture for people. However, the 
patient was an academic in the field of music and had little difficulty with other 
cognitive abilities. He could even identify objects by touch and describe them in 
detail. His deficit only occurred in visual recognition of the objects. This condition 
is known as object agnosia, the inability to correctly recognize objects. Patients 

Figure Phineas Gage’s Brain2.1

SOURCE: Van Horn, J.D., Irimia, A., Torgerson, C.M., Chambers, M.C., Kikinis, R., et al. 
(2012) Mapping Connectivity Damage in the Case of Phineas Gage. PLoS ONE 7(5): 
e37454. doi:10.1371/journal.pone.0037454

The area of damage to Phineas Gage’s brain can be identified by examination 
of the path of the rod that went through his head.

Case Study: Phineas Gage

Phrenology and Modern 
Neuroscience
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with object agnosia typically have damage 
in the inferior (lower) temporal cortex,  
suggesting that the deficit is related to  
language abilities.

Knowledge about localization of mem-
ory function has also been gained from clin-
ical case studies. As discussed in the previous 
chapter, one of the most well-known of 
these cases is that of H. M., a man who suf-
fered from a form of amnesia where he 
could remember his life before the damage 
occurred but could not remember episodes 
of his life that occurred after the damage 
(Hilts, 1996). H. M.’s brain lesion was 
caused by a surgical procedure he received 
early in his life to help diminish the severity 
of epileptic seizures from which he was suf-
fering. During the surgery, a brain area 
known as the hippocampus was damaged. 
After the surgery, H. M. seemed to have lost 
the ability to form new memories. He would 
meet new people but would not remember 
them a few minutes later when they came 
back into his room. He did not remember 
world events that occurred after the time of 
his surgery. It seemed as if the timeline of 

his life stopped at the point of his surgery. From H. M.’s case, researchers learned 
about the importance of the role of the hippocampus in memory abilities, but they 
also learned that the hippocampus is not necessary for forming and retrieving all 
types of memories. H. M. showed the ability to improve on tasks requiring motor 
skills, indicating that he could still retain new information and retrieve implicitly 
(i.e., without intention). Thus, H. M.’s case taught us that the hippocampus is not 
important for all types of memory formation and retrieval but is important for  
intentional retrieval of memories.

Clinical case studies have revealed important connections between brain function 
and cognitive abilities. They provide clues to the brain areas most important for dif-
ferent types of cognitive tasks as we examine the damage areas in these patients. 
However, one disadvantage of using case studies in neuroscience is that the brain 
damage is not controlled by researchers and the damage may be spread across multi-
ple brain areas. Thus, it may be difficult for researchers to determine the specific brain 
areas connected to the cognitive deficits seen in the patients. In addition, because the 
brain damage is not controlled by the researchers, they are limited to those damaged 

brain areas in patients available to study. 
Current neuroscience brain recording tech-
niques provide a means to both more precisely 
identify the brain areas most active during dif-
ferent tasks and to examine the brain areas they 
are most interested in studying. Thus, these 
newer techniques have helped us overcome the 
disadvantages present in clinical case studies to 
further add to the knowledge gained in these 
studies. In the next sections, we describe some 
of the techniques cognitive neuroscientists 
have employed in recent research.

Figure Broca’s and Wernicke’s Areas2.2

2.1.	 Explain why controlled experiments cannot always be 
conducted to determine how different types of brain 
damage cause cognitive deficits.

2.2.	 Describe some of the limitations of using the clinical case 
study method in cognitive neuroscience.

Stop and Think

Broca’s and Wernicke’s areas can be seen in reference to motor and primary 
visual cortex areas.

Make Up Your Mind

Probe the Brain Exercise
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Structure of the Nervous System

Clinical case studies are still used as a method of study in cognitive neuroscience 
research. However, advances in technology have also allowed researchers to record the 
brain activity present in clinical and nonclinical subjects to test hypotheses about what 
kind of activity and what activity location should be present under different task condi-
tions. The specifics of how these recording techniques work rely on some understanding 
of the brain and the nervous system, so we review the relevant physiology in this next 
section before we introduce the most common brain recording techniques used in cog-
nitive neuroscience research.

The Neuron

The brain is composed of billions of microscopic neuron cells forming the basic struc-
ture seen in Figure 2.3. Neuron activity is both chemical and electrical. Chemicals called 
neurotransmitters are first brought into the cell by the dendrites at the top end of the 
neuron. These neurotransmitters provide signals to the cell that are either excitatory 
(i.e., more likely to fire) or inhibitory (i.e., less likely to fire). The cell body of the neuron 
takes in these chemical signals from the dendrites and determines if there is enough of 
an excitatory signal to allow the neuron to fire. If so, an action potential occurs that cre-
ates an electrical signal that travels down the neuron’s axon. This electrical signal is 
detected in some of the brain recording techniques used by researchers. Once the electri-
cal signal reaches the end of the axon, the terminal buttons release neurotransmitters 
into the synapse to be collected by other neurons nearby. Then the process begins again.

The process of the action potential is what creates the electrical signal in the neuron 
when it fires. This activity occurs within the axon of the cell. Before the neuron fires, the 
inside of the axon contains a resting state negative charge due to the division of ions in the 
fluid inside and outside the cell (see Figure 2.4). The action potential redistributes these 
ions through channels in the axon’s membrane that control the flow of potassium (K+), 
sodium (Na+), and chlorine (Cl-) ions in and out of the cell. When the excitatory signal 
comes down the axon from the cell body, the axon opens specific channels in  
the axon membrane to allow sodium to flow into the axon, producing a positive charge 
inside the cell. The channels open quickly in sequence from the top of the axon (at  
the axon hillock) near the cell body 
down to the end near the terminals 
that contain the neurotransmitter 
(see Figure 2.5). This positive 
charge can be detected and 
recorded by electrodes that are 
either placed inside the cell or on 
top of the scalp, as we see shortly in 
the discussion of brain recording 
techniques. Once the action poten-
tial is complete, other channels 
open in the axon membrane to 
allow potassium (K+) to flow out of 
the cell and the sodium channels 
close. This redistributes the ions 
back to the resting negative state 
inside the axon. The excitatory 
message then reaches the terminals 
and a neurotransmitter is released 
into the synapse (see Figure 2.6).

Figure A Neuron2.3

Neuron: the basic cell of the brain

Dendrites: extensions from 
neurons that receive chemical 
messages (neurotransmitters) 

from other neurons

Axon: an extension from 
the neuron nucleus where 

an electrical impulse in 
the neuron occurs

Synapse: a space between 
neurons where neurotransmitters 

are released and received

The Remarkable Neuron
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Figure Distribution of Ions Inside and Outside the Resting  
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Figure Ions’ Movement and Voltages During and After an Action Potential2.5
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The synapse is the small gap between neurons in the brain. 
Each neuron is connected to other neurons in an organized net-
work that allows the pattern of firing in the network to translate 
into specific thoughts or behaviors. This is how information is pro-
cessed and stored in the brain: through the pattern of firing across 
multiple neurons within the network (i.e., specific neurons being 
active or not active or firing at different rates) and types of connec-
tions (excitatory or inhibitory) across the neurons connected in 
each network.

The Brain

The brain is composed of the networks described in the previous 
section, which are organized according to their cognitive func-
tions. This is known as localization of function. Many of the clin-
ical cases reviewed in the previous section provided the initial 
information we have about localization and lateralization (i.e., the 
two hemispheres of the brain contribute to different types of 
tasks) of brain function through the deficits present in different 
areas of brain damage. Looking at the kind of task deficits these 
patients exhibited helped researchers to identify brain areas (i.e., 
the damaged areas) that were important for completing those 
tasks. These early studies suggested that different areas of the 
brain specialized in different functions. Figure 2.7 shows the four 
lobes of the brain and functions that are localized in those brain 
areas. Recent research in cognitive neuroscience has used this 
knowledge gained in early case studies to focus on different areas 
of the brain as researchers examine the functioning in different 

Figure Release of 
Neurotransmitter by the 
Presynaptic Neuron Into  

	 the Synapse

2.6
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Figure Diagram of the Four Lobes of the Brain and Functions 
Lateralized in These Areas

2.7

The Brain’s Inner Workings

The Tell-Tale Brain

Brain Atlas Exercise
Graphic from © iStockphoto.com/Ciawitaly 
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cognitive tasks. The newer brain recording techniques described in the next sections 
have allowed researchers to go beyond the basic knowledge of localization and later-
alization of function to map out more specific brain areas and to piece together full 
neural systems (i.e., a collection of brain areas organized in pathways) that are 
involved in different tasks. We explore some of the most recent research in cognitive 
neuroscience throughout the subsequent chapters that cover different cognitive pro-
cesses in further detail.

However, more recent research has suggested that despite the general feature of 
localization of function, many complex cognitive tasks (e.g., memory retrieval, object 
identification) are a function of distributed processing in the brain. In other words, brain 
areas work together in systems to process different kinds of information. This idea is 
supported by research in different areas of study. For example, a series of brain areas has 
been implicated in explicit memory retrieval (i.e., intentionally retrieving a memory). 
This system seems to be separate from more automatic or unintentional uses of memory, 
such as those relied on when we perform a skill or task we know how to do (Squire, 
2004). Pulvermüller (2010a) also describes neural circuits for lexical and semantic  
processes underlying language abilities as “distributed neural assemblies reaching into 
sensory and motor systems of the cortex” (p. 167). In other words, the processing of 
spelling, grammar, and meaning of words is distributed across several areas of the brain. 
Thus, there is localization of function for cognitive processes, but for most functions 
multiple areas are organized into processing systems for different cognitive abilities.

Measures in Cognitive Neuroscience

In Chapter 1, we described the biological perspective on the study of cognition. Using 
this approach, researchers attempt to connect brain activity with cognitive processes 
they observe along with some of the other behavioral measures (e.g., accuracy, reaction 
time). For example, cognitive neuroscientists have investigated how brain activity differs 
for accurate and false memories (e.g., Düzel, Yonelinas, Mangun, Heinz, & Tulving, 
1997), which areas of the brain are involved in language production and comprehension 
(e.g., Gernsbacher & Kaschak, 2003), and whether visual areas of the brain are involved 
in imagery (e.g., Kosslyn et al., 1993).

Figure Recording Electrical Activity in a Neuron2.8
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Photo at right courtesy of Bob Jacobs

Tools in Cognitive Neuroscience
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Advances in technology have allowed researchers to record dif-
ferent types of brain activity. Some techniques are more invasive 
and are typically only performed with laboratory animals (e.g., 
single-cell recordings), but many of the brain imaging techniques 
in use today are able to record brain activity in humans as they 
perform various cognitive tasks. However, all of the techniques rely 
on activity of the neuronal cells in the brain. 

Single-Cell Recording

A technique available to record the electrical signals from neu-
rons is single-cell recording. In this technique a tiny recording 
needle is inserted into a neuron in an area of the brain the 
researcher is interested in (see Figure 2.8). However, this tech-
nique requires surgical insertion of the needle and bonding to the 
head to keep the needle steady (see Figure 2.9). Thus, this tech-
nique is typically used in research with laboratory animals. Such 
recordings have contributed important information about cogni-
tion. For example, using single-cell recordings from monkeys, 
Rizzolatti, Fadiga, Gallese, and Fogassi (1996) discovered a new 
type of neuron they called a mirror neuron. This neuron fired 
both when the monkeys picked up an object and when the mon-
keys were watching the researchers or other monkeys perform that action. In other 
words, these neurons were active when motor actions were performed and when the 
monkeys were just watching a motor action they knew how to perform. Since this 
discovery, researchers have suggested that mirror neurons may play a role in many 
sorts of social cognitions, including understanding others’ actions, imitation of oth-
ers’ actions, and facilitation of language through gestures (Rizzolatti & Craighero, 
2004). Other work using single-cell recordings has shown that neuronal cell responses 
can be extremely specific. For example, Quiroga, Reddy, Kreiman, Koch, and Fried 
(2005) found neurons in the hippocampus (known to be involved in memory func-
tioning) that were selectively responsive to photos of celebrities such as Jennifer 
Aniston and Halle Berry (in recordings from epilepsy patients undergoing treatment). 
These results are consistent with the idea that 
neurons serve as feature detectors (see 
Chapter 3 for more discussion of feature 
detection); in this case, the features are spe-
cific faces. These neurons have been called 
“grandmother cells” (Gross, 2002) because 
they suggest that we might even have a neuron 
(or set of neurons) that selectively responds to 
the face of our grandmother (assuming we 
have met her before).

Electroencephalography (EEG)

Another technique that records the electrical 
signals from neurons is electroencephalogra-
phy or EEG. When recording an EEG, a set of 
electrodes is placed on the head (see Photo 
2.1) to record the electrical signals from 
groups of neurons in different areas of the 

Figure Stereotaxic Instrument  
	 Used in Single-Cell 

Recordings

2.9

Single-cell recording: a brain activity 
recording technique that records 

activity from a single neuron or 
small group of neurons in the brain

Electroencephalography (EEG): 
a brain recording technique 

that records the activity of 
large sections of neurons from 

different areas of the scalp
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Photo 2.1  In recording an EEG, a scalp cap with electrodes in different 
locations on the head is worn by the participant.
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brain. Because the electrodes are recording from outside 
the skull, it is the activity of the neurons closest to the skull 
(primarily neurons in the outer cortex) that is being 
recorded. The activity is recorded over time to detect 
changes (positive or negative) in the electrical signals (see 
Figure 2.10). Researchers can use EEG recordings to 
examine an event-related potential (ERP), which is a 
change in activity related to a specific event like the pre-
sentation of a stimulus. In that way, they can determine if 
there is an effect of that stimulus presentation on neuron 
activity and in what general area of the brain the effect 
occurs. Electrical activity patterns can be overlaid onto a 
map of the brain to show the general location on the cor-
tex of the different levels of electrical activity.

An example of EEG/ERP research is provided by Düzel 
et al. (1997). These researchers recorded ERPs during recog-
nition judgments for studied words. Although voltage for 
different scalp areas differed based on the type of judgment 
subjects made (i.e., did they “remember” having studied the 
word, or did they just “know” they had studied the word?), 
voltage recordings were similar for items the subjects cor-
rectly remembered and for items subjects falsely remem-
bered having studied (i.e., items they recognized as studied 
in the memory test but that were not studied in the list). The 
electrical activity recorded in the ERP showed that similar 
activity occurs for true and false memories, but that the 
activity differs depending on the strength of the memory 
based on the type of response (“remember” or “know”) the 
subjects gave.
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Figure Sample EEG Recording2.10

SOURCE: From Current Concepts: The Sleep Disorders, by P. Hauri, 1982, Kalamazoo, MI: Upjohn.

Photo 2.2  A person receiving a MEG scan.
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Magnetoencephalography (MEG)

Another newer technique that records electrical signals from neurons in the brain is 
magnetoencephalography (MEG). Instead of electrodes placed on the head as for an 
EEG, MEG involves placing the head in or near an electrical scanner that can detect 
electrical activity with better location accuracy than EEG. As with EEG recordings, 
MEG recordings can occur during a task such that changes in activity can be detected 
that correspond to the presentation of cognitive stimuli. However, as with EEG, MEG is 
limited to recordings on the outer cortex and cannot provide a good measure of activity 
occurring below the cortex.

Electrical Stimulation/ 
Inhibition of Neurons

Another newer technique that also relies on the electrical activity in the brain 
involves transcranial magnetic stimulation (TMS). With TMS, researchers use a 

Magnetoencephalography (MEG): 
a brain recording technique that 
records activity of large sections 
of neurons from different areas 

of the scalp using a large magnet 
that is placed over the head

Transcranial magnetic stimulation 
(TMS): a method of temporarily 

stimulating or suppressing 
neurons using a magnetic field

Figure Transcranial Magnetic Stimulation (TMS)2.11

SOURCE: Courtesy of Eric Wassermann, M.D., Behavioral Neurology Unit, National Institute of Neuro-
logical Disorders and Stroke.

In transcranial magnetic stimulation (TMS), a magnetic coil is waved over the area of the 
brain one wishes to study to stimulate neuron activity in that area.

MEG Technique
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flow activity to specific areas of the brain with 
more active areas shown in brighter colors on 
the scan. fMRI relies on a subtraction method, 
where activity recorded before the task (called 
the baseline recording, which is a control condi-
tion in this type of study) is subtracted from the 
activity recorded during the task. What is left is 
the activity present only during the tasks.

Like an MRI, an fMRI requires that the par-
ticipant be placed in a magnetic scanner during 
the task. Typically, a mirror is positioned in the 
scanner for the participant to view the stimuli pre-
sented. fMRI is often preferred by researchers 
conducting brain scans because they are able to 
view brain activity during a task (unlike MRI) and 
there is no potentially harmful radioactive sub-
stance that needs to be ingested by the participant 
(unlike PET). Figure 2.12 shows images from 
fMRI scans for a participant performing different language tasks. As can be seen, differ-
ent areas of the brain are most active during the different tasks.

Recording Activity in the Living Brain

Throughout this text, we discuss studies that have used the brain recording techniques 
described in this chapter to illustrate the connection between brain function and the 
cognitive processes discussed. Here we highlight two of these studies to illustrate the use 

Photo 2.4  A PET scan. The areas in red are the most active, those in blue are 
least active.
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SOURCE: Adapted from Petersen, S. E., Fox, P. T., Posner, M. I., Mintun, M., & Raichle, M. E. (1988). 
Positron emission tomographic studies of the cortical anatomy of single-word processing. Nature, 333, 
585–589.

Neuroimaging



34 Cognitive Psychology

of these techniques in cognitive neuroscience as 
a field, and then in further chapters, we discuss 
some of the most recent studies in cognitive 
neuroscience in perception, attention, memory, 
and language.

Two categories of brain recording techniques 
were described earlier in this chapter: recordings 
of electrical activity of neurons (single neurons or 
larger groups of neurons) and brain imaging 
techniques. Each technique has contributed 
important knowledge about the connections 
between cognition and brain function. For exam-
ple, many EEG studies have shown the areas of 
the cortex most active during specific tasks. 
When EEG recordings are connected to specific 
stimulus presentations, as in ERP, this activity can 
be examined across stimulus conditions to make 
comparisons as tests of theoretical hypotheses.

In an example of this type of study, Barron, Riby, Greer, and Smallwood (2011) used 
ERP recordings to examine the factors that contribute to mind wandering (i.e., thinking 
about things other than the current task you are working on). Do you ever start thinking 
about something going on in your life (e.g., an argument with your boyfriend, girlfriend, 
or spouse or an assignment that is due at the end of the week) while you are reading this 
text? If so, then you have experienced the type of mind wandering that Barron et al. 
studied. These researchers recorded EEGs during a task where subjects were asked to 
respond to a rare target event (a red circle appearing) that occurred in a series of pre-
sented stimuli (green and blue squares). However, the nontarget stimuli were presented 
with different proportions. Green squares were presented often and blue squares were 
presented as infrequently as the red circles. This type of stimulus presentation was used 
to see if the blue squares would capture the subjects’ attention even if they were not asked 
to respond to them (see Figure 2.13).

In this task, past studies have shown an increase in neuron activity in the parietal 
cortex about 300–500 ms after the red circle is presented, which is believed to be related 
to maintenance of the stimulus in memory. Further, a similar increase in activity is 

2.3.	 What type of neuron activity is recorded in single-cell, 
EEG, and MEG recordings?

2.4.	 What type of brain activity is detected in PET and fMRI 
scans? Why is an fMRI scan preferred to a PET scan in 
most cases?

2.5.	 In general, what has been learned about the organization of 
brain activity using cognitive neuroscience techniques?

2.6.	 Does research connecting brain activity with cognitive task 
performance gain causal information or merely correlational 
information? Explain your answer.

Stop and Think

13% of trials

Press space bar

Ignore

74% of trials 13% of trials

Figure Stimuli Used in the Barron et al. (2011) Study2.13
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an ongoing task of category judgments (e.g., Is GREEN 
a COLOR? Is a GRAPE a type of FURNITURE?). All 
subjects completed the same ongoing task where an 
item appeared with a category on the computer screen, 
and subjects were asked to decide if the item belonged 
in the category given. However, different groups of sub-
jects were given different prospective memory tasks 
to perform during the category task. One task, called 
a nonfocal task, has been shown in studies to require 
cognitive resources to retrieve (resulting in a slowing 
down in ongoing task performance). In this task, sub-
jects were asked to respond if they saw the syllable tor in 
any of the category tasks. Looking for the syllable would 
require extra attention, because subjects do not need to 
notice the syllables of the words in order to complete 
the category task. The other type of prospective mem-
ory task, called a focal task, has been shown in studies 
to sometimes rely on spontaneous retrieval where no 
slowing down in ongoing task performance was seen. In 
this task subjects were asked to respond when they saw 
the word table in the category task. During the comple-
tion of the tasks, subjects’ brain activity was measured 
using fMRI scans.

Results of the study: The results showed two important 
findings of the study. First, subjects slowed down in the 
category task more when they completed the nonfocal 
prospective memory task than when they performed 
the focal prospective memory task, supporting previ-
ous findings that the nonfocal task requires more atten-
tional resources than the focal task. The second primary 
finding was that brain activity differed in the two types 
of prospective memory tasks. In the nonfocal task, the 
researchers found activity in the prefrontal cortex area of 
the brain that was not present in the focal task. See Figure 
2.14 for a comparison of the brain activity seen in the 
fMRI scans for the focal and nonfocal conditions.

Conclusions of the study: From the recordings of brain 
activity seen in this study, the researchers concluded that 
some prospective memory tasks do not require cogni-
tive resources to retrieve because no activity was seen 
in the prefrontal cortex area for the focal task, whereas 
this activity was present in the nonfocal task. The pri-
mary conclusion from this study was that brain activity 
supports the idea that prospective memory tasks do not 
always require additional attentional resources.

(Continued)

Figure Activity Compared for the Focal and Nonfocal Prospective Memory Tasks  
	 From fMRI Scans in the McDaniel et al. (2013) Study
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SOURCE: Figure 1, McDaniel, M. A., LaMontagne, P., Beck, S. M., Scullin, M. K., & Braver, T. S. (2013). Dissociable neural routes to 
successful prospective memory. Psychological Science, 24, 1791–1800.



29CHAPTER 2  •  Cognitive Neuroscience

Advances in technology have allowed researchers to record dif-
ferent types of brain activity. Some techniques are more invasive 
and are typically only performed with laboratory animals (e.g., 
single-cell recordings), but many of the brain imaging techniques 
in use today are able to record brain activity in humans as they 
perform various cognitive tasks. However, all of the techniques rely 
on activity of the neuronal cells in the brain. 

Single-Cell Recording

A technique available to record the electrical signals from neu-
rons is single-cell recording. In this technique a tiny recording 
needle is inserted into a neuron in an area of the brain the 
researcher is interested in (see Figure 2.8). However, this tech-
nique requires surgical insertion of the needle and bonding to the 
head to keep the needle steady (see Figure 2.9). Thus, this tech-
nique is typically used in research with laboratory animals. Such 
recordings have contributed important information about cogni-
tion. For example, using single-cell recordings from monkeys, 
Rizzolatti, Fadiga, Gallese, and Fogassi (1996) discovered a new 
type of neuron they called a mirror neuron. This neuron fired 
both when the monkeys picked up an object and when the mon-
keys were watching the researchers or other monkeys perform that action. In other 
words, these neurons were active when motor actions were performed and when the 
monkeys were just watching a motor action they knew how to perform. Since this 
discovery, researchers have suggested that mirror neurons may play a role in many 
sorts of social cognitions, including understanding others’ actions, imitation of oth-
ers’ actions, and facilitation of language through gestures (Rizzolatti & Craighero, 
2004). Other work using single-cell recordings has shown that neuronal cell responses 
can be extremely specific. For example, Quiroga, Reddy, Kreiman, Koch, and Fried 
(2005) found neurons in the hippocampus (known to be involved in memory func-
tioning) that were selectively responsive to photos of celebrities such as Jennifer 
Aniston and Halle Berry (in recordings from epilepsy patients undergoing treatment). 
These results are consistent with the idea that 
neurons serve as feature detectors (see 
Chapter 3 for more discussion of feature 
detection); in this case, the features are spe-
cific faces. These neurons have been called 
“grandmother cells” (Gross, 2002) because 
they suggest that we might even have a neuron 
(or set of neurons) that selectively responds to 
the face of our grandmother (assuming we 
have met her before).

Electroencephalography (EEG)

Another technique that records the electrical 
signals from neurons is electroencephalogra-
phy or EEG. When recording an EEG, a set of 
electrodes is placed on the head (see Photo 
2.1) to record the electrical signals from 
groups of neurons in different areas of the 

Figure Stereotaxic Instrument  
	 Used in Single-Cell 

Recordings

2.9

Single-cell recording: a brain activity 
recording technique that records 

activity from a single neuron or 
small group of neurons in the brain

Electroencephalography (EEG): 
a brain recording technique 

that records the activity of 
large sections of neurons from 

different areas of the scalp
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Photo 2.1  In recording an EEG, a scalp cap with electrodes in different 
locations on the head is worn by the participant.
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brain. Because the electrodes are recording from outside 
the skull, it is the activity of the neurons closest to the skull 
(primarily neurons in the outer cortex) that is being 
recorded. The activity is recorded over time to detect 
changes (positive or negative) in the electrical signals (see 
Figure 2.10). Researchers can use EEG recordings to 
examine an event-related potential (ERP), which is a 
change in activity related to a specific event like the pre-
sentation of a stimulus. In that way, they can determine if 
there is an effect of that stimulus presentation on neuron 
activity and in what general area of the brain the effect 
occurs. Electrical activity patterns can be overlaid onto a 
map of the brain to show the general location on the cor-
tex of the different levels of electrical activity.

An example of EEG/ERP research is provided by Düzel 
et al. (1997). These researchers recorded ERPs during recog-
nition judgments for studied words. Although voltage for 
different scalp areas differed based on the type of judgment 
subjects made (i.e., did they “remember” having studied the 
word, or did they just “know” they had studied the word?), 
voltage recordings were similar for items the subjects cor-
rectly remembered and for items subjects falsely remem-
bered having studied (i.e., items they recognized as studied 
in the memory test but that were not studied in the list). The 
electrical activity recorded in the ERP showed that similar 
activity occurs for true and false memories, but that the 
activity differs depending on the strength of the memory 
based on the type of response (“remember” or “know”) the 
subjects gave.
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Figure Sample EEG Recording2.10

SOURCE: From Current Concepts: The Sleep Disorders, by P. Hauri, 1982, Kalamazoo, MI: Upjohn.

Photo 2.2  A person receiving a MEG scan.
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magnetic field to excite or inhibit neuron activity to investigate function-
ing in specific areas or processing systems of the brain. Like EEG and 
MEG, this technique is noninvasive, as it involves tracing a magnetic coil 
over the area of the brain the researcher wishes to study (see Figure 2.11). 
The electrical activity (an increase or decrease) can then be recorded 
using one of the brain imaging techniques discussed in the next section 
(e.g., magnetic resonance imaging). Studies (e.g., Sach et al., 2007) using 
TMS have shown that some cognitive tasks (e.g., making spatial judg-
ments for visual stimuli) use a broader range of brain areas (e.g., frontal 
lobe) than what was previously thought using other brain recording tech-
niques.

A similar technique is transcranial direct current stimulation (tDCS). 
Like TMS, neuron activity can either be excited or inhibited using this tech-
nique. However, where TMS uses a magnetic field to create the electrical cur-
rent, tDCS delivers a small electric current to the brain through electrodes 
attached to the scalp. Thus, it is also a noninvasive technique. tDCS is cheaper 
and easier to use than TMS but produces a weaker effect on neuron activity 
than TMS. Both of these techniques are becoming more popular for use in 
cognitive neuroscience research.

Brain Imaging Techniques

Magnetic Resonance Imaging (MRI)
Magnetic resonance imaging (MRI) is often used medically to gain clear images of 
interior structures of the body. Perhaps you or someone you know has gotten an MRI 
to examine an internal injury (e.g., a knee, hand, or foot). With the same technique, 
clear images of the brain can be gained. In an MRI scan, a magnetic field is generated 
to create an image using recordings of the signal coming from the positive hydrogen 
atoms within the cells of the body. An MRI of the brain can create a clear image of the 
different structures of the brain that allows comparison across individuals and identi-
fication of damage or the presence of tumors (see Photo 2.3).

Positron Emission Tomography (PET)
Using positron emission tomography (PET), researchers can measure the blood flow to 
different areas of the brain. Blood flows in greater volume to more active areas of the 
brain; thus, the measure of the blood flow will indicate the areas of the brain most active 
during a cognitive task. Blood flow is detected through the ingestion of a small amount 
of a radioactive substance. The radioactive substance is then absorbed into the blood and 
flows to the brain as blood is needed in active areas. The radioactivity in the blood is then 
measured in a PET scan to determine which areas of the brain are more active than oth-
ers during a task. The recording of the radioactivity is then overlaid onto a map of the 
brain to examine which areas are the most and least active. In a PET scan, color indicates 
the level of activity occurring in different areas. Photo 2.4 shows a PET scan of brains for 
two individuals: one who has taken cocaine and one who has not. The most active areas 
of the brain are colored in red (followed by yellow and then green with the least amount 
of activity in blue). In this figure, it is clear that there is less activity globally for individu-
als who have cocaine in their system than for individuals who do not (control).

Functional Magnetic Resonance Imaging (fMRI)
A newer technique related to MRI is functional magnetic resonance imaging 
(fMRI). fMRI is a technique that records brain activity with a scan of the magnetic 
properties of the blood flowing through the brain. Similar to PET, fMRI shows blood 

Transcranial direct current 
stimulation (tDCS): a method 
of temporarily stimulating or 
suppressing neurons using 
an electrical current

Magnetic resonance imaging 
(MRI): a technique to image the 
internal portions of the body using the 
magnetic fields present in the cells

Positron emission tomography 
(PET): a technique that images 
neuron activity in the brain 
through radioactive markers 
in the bloodstream

Functional magnetic resonance 
imaging (fMRI): an MRI technique 
that images brain activity during a task

Photo 2.3  Images from an MRI of the brain.
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flow activity to specific areas of the brain with 
more active areas shown in brighter colors on 
the scan. fMRI relies on a subtraction method, 
where activity recorded before the task (called 
the baseline recording, which is a control condi-
tion in this type of study) is subtracted from the 
activity recorded during the task. What is left is 
the activity present only during the tasks.

Like an MRI, an fMRI requires that the par-
ticipant be placed in a magnetic scanner during 
the task. Typically, a mirror is positioned in the 
scanner for the participant to view the stimuli pre-
sented. fMRI is often preferred by researchers 
conducting brain scans because they are able to 
view brain activity during a task (unlike MRI) and 
there is no potentially harmful radioactive sub-
stance that needs to be ingested by the participant 
(unlike PET). Figure 2.12 shows images from 
fMRI scans for a participant performing different language tasks. As can be seen, differ-
ent areas of the brain are most active during the different tasks.

Recording Activity in the Living Brain

Throughout this text, we discuss studies that have used the brain recording techniques 
described in this chapter to illustrate the connection between brain function and the 
cognitive processes discussed. Here we highlight two of these studies to illustrate the use 

Photo 2.4  A PET scan. The areas in red are the most active, those in blue are 
least active.
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Figure Images From fMRI Scans of the Brain Taken During the  
	 Different Language Tasks Identified in the Scan
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SOURCE: Adapted from Petersen, S. E., Fox, P. T., Posner, M. I., Mintun, M., & Raichle, M. E. (1988). 
Positron emission tomographic studies of the cortical anatomy of single-word processing. Nature, 333, 
585–589.
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