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ABSTRACT

ARTICLE HISTORY

Persuasion, a prevalent form of social influence in humans, refers to an active attempt to change
a person’s attitudes, beliefs, or behavior. There is a growing literature on the neural correlates of
persuasion. As is often the case in an emerging literature, however, there are a number of
questions, concerns, and alternative interpretations that can be raised about the research and
interpretations. We provide a critical review of the research, noting potential problems and issues
that warrant attention to move the field forward. Among the recommendations are greater
integration of neuroimaging approaches with existing behavioral theories and methods on the
information processes (cognitive and affective) underlying persuasion, and moving beyond solely
correlative approaches for specifying underlying neural mechanisms. Work in this area has the
potential to contribute to our understanding of brain–behavior relationships as well as to
advance our understanding of persuasion and social influence more generally.
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Social influence refers to the change in preferences or
behavior that one individual or group causes in
another, and is common in social species including
honeybees (e.g., Britton, Franks, Pratt, & Seeley, 2002),
fish (e.g., Kendal, Coolen, & Laland, 2004; Webster &
Laland, 2012), birds (e.g., Aplin et al., 2015), rats (e.g.,
Galef & Whiskin, 2008), chimpanzees (e.g., Whiten & van
Schaik, 2007), and of course, humans. Our focus here is
on a prevalent form of social influence that may be
unique to humans—persuasion—which refers to the
active attempt by an individual, group, or social entity
(e.g., government, political party, business) to change a
person’s beliefs, attitudes, or behaviors by conveying
information, feelings, or reasoning.
Over the past century, persuasion has become a
major economic, social, political, public health, and diplomatic/military enterprise. For instance, advertisers
spent more than US$590 billion worldwide in 2015, the
2016 political campaigns expended approximately US
$6.6 billion on ads, and international conflicts and ideological wars are being waged on the Internet as well as
on the battlefield. In addition to advertisers and politicians, occupations that rely on persuasion in contemporary commerce include lawyers; public relations
specialists; sales persons (excluding cashiers); actors and
directors; counselors and managers; and social,
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recreational, and religious workers (cf. McCloskey &
Klamer, 1995). The rise in the past century in the importance of persuasion in commerce, political campaigns,
public health campaigns, and international conflicts
derives from its influence on the beliefs, goals, and
behaviors of others (Hovland, Janis, & Kelley, 1953;
Kruglanski et al., 2015; Petty & Wegner, 1998). For
instance, Sheeran et al. (2016) conducted a meta-analysis
to determine the extent to which experimental studies
of persuasive appeals designed to change health-related
attitudes actually led to changes in health-related intentions and behavior. They found that message-induced
changes in attitudes led to medium-sized changes in
health-related intentions (d = .48) and behavior (d = .38).
In the last decade, persuasion has become the focus
of a growing number of functional magnetic resonance
imaging (fMRI) studies. Several chapters and reviews
have appeared on the topic, but a critical review of
this literature is lacking. Our goal here is to address
this gap. We begin by providing a broad conceptual
framework for research on the neuroscience of persuasion and by outlining a set of general issues that are
important to consider in this literature. We then review
fMRI studies of persuasion but do not include fMRI
studies of the effects of persuasive appeals on message
learning because memory and attitude change are
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separable (e.g., Cacioppo & Petty, 1989; Eagly, Kulesa,
Chen, & Chaiken, 2001). For instance, the cues people
use and the idiosyncratic thoughts people generate in
response to a message are more important determinants of attitudes than is message learning per se (see
review by Petty & Wegner, 1998). As might be expected
from the dissociation of learning from persuasion, attitude change and persuasion can occur even in the
absence of the brain areas underlying declarative memory. For instance, patients with Korsakoff’s syndrome
(Johnson, Kim, & Risse, 1985) show impaired memory
for melodies (Study 1) and the content of a persuasive
message (Study 2) but intact attitude change. The current review therefore is focused on fMRI studies of
message-induced changes in attitudes or behavioral
intentions in studies of persuasion (Table 1), fMRI studies of the neural correlates of behavior change in
studies of persuasion (Table 2), and fMRI studies of
the neural correlates of perceived persuasiveness
(Table 3).
The emergence of the growing literature on the
neuroscience of persuasion is a laudable development.
Research on the neural mechanisms that underlie persuasion has the potential to advance our understanding
of fundamental processes underlying attitude and
behavior change as well as to improve our understanding of the functions of neural regions and networks. In
addition, research on the neural substrates of persuasion has the potential to identify the information processing (e.g., cognitive, affective) operations and brain
regions that contribute to adaptive versus maladaptive
attitude and/or behavior modification in response to
persuasive appeals, identify individuals at risk for dysfunctional responses to persuasive appeals, develop
interventions to reduce the vulnerability of individuals
to scams and fraudulent appeals, and perhaps stimulate
new approaches to persuasion that improve decisionmaking and behavior (e.g., Denburg et al., 2007).
As is often the case in an emerging literature, however, there are a number of questions, concerns, and
alternative interpretations that can be raised about the
available data. Our goal in noting these questions, concerns, and alternative interpretations is not to be critical
of the pioneering efforts in the field but to promote
theory and research in this important area of research.
There is a need, for instance, for a better integration of
the theoretical, methodological, and behavioral literature on persuasion, with its emphasis on component
cognitive and affective processes and moderating variables, into the research on the neuroscience of
1

persuasion. This integration should benefit both areas
because the approaches are complementary.
The history of cognitive neuroscience is evidence for
the potential value of the proposed integration. Marc
Raichle (2009; Posner & Raichle, 1994) observed in his
history of cognitive neuroscience that the study of
human cognition with neuroimaging techniques was
aided greatly by the introduction of cognitive theories
and experimental designs for dissecting human behaviors into component cognitive operations. As Raichle
(1998) noted: “It may well have been the combination
of cognitive science and systems neuroscience with
brain imaging that lifted this work from a state of
indifference and obscurity in the neuroscience community in the 1970s to its current role of prominence in
cognitive neuroscience (p. 766).” We, therefore, begin
with a brief review of the behavioral literature on
persuasion.

Background
Studies of persuasion have typically targeted attitudes
and behavior. Behaviors refer to observable actions by a
person,1 whereas attitudes refer to general and enduring evaluative (good/bad, harmful/beneficial, wise/foolish) predispositions toward a stimulus or category of
stimuli (e.g., person, object, issue, position, group;
McGuire, 1969; Petty & Cacioppo, 1981). Attitudes
have been emphasized in research on persuasion for
decades because attitudes serve important social and
psychological functions and can influence decisions
and behaviors. For instance, attitudes serve as convenient summaries for one’s beliefs, emotions, and preferences regarding issues, objects, and people; they
facilitate the differentiation of hostile from hospitable
stimuli; they help us to know what to expect when
exposed to a stimulus; they reduce the stress of decision-making; they help others to know what to expect
from us and we from them; they help us accomplish our
goals; and they serve to express important aspects of
our individual personalities (e.g., value-expressive, utilitarian functions; e.g., see reviews by Cacioppo &
Berntson, 1994; Fazio, 1995; Kruglanski et al., 2015;
Petty & Wegner, 1998).
One feature that makes attitudes so functional is
their capacity to change in light of new information,
goals, and challenges, and this feature makes persuasive appeals important and ubiquitous in contemporary
society. Moreover, people not only form and use attitudes spontaneously to help guide their behavior

Behavioral intentions have been studied in addition to or instead of behaviors. Behavioral intentions refer to an individual’s
perceived likelihood of performing a behavior.

Participants
24 Females
(Mage = 21.8 years)

40 Ps (ages 18–27 years;
32 females)

Article
Klucharev et al.
(2008)

Kato et al. (2009)

Negative Videos from the
1992 Presidential
Campaign (Clinton vs.
Bush) that attacked their
initially favored candidate
34 Ps favored
Clinton initially;
6 favored Bush
initially

Behavioral results

fMRI results1,2

Behavioral intentions more
positive for products
endorsed by celebrities
perceived as high than low
in expertise

(Continued )

L, Precuneus [BA 19] (−34, −67, 36),
1108 voxels
L, Medial Frontal Gyrus/Cingulate Gyrus
[BA 6]/[BA 24/31] (−5, 34, 36),
962 voxels
L, ACC [BA 24]
(−4, 13, 48), 642 voxels
L, SFG [BA 10] (−6, 62, 21), 522 voxels
L, IFG/MFG [BA6/9] (−40, 6, 30),
690 voxels
L, Medial Dorsal Thalamus (−8, −14, 6),
660 voxels
L, STG [BA 22/39] (−41, −51, 23),
645 voxels
Talairach Atlas
L, Caudate nucleus (−12, 11, 8),
Celebrity Expertise ×
702 voxels
Subsequent Attitude
R, Caudate nucleus (12, 12, 7), 355 voxels
Effect
L, SFG [BA 9] (−14, 50, 25), 688 voxels
R SFG [BA 10] (9, 66, 18), 553 voxels
Talairach Atlas
14 of the 34 who initially
R, STG [BA 22] (65, −4, 6)
Ps who changed their
favored Clinton rated Bush L, Cerebellum (−34, −82, −16)
candidate preference
as favored;
R, Occipital Gyrus [BA 19] (40, −78, 4)
L, Inferior/MFG [BA 9/6] (−42, 16, 40)
(n = 18) minus Ps who 4 of 6 who initially favored
R, Cerebellum (14, −26, −14)
did not change their
Bush rated Clinton as
L, STG [BA 38] (−50, 14, −21)
candidate preference
favored
R, Inferior/MFG [BA 46/9] (53, 30, 11)
(n = 22)
L, Cuneus [BA 19] (−30, −88, 28)
L, SPL [BA 7] (−24, −71, 55)
L, IFG [BA 46] (−46, 30, 13)
L, Precentral Gyrus [BA 4] (−63, −10, 28)
R, IFG [BA 47] (42, 28, −18)
R, Cuneus [BA 19] (14, −94, 27)
R, Fusiform Gyrus [BA 37] (53, −59, −16)
L, STG [BA 38] (−36, 5, −25)
L, MTG [BA 22] (−53, −41, 4)
R, SPL [BA 7] (16, −63, 53)
R, Cerebellum (12, −67, −13)
Talairach Atlas
L, MTG [BA 39] (−42, −52, 12)
Ps who did not change
L, MTG [BA 21] (−65, −35, −8)
their candidate
L, Lingual Gyrus [BA 18] (−8, −64, 3)
preference (n = 22)
R, SPL [BA 7] (28, −52, 39)
minus Ps who changed
R, SFG [BA 8] (6, 47, 47)
their candidate
R, Cuneus [BA 19] (22, −76, 33)
preference (n = 18)
R, STG [BA 39] (46, −52, 14)
L, SFG [BA 8] (−16, 39, 44)
L, Cerebellum (−6, −41, −5)
R, STG [BA 41] (42, −36, 9)
R, SPL [BA 7] (36, −67, 49)
L, Cuneus [BA 18] (−14, −84, 23)

Persuasive appeal
Conditions
Statistical test
Picture of a celebrity followed Products endorsed Talairach Atlas
by picture of a product
by celebrities the “High Celebrity Expertise”
within expertise (“High
P rated relatively
minus “Low Celebrity
Expertise”) vs. Picture of a
high in expertise
Expertise”
celebrity followed by
vs. Products
picture of a product not
endorsed by
within expertise (Low
celebrities the P
Expertise)
rated relatively
low in expertise

Table 1. fMRI studies on the neural correlates of message-induced persuasion.
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Table 1. (Continued).

Participants

Negative Video Ad for Coca 20 favored Coca
Cola or Pepsi that attacked
Cola initially;
their initially favored brand 20 favored Pepsi
initially

Persuasive appeal
Conditions
Positive Videos from the 1992 24 favored Clinton
Presidential Campaign
and 16 favored
(Clinton vs. Bush) that
Bush following
supported their initially
the Negative
favored candidate
Video and prior
to the Positive
Video

Talairach Atlas
Ps who changed their
brand preference
(n = 11) minus Ps who
did not change
preference (n = 29)

Talairach Atlas
Ps who did not change
their candidate
preference (n = 27)
minus Ps who changed
their candidate
preference (n = 13)

Statistical test
Talairach Atlas
Ps who changed their
candidate preference
(n = 13) minus Ps who
did not change their
candidate preference
(n = 27)

4 of the 20 who initially
favored Coke rated Pepsi
as favored;
7 of the 20 who initially
favored Pepsi rated Coke
as favored

Behavioral results
2 of the 24 participants who
favored Clinton following
the negative ads changed
their preferences after
exposure to the positive
ads to rate Bush as
favored, and 11 of the 16
who favored Bush
following the negative ads
changed their preferences
after exposure to the
positive ads to rate Clinton
as favored

(Continued )

L, M/STG [BA 21/38] (−57, 3, −10)
R, Medial Frontal Gyrus [BA 10]
(16, 61, 6)
L, Transverse Temporal Gyrus [BA 41]
(−42, −27, 12)
L, Inferior Frontal/Precentral Gyrus [BA
9/6] (−32, 7, 31)
R, IPL [BA 7] (38, −56, 54)
L, MTG [BA 37] (−48, 56, −1)
R, STG [BA 42] (51, −17, 5)
R, Cerebellum (34, −60, −27)
R, IFG [BA 46] (51, 41, 11)
L, Precentral Gyrus [BA 6] (−32, −14, 67)
R, Parahippocampal Gyrus [BA 28]
(20, −11, −25)
L, Precuneus [BA 7] (−28, −48, 43)
R, MOG [BA 18] (34, −75, 11)
R, STG [BA 22/42] (67, −31, 11)
L, Cerebellum (−26, −44, −31)
R, IFG [BA 9] (42, 9, 29)
R, Precuneus [BA 7] (22, −56, 36)
R, IFG [BA 11] (24, 27, −13)
L, MFG [BA 11] (−16, 27, −11)
L, Precuneus [BA 7] (−20, −57, 34)
R, Cingulate Gyrus [BA 23] (6, −40, 24)
L, Precuneus [BA 7] (−16, −77, 46)
R, Posterior Cingulate [BA 29] (10, −42, 8)
R, Lingual Gyrus/Cuneus [BA 18]
(4, −84, −11)
L, Fusiform Gyrus [BA 19] (−22, −59, −9)
ACC [BA 32] (0, 25, −11)
R, Fusiform Gyrus [BA 19] (24, −55, −7)
L, MTG [BA 21] (−65, −37, −8)
R, Fusiform Gyrus [BA 37] (46, −59, −14)
R, STG [BA 38] (44, 10, −27)
L, Fusiform Gyrus [BA 19] (−44, −74, −11)
L, Cerebellum (−34, −34, 24)
R, MTG [BA 21] (46, −14, −9)
R, S/MTG [BA 21/22] (48, −29, 1)
L, Hippocampus (−30, −16, −11)
R, Lingual Gyrus [BA 18] (26, −74, −8)
R, Supramarginal Gyrus [BA 40]
(57, −50, 19)
L, MOG [BA 19] (−40, −71, 20)
L, Precuneus [BA 19] (−28, −70, 35)
R, Cuneus [BA 18] (14, −99, 3)
R, Thalamus (16, −19, 8)
R, Precentral/IFG [BA 6/9] (30, 7, 25)
R, Cerebellum (34, −56, −24)
L, Cuneus [BA 18] (−12, −101, 9)
L, Thalamus (−22, −21, 10)
L, Cerebellum (−34, −67, −25)
Posterior Cingulate [BA 29] (0, −50, 12)

fMRI results1,2
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Table 1. (Continued).

Participants

Positive Video Ad for Coca
Cola or Pepsi that
supported their initially
favored brand

Persuasive appeal

Conditions

Talairach Atlas
Ps who changed their
brand preference
(n = 10) minus Ps who
did not change their
brand preference
(n = 30)

Statistical test
Talairach Atlas
Ps who did not change
their brand preference
(n = 29) minus Ps who
changed their brand
preference (n = 11)

3 of the 23 who favored Coke
following the negative ads
changed their preferences
after exposure to the
positive ads to rate Pepsi
as their favorite, and 7 of
the 17 who favored Pepsi
following the negative ads
changed their preferences
after exposure to the
positive ads to rate Coke as
their favorite

Behavioral results

(Continued )

fMRI results1,2
R, M/STG [BA 22/21/42] (51, −43, 4)
R, MFG [BA 9] (57, 17, 32)
R, STG [BA 38] (44, −1, −15)
R, SFG [BA 8/9] (12, 45, 44)
L, STG [BA 40/42] (−46, −46, 21)
R, MFG [BA 6] (44, 0, 39)
R, MTG [BA 21] (55, −16, −9)
L, IFG [BA 46] (−53, 32, 9)
L, Superior/Medial Frontal Gyrus [BA 9]
(−4, 58, 30)
L, Superior Occipital Gyrus [BA 19]
(−46, −81, 19)
L, Parahippocampal Gyrus [BA 35]
(−18, −33, −7)
R, Lingual Gyrus [BA 18] (6, −86, −4)
L, Precentral Gyrus [BA 4/6] (−40, −6, 44)
R, Parahippocampal Gyrus (22, −16, −11)
L, SFG [BA 8] (−8, 38, 52)
R, SPL [BA 7] (14, −57, 67)
R, MFG [BA 6] (28, 11, 62)
L, Precentral Gyrus [BA 6] (−57, 7, 33)
L, Precuneus/Cuneus [BA 7/19]
(−10, −79, 43)
R, IFG [BA 9] (46, −1, 22)
R, MFG [BA 8] (38, 35, 42)
R, Inferior Occipital Gyrus [BA 19]
(44, −76, −5)
L, MFG [BA 6/8] (−40, 22, 47)
L, Putamen (−24, 13, −7)
L, IFG [BA 9] (−50, 5, 31)
L, Supramarginal Gyrus/IPL [BA 40]
(−42, −43, 30)
L, Postcentral/Precentral Gyrus [BA 3/4]
(−32, −25, 45)
L, IFG [BA 47] (−32, 35, −5)
R, Precuneus [BA 7/19] (26, −70, 35)
R, Cingulate Gyrus [BA 31] (22, −55, 19)
R, Fusiform Gyrus [BA 37] (50, −49, −14)
L, Cingulate Gyrus [BA 24/31] (−8, −15, 45)
L, STG [BA 22/42] (−46, −19, −1)
R, Thalamus (18, −25, −4)
R, IFG [BA 47] (30, 18, −19)
R, IFG [BA 45] (46, 22, 8)
L, Cuneus [BA 18] (−8, −95, 12)
R, Precentral Gyrus [BA 6] (38, −5, 56)
R, STG [BA 21] (53, −4, −12)
L, IFG [BA 47] (−48, 21, −3)
L, IPL [BA 40] (−48, −36, 17)
L, SPL [BA 5] (−22, −44, 59)
L, MTG [BA 21] (−65, −16, −4)
R, Postcentral Gyrus [BA 2] (36, −27, 40)
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Participants

Persuasive appeal

Conditions

MNI Atlas
High-tailored message
arguments minus Lowtailored message
arguments (Blocked
trials contrast)

Statistical test
Behavioral results
Talairach Atlas
Ps who did not change
their brand preference
(n = 30) minus Ps who
changed preference
(n = 10)
Picture of the face and name Presentation of the Montreal Neurological
26 Dutch women
Purchase intentions did not
of a female celebrity
(Mage = 20.6 years)
picture of the
Institute (MNI) Atlas
differ for shoes associated
(N = 23 in fMRI analyses)
followed by six pictures
celebrity vs. non- Celebrity minus Nonwith the face of a celebrity
each of a different pair of
celebrity
celebrity
versus non-celebrity
shoes vs. Picture of the
face and name of a female
non-celebrity followed by
six pictures each of a
different pair of shoes
Presentation of a
MNI Atlas
pair of shoes +
Celebrity minus Noncelebrity vs.
celebrity
presentation of a
pair of shoes +
non-celebrity
High-tailored
24 smokers who expressed High-tailored smoking
MNI Atlas
High-tailored message
cessation message
messages, Lowa desire to quit smoking
Tailored (High and Low)
arguments rated as more
arguments, Low-tailored
tailored
(Mage = 40.0 years; 12
smoking cessation
personally relevant than
females)
smoking cessation
messages, and
message argument
low-tailored message
message arguments, &
Generic messages
minus Generic smoking
arguments
Generic smoking cessation
cessation message
message arguments
arguments (Eventrelated contrast)
MNI Atlas
High-tailored message
arguments minus Lowtailored message
arguments (Eventrelated contrast)

Table 1. (Continued).

(Continued )

MPFC, specifically:
L, SFG [BA 10] (−6, 69, 15), 818 voxels
Precuneus/Posterior Cingulate [BA 30]
(0, −66, 9), 257 voxels
MTG (−57, −66, 15), 303 voxels
IFG [BA 45] (−51, 18, 15), 115 voxels
Lingual Gyrus [BA 18] (−3, −96, −9),
68 voxels
MPFC, specifically:
L, SFG [BA 8] (−15, 33, 48), 50 voxels
L, MFG [BA 11] (−6, 39, −12), 42 voxels
L, SFG [BA 9] (−9, 54, 33), 40 voxels
L, MFG [BA 10] (−12, 63, 12), 6 voxels
Precuneus/Posterior Cingulate [BA 31/7]
(−12, −51, 36), 31 voxels
MTG (−57, −63, 24), 354 voxels
Precentral Gyrus [BA 4] (−45, 9, 45),
198 voxels
MPFC, specifically:
R, SFG [BA 9] (18, 60, 33), 82 voxels
L, SFG [BA 9] (−18, 54, 33), 41 voxels
R, MFG [BA 10] (6, 57, 12), 73 voxels
Precuneus/Posterior Cingulate [BA 7]
(3, −45, 30), 14 voxels
SEA (−12, 12, −3), 8 voxels, specifically:
L, TP [BA 38] (−36, 18, −24), 26 voxels
R, TP [BA 38] (42, 18, −21), 10 voxels

R, MPFC [BA 11]
(6, 46, −16), 343 voxels

L, ACC/Medial Frontal Cortex3, (−8, 48, 0),
625 voxels
L, SFG [BA 9] (−18, 38, 48), 612 voxels
L, Precuneus (−8, 38, 48), 696 voxels
L, Angular Gyrus [BA 39] (−44, −62, 38),
1070 voxels
L, MTG [BA 21] (−56, −44, −2), 609 voxels

fMRI results1,2
R, MFG [BA 9/8] (36, 22, 19)
L, IPL [BA 40] (−65, −34, 27)
R, MTG [BA 21] (51, 6, −29)
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Ramsay et al. (2013)

Participants
Persuasive appeal
70 Ps (Mage = 16.75 years; 10 Anti-drug public service
35 females)
announcements (PSAs)
(N = 65 in fMRI task
previously rated as
analyses, and N = 62 for
“strongly convincing”, 10
resting state fMRI
anti-drug PSAs previously
analyses)
rated as “weakly
convincing”, and 10
nondrug advertisements

Table 1. (Continued).
Conditions
“Strongly
convincing” antidrug PSAs,
“Weakly
convincing” antidrug PSAs, and
nondrug ads

Behavioral results

Message convincingness
stronger for “Strongly”
than “Weakly” convincing
antidrug PSAs

Statistical test
Harvard-Oxford Cortical
Structural (H-O) Atlas
Antidrug PSAs minus
Nondrug Ads

H-O Atlas
“Strongly convincing”
PSAs minus “Weakly
convincing” PSAs

fMRI results1,2

(Continued )

L, MTG/Amygdala (−60, −20, −10),
38964 voxels
L, MTG/Amygdala (−58, −36, −2)
L, LOC (−48, −64, 24)
TP (−54, 8, −26)
L, MTG/Amygdala (−54, 0, −18)
Cingulate Gyrus (−4, −54, 30)
Frontal Pole (−8, 48, 40), 10,050 voxels
SFG (−10, 38, 50)
L, MFG (−42, 4, 50)
Frontal Pole (−8, 56, 32)
Frontal Medial Cortex (−2, 44, −20)
Frontal Medial Cortex (2, 48, −18)
L, LOC (−32, −82, 28), 25,959 voxels
Precuneus cortex (2, −60, 42)
Precuneus cortex (−10, −60, 16)
R, LOC (40, −74, 28)
Lingual Gyrus (−22, −48, −6)
Precuneous Cortex (8, −60, 20)
L, MFG (−30, 12, 54), 7643 voxels
L, MFG (−36, 2, 48)
L, MFG (−52, 10, 36)
L, IFG (−46, 28, 12)
L, IFG (−44, 32, 10)
L, IFG (−48, 26, 18)
R, MFG (32, 12, 58), 2364 voxels
R, MFG (32, 12, 58)
R, MFG (34, 22, 52)
R, MFG (50, 14, 34)
R, MFG (52, 18, 42)
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Participants

Persuasive appeal

Conditions

H-O Atlas
Resting state connectivity
between regions of the
lateral PFC and the
amygdala

Statistical test
H-O Atlas
Regions in which activity
in the left IFG is more
strongly correlated in
Strong versus Weak
Antidrug PSAs

Behavioral results

fMRI results1,2
R, LOC (48, −68, −16), 2710 voxels
Cerebellum (44, −54, −32)
R, ITG (44, −34, −20)
R, ITG (44, −32, −24)
R, ITG (44, −30, −30)
Cerebellum
L, Temporal Occipital Cortex
(−42, −54, −22), 2423 voxels
L, Occipital Fusiform Gyrus
(−44, −64, −18)
L, Temporal Occipital Cortex
(−46, −58, −20)
L, LOC (−50, −72, −4)
L, ITG (−48, −50, −20)
Cerebellum (−28, −62, −44)
L, Amygdala/Insula (−26, −2, −18),
2396 voxels
R, Amygdala/Insula (10, −8, −12)
R, Thalamus (8, −4, −6)
L, Amygdala/Insula (−18, −2, −12)
L, Amygdala/Insula (−8, −4, −14)
L, Amygdala/Insula (−16, −16, −12)
Greater connectivity between the activity in the
left IFG and activity in the right lateral
occipital cortex, cerebellum, temporal
occipital cortex (left), occipital fusiform gyrus
(left), thalamus (right), amygdala/insula, and
ITG
L, MFG (r = −0.24, p = .0001)
R, MFG (r = −0.28, p = .0001)
L, IFG (r = 0.09, p = .0021)
R, IFG (r = −0.07, p = .0059)

1

The text “L, ” preceding a brain region designates the region was significant in the left side of the brain; the text “R, ” preceding a brain region designates the region was significant in the right side of the brain; and the
absence of either designates the region was bilateral.
2
Brodmann Area(s) (BA) are specified [in brackets following the name of brain structure(s)] when provided in the original article or associated online supplementary materials. A triad of numbers in parentheses in this
table designates the stereotactic coordinates for peak activation (left/right (x), anterior/posterior (y), and superior/inferior (z), respectively) from the anatomical atlas specified for each study mentioned earlier. The size
of the regional activation is specified as the number of voxels when this information is provided in the original article or associated online materials.
3
Stallen et al. (2010) labeled this region as the anterior cingulate cortex (BA 10) in their Table 1 and as the medial prefrontal cortex in their Figure 3.
ACC: anterior cingulate cortex; DLPFC: dorsolateral prefrontal cortex; IFG: inferior frontal gyrus; IFG: middle frontal gyrus; IMG: inferior middle gyrus; IOG: inferior orbital gyrus; IPL: inferior parietal lobule; ITG: inferior
temporal gyrus; LOC: lateral occipital cortex; MPFC: medial prefrontal cortex; MFG: middle frontal gyrus; MOG: middle occipital gyrus; MTG: middle temporal gyrus; SEA: sublenticular extended amygdala; SFG: superior
frontal gyrus; SPL: superior parietal lobule; STG: superior temporal gyrus; TP: temporal pole.
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21 Ps (Mage = 22.8 years;
10 females) living in
southern California

Participants

Conditions

Slides consisting of text and images Correlational design
designed to educate Ps about the
need to wear sunscreen every day,
the proper application of
sunscreen, the relationship
between sun exposure and skin
cancer, and the cosmetic reasons
to protect the skin. Before leaving
the scanning session, Ps were
given a “thank you” bag that
included sunscreen towelettes,
thereby reducing the cost of using
sunscreen the following week.

Persuasive appeal

Table 2. fMRI studies on the neural correlates of behavior change.
Behavioral results

Montreal Neurological Institute (MNI) Ps reported using sunscreen on
(nonsignificantly) more days in the
Atlas
postscan week (M = 1.65) than the
Association Between the MPFC ROI
prescan week (M = 1.10)
during the presentation of the
(p = 0.059).
persuasive message minus rest
and behavior changes in
sunscreen use from pre- to postscan. To construct the ROIs for the
MPFC and precuneus regions, the
authors averaged the coordinates
reported by Soon et al. (2008),
centering each ROI at the midline
(i.e., x = 0), and constructing a 10mm cube at the midline at the
average y and z coordinates (i.e., 0,
60, −9 for the MPFC ROI; 0, −57,
39 for the precuneus ROI).
MNI Atlas
Whole-brain searches for additional
areas for the fMRI contrast, during
the presentation of the persuasive
message minus rest, associated
with behavior changes in
sunscreen use pre- to post-scan

Statistical test

(Continued )

MPFC (−2, 60, −6), 42 voxels
Precuneus (8, −66, 66), 55 voxels
pSTS (40, −38, 10), 35 voxels
TP (42, 6, −20), 13 voxels
TP (34, 24, −28), 24 voxels
TP (−26, 8, −22), 63 voxels
TPJ (inferior parietal) (−48, −40, 56),
2390 voxels
Amygdala/Parahippocampal Gyrus
(−32, 2, −26)
ACC (−2, 14, 28), 48 voxels
DLPFC (−36, 30, 46), 38 voxels
DLPFC (36, −4, 54), 174 voxels
MFG/DMPFC (−14, 42, 24), 364 voxels
Hippocampus (38, −8, −24), 103 voxels
Insula (−30, 28, 12), 61 voxels
Insula (−38, 12, −8), 354 voxels
Motor Cortex (44, −38, 66), 338 voxels
OFC (24, 28, −12), 105 voxels
Parahippocampal Gyrus/Fusiform
(−32, −38, −14), 14 voxels
SMA/ACC (8, 22, 48), 111 voxels
Ventral Striatum (2, 6, 2), 16 voxels
VLPFC (50, 2, 26), 163 voxels
VLPFC (42, 32, 18), 208 voxels
ITG (−50, −58, −12), 787 voxels
MFG (−26, 54, 12), 69 voxels

MPFC ROI (0, 60, −9), r = 0.49, p = 0.03
MPFC ROI, statistically controlling for
self-reported attitude change and
intention
change, r = 0.046, p = 0.041
Precuneus ROI (0, −57, 39), r = 0.34,
p = 0.147
Precuneus ROI, statistically controlling for
self-reported attitude change and
intention
change, r = 0.33, p = 0.152

fMRI results1,2
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Participants

Persuasive appeal

31 Ps (Mage = 45 years; 15 Fourteen 30-s and two 15-s
professionally developed antifemales). All Ps were
smoking TV advertisements
heavy smokers who
chosen based on discussions with
intended to quit and
experts to be most relevant to
were recruited from
smokers who were trying to quit
the American Lung
smoking.
Association’s 8-week
professional-led,
group-based smoking
cessation program
(N = 28 in fMRI analyses)

Table 2. (Continued).

Correlational design

Conditions

Behavioral results

MNI Atlas
Whole-brain searches for additional
areas for activity during ad
exposure and behavior change

MNI Atlas
Whole-brain searches for additional
areas for the fMRI contrast, during
the presentation of the persuasive
message minus rest, associated
with attitude changes in sunscreen
use pre- to post-scan
Exhaled carbon monoxide decreased
MNI Atlas
significantly from a mean of 19.21
Association Between the MPFC ROI
ppm prior to the scanning session
activity during ad exposure and
to 12.07 ppm 1 month following
behavior change (indexed as the
the scanning session
difference between endpoint
expired carbon monoxide and
baseline expired carbon
monoxide)

MNI Atlas
Whole-brain searches for additional
areas for the fMRI contrast, during
the presentation of the persuasive
message minus rest, associated
with intention changes in
sunscreen use pre- to post-scan

Statistical test

(Continued )

Posterior Cingulate (0, −52, 25), 95 voxels
Precuneus (−6, −70, 43), 72 voxels
Precuneus/Posterior Cingulate (0, −34,
52),
311 voxels
SMA (6, −16, 73), 90 voxels

MPFC ROI (coordinates not
provided00A0),
β = 0.42, p = 0.027)
MPFC ROI, statistically controlling for
self-reported intention to quit,
self-efficacy to quit, & ability to relate
to each ad, β = 0.045, p = 0.011

Precuneus (10, −78, 56), 1025 voxels
TP (−30, 12, −28), 337 voxels
DLPFC (−42, 6, 54), 16 voxels
SMA (2, −14, 52), 14 voxels
SMA (12, −12, 60), 16 voxels
SMA (14, −2, 64), 23 voxels
VLPFC (62, 8, 14), 36 voxels
VLPFC/OFC (−46, 32, −16), 17 voxels
Amygdala (−28, −6, −14), 28 voxels
ACC (−8, −8, 46), 16 voxels
Insula (44, 4, 12), 24 voxels
OFC (28, 22, −22), 65 voxels
Fusiform Gyrus (44, −56, −20), 116 voxels
Fusiform Gyrus (−36, −12, −40), 40 voxels
Fusiform Gyrus (−36, −58, −12), 124
voxels
ITG (−46, −26, −26), 53 voxels
MOG (−28, −86, 10), 12 voxels
MOG (−16, −90, 14), 12 voxels
MOG (−28, −78, 30), 339 voxels
MOG (−68, −40, −8), 16 voxels
MOG (64, −52, 2), 20 voxels
MOG (56, −68, 16), 36 voxels
Occipital Lobe (32, −68, −2), 14 voxels
Postcentral Gyrus (24, −44, 64), 58 voxels
Precentral Gyrus (42, −10, 38), 27 voxels
Precentral Gyrus (36, 2, 60), 85 voxels
SPL (30, −54, 56), 20 voxels
SPL (−30, −54, 64), 110 voxels
DLPFC (−58, 2, 38), 31 voxels

fMRI results1,2
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Participants

Persuasive appeal

Conditions

Statistical test

MNI Atlas
Ps were categorized as
91 Ps (ages 21–55 years; Visually and aurally presented
Conjunction Analysis of (Tailored
Quitters (n = 45) and
Tailored persuasive messages
44 females) with an
minus Untailored messages AND
Nonquitters (n = 42) 4
designed to promote smoking
expressed interest in
Self-Descriptive judgments) minus
months after being
cessation, Untailored (i.e., generic)
quitting smoking
Valence Judgments to define an
given 10-week supply
smoking cessation messages, and
within the next 30 days
ROI, which was then used to
of nicotine patches and
Neutral messages that were
(N = 87 in fMRI analyses)
predict quitting
completing a webunrelated to smoking cessation.
based tailored
Participants also completed a selfsmoking-cessation
relevant adjective task to identify
program that followed
regions involved in self-relevant
the scanning session
processing.
MNI Atlas
Regions outside the ROI during
Tailored minus Untailored
messages and smoking cessation
that predict quitting
Tailored messages minus Untailored
messages

Table 2. (Continued).

Tailored messages recalled better
than Untailored or Neutral
messages, but Quitters and
Nonquitters did not differ in
memory performance

Behavioral results

(Continued )

DMPFC [BA 9, 8, 10, 6] (3, 48, 36),
204 voxels,
Medial Frontal Gyrus
SFG
R, IFG [BA 47, 45, 46] (51, 24, −3)
379 voxels,
R, IOG
R, MFG
R, Insula
L, IFG [BA 47, 45, 44] (−48, 27, −9),
325 voxels,
L, IOG
L, MFG
L, Temporal Lobe
L, insula
L, Precuneus [BA 31, 7] (−9, −51, 36),
60 voxels,
L, Middle Cingulate Gyrus
L, cuneus
Pre-Supplementary Motor Area
[BA 9, 8, 10, 6] (−3, 24, 57), 140 voxels,
SFG
SMA
L, STG [BA 39, 22] (−54, −54, 15),
172 voxels,
L, MTG
L, Angular Gyrus
L, Parietal Lobule
L, Supramarginal Gyrus
R, STG [BA 22, 21] (57, −30, 0), 88 voxels
R, MTG
L, Cerebellum (−15, −78, −27), 62 voxels
L, DLPFC [BA 9, 8, 6] (−45, 12, 45),
184 voxels
L, MFG
L, Precentral Gyrus
L, Medial Frontal Gyrus
L, IFG
R, DSPFC [BA 9, 8] (42, 12, 45),
90 voxels
R, MFG
R, Medial Frontal Gyrus
R, Inferior Frontal Operculum
L, MTG [BA 21, 22] (−69, −42, 0),
58 voxels
L, STG

L, IFG [BA47] (51, 24, −3),
Odds ratio = 1.72, p = 0.004
R, IFG [BA47] (−48, 27, −9),
Odds ratio = 1.98, p = 0.003

DMPFC [BA9, 10] (0, 54, 30), 128 voxels,
which predicted quitting smoking,
Odds Ratio = 1.31, p = 0.017
Precuneus [BA 31, 7] (−6, −51, 36),
60 voxels, which did nor reach statistical
significance as a predictor of quitting,
Odds Ratio = 1.24, p = 0.078
Angular Gyrus [BA 39] (−51, −63, 33),
30 voxels, which did not predict quitting,
Odds Ratio = 1.07, p = 0.56

fMRI results1,2
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Table 2. (Continued).

Participants

Persuasive appeal

Conditions
MNI Atlas
Tailored messages minus Neutral
messages

Statistical test

Behavioral results

(Continued )

MPFC [BA 10, 9, 32, 11, 6, 8, 24]
(0, 54, 30), 2219 voxels
SFG
Medial Frontal Gyrus
ACC
MFG
SMA
Medial Orbital Gyrus
L, IFG [BA 47, 21, 38, 20, 45] (−51, 0, −36),
599 voxels
L, IOG
L, MTG
L, TP
L, IFG
L, STG
L, Insula
L, Fusiform Gyrus
R, IFG [BA 47, 38] (54, 24, −3), 284 voxels
R, IOG
R, Insula
R, TP
R, STG
Precuneus/Posterior Cingulate [BA 7, 31,
23, 24, 30] (−6, −60, 39), 1820 voxels,
Middle Cingulate Gyrus
Cuneus
L, IPL [BA 40, 39, 7] (−51, −63, 45),
668 voxels
L, Angular Gyrus
L, STG
L, MTG
L, MFG [BA 8, 6, 9] (−39, 15, 48),
143 voxels
L, MTG [BA 21, 22] (−54, −30, −6),
172 voxels
R, IPL [BA 40, 39] (57, −51, 36),
321 voxels
R, Angular Gyrus
R, Supramarginal Gyrus
R, STG
R, MTG [BA 21, 38] (51, 9, −36),
69 voxels,
R, ITG
R, Cerebellum (27, −81, −39), 10 voxels
R, MFG [BA 9, 6, 8] (42, 18, 45), 51 voxels
R, MTG [BA 21, 22] (57, −30, −6),
65 voxels
L, Cerebellum (−24, −81, −36), 103 voxels

fMRI results1,2
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Table 2. (Continued).

Participants

Persuasive appeal

Conditions

Statistical test
MNI Atlas
Untailored messages minus Neutral
messages

Behavioral results

fMRI results1,2

(Continued )

MPFC [BA 10, 9, 32, 8, 11, 24] (−3, 63, 6),
1574 voxels,
Medial Frontal Gyrus
SFG
MFG
ACC
Superior Orbital Gyrus
Precuneus/Posterior Cingulate [BA 7, 31,
23, 24, 6] (0, −21, 36), 1761 voxels
Middle Cingulate Gyrus
Cuneus
L, IPL [BA 40, 39] (−48, −63, 42),
423 voxels
L, Angular gyrus
L, Supramarginal Gyrus
L, STG
R, SFG [BA 8, 10, 9, 6] (27, 54, 33),
277 voxels
R, Frontal Medial Gyrus
R, SMA
R, IPL [BA 40, 39] (57, −54, 45),
201 voxels
R, Angular Gyrus
R, Supramarginal Gyrus
R, STG
L, ITG [BA 20, 21] (−54, −6, −39),
105 voxels
L, MTG
L, MTG [BA 21] (−66, −27, −15), 83 voxels
L, ITG

SOCIAL NEUROSCIENCE
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Participants

71 Ps (Mage = 30.2 years;
37 females)
N = 52 in fMRI analyses

Table 2. (Continued).
Persuasive appeal

Conditions

Smoking cessation PSAs that varied in Argument Strength (AS:
high, low) × Message
Argument Strength
Sensation Value (MSV:
(operationalized as agreement
high, low) Factorial
with the central argument in each
Design with AS
PSA) and Message Sensation Value
manipulated between(operationalized as an aggregate
subjects and MSV
measure of three judge’s ratings of
manipulated withinthe audio and visual features of
subjects
the ad, such as cuts, special
effects, intense images, and music)

Statistical test

Behavioral results

Intention to quit smoking within the
Talairach Atlas
next 12 months was higher
Main Effect for AS (i.e., PSA with
following than preceding exposure
strong arguments minus PSA with
to the PSAs during scanning but
weak arguments)
did not vary across AS
One month follow-up measures of
cotinine levels were lower for the
high than low AS Condition

fMRI results1,2

(Continued )

R, Lingual Gyrus [BA 18] (23, −71, −10),
15246 voxels
L, Precuneus [BA 7] (−5, −57, 47)
R, Precuneus [BA 7] (14, −64, 39)
R, Cuneus [BA 7] (25, −77, 31)
R, MOG [BA 19] (29, −94, 21)
L, STG [BA 42] (−62, −22, 11)
R, MTG [BA 21] (58, 7, −14), 6267 voxels
R, MTG [BA 22] (48, −39, −1)
R, Parahippocampal Gyrus [BA 19]
(42, −41, −1)
L, Precuneus [BA 7] (−20, −58, 30)
R, STG [BA 42] (63, −31, 16)
R, Precentral Gyrus [BA 4] (37, −16, 48),
5900 voxels
L, Cingulate Gyrus [BA 24] (1, 0, 45)
R, Precentral Gyrus [BA 6] (21, −15, 64)
R, SFG [BA 10] (22, 51, 27), 1977 voxels,
R, MFG [BA 8] (33, 38, 40)
R, SFG [BA 9] (29, 56, 34)
R, Supramarginal Gyrus [BA 40]
(48, −45, 30), 1498 voxels
R, IPL [BA 40] (52, −47, 26)
R, ITG [BA 20] (57, −60, −11)
R, Insula [BA 13] (37, −37, 21)
R, MTG [BA 39] (59, −57, 13)
R, STG [BA 22] (35, −48, 24)
R, Parahippocampal Gyrus (22, −6, −10),
1269 voxels
R, IFG [BA 47] (24, 34, −7)
R, Hypothalamus (5, −6, −4)
R, Parahippocampal Gyrus [BA 34]
(12, −13, −19)
R, Lentiform Nucleus (18, 11, −7)
R, IFG [BA 9] (52, 5, 27), 1088 voxels,
R, IFG [BA 44] (58, 17, 16)
R, MFG [BA 6] (42, −3, 50)
R, Precentral Gyrus [BA 6] (46, −3, 51)
R, IFG [BA 46] (56, 29, 9)
L, Precentral Gyrus [BA 6] (−33, 0, 25),
1024 voxels
L, MFG [BA 6] (−41, 4, 43)
L, Precentral Gyrus [BA 9] (−35, 5, 40)
L, MFG [BA 6] (−41, 6, 52)
L, MFG [BA 9] (−52, 22, 33)

14
J. T. CACIOPPO ET AL.

Article

Table 2. (Continued).

Participants

Persuasive appeal

Conditions

Talairach Atlas
Regions associated with the AS ×
MSV interaction served as ROIs to
predict urinary cotinine levels at
the 1 month follow-up

Talairach Atlas
Interaction between AS and MSV

Talairach Atlas
Main Effect for MSV (i.e., PSA with
high MSV minus PSA with low
MSV)

Statistical test

Behavioral results

(Continued )

R, Fusiform Gyrus [BA 37] (29, −42, −16),
39321 voxels
L, Cuneus [BA 18] (−22, −82, 29)
L, MOG [BA 18] (−18, −89, 15)
L, MOG [BA 19] (−24, −81, 5)
L, Cuneus [BA 17] (16, −83, 5)
L, Lingual Gyrus (−32, −73, 4)
L, Medial Frontal Gyrus [BA 6]
(−1, −12, 59), 2973 voxels
L, SFG [BA 6] (−5, −1, 63)
L, Medial Frontal Gyrus [BA 6]
(−7, 3, 56)
L, Cingulate Gyrus [BA 32] (−9, 12, 42)
L, Precentral Gyrus [BA 4] (21, −24, 67)
L, Cingulate Gyrus [BA 24] (−7, −6, 48)
L, MTG [BA 21] (−54, −28, −8),
2403 voxels,
L, Parahippocampal Gyrus (−41, −38, −1)
L, Caudate (−18, −36, 15)
L, IPL [BA 40] (−56, −28, 23), 1505 voxels
L, IFG [BA 44] (−50, 16, 11), 1147 voxels
L, IPL [BA 40] (36, −44, 50), 4637 voxels
R, IPL [BA 40] (34, −41, 42), 3975 voxels
L, Fusiform Gyrus [BA 37] (−55, −65, −9),
922 voxels
L, IFG [BA 44] (−38, 3, 20), 3101 voxels
R, Precuneus [BA 7] (8, −46, 50), 1458
Voxels
R, Medial Frontal Gyrus [BA 8] (22, 31,
48), 1055 voxels
DMPFC (coordinates not provided)
predicted cotinine
levels 1 month later, r = −0.55,
p = 0.043

fMRI results1,2
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Participants

Persuasive appeal

Conditions

Statistical test

MNI Atlas
The persuasive appeals consisted of Ps performed four tasks
50 Ps, data from 4 of
Self-localizer task contrast: judging
during the scanning
23 animated banner ads
whom were excluded
the self-relevance of traits and
session, the fourth of
(Mduration = 17.7 s) created as part
due to excessive head
judging how a friend would rate
which was the Banner
movements (n = 3) or
of a free quit smoking plan that
the relevance of a trait for you
Ads Task. Following
data corruption (n = 1),
can be downloaded from the
versus judging the valence of a
each of the 23 banner
resulting in a sample of
American Legacy Foundation’s EX
trait
ads, Ps rated the
46 Ps (19 females, 27
campaign Web site. The target for
extent to which the ad
males;
the ads is adults who are
made them want to
Mage = 32.06 years;
considering or had recently tried
quit smoking
to quit smoking. Some ads
range = 19–64 years).
(1 = definitely will not,
encouraged smokers to relearn
Ps were recruited using
4 = definitely will).
how to handle common smoking
Craigslist and
The first task was a selftriggers without cigarettes,
UMClinicalStudies.org.
localizer task in which
whereas others expressed
Eligibility criteria included
Ps performed the selfempathy with the difficulty of
smoking at least five
related processing task
quitting and suggested resources
cigarettes per day for
used by Chua et al.
to help smokers quit.
the past month, having
(2011). The task
been a smoker for at
consisted of five
least 12 months, and
conditions (each of
being between the
which was repeated in
ages of 18 and 65
six blocks, each
years.
containing six trials, for
a total of 36 trials per
condition): judging the
self-relevance of traits,
judging the relevance
of traits for a friend,
judging how a friend
would rate the
relevance of a trait for
you, judging how a
friend would rate the
relevance of a trait for
himself/herself, and
judging the valence of
the trait.
Two tasks were done
between the selflocalizer and banner
ads tasks, one of which
contained exposure to
smoking-relevant
images.

Table 2. (Continued).
Behavioral results

(Continued )

MPFC_self; volume = 1,878 mm3

fMRI results1,2

16
J. T. CACIOPPO ET AL.

Article

Table 2. (Continued).

Participants

Persuasive appeal

Conditions

Statistical test

Behavioral results

Activity in MPFC ROIs during
conditions of self-localizer task in
which Ps took the perspective of a
friend to make a judgment about
the friend’s personality
Whole-brain exploratory analysis
correlations with behavior change

Correlational analyses were reported Ps reported the number of cigarettes
they smoked per day at the intake
between behavior change and
appointment (Session 1), the fMRI
activity during banner ads minus
scanning appointment (Session 2,
activity during baseline within the:
~5 days after Session 1), and the
(1) MPFC_self, which was defined
follow-up appointment that was
by the contrast outlined earlier; (2)
3
conducted by phone (Session 3,
MPFC_ss (volume = 1,232 mm ),
~40 days after Session 2).
which was defined as the ROI from
Behavior change was defined as the
Falk, Berkman et al. (2010); (3)
reported number of cigarettes
MPFC_sv (volume = 3,582 mm3),
consumed per day at Session 3
which was defined as the region
minus the reported number of
reported in Figure 9 of Bartra,
cigarettes consumed per day at
McGuire, and Kable (2013) in their
Session 2, divided by the reported
meta-analysis of neural signals
number of cigarettes consumed
associated with subjective
per day at Session 2. Analyses
evaluation in decision-making
indicated that the mean number
tasks; (4) the overlapping regions
of reported cigarettes smoked per
for MPFC_self and MPFC_sv; and
day decreased significantly from
(5) the voxels unique to MPFC_self
Session 2 (M = 13.17) to Session 3
or MPFC_sv
(M = 8.92).
Activity in MPFC ROIs during selfconditions of the self-localizer task
minus activity during word valence
condition of the self-localizer task

fMRI results1,2

(Continued )

MPFC_ss ROI, β = −0.25,
p = 0.499)
MPFC_self ROI, β = −0.36,
p = 0.266)
MPFC_sv ROI, β = −0.06, p = 0.85)
MPFC_ss ROI, β = −0.07, p = 0.83)
MPFC_self ROI, β = −0.25,
p = 0.41)
MPFC_sv ROI, β = 0.002,
p = 0.99)
MPFC (−16, 56, −8), 92
L TPJ (−44, −40, 28), 46
L Medial Temporal Lobe
(−13, −5, −38), 31
Parahippocampal gyrus
(−18, −5, −36)
L Parahippocampal gyrus
(−20, −26, −14), 47
L Cerebellum (−33, −30, −35), 27
R LOC (35, −84, 1), 25

MPFC_ss ROI (coordinates not
provided), β = −0.80, p = 0.006)
MPFC_self ROI (coordinates not
provided), β = −0.79, p = 0.008)
MPFC_sv ROI (coordinates not
provided), β = −0.67, p = 0.02)
MPFC_self-sv ROI (coordinates not
provided), β = −0.80, p = 0.008)
MPFC_sv-self ROI (coordinates not
provided), β = −0.66, p = 0.02)
MPFC_self_and_sv ROI
(coordinates not provided),
β = −0.62, p = 0.014)
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Participants

67 Ps (Mage = 33.42 years,
SD = 13.44 years; 44
white, 12 black, 3
Asian, 1 Hispanic, 7
other) were recruited
from the community
for a study on “daily
activities.” Inclusion
criteria included
reporting less than
195 min per week of
walking, moderate,
and vigorous activity (i.
e., sedentary
community sample of
adults)
Due to attrition, the
sample consisted of 67
Ps at baseline (T1), 61
Ps at an fMRI session
approximately a week
later (T2), and 60 Ps an
endpoint appointment
approximately 1 month
later (T3). Data from an
additional 15 Ps were
lost due to excessive
movement (n = 2),
technical difficulties in
scanning (n = 1),
equipment failure
(n = 11), or damage
(n = 1), resulting in a
final sample of 445 Ps.

Table 2. (Continued).
Following the self-affirmation or
control manipulation at T2, all Ps
received 50 messages targeting
sedentary, high BMI adults.
During scanning, Ps were exposed to
seven types of messages: (i) risk,
(ii) how to be active, (iii) how to be
less sedentary, (iv) why to be
active, (v) why to be less
sedentary, (vi) how to perform
other daily activities, and (vii) why
to perform other daily activities).
Each of the 50 messages that were
focused on being more active or
less sedentary consisted of an
initial suggestion (5 s), followed by
a reason why participants should
increase their activity or decrease
their sedentary time (7 s), or by a
declaration of how participants
might think about implementing
the suggestions, followed by a
brief rest period (e.g., 2.5 s). Each
message was presented as a
pictogram and text.
At the end of each message, Ps had a
brief period for reflection in which
they were to envision how they
would apply the message in their
own life (6 s).
During the month following T2 (the
scanning session), the messages
were reinforced via SMS text
messages.

Persuasive appeal

Statistical test

Behavioral results

fMRI results1,2

(Continued )

At the T1 appointment, all MNI Atlas
Controlling for baseline sedentary
Sedentary behavior was measured
Ps were presented with Contrasts were computed averaging
behavior and demographics, Ps in the
using write worn accelerometers.
a list of eight values (e.
over the 50 messages focusing on Controlling for baseline sedentary
self-affirmation condition showed
g., friends and family,
being more active and less
greater activity in the VMPFC ROI
behavior and demographics,
money, independence)
sedentary versus the rest period.
during exposure to the health
analyses of all Ps revealed
and asked to rank
The VMPFC ROI was derived from
messages than Ps in the control
significant declines in the percent
order the values in
prior investigations and
condition (β = 0.15, p = .04).
of days sedentary in the month
3
terms of importance to
encompassed 1,232 mm at the
following exposure to the scan.
them.
The Condition × Time interaction
border of BA 10 and 11.
During the T2 scanning
was also significant, with Ps in the
session, Ps were
self-affirmation condition showing
randomly assigned to a
a greater decline in the percent of
self-affirmation
days sedentary over the month
intervention or a
than Ps in the control condition.
control condition. Ps
then underwent either
an affirmation or
control manipulation
during the fMRI scan.
Ps in the self-affirmation
condition responded to
value-relevant
questions (e.g., if
religion was the top
ranked value, “Think of
a time when religious
values might give you
a purpose in life”) as
well as value-neutral
questions (e.g., “Think
of a situation when
you might check the
weather”).
Ps in the control
condition “were
presented with a series
of situations pertaining
to their lowest ranked
value and valueneutral situations,
identical to the ones
presented in the
affirmation condition”
(p. 1980)
Activity in the VMPFC ROI, controlling for
Regression of activity in the VMPFC
baseline sedentary behavior and
ROI during the health messages
demographics, predicted declines in
and the percent of days sedentary
sedentary behavior (γVMPFC ×
in the month following exposure
to the health messages.
time = −0.006, p = .002). These results
remained significant when controlling
for attitude and self-standard
measures.
Ventral striatum (5, 1, 1), 33 voxels
Whole-brain analyses of neural
L, Posterior cingulate (−9, −36, 13),
activity during health messages for
78 voxels
Ps in the self-affirmation vs.
Precuneus (1, −70, 37), 31 voxels
control conditions
R, SFG (15, 36, 55), 26 voxels
L, MTG (−60, 5, −8), 33 voxels

Conditions
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Falk et al. (2016)

Article

Participants

Persuasive appeal

Conditions

Correlational design
Forty e-mail ads, each of which
fMRI Sample: 50 Ps
consisted of a picture (20 graphicN = 47 for fMRI analyses
negative antismoking pictures and
(Mage = 31.89 years; 19
20 compositionally matched
females); all were
neutral pictures) and a tag-line
smokers
from the body of the text of the e(Mconsumption = 13.1
mail campaign. The statement,
cigarettes per day;
“Stop smoking. Start living”, or a
Mduration = 14.8 years)
question was paired with each of
E-mail Sample:
the 40 photos to constitute an ad.
n = 400,000 Ps (32%
The question for the 20 negative
between 18 and
photos was “What are the bad
30 years, 40% between
things that would happen if you
31 and 50 years, and
don’t stop smoking?”, whereas the
28% 51+ years of age;
question for the 20 neutral photos
206,000 females); all
was “What are the good things
were likely smokers
that would happen if you quit
smoking?” Results reported only
for the 40 ads with statements.

Table 2. (Continued).

Whole-brain searches for additional
areas for the fMRI contrast, Neutral
minus Negative Images, associated
with Click-Through Rates in the Email Sample

(Continued )

VMPFC (−2, 46, −11), 38 voxels
MPFC/DMPFC (−2, 67, 10), 354 voxels
DMPFC (1, 53, 31)
MPFC (−2, 56, 4)
Posterior Cingulate Cortex (4, −40, 1),
44 voxels
Amygdala (18, −2, −14), 40 voxels
Amygdala (29, 15, −17)
Fusiform/Lingual Gyrus (25, −71, −8),
745 voxels
IFG (−37, 29, −17), 156 voxels
Superior Occipital Cortex (−20, −91, 37),
41 voxels
MFG (39, 46, 13) 61 voxels
Whole-brain searches for additional
areas for the fMRI contrast,
Negative minus Neutral Images,
associated with Click-Through
Rates in the E-mail Sample

fMRI results1,2
The rank ordering of the 40 ads based on
activity in the MPFC ROI (coordinates
not provided) predicted the rank ordering
of the 40 ads in terms of mean
click-through rates for opened emails in
the e-mail study, β = 0.30, p = 0.04
The prediction of click through rates by
activity in the MPFC ROI in the fMRI
sample depended on the nature of the
image, β = 0.52, p = 0.02, such that
activity in the MPFC ROI was significant
for ads with graphic negative photos,
β = 0.30, p = 0.038, but was not
significant for ads with neutral photos,
β = −0.22, p = 0.209

Behavioral results

14% (57,395 of 400,000) of the eMNI Atlas
mails received were opened. Of
Association Between the MPFC ROI in
those opened, the mean clickthe fMRI Sample and Clickthrough-rate across the 40 ads was
Through Rates in the E-mail
15.6% (range = 10–26%). ClickSample
through rates were higher for
negative (M = 0.17) than neutral
ads (M = 0.14).

Statistical test

SOCIAL NEUROSCIENCE
19

Vezich et al. (2016)

Article

Participants

Persuasive appeal

Conditions

Statistical test

Contrast comparing activity while
viewing Whygain to activity while
viewing the Whyloss messages.

While undergoing fMRI, Ps viewed 40 The WHYgain category of MNI Atlas
37 female Ps
text-based ads, presented aurally
Contrast comparing activity while
(Mage = 20.43 years,
ads, the WHYloss
and visually, promoting sunscreen
viewing Whygain to activity while
SDage = 2.44 years)
category of ads, and
use. Four categories of ads were
were recruited from
the HOW category of
viewing the control messages
used: 10 control ads listed facts
flyers posted on
ads served as the
(Fact).
about sunscreen (Fact), 10 ads
campus. Women were
experimental
discussed how to use sunscreen
selected because they
conditions, and the
(How), 10 ads discussed why
are more concerned
Fact category of ads
sunscreen use is beneficial
than men with
served as control
(Whygain), and 10 ads discussed
tanning, skin cancer,
condition.
and skin beauty (the
Contrasts were performed
why not using sunscreen is
focus of the gain
on three ROIs: The
harmful (Whyloss). The ads were
messages). Nineteen
VMPFC ROI that was
equal in length across conditions
were existing users of
best predicted
(M = 52.88 words, range = 45–60
sunscreen and 18 were
behavior in Falk,
words). Ps passively viewed and
not. Exclusion criteria
Berkman et al. (2010),
listened to the ads during
included
and the rostral IPL and
scanning.
claustrophobia,
posterior IFG based on
pregnancy or
the conjunction
breastfeeding, metal in
analyses of Why/How
their bodies, or
contrasts reported in
currently taking
Studies 1 and 3 of
psychoactive
Spunt and Adolphs
medication.
(2014).
One P was not included
Whole-brain analyses
due to dropout in the
were also performed
MPFC ROI, leaving 36
for each of the
Ps.
contrasts.
Contrast comparing activity while
viewing Whyloss to activity while
viewing the control messages
(Fact).

Table 2. (Continued).
fMRI results1,2

(Continued )

Greater activation of the MPFC ROI during
Whyloss than Fact messages (M = 0.27,
p = .016). MPFC activation did not
differ for users and nonusers.
MPFC activity during Whygain, relative to
Fact messages was not correlated with
subsequent sunscreen use controlling
for the effects of intention, r = 0.045,
p = .40.
The prediction of subsequent sunscreen
use controlling for the effects of
intention by MPFC activity during the
Whygain, relative to Fact messages did
not differ significantly (p = .061) for
users and nonusers.
Greater activation of the MPFC ROI during
Whygain than Whyloss messages
(M = 0.25, p = .041). MPFC activation
did not differ for users and nonusers.
MPFC activity during Whygain, relative to
Whyloss messages was correlated with
subsequent sunscreen use controlling
for the effects of intention, r = 0.30,
p = .036.
The prediction of subsequent sunscreen
use controlling for the effects of
intention by MPFC activity during the
Whygain, relative to Whyloss messages
did differed significantly (p = .015) for
users (r = -.23) and nonusers (r = 51).

Greater activation of the MPFC ROI during
Immediately prior to scanning, Ps
Whygain than Fact messages (M = 0.53,
reported (a) how often they had
engaged in various behaviors,
p < .001). MPFC activation did not
including the regular use of
differ for users and nonusers.
sunscreen, over the course of the MPFC activity during Whygain, relative to
prior week; and (b) intentions of
Fact messages was correlated with
performing these behaviors during
subsequent sunscreen use controlling
the next week. After scanning, Ps
for the effects of intention, r = 0.34,
again rated their intentions to
p = .021.
enact the same health behaviors
as assessed prior to scanning.
Eight days after scanning, Ps were
contacted by e-mail to complete
the follow-up assessment, which
was identical to the assessment Ps
completed immediately prior to
scanning.
Results showed that Ps increased
their intentions and use of
sunscreen after the scanning
session. No significant differences
in increase were found between
users and nonusers.

Behavioral results
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Table 2. (Continued).

Participants

Persuasive appeal

Conditions

Statistical test

Whole-brain analyses for the contrast,
How minus Why messages (i.e.,
How > Why).

Whole-brain analyses for the contrast,
Why minus How messages (i.e.,
Why > How).

Contrast comparing activity while
viewing Why messages (i.e.,
Whygain and Whyloss) to activity
while viewing the How messages.

Contrast comparing activity while
viewing How to activity while
viewing the control messages
(Fact).

Behavioral results

fMRI results1,2

(Continued )

Greater activity in the right IPL (M = 0.22,
p < .001) and posterior IFG (M = 0.16,
p = .005) during the HOW relative to
Fact messages.
Users, compared to nonusers, showed
larger increases during the HOW
relative to Fact messages in activity in
the right IPL (Musers = 0.35,
Mnonusers = 0.085, p = .02) and the
posterior IFG (Musers = 0.28,
Mnonusers = 0.038, p = .02).
Activity in the right IPL and posterior IFG
during the HOW relative to Fact
messages was correlated with
subsequent sunscreen use controlling
for the effects of intention, rs = 0.35 &
.28, ps = .015 & .047, respectively.
Greater activity in the right IPL (M = 0.61,
p < .001) and posterior IFG (M = 0.75,
p < .001) during the HOW relative to
WHY messages, and greater activity in
the MPFC (M = 0.43, p = .005) during
the WHY relative to HOW messages.
MPFC (2, 46, 18) 6477 voxels
L, VLPFC (−32, 14, −22)
284 voxels
R, VLPFC (32, 18, −12) 705 voxels
Precuneus (−2, −20, 34) 4254 voxels
R, SMG (66, −44, 40) 350 voxels
L, Posterior IFG (−46, 32, 12)
2553 voxels
R, posterior IFG (52, 38, 16)
657 voxels
L, IPL (−54, −28, 46) 3370 voxels
(Note: The region was labeled
right IPL but the coordinates by
Vezich et al. are in the left
hemisphere)
R, IPL (36 h, −38, 32) 356 voxels
R, MTG (56, −48, −12) 2842 voxels
L, MTG (−48, −52, −8) 4767 voxels
L, MTG (−52, 6, −16) 382 voxels
L, Parahippocampal gyrus
(−14, −87, −16) 187 voxels
L, VLPFC (−36, 36, −14)
138 voxels
PCC (8, −66, 10) 181 voxels
Thalamus (−8, −14, 10) 126 voxels
R, STG (54, −24, 4) 184 voxels
L, Caudate (−12, 6, 12) 229 voxels
R, Caudate (16, 6, 4) 83 voxels
R, SPL (36, −70, 36) 962 voxels
Cingulate gyrus (−2, 6, 28)
139 voxels
L, DLPFC (−26, 8, 56) 1253 voxels
R, DLPFC (30, 16, 52) 176 voxels
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Conditions

Statistical test

The VMPFC region specified by Falk,
Each of the 19 different
Nineteen different sets of three
50 Ps (Mage = 27.56; 24
Rameson et al. (2010, Falk et al.,
sets of three HWLs
pictorial Health Warning Labels
females) recruited via
2011) and the left and right
included the same
(HWLs) with different imageries
advertisements in local
amygdala regions specified by
textual warning (e.g.,
were developed to communicate
newspapers and
Newman-Norlund et al. (2014)
“Smoking causes
the deleterious health effects of
posted around the
served as ROIs.
cancer) with three
smoking.
campus.
Changes in expired CO and selfdifferent types of
Prior to arriving for the study, Ps
21 Ps (42%) expressed
reported cigarettes per day were
image for each set. The
rated all 57 pictorial HWLs online
intention to quit
used as the primary measures of
image types were: (1)
in terms of how afraid it made
smoking within the
behavior change.
graphic—vivid
them feel and how effective they
next 6 months; all Ps
depiction of the
thought it was.
expressed some worry
physical effects; (2)
about smoking (0% of Upon arrival for the scan and at the
suffering—vivid
2-week post-scan follow-up, Ps
Ps specified “Not at all
depiction of personal
self-reported the number of
worried”, 48% of Ps
experience showing
cigarettes smoked in the past
specified “A little
physical, social, or
30 days, number of cigarettes
worried”, 52% of Ps
emotional impact of
smoked per day, the time since
specified “Very
smoking-related
last cigarette, time to first cigarette
worried”)
morbidity and
after awaking, plans to quit in the
One P lost to follow-up,
mortality; and (3)
next 6 months, and recent quit
resulting in a sample of
symbolic—
attempts. In addition, expired CO
49 Ps.
representation of
also measured. Cigarettes per day
health risks using
and time to first cigarette were
abstract imagery or
combined to form index of extent
symbols (e.g., ticking
of addiction.
time bomb)

Participants

fMRI results1,2

Activity in the VMPFC during the graphic
Regardless of intention to quit, Ps
(β = −.389, p = .006), suffering
showed no differences in expired
(β = −.383, p = .008), and symbolic
CO at follow-up compared to pre(β = −.382, p = .008) HWLs predicted
scan.
change in expired CO.
Regression analysis to predict
Activity in the left amygdala during the
changes in expired CO net
suffering (β = −.375, p = .009) HWLs
intention to quit smoking and
predicted change in expired CO.
heaviness of smoking.
Activity in the right amygdala during the
HWLs did not predict change in
expired CO.

Activity in the VMPFC during the HWLs
Regardless of intention to quit
did not predict change in cigarettes
smoking, Ps reported smoking
smoked per day for any HWL type.
fewer cigarettes per day at followActivity in amygdala (left or right) during
up compared to pre-scan.
the HWLs did not predict change in
Regression analysis to predict
cigarettes smoked per day for any HWL
changes in reported cigarettes
type.
smoked per day net intention to
quit smoking and heaviness of
smoking.

Behavioral results

1

The text “L, ” preceding a brain region designates the region was significant in the left side of the brain; the text “R, ” preceding a brain region designates the region was significant in the right side of the brain; and the
absence of either designates the region was bilateral.
2
Brodmann Area(s) (BA) are specified [in brackets following the name of brain structure(s)] when provided in the original article or associated online supplementary materials. A triad of numbers in parentheses in this
table designates the stereotactic coordinates for peak activation (left/right (x), anterior/posterior (y), and superior/inferior (z), respectively) from the anatomical atlas specified for each study mentioned earlier. The size
of the regional activation is specified as the number of voxels when this information is provided in the original article or associated online materials.
ACC: anterior cingulate cortex; DLPFC: dorsolateral prefrontal cortex; DMPFC: dorsomedial prefrontal cortex; IFG: inferior frontal gyrus; IFG: middle frontal gyrus; IMG: inferior middle gyrus; IOG: inferior orbital gyrus; IPL:
inferior parietal lobule; ITG: inferior temporal gyrus; LOC: lateral occipital cortex; MPFC: medial prefrontal cortex; MFG: middle frontal gyrus; MOG: middle occipital gyrus; MTG: middle temporal gyrus; PCC: posterior
cingulate cortex; SEA: sublenticular extended amygdala; SFG: superior frontal gyrus; SPL: superior parietal lobule; STG: superior temporal gyrus; TP: temporal pole; VMPFC: ventromedial prefrontal cortex.

Riddle et al. (2016)
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Table 2. (Continued).
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Participants
31 heavy smokers from a
smoking cessation
program in the
community who
expressed strong
intentions to quit
smoking
(Mage = 44.4 years, 15
females)

15 Ps (American-born,
Mage = 20.75 years, 7
females)

Article
Falk, Berkman, and
Lieberman (2012)

Falk, Rameson et al.
(2010), Study 1

Persuasive appeal
Conditions
Ten television advertisements from
Correlational design:
three ad campaigns promoting the Participants rated how effective they
National Cancer Institute’s (NCI’s)
thought was each of the three ad
hotline to help smokers quit
campaigns (e.g., “This ad is
persuasive”), and they rank ordered
the three ad campaigns in terms of
which they thought was the most
to least effective. In addition, the
activation in an ROI within the
MPFC used previously by Falk et al.
(2011) during exposure to the ads
was also used to rank order the ad
campaigns
20 text-based persuasive messages
Participants were exposed to 20
about objects and activities about
blocks, with each block consisting
which participants were assumed to
of visual and aural presentations of
have malleable attitudes (e.g.,
1 of the 20 persuasive messages.
flossing, blood donation). Each
Following scanning, participants used
message consisted of one
a 4-point scale to rate the extent to
argument and four supporting
which each group of phrases was
phrases.
persuasive (1 = disagree strongly,
2 = disagree somewhat, 3 = agree
somewhat, 4 = agree strongly).
Arguments rated as 1 or 2 were
classified as “unpersuasive” and
arguments rated as 3 or 4 were
classified as “persuasive.”

Table 3. fMRI studies on the neural correlates of perceived persuasiveness.

MNI Atlas
Persuasive minus Unpersuasive
passages

Statistical test
Montreal Neurological Institute
(MNI) Atlas
Association with rank ordering of
the call volume to the NCI
hotline following each ad
campaign

(Continued )

L, DMPFC [BA 9] (−14, 66, 28), 15 voxels
L, pSTS [BA 22] (−58, −36, 4), 418 voxels
R, pSTS [BA 22] (60, −26, −2), 356 voxels
L, TP [BA 21/38] (−58, 4, −26), 10 voxels
R, TP [BA 21/38] (56, 10, −20), 8 voxels
L, VLPFC [BA 45] (−52, 32, 0),
103 voxels
L, VLPFC [BA 44] (−48, 14, 18),
94 voxels
L, HCMP (−16, −28, −4), 176 voxels
R, HCMP (18, −30, −2), 23 voxels
L, Lingual Gyrus [BA 17/18]
(−10, −90, −14), 434 voxels

Rank ordering of call volume to the NCI
hotline following each ad campaign was
predicted significantly by the rank
ordering of MPFC activation, p = 0.015.
Rank ordering of call volume to the NCI
hotline following each ad campaign was
not predicted significantly by the
participants’ rank ordering of the
perceived persuasiveness of the three
campaigns

fMRI results1,2
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Falk, Berkman et al.
(2010), Study 2

Article

Participants

14 Ps (Korean-born,
Mage = 22.1 years, 11
females)

Table 3. (Continued).

Same as Study 1

Persuasive appeal

Same as Study 1

Conditions

Statistical test

MNI Atlas
Persuasive minus Unpersuasive
passages

MNI Atlas
Unpersuasive minus Persuasive
passages

fMRI results1,2

(Continued )

R, IPL [BA 40] (36, −46, 48), 406 voxels
L, IPL [BA 40] (−40, −58, 48), 12 voxels
L, Insula [BA 13] (−34, 12, −4), 385 voxels
R, MFG [BA 8] (48, 20, 42), 109 voxels
R, MTG [BA 39] (52, −74, 14), 62 voxels
R, MTG [BA 37/21] (58, −62, −2),
73 voxels
R, Postcentral Gyrus [BA 3/1/2]
(44, −22, 36), 7 voxels
L, Precuneus [BA 7] (−16, −46, 50),
15 voxels
R, Precuneus [BA 7/31] (2, −50, 44),
117 voxels
L, Precuneus [BA 7] (−8, −68, 42),
244 voxels
R, SMA [BA 6] (4, 22, 64), 89 voxels
R, SFG [BA 10] (28, 48, 8), 8 voxels
L, SFG [BA 6] (−16, 4, 66), 8 voxels
R, SFG/MFG [BA 9] (20, 42, 34),
278 voxels
R, Superior Occipital [BA 19]
(44, −82, 26), 42 voxels
L, Superior Occipital [BA 19]
(−38, −90, 22), 55 voxels
L, Superior Parietal [BA 5] (−24, −52, −72),
15 voxels
L, Supramarginal Gyrus [BA 40]
(−56, −28, 34), 71 voxels
R, VLPFC [BA 47] (44, 36, −6), 70 voxels
L, DMPFC [BA 8/9] (−8, 54, 48),
27 voxels
L, pSTS [BA 22] (−60, −26, 8), 381 voxels
R, pSTS [BA 22] (66, −14, −4), 276 voxels
L, TP [BA 38] (−50, 18, −28), 19 voxels
R, TP [BA 38] (54, 16, −22), 21 voxels
L, VLPFC [BA 45] (−58, 28, 14),
43 voxels
L, VLPFC [BA 45] (−56, 26, 18),
195 voxels
L, VLPFC [BA 47] (−44, 48, −16),
14 voxels
L, HCMP (−20, −30, −2), 98 voxels
R, HCMP (26, −28, −2), 43 voxels
L, Lingual Gyrus [BA 17] (−18, −88, −16),
505 voxels
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Table 3. (Continued).

Participants

Persuasive appeal

Conditions

fMRI results1,2

(Continued )

L, IPL [BA 40] (−38, −48, 42), 36 voxels
R, ITG [BA 20] (54, −26, −28), 15 voxels
L, Insula [BA 13] (−36, 12, 12), 10 voxels
R, Insula [BA 13] (42, 4, 4), 314 voxels
R, MFG [BA 46] (28, 40, 32), 50 voxels
L, MFG [BA 10/46] (−36, 50, 10),
205 voxels
L, MFG [BA 9] (−30, 46, 34), 250 voxels
L, MOG [BA 19/39] (−36, −88, 32),
143 voxels
R, MTG [BA 39] (42, −70, 16), 451 voxels
R, OFC [BA 11/47] (24, 30, −18),
18 voxels
R, OFC [BA 47] (32, 12, −26), 69 voxels
R, SMA [BA 6] (18, 10, 66), 114 voxels
R, SFG [BA 10] (20, 66, 10), 18 voxels
R, Superior Frontal Sulcus [BA 8]
(26, 24, 40), 61 voxels
L, TP [BA 38] (−40, 10, −20), 453 voxels
R, VLPFC [BA 10/46] (40, 48, 2),
84 voxels
MNI Atlas
L, DMPFC [BA 8/9] (−12, 60, 36),
Conjunction Analysis of Activations 29 voxels
in Studies 1 and 2
L, DMPFC [BA 9/10] (−10, 52, 44),
10 voxels
L, Lateral Temporal Cortex [BA 21]
(−64, −22, −2), 312 voxels
L, TP [BA 21/38] (−56, 8, −18), 142 voxels
L, pSTS [BA 22] (−56, −30, 8), 482 voxels
R, pSTS [BA 22] (68, −14, −6), 214 voxels
R, Lateral Temporal Cortex [BA 21]
(58, −4, −6), 282 voxels
R, TP [BA 21/38] (60, 4, −16), 114 voxels
L, VLPFC [BA 45] (−58, 28, 10),
264 voxels
L, HCMP (−16, −30, −2), 216 voxels
R, HCMP (24, −26, −4), 71 voxels
L, Precentral Gyrus [BA 6] (−52, 0, 50),
346 voxels
L, MOG [BA 18] (−18, −106, 4),
274 voxels
R, Cuneus [BA 18] (24, −100, −8),
279 voxels
L, Lingual Gyrus [BA 18] (−14, −90, −16),
443 voxels

Statistical test
MNI Atlas
Unpersuasive minus Persuasive
passages
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27 Ps (European American, Series of video-based persuasive
messages
Mage = 20.11 years, 15
females)

Participants

Statistical test

MNI Atlas
Whole Brain Analysis:
Unpersuasive minus Persuasive
Commercials

Participants were exposed to a series MNI Atlas
of “widely viewed commercials”
Persuasive minus Unpersuasive
that were selected to be highly
Commercials for six ROIs (right
comprehensible, to range in level of
and left pSTS, right and left TP,
persuasiveness, and to pertain to
anterior and posterior regions
objects and activities about which
within the DMPFC) were
people were likely to have weak
constructed based on the results
initial attitudes. These video
of Study 1
commercials ranged from 30 to 75 s
and were separated by a 15-s
fixation-cross period
Following each commercial, Ps used a
4-point scale to rate the extent to
which each group of commercial
was persuasive (1 = not at all,
4 = definitely)
MNI Atlas
Whole-Brain Analysis: Persuasive
minus Unpersuasive
Commercials

Conditions

L, DMPFC [BA 9] (−14, 54, 40), 14 voxels
DMPFC [BA 8/6] (−2, 24, 60), 163 voxels
L, pSTS [BA 22] (−54, −40, 2), 338 voxels
R, pSTS [BA 22] (50, −36, 0), 199 voxels
L, TP [BA 21/38] (−54, 6, −28), 15 voxels
R, TP [BA 21/38] (50, 12, −30), 103 voxels
L, VLPFC [BA 47] (−52, 20, −2), 76 voxels
VMPFC [BA 11] (−4, 56, −12), 60 voxels
VMPFC [BA 11] (2, 26, −22), 44 voxels
L, Calcarine [BA 30] (−18, −56, 12),
10 voxels
R, Fusiform/Parahippocampal Gyrus
[BA 36] (20, −40, −12), 6 voxels
L, Inferior Occipital [BA 19]
(−34, −88, 24), 242 voxels
R, MOG [BA 19] (52, −74, 6), 286 voxels
L, Posterior Cingulate [BA 31]
(−16, −24, 44), 108 voxels
R, Precuneus [BA 5/7] (10, −44, 58),
220 voxels
R, Supramarginal Gyrus [BA 40]
(58, −26, 34), 37 voxels

DMPFC (anterior), p = 0.009
DMPFC (posterior), p = 0.001
R, pSTS, p = 0.056
L, pSTS, p = 0.320
R, TP, p = 0.007
L, TP, p = 0.016

fMRI results1,2

1

The text “L, ” preceding a brain region designates the region was significant in the left side of the brain; the text “R, ” preceding a brain region designates the region was significant in the right side of the brain; and the
absence of either designates the region was bilateral.
2
Brodmann area(s) (BA) are specified [in brackets following the name of brain structure(s)] when provided in the original article or associated online supplementary materials. A triad of numbers in parentheses in the
table designates the stereotactic coordinates for peak activation (left/right (x), anterior/posterior (y), and superior/inferior (z), respectively) from the anatomical atlas specified for each study mentioned earlier. The size
of the regional activation is specified as the number of voxels when this information is provided in the original article or associated online materials.
DLPFC: dorsolateral prefrontal cortex;IFG: inferior frontal gyrus;
IMG: inferior middle gyrus; IOG: inferior orbital gyrus; IPL: inferior parietal lobule; ITG: inferior temporal gyrus; LOC: lateral occipital cortex; MPFC: medial prefrontal cortex; MFG: middle frontal gyrus; MOG: middle occipital
gyrus; MTG: middle temporal gyrus; pSTS: posterior superior temporal sulcus; SEA: sublenticular extended amygdala; SFG: superior frontal gyrus; SPL: superior parietal lobule; STG: superior temporal gyrus; TP: temporal
pole.

Falk, Berkman et al.
(2010), Study 3

Article

Table 3. (Continued).
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through a complex world (e.g., Fazio, Lenn, & Effrein,
1984; Ito & Cacioppo, 2000), they also engage in persuasion in an attempt to change the attitudes and
influence the predispositions, decisions, and behaviors
of others (e.g., Jowett & O’Dopnnell, 2015; Zimbardo &
Leippe, 1991). Sometimes people even engage in deliberate self-persuasion when they wish to hold attitudes
others than the ones they currently have (e.g., wanting
to like exercise more and ice cream less; e.g., DeMarree,
Wheeler, Briñol, & Petty, 2014; Maio & Thomas, 2007).

Attitude measurement
Scientific research on attitudes and persuasion dates
back to the 1920s with work on attitude measurement.
Self-reports of attitudes, behavioral intentions, behaviors, and perceived persuasiveness are among the outcomes to be found in contemporary persuasion
research in the social sciences. These constructs are
distinct, play different roles in persuasion, and have
measures with known strengths and weaknesses. An
early review by Cook and Selltiz (1964) emphasized
that self-report measures were valid to the extent that
respondents were willing and able to provide accurate
reports. The inaccuracies in predicting voting by the
preelection political polls in 2016 can be explained in
part by the unwillingness of the supporters for Trump
to express an unpopular position. This review renewed
concerns about self-report measures of socially inappropriate or unpopular positions or behavior, and
both behavioral (see reviews by Ganster, Hennessey, &
Luthans, 1983; Podsakoff, MacKenzie, Lee, & Podsakoff,
2003) and neuroimaging (Vezich, Gunter, & Lieberman,
in press) studies have provided evidence that social
desirability concerns can compromise the validity of
self-reported states including attitude ratings.
Importantly, it was not until Nisbett and Wilson’s
(1977) influential critique of self-report measures of
cognitive processes that the limits of what respondents
were able to report accurately were clarified. Nisbett
and Wilson (1977) proposed that “when people attempt
to report on their cognitive processes, that is, on the
processes mediating the effects of a stimulus on a
response, they do not do so on the basis of any true
introspection” (p. 231). They presented evidence that
such self-reports were invalid because: (a) people can
be unaware of the existence of a stimulus that influences a response, (b) people can be unaware of the
existence of the response, and (c) people can be unaware that the stimulus has affected the response. This
critique is sometimes misapplied to self-report measures of momentary states such as attitudes, behavioral
intentions, thoughts, mental images, recollections,
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emotional states, or reports of behavior—measures
that do not ask participants to report on their cognitive
processes (e.g., to rate the putative effects of an ad on
their mental state) but only to report mental content of
which they are aware (e.g., what are your thoughts
about exercising?).
In contrast, when participants are asked to rate a
question such as how persuasive is an ad or appeal,
they are being asked to report on the product of their
cognitive processes—how much would a stimulus
change their attitude or behavior, or how much
would a stimulus change the attitudes or behaviors
of other recipients. Nisbett and Wilson (1977) argued
that such reports were fundamentally invalid even
though they may provide accurate prediction in
some cases—not because these reports represent
valid measures in some circumstances but because
the self-reports are aligned with a folk theory whose
prediction happens to coincide with the observed
outcome. The most common measures found in the
behavioral literature on persuasion, therefore, are rating scales regarding states of which respondents are
willing and able to report accurately (e.g., attitudes,
behavioral intentions, behaviors, that do not raise
social desirability concerns) rather than the processes
mediating the effects of a stimulus on a response
(e.g., perceived persuasiveness of an appeal). Put simply, although people can report what their attitudes
are, they may be quite inaccurate in reporting
whether their attitudes have changed from a previous
point in time or what process led to the attitude they
now hold (see Briñol & Petty, 2012; Schryer & Ross,
2012).

Persuasion
World War II and the German propaganda machine
shifted scientific attention from attitude measurement
to persuasion and propaganda (e.g., Hovland,
Lumsdaine, & Sheffield, 1949) and led to the message
learning approach (Hovland et al., 1953) following the
war. Hovland et al. never proposed a formal theory of
persuasion, but rather they were guided by “working
assumptions” that were loosely translated from principles of how people learn verbal and motor skills. Briefly,
the message learning approach emphasized the serial
operations of attention, comprehension, yielding, and
retention, and research was organized to investigate
the influence of who (source factors) said what (message factors) to whom (recipient or audience factors)
how (channel factors) on persuasion (see McGuire,
1969).
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There was a large literature on the effects of source,
message, recipient, and channel factors by the early
1970s, and concerns were expressed about the replicability of findings because the same experimental factors (e.g., source expertise) were associated with
different outcomes in different studies (e.g., Gillig &
Greenwald, 1974) or when using different methodologies or paradigms (e.g., Hovland, 1959). Social behavior
ranging from attitudes and persuasion to violence and
zealotry is rarely the result of a single genetic, situational, or cultural cause, however. If the empirical inconsistencies in causal effects represent a generalizability
problem rather than a replicability problem, then the
divergent findings in the behavioral literature represent
a puzzle regarding what might be the theoretical conditions expected to produce each causal effect and
what might be the moderator variable(s) that specifies
when each theoretical condition exists. Tackling this
theoretical puzzle led to the development of the elaboration likelihood model (ELM; Petty & Cacioppo,
1981, 1986a, 1986b), which specified the multiple processes (sets of cognitive and affective operations)
through which attitude change could occur, and identified the theoretical conditions in which a given factor
or set of factors would trigger each process. The theory
helped organize what had appeared to be conflicting
results and generated predictions of new patterns of
data that were subsequently verified (e.g., see reviews
by Carpenter, 2015; Petty & Wegner, 1998).
According to the ELM, individuals can reach the
same attitude position via different sets of cognitive
and affective processes, each of which involves both
automatic and controlled components. Although people are motivated to hold veridical attitudes, the set of
processes through which an attitude is formed or changed depends on the likelihood that the recipients are
motivated and able to devote the cognitive resources
necessary to idiosyncratically evaluate the personal
relevance and merits of the information (e.g., message
arguments) for or against an attitude position. Attitude
change can result from the cognitive elaboration of
issue-relevant information when the motivation and
ability to engage in this careful evaluation is high (central route), or from an associated peripheral cue that
serves as a simple heuristic or affective input regarding
the veracity or desirability of an attitudinal position
when the motivation and/or ability to think is low
(peripheral route).
Importantly, the central and peripheral “routes” refer
to families of high and low effort processes of which
there was more than one instantiation. For instance,
although the central route involves more idiosyncratic
issue-relevant thinking than the peripheral route, this

thinking can range from being relatively objective to
being deeply biased (motivated reasoning; Petty &
Cacioppo, 1986a, 1986b). According to the ELM, the
route through which an attitude is changed has implications for how consequential that attitude will be,
such as how strong and resistant to change it will be,
and how likely it will influence decisions and behaviors.
For instance, the link between attitudes and behavior is
fortified when an attitude is strong and accessible (cf.
Petty & Krosnick, 1995), bears specifically on the behavior that is being predicted (Ajzen, 2012; Fishbein &
Ajzen, 2010), and is connected to a personal goal (e.g.,
wanting; Kruglanski et al., 2015). Because the same
attitude or behavior change can derive from different
sets of processes, it is important to understand not only
the attitudinal or behavioral effects but also the underlying set of information processing operations responsible for these effects—especially whether the induced
change stemmed from relatively high or low degrees of
thinking.
A similar theory, the heuristic–systematic model
(Chaiken, 1980), distinguished between source factors,
which were posited to induce low effort heuristic information processing that could produce persuasion, and
message factors, which were posited to induce higher
effort systematic information processing to produce
persuasion. In addition, the unimodel (Kruglanski &
Thompson, 1999) posited that there are no multiple
sets of processes underlying persuasion, but rather
that there is a single mechanism that reflects the extent
to which a given factor (e.g., number of message arguments) serves as evidence for the advocated position,
and that the set of psychological operations acting on
this factor is not altered by the recipient’s motivation
and ability to think. Contrary to the unimodel, however,
there is evidence from behavioral studies that the same
factor in a persuasive appeal, such as the number of
message arguments (e.g., Petty & Cacioppo, 1984) or
source expertise (e.g., Heesacker, Petty, & Cacioppo,
1983), can lead to attitude, intention, or behavior
change through a different set of information processing operations depending on the person’s overall level
of motivation and ability to think.
For instance, in a between-subjects factorial design,
Petty and Cacioppo (1984) demonstrated that the same
message factor (number of arguments in a persuasive
message) could affect persuasion through different processes depending on the circumstances. Participants
were randomly assigned to receive a persuasive appeal
that varied in Argument Quantity (three or nine arguments), Argument Quality (either all cogent/strong
arguments or all specious/weak arguments), and
Personal Involvement (the appeal was of high or low
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relevance). Results indicated when personal involvement was low and motivation to think was therefore
minimal, the manipulation of Argument Quantity influenced attitudes by serving via a simple numerosity
heuristic (i.e., more is better) such that nine arguments
led to more persuasion than three, regardless of quality.
In contrast, when personal involvement and therefore
motivation to think was high, Argument Quantity had
an impact because people processed the arguments
carefully and thus having more arguments increased
persuasion when the arguments were cogent but
decreased persuasion when the arguments were
specious.
Behavioral theories and research on persuasion raise
several important issues for the evaluation of the existing research on and the design of future studies of the
neural bases of persuasion. In the next section, we
discuss four general implications of this behavioral
research when considering fMRI studies of persuasion.

Implications for fMRI studies of persuasion
First, decades of research have been devoted to the
development and deployment of behavioral measures
(e.g., rating scales) in contexts in which they are valid
and reliable. The selection and use of behavioral measures in fMRI studies of persuasion should be in accord
with the results of this behavioral research. For instance,
the reliability and validity of measures of attitudes, behavioral intentions, or behaviors are generally good as long
as the rated position is not embarrassing or socially
unpopular (Lemon, 1973). The validity of self-report measures of the effects of a stimulus, such as the “perceived
persuasiveness” of an argument or message, has been
questioned (Nisbett & Wilson, 1977). Studies of the neural
correlates of people’s self-reports of perceived persuasive
may be worthwhile, but as noted earlier, perceived persuasiveness and actual persuasiveness should not be
conflated.
Second, the behavioral literature on attitudes and
persuasion provides evidence against the early notion
(e.g., Hovland et al., 1953) that source, message, channel, and recipient factors produce simple main effects
that generalize across situations and contexts (e.g.,
Petty, Cacioppo, & Goldman, 1981; Wood, 2000). A
better integration of behavioral theories, paradigms,
and measures for investigating mediating information
processing operations and moderating variables into
fMRI studies of persuasion would be helpful in the
interpretation of the neuroimaging data, and strong
inferences based on neuroimaging data would help
refine and advance theories of persuasion.
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Third and relatedly, there is considerable evidence in
the behavioral literature that the same outcome (e.g.,
post-message attitude, behavioral intention, behavioral
proxy, or objective behavior) can be achieved through
different sets of information processing operations. For
example, in the Argument Quantity versus quality study
described earlier (Petty & Cacioppo, 1984), nine strong
arguments led to more persuasion than three strong
ones under low involvement conditions because people
simply counted the arguments, but under high involvement conditions, the same positive outcome was
achieved because people thought about the arguments
carefully and appreciated their merits. Therefore, the
same outcome measure across conditions or across studies may be associated with the activation of partially (or
completely) different patterns of regional brain activation because partially (or completely) different sets of
information processing operations were evoked by the
persuasive appeal even when a behavioral outcome
across conditions appears to be the same. If the set of
information processing operations triggered by a persuasive appeal differ, then the neural processes underlying
these cognitive operations should also differ.
Fourth, not only are the effects of persuasive appeals
multiply determined, so too are changes in the activation of many if not most cortical regions. This means
that an inference regarding the engagement of a particular information processing operation from the activation of a specific brain region is not deductively valid.
This inferential problem in studies of the psychological
processes associated with regional changes in brain
activation in fMRI studies is known in the neuroimaging
literature as “reverse inference” and is known more
generally as the logical error of affirming the consequent or converse error. This logical error and the
problems it creates for drawing strong inferences from
empirical data (e.g., physiological signals) were specified in mathematical (Bayesian) terms by Cacioppo and
Tassinary (1990) and extended to the interpretation of
fMRI data soon thereafter (Cacioppo, Tassinary, &
Berntson, 2000; Poldrack, 2006, 2011; Sarter, Berntson,
& Cacioppo, 1996). We return to these issues following
our review of neuroimaging studies of persuasion.

Neural correlates of message-induced
persuasion
Most of the research and theory on persuasion have
focused on influence attempts in which an individual or
group exposes a recipient or audience to an appeal
with the intention of changing attitudes or behaviors,
either by moving the attitudes or behaviors closer to an
advocated position or by strengthening attitudes or
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behaviors that are already aligned with the advocated
position (e.g., rendering the attitudes more accessible
or held with higher confidence, thereby increasing concordant behaviors; see Petty & Krosnick, 1995 for a
review of attitude strength). In this section, we focus
on studies of the regional brain activation in response
to a persuasive appeal that influenced attitudes or
behavioral intentions. For details of individual study
methods and results, see Table 1.

Source factors
In an early study, Klucharev, Smidts, and Fernandez (2008)
investigated the neural correlates of source expertise using
a procedure that was designed to mimic advertisements
pairing a celebrity and a product. Participants were
exposed to a picture of a celebrity followed by a picture
of a product. In half of these presentations, the objects fell
within the expertise of the celebrity (i.e., high expertise
condition; e.g., Andre Agassi followed by a pair of tennis
shoes), and in half of the presentations the objects fell
outside the expertise of the celebrity (i.e., low expertise
condition; e.g., Andre Agassi followed by an alcoholic beverage). Following each celebrity/object pair, participants
indicated whether or not they perceived a link between
the celebrity and the object. The day after the scanning
session, the participants’ behavioral intention toward each
object, recognition memory of pairings, and familiarity and
attractiveness of the celebrities were measured.
A contrast in the fMRI analyses compared the
responses to objects that were preceded by celebrities
rated as high in expertise minus objects that were preceded by celebrities rated as low in expertise. A wholebrain analysis indicated that the effect of expertise on
purchase intentions was mirrored by differences in activation in an array of regions in the prefrontal cortex as
well as the precuneus, anterior cingulate cortex (ACC),
superior temporal gyrus (STG), and medial dorsal thalamus. In addition, a whole-brain analysis of the “interaction” between celebrity expertise and subsequent
attitude effect indicated that celebrities subsequently
rated as high in expertise evoked particularly larger
increases in activity in the right and left caudate nuclei
and right and left superior frontal gyrus (SFG) within the
medial prefrontal cortex (MPFC) to objects that participants subsequently evaluated positively. The results for
the caudate nucleus were interpreted in terms of an
expert increasing a recipient’s trust in the quality of the
product. Among the concerns raised by the study are
that neither of the “factors” in this interaction test was
experimentally manipulated, and the interpretation that
activation of the caudate nucleus as reflecting trust
reflects a reverse inference. However, the study

represents a pioneering effort to investigate the neural
correlates of persuasion using ecologically valid stimulus
materials, and the results provided early evidence that
there was not a single brain region activated by persuasive appeals but rather that activation changed across
regions within and beyond the prefrontal cortex. This,
then, set the stage for asking questions about what
specific regions within the prefrontal cortex are involved,
what other regions in the brain are involved, under what
conditions each region is involved, and to what specific
persuasion process each neural region or network of
regions is related.
Stallen et al. (2010) also studied the effects of a
source factor on persuasion—pairing a celebrity, versus
noncelebrity, with shoes on women’s purchase intentions. Participants were exposed to a picture and name
of a female celebrity/noncelebrity, followed by the
name being replaced by a series of six pictures each
of a different shoe. Following each of the six pictures,
participants indicated whether or not they believed the
celebrity/noncelebrity owned the depicted shoe. A contrast (Celebrity—Noncelebrity) was performed for the
BOLD response during: (a) the presentation of the
image of the celebrity/noncelebrity, and (b) the presentation of the celebrity/noncelebrity next to a shoe.
The results (summarized in Table 1) were interpreted
as suggesting that the effectiveness of celebrities stems
from a transfer of positive affect from celebrity to the
product. No independent evidence was presented for
positive affect being transferred from celebrity to product or for any such transfer being related to the regional brain activation that was observed, however. Stallen
et al. (2010) argued that: “The fact that we found an
effect of fame on the brain but not on subjects’ attitudes
indicates that fame does increase the liking of objects
but that this effect is too small to measure at the explicit
level” (p. 809). The measurement of attitudes or intentions at the explicit level in prior persuasion research has
shown that experimental manipulations of celebrity status can produce more positive attitudes and intentions.
If the transfer of positive affect from the celebrity to the
product occurred, as suggested, it is unclear why the
effect of celebrity status on intentions was statistically
significant for shoes that participants rated as “not
owned” but not for shoes participants rated as
“owned”, though evaluative conditioning and other low
effort persuasion mechanisms can be stronger for unfamiliar than familiar objects (e.g., Cacioppo, MarshallGoodell, Tassinary, & Petty, 1992). Nonetheless, given
the reverse inference underlying this interpretation of
the neuroimaging data, it is premature to conclude
that the regional activation found in this study reflects
a transfer of positive affect from the celebrity to the
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product. Differences in the regions identified by Stallen
et al. (2010) and by Klucharev et al. (2008) in their study
of celebrity endorsers also raise the importance in neuroimaging studies of using experimental designs and/or
behavioral measures that might shed light on the cognitive and affective processes elicited by the persuasive
appeal.

Message factors
In an early study of message-induced attitude (preference) change, Kato et al. (2009) exposed participants to
positive or negative videos from the 1992 presidential
campaign (Bill Clinton and George H. W. Bush) and
commercials for two cola brands (Coca Cola and Pepsi).
During scanning, participants were first exposed to positive ads for both candidates/brands and were asked
which of the two candidates/brands they preferred. The
participants were then exposed to negative ads that
attacked their preferred candidate/brand and, afterwards, were again asked which of the two candidates/
brands they preferred. Participants were then exposed to
positive ads for both candidates/brands and were again
asked which of the two candidates/brands they favored.
To identify brain regions that were related to persuasion following the ads that were negative toward the
participants’ favored candidate/brand, the responses of
participants who changed their candidate preference
were contrasted with the responses of those who did
not change their preference. For instance, the group
who changed following the negative political ad, contrasted with the group who did not change, showed
greater activation in the dorsolateral prefrontal cortex
(DLPFC), including the right and left inferior frontal
gyrus (IFG) and left and right inferior/middle frontal
gyrus (IFG/MFG2). Resistance to change following the
negative ad (No Change Group > Change Group), in
contrast, was associated with greater activation in
regions including the MPFC.
Kato et al. (2009) interpreted the bilateral activation
of the DLPFC in those who changed their preference as
evidence of the use of inductive reasoning to make
their binary choice, whereas they interpreted the activation of the MPFC in those who resisted change as
evidence of the choice to continue to support a favored
2
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candidate based on a deductive examination of conflicting information presented in the negative advertisements. The remaining contrasts by Kato et al. (2009),
which are summarized in Table 1, showed they did not
replicate these results in their analysis of negative
advertisements toward brands, or in their analyses of
the final positive ads toward candidates and brands.
The results were consistent with expectations that
prefrontal regions would be involved, but the interpretation (reverse inference) that the neuroimaging results
provide evidence for inductive versus deductive reasoning can be challenged. For instance, among the many
functions known to activate regions within the medial
frontal cortex are eye gaze, decision-making, episodic
memory, motor imagery and tasks, mentalizing, empathy, moral judgments, theory of mind, self-referential
processing including idiosyncratic issue-relevant thinking (e.g., proargumentation, counterargumentation),
incentive anticipation and processing, motivation,
response selection and switching, fear, conflict monitoring, inhibition, working memory, executive functions,
and pain (see recent review by de la Vega, Chang,
Banich, Wager, & Yarkoni, 2016).
The study by Kato et al. (2009) also represents a
pioneering attempt to investigate the generalizability of
fMRI results across two different topics (political leaders,
cola beverages). As mentioned earlier, behavioral
research indicates that the specific set of information
processing operations underlying persuasion can differ
across conditions (e.g., a recipients’ motivation and ability to scrutinize the merits of a position or appeal), and
the differences in the neuroimaging results in response
to persuasive appeals regarding political candidates and
cola brands raise questions about differences in the
specific set of information processing operations that
were elicited by the persuasive appeals regarding presidential candidates versus cola brands. The finding by
Kato et al. (2009) that activity in the MPFC was greater in
participants who showed resistance to a counterattitudinal appeal is also noteworthy in light of evidence
reviewed below (see Table 2), and that activity in the
MPFC is associated with behavior change consistent with
persuasive appeals—again raising the potential importance of differences in the information processing operations elicited in a persuasive appeal.

The middle frontal gyrus (MFG) should not be confused with the medial frontal gyrus. The surface of each cerebral hemisphere
of the prefrontal cortex is characterized by three broad, longitudinal gyri, the superior frontal gyrus (SFG), the MFG, and the
inferior frontal gyrus (IFG). The SFG refers to the superior-most gyrus of these three gyri of the lateral surface of the frontal lobe of
each cerebral hemisphere. The SFG wraps over to the medial surface of each frontal lobe, where it becomes the medial frontal
gyrus (superior and rostral to the cingulate sulcus). The MFG refers to a region of the frontal lobe between the superior and
inferior frontal sulci. The IFG, in turn, refers to a broad region of the frontal lobe between the inferior frontal sulcus and the
sylvian fissure and includes the pars opercularis, pars triangularis, and pars orbitalis (the first two of which constitute a portion of
the frontal operculum).
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Chua, Liberzon, Welsh, and Strecher (2009) appears
to be the first to use fMRI to investigate the regional
brain activity associated with smoking cessation messages that varied in personal relevance. Smokers who
had expressed a desire to quit smoking were exposed
to high-tailored (i.e., message arguments that were
tailored to each individual’s smoking behavior) and
low-tailored (i.e., message arguments that were not
tailored to each individual’s smoking behavior) smoking
cessation messages in a block design as well as hightailored event-related statements (e.g., “smokes 20
cigarettes a day”), low-tailored event-related statements
(e.g., “smokes a lot of cigarettes”), and generic eventrelated statements (e.g., “quitting is not easy”).
Following the scan, participants rated each message in
terms of their agreement with the statement, “I found it
to be written personally for me.” The ratings confirmed
that high-tailored messages were rated as more personally relevant than low-tailored messages.
Results are summarized in Table 1 for the contrasts
for event-related tailored statements (high and low)
minus generic statements, event-related high-tailored
statements minus event-related low-tailored statements, and blocked high-tailored statements minus
blocked low-tailored statements. Although areas within
the MPFC were identified in all three contrasts, the left
SFG was the only reported case in which similar regions
were activated by event-related and blocked high-tailored minus low-tailored contrasts. The left SFG region
was not significant for the contrast, event-related tailored statements (high and low) minus generic statements, suggesting that the activation of the left SFG
reflected differences between the high- and low-tailored messages and not smoking cessation message
arguments per se.
Chua et al. (2009) were also the first to identify
regions in the rostral MPFC and precuneus/posterior
cingulate that showed greater activation in experimental conditions shown previously to differ in selfgenerated argument elaborations. Specifically, behavioral research on persuasion has shown appeals that
are more personally relevant produce greater motivation to engage in idiosyncratic issue relevant thinking
(e.g., self-generated proargumentation or counterargumentation). When recipients are also able to do so
(e.g., high prior knowledge about the issue, low distraction conditions), they tend to produce higher
levels of idiosyncratic issue-relevant thinking (see
reviews by Carpenter, 2015; Petty & Cacioppo, 1990).
Consistent with this behavioral literature, Chua et al.
(2009) interpreted the differences in activation of the
rostral MPFC and precuneus/posterior cingulate in
response to the high, relative to low, tailored

messages as suggesting that high-tailored messages
were more self-relevant and evoked more personal
and episodic (i.e., autobiographical) memories and
self-relevant (i.e., idiosyncratic) message processing.
However, measures and manipulations of issue-relevant thinking developed in and typically used the
behavioral literature (e.g., for details, see review by
Petty & Cacioppo, 1986a, Chapter 2) were not implemented in this study, so the authors acknowledged
that they could not rule out other psychological processes that were also associated with activity in the
rostral MPFC and precuneus/posterior cingulate.
Ramsay, Yzer, Luciana, Vohs, and MacDonald (2013)
performed an fMRI study of teenagers exposed to antidrug messages (about various narcotics). During scanning, participants were exposed to ten 30-s antidrug
public service announcements (PSAs) that had previously been rated as “strongly convincing”, ten antidrug PSAs that had previously been rated as “weakly
convincing”, and ten 30-s nondrug advertisements.
Analyses contrasting the effects of the “strongly convincing” versus “weakly convincing” PSAs revealed the
PSAs previously rated as more convincing were associated with higher activation in regions including the
lateral prefrontal cortex (e.g., MFG and left IFG). Ramsay
et al. (2013) also performed connectivity analyses, suggesting that the “strongly convincing” compared to the
“weakly convincing” PSAs were associated with greater
connectivity between the activity in the left IFG and
activity in various regions including the amygdala/
insula. Ramsay et al. (2013) reported that the left IFG
and the amygdala were negatively correlated at rest,
and suggested that the positive connectivity between
these regions in the “strongly convincing” compared to
“weakly convincing” PSAs reflected differences in the
integration of affectively laden information in the PSA
with executive control processes in order to translate
antidrug messages into reactions, rules, and goals. The
introduction of connectivity analyses in studies of persuasion by Ramsay et al. (2013) represented an interesting innovation, and their results drew attention to
the lateral prefrontal cortices as well as their potential
association with the amygdala. However, connectivity
analyses as well as contrasts for regional brain activation are susceptible to problems of reverse inference.
Independent evidence for the posited processes and
discussion of alternative explanations for the neuroimaging data would have been helpful.

Summary
The studies reviewed in this section have varied in the
target of the appeal (e.g., shoes, political candidates,
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cola brands, smoking cessation), source of the appeal
(e.g., celebrity/noncelebrity), nature of the arguments
(e.g., negative ads, positive ads, anti-drug PSAs, “tailored” message arguments, “convincing” message arguments), direction of the advocacy (counterattitudinal,
proattitudinal), behavioral outcome that was measured
(e.g., preference rating, behavioral intention, rated personal relevance of the arguments), sample size
(Mduration = 26 Ps, range: 24–70), and participant demographics (e.g., rangeMn_age across studies: 16.8–
40.0 years). Not surprisingly given this variability, the
neural correlates of persuasion have varied within and
across these studies, for instance, with some emphasizing differences in regional activation within the MPFC
and others emphasizing differences in the lateral PFC.
Although it is unclear the extent to which these
differences in results are attributable to low replicability
or to low generalizability, differences in topics, sources,
messages, and recipients make low generalizability a
likely explanation for many of the differences in regions
of neural activation to the persuasive appeal. As was
the case for behavioral research on persuasion, research
on the neuroscience of persuasion may benefit from a
greater focus on moderating factors and on the underlying cognitive and affective processes, including the
use of experimental designs and/or behavioral methods
developed by persuasion researchers to assess these
processes. We turn next to fMRI studies focused on
using regional brain activation in response to a persuasive appeal (typically in the MPFC) to predict behavior
change. Details of these studies are summarized in
Table 2.

Neural correlates of behavior change following
exposure to a persuasive appeal
Reported health behavior
Falk, Berkman, Mann, Harrison, and Lieberman (2010)
exposed participants in southern California to slides
containing text and images from expert sources regarding sunscreen use. Prior to scanning, participants indicated their use of sunscreen during the prior week,
their intentions to use sunscreen in the coming week,
and their attitudes toward sunscreen. During scanning,
participants were instructed to read along silently and
to consider each slide carefully, and they were informed
they would be asked questions about the slides following the scanning. Following scanning, participants
again indicated their attitudes toward sunscreen and
their intentions to use sunscreen in the next week, and
were given a bag that included sunscreen towelettes.
One week following the scanning, participants were

33

contacted by e-mail and asked to report the number
of days that sunscreen had been used. Regions of interest (ROIs) were constructed within the anterior MPFC
and the precuneus based on the results of Chua et al.
(2009), who interpreted the results in terms of selfrelevant message processing, and Soon, Brass, Heinze,
and Haynes (2008), who interpreted their results in
terms of the encoding of “intention” prior to conscious
decision-making.
Activity in the MPFC ROI during presentation of the
persuasive appeals, compared to rest, predicted the
reported change in sunscreen use. This result remained
significant after controlling for changes in attitude and
intention. Activity within the precuneus was positively
but not significantly related to behavior change. Falk,
Berkman et al. (2010) interpreted these results as indicating that the change in regional brain activity within
a portion of the rostral MPFC predicts behavior change
above and beyond self-report measures of attitude or
intention change. If the southern California participants
already possessed generally positive attitudes and
intentions toward the use of sunscreen, it is conceivable
that the persuasive messages served to increase idiosyncratic issue-relevant thinking—as Chua et al. (2009)
suggested—which behavioral research suggests would
strengthen attitudes and intentions (e.g., enhance
accessibility or certainty) and increase attitude-congruent behavior (e.g., Barden & Petty, 2008), thereby
potentially explaining the association between activity
in the MPFC ROI and sunscreen use the week following
the scan.
Exploratory analyses of whole-brain activity by Falk,
Berkman et al. (2010) suggested additional regions that
were related to behavior change, including activity
within the posterior superior temporal sulcus (pSTS),
temporoparietal junction (TPJ), temporal pole, hippocampus, supplementary motor cortex, inferior parietal
cortex, occipital cortex, motor cortex, and insula. These
results were interpreted as consistent with theories of
social learning that posit “behavior change can result
from encoding information about social norms, incorporating those norms into one’s own self-concept, and
planning to execute the relevant behaviors” (Falk,
Berkman et al., 2010, p. 8424). No independent evidence was provided that participants encoded information about social norms, incorporated those norms into
their own self-concept, or planned to execute the relevant behaviors during the persuasive appeal, nor are
these the only psychological processes that are associated with activity in these brain regions. Nevertheless,
Falk, Berkman et al.’s (2010) seminal investigation stimulated a series of studies on predicting behavior following a persuasive communication by regional
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changes in brain activity in response to the persuasive
communication (e.g., Chua et al., 2011; Cooper,
Thompson, O’Donnell, & Falk, 2015; Falk, Berkman,
Whalen, & Lieberman, 2011; Falk et al., 2015, 2016;
Riddle, Newman-Norlund, Baer, & Thrasher, 2016;
Vezich, Katzman, Ames, Falk, & Lieberman, 2016).
Chua et al. (2011) investigated the prediction of smoking cessation by the neural responses to persuasive
messages in smokers who were interested in quitting
within the next 30 days. Prior to scanning, participants
completed surveys relevant to smoking cessation. During
the scanning, participants were exposed visually and
aurally to high-tailored persuasive messages designed
to promote smoking cessation, generic smoking cessation messages, and neutral messages that were unrelated to smoking cessation. The messages were similar
to those used by Chua et al. (2009) and described earlier.
Participants also completed a self-relevant adjective task
(adjective does or does not describe you versus adjective
is positive or negative) to identify regions involved in
self-relevant processing. Following the scanning session,
participants were given a 10-week supply of nicotine
patches, completed a web-based tailored smoking-cessation program, and were instructed to quit smoking.
Four months later, participants were called and
responded to a 7-day point prevalence abstinence measure (cigarette free for the past 7 days). Participants were
categorized as quitters and nonquitters.
Conjunction analyses of the self-relevant adjective
task and persuasion task identified three common
regions: the DMPFC, precuneus, and angular gyrus.
The mean beta estimate across the voxels within each
of these regions during exposure to the tailored persuasive messages, relative to the neutral messages, was
then used to predict smoking cessation (i.e., quitters
versus nonquitters). Results indicated that activity in
the DMPFC predicted smoking cessation, activity within
the precuneus was marginally related to smoking cessation, and activity within the angular gyrus did not
approach statistical significance. Additional analyses
provided by Chua et al. (2011) in online supplementary
materials are also summarized in Table 2. Among the
strengths of this study are that the manipulation of
message tailoring (personal relevance) corresponds to
manipulations in the behavioral literature that have
been shown to lead to differences in idiosyncratic
issue-relevant thinking and the conjunction analysis
that provided independent evidence that self-relevant
processing may have been evoked by the high, in contrast to low, tailored messages. Together, these design
features and results provided additional evidence consistent with the possibility that the processes underlying the prediction of behavior change by activity

within the MPFC have something to do with the self
(e.g., enhanced elaborative thinking).

Objective measures of health behavior
In a follow-up investigation, for instance, Falk et al.
(2011) refined their ROI within the anterior MPFC
based on the whole-brain analyses by Falk, Berkman
et al. (2010) to examine the extent to which neural
responses to ads designed to help people quit smoking
predicted behavior change. Participants who were
heavy smokers were recruited from a smoking cessation
program, and prior to scanning, participants completed
a variety of measures including self-reported smoking
behavior, intentions to quit smoking, and exhaled carbon monoxide. During scanning, participants were
exposed to professionally developed TV commercials
designed to help smokers quit smoking. Ads were chosen based on discussions with experts to be most personally involving or relevant to smokers who were
trying to quit smoking (Falk et al., 2011, p. 179).
Following each ad, the participants rated the extent to
which the ad made them feel a sense of self-efficacy
about quitting smoking (“This ad makes me feel I can
quit”), increased intention to quit (“This ad makes me
more determined to quit”), and its self-relevance (“I can
relate to this ad”). Approximately 1 month later, expired
carbon monoxide and self-reported smoking were
measured.
Changes in expired carbon monoxide served as the
criterion measure, and activation in the ROI within the
MPFC during exposure to the ads, self-relevance ratings,
and the mean of the measures of intention to quit and
self-efficacy served as predictors in regression analyses.
Results indicated that: (a) self-reported intentions, selfefficacy, and ability to relate to the messages predicted
behavior change; and (b) activity in the MPFC ROI predicted behavior change even when statistically controlling for self-reported intentions, self-efficacy, and ability
to relate to the messages. Finally, exploratory wholebrain searches regressing neural activity onto changes
in expired carbon monoxide, detailed in online supplementary materials, indicated that behavior change was
also associated with regions of activity in the posterior
cingulate, precuneus, and supplementary motor area.

Replications and component processes
Subsequent replications (e.g., Cooper, Tompson,
O’Donnell, & Emily, 2015; Falk et al., 2015; Riddle et al.,
2016; Vezich, Katzman et al., 2016; Wang et al., 2013) have
also provided evidence for the replicability of the association between activity within the MPFC in response to a
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persuasive communication and changes in behavior following the communication. Importantly, recent studies are
also beginning to identify boundary conditions for this
association (see summaries in Table 2). For instance, Falk
et al. (2016) found that the prediction of click-through
rates by activity in the MPFC ROI depended on the nature
of the image. Specifically, activity in the MPFC ROI predicted click-through rates for ads with graphic-negative
photos but not for ads with neutral photos. In addition,
Vezich, Katzman et al. (2016) found that activity in the
MPFC ROI predicted changes in sunscreen use when the
persuasive message focused on “why” one should use
sunscreen but not when the message focused on “how”
one should use sunscreen.
The rationale for identifying the MPFC ROI, the
means used to identify the MPFC ROI, the specific subregions of the MPFC that have been identified (e.g.,
dorsal or ventral subregions), and how the activation
of the MPFC ROI was related to behavior have varied
across these studies, but the cumulative work suggests
that regional activity within the MPFC in response to
persuasive messages is correlated with behavior change
in most of these studies. Among the commendable
features of this research are the replicability of the
association between activity in the MPFC and behavior
change and the increased use of tasks or measures that
provide independent evidence that a particular cognitive or affective (e.g., self-related) process may be
involved (e.g., Chua et al., 2011; Falk et al., 2016).
Questions remain regarding the specific nature and
extent of any such self-related processes,3 and the extent
to which any such differences correspond to the observed
differences in neural activation that predicted behavior.
For instance, Falk et al. (2011) suggested that “MPFC
activity in this context reflects an implicit connection
between the self and the behavior in question (in this
case quitting)” (p. 182), or an unspecified process that
differs from intention, self-efficacy, or ability to relate to
a message such as envisioning oneself performing the
behavior in question or the planning of specific actions
needed to achieve the behavioral goal of smoking cessation (Falk et al., 2011). Riddle et al. (2016) interpreted parts
of the regional MPFC activation in terms of Chua et al.’s
(2009) hypothesis that it reflected the extent of selfrelated processing such as elevated issue-relevant thinking in response to a persuasive message. Chua et al. (2011)

3
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interpreted their results to mean that the activity in the
MPFC may have reflected a greater engagement of selfrelated processing, allowing for “deeper processing and
more efficient integration of the newly formulated healthchange goals into one’s learning, self-schema, and action
plans” (p. 427). Falk et al. (2015) suggested that thinking
about one’s core values may be involved, and Vezich,
Katzman et al. (2016) raised the possibility that “seeing
value and incorporating persuasive messages into one’s
self-concept” (p. 1) may be involved.
Of course, the MPFC is involved in various kinds of selfreferential thinking as well as other kinds of information
processes. For instance, de la Vega et al. (2016) recently
applied a meta-analytic data-driven approach to nearly
10,000 fMRI studies to distinguish among presumably
separable regions of the medial frontal cortex and to
determine which psychological processes preferentially
recruit their activation. All of the MPFC ROIs designated
across the studies of persuasion and behavior change (see
Table 2) appear to fall within what de la Vega et al. (2016)
termed the anterior zone, whose functional profile was
described as “strong associations with affect, decisionmaking, social cognition, and episodic memory, accompanied by activation with the default network” (p. 6560).
Importantly, de la Vega et al. (2016) further noted
that the anterior zone of the medial frontal cortex was
fractionated into three functionally dissociable subregions. The first was a dorsal cluster (DMPFC), which
included medial aspects of frontal pole and SFG and
was entirely outside of the ACC. The meta-analysis
indicated that the DMPFC subregion of the anterior
zone of the medial frontal cortex was strongly associated with social cognition such as social perception
and self-referential thinking. The second subregion was
a more ventral cluster (pregenual anterior cingulate
cortex [pgACC]), which was primarily located within
pregenual aspects of the anterior cingulate gyrus but
included pregenual portions of paracingulate gyrus.
The meta-analysis indicated that the pgACC subregion
was functionally less specifically organized, showing
moderate associations with both decision-making and
affective processes. Finally, the third subregion of the
anterior zone was a ventral cluster (VMPFC), which
included both pregenual aspects of the ACC and medial
orbitofrontal cortex (OFC). The meta-analysis indicated
that the VMPFC was primarily associated with affective

Two procedures for assessing the nature and extent of issue-relevant thinking in behavioral studies of persuasion are retrospective thought-listings (e.g., see Cacioppo & Petty, 1981) and the use of strong and weak message arguments—defined as
message arguments that elicit primarily proargumentation or counterargumentation, respectively, when participants in pilot
testing are told explicitly to think about the issue (for details, see Chapter 2 in Petty & Cacioppo, 1986a). The complementarity of
behavioral and neuroimaging research on persuasion is illustrated by the integration one or both of these behavioral procedures
in neuroimaging research on persuasion.
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processes such as reward (including valuation processes)
and fear. de la Vega et al. (2016) suggested that the
VMPFC may play a role as an integrative relay station
for subcortical affective input to the cortex, whereas
more dorsal regions contextualize this affective input.
The meta-analysis of de la Vega et al. (2016) provides
a functional differentiation of regions of the medial
frontal cortex and highlights the multiply-determined
nature of activity within as well as across subregions of
the medial frontal cortex. The meta-analysis also raises
questions about just how much discriminating information neural correlates can provide about the specific
nature of social, self-relevant, and affective message
processing elicited by persuasive appeals.
What might the studies of the prediction of behavior
by activity in the MPFC tell us about persuasion in light
of this meta-analysis? The coordinates of the MPFC ROIs
were not specified or illustrated in all studies. However,
the information that was provided from atlas coordinates
or illustrations can be used to possibly identify the subregion of the anterior zone in which the ROI in the
studies reviewed in this section was primarily located.
Drawing on this information, the MPFC ROIs for the
studies reviewed in this section appear to have fallen
primarily within one of two subregions: the DMPFC subregion (e.g., Chua et al., 2011; Falk et al., 2016; Wang
et al., 2013) and the VMPFC (e.g., Falk, Berkmanet al.,
2010, 2011, Falk et al., 2015). Given de la Vega et al.’s
(2016) meta-analytic finding that these subregions are
functionally separable and are activated by different
kinds of psychological processes, it is reasonable to
posit that the nature of the processes triggered by the
persuasive appeals in these two sets of studies are functionally distinguishable, with the first set showing a pattern of MPFC activation that de la Vega et al. found to be
strongly characteristic of social cognition, and the second set showing a pattern of MPFC activation that was
found to be primarily characteristic of affective processes
including valuation, reward, and fear processes.
Behavioral research has long suggested these types of
processes could be involved in persuasion (e.g., Allport,
1935; Petty & Cacioppo, 1981).
However, it is important to note that there are also
large and important variations in the information processes that fall within each of these broad functional
categories, and additional research is needed to test
among various hypotheses. The complementary nature
of behavioral and neuroimaging research makes it possible to provide such tests. For instance, studies of the
4

neural correlates of persuasion may be advanced by
taking greater advantage of the theories and methods/paradigms that have been developed over the
past half century of behavioral research on persuasion
to discriminate among these putative mediating information processing operations.
For instance, there are several hypotheses that might
account for the results showing that activation in the
DMPFC subregion during a persuasive communication
predicts behavior. These hypotheses, which include
some posited in the extant literature, fall within the
functional category of social cognition identified by de
la Vega et al. (2016) as associated with activation of the
DMPFC subregion of the medial frontal cortex: (a) the
formation of an implicit link between the self and the
advocated behavior change, (b) the formation of a
more detailed action plan linking the self and the advocated goal, (c) the formation of an implicit link between
some simple peripheral cue and the advocated behavior change (e.g., source expertise, number of arguments, the negative images have me aroused, so it
must be true), and (d) the extent and nature of the
idiosyncratic issue-relevant thinking that is evoked,
with the consequent behavioral prediction dependent
on the idiosyncratic issue-relevant thinking reflects primarily proargumentation regarding the advocated position (e.g., I don’t want to end up like others who have
smoked heavily, so I need to cut back). The limiting
conditions identified by Falk et al. (2016) and Vezich,
Katzman et al. (2016) would seem to be most consistent
with the last two hypotheses. For instance, if activation
of the MPFC reflected the formation of more detailed
action plan linking the self and the advocated behavior
change, then activity in the MPFC might have been
expected to predict behavior change in the “how” condition in Vezich, Katzman et al. (2016) in addition to (or
instead of) in the “why” condition. Although suggestive,
direct tests of these and other theoretical possibilities
are needed (see footnote 3).

Neural correlates of perceived persuasiveness
Finally, a few articles have appeared in which self-report
measures of perceived persuasiveness was used as a
proxy for message-induced attitude or behavior change.
As noted earlier, however, Nisbett and Wilson’s (1977)
work calls into question the validity of reports regarding
the extent to which an argument or message is persuasive
or would change their attitudes or behavior.4 Consistent

For this reason, the conceptualization and operationalization of the factor, Argument Quality, is based on the responses
recipients show to message arguments rather than the recipients“ or experts” ratings of the strength or persuasiveness (for
details, see Chapter 2 in Petty & Cacioppo, 1986a).
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with concerns about equating “perceived persuasiveness”
with actual persuasiveness, Collins, Taylor, Wood, and
Thompson (1988) found that a message containing colorful language was rated as more persuasive but produce
no significant attitude change. They suggested that the
widespread belief that colorful language facilitates attitude change influenced the ratings of the persuasiveness
of a message even when, in actuality, they were not
persuaded by the message. Hoeken (2001) measured
both perceived and actual persuasiveness in a study of
participants who read a newspaper article advocating for
the construction of a cultural center. Results revealed that
these measures were not equivalent, and that the correspondence between perceived and actual persuasiveness
was poorer for causal than anecdotal or statistical evidence. Kahneman and Snell (1992) found people were
poor at predicting changes in their attitude toward (e.g.,
their liking for) ice cream, yogurt, and a short musical
piece over the course of a week. Finally, Vezich, Katzman
et al. (2016) used perceived persuasiveness ratings in their
pilot tests when developing persuasive messages for their
neuroimaging study. When an unexpected trend
emerged in these ratings, the authors noted that: “we
believe this trend was likely due to [the pilot Ps] inability
to correctly predict which messages may be most effective in promoting desired behaviors, a consistent finding
in the literature” (Vezich, Katzman et al., 2016, footnote 2).
Studies of perceived persuasiveness may be interesting in
their own right, so we have summarized the details and
results of these studies in Table 3.

Conclusion and future directions
A growing literature on the neural correlates of persuasion has emerged within the past decade. This literature
ranges from studies of the neural correlates of message-induced persuasion to studies of the neural correlates of perceived persuasiveness, with the majority of
studies in this literature focused on the neural correlates of behavior change following exposure to a persuasive appeal. We raised questions and noted issues as
we surveyed work in each of these three areas, but
there are important remaining questions to address
and major opportunities to be pursued that should
attract and ignite research attention and effort for the
foreseeable future. For instance, there is a paucity of
research on the neural correlates of persuasion in older
adults despite the existence of a large literature on
changes in cognitive and affective processes in the
aging brain. As articulated next, such research holds
promise to shed light on the fundamental psychological
and brain processes that are responsible for persuasion.
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Research in cognitive neuroscience on the aging
brain suggests that the PFC shows disproportionately
large age-related declines, although significant agerelated declines are seen across the brain, as well (cf.
Cabeza & Dennis, 2013; Grady, 2012; Salthouse,
Atkinson, & Berish, 2003; West, 1996). Among the
other changes found in the aging brain are: (a) a
change in the spatial distribution of brain activation
patterns (Spreng, Wojtowica, & Grady, 2010), such as
an age-related decrease in activity in more posterior
regions and an increase in PFC activity (the “posterior–
anterior shift in aging”, presumably reflecting an
increase in compensatory processes or an inefficiency
in the use of neural resources; Cabeza & Dennis , 2013;
Grady, 2012); and (b) a change in the temporal
dynamics of brain activations, with an early-to-late
shift in aging or slowing of the activation of brain
regions including the PFC and medial temporal lobe
in older compared to young adults (Dew, Buchler,
Dobbins, & Cabeza, 2012). This research suggests that
older adults showing evidence of an aged brain may be
at a higher risk than their high functioning counterparts
or young adults for: (a) failing to modify their attitudes
in light of new and relevant information, (b) changing
their attitudes in response to specious appeals or
through more biased message processing, or (c) relying
on heuristic processes that have little to do with the
merits of a position or decision. For instance, Denburg
et al. (2007) found that older adults who performed
poorly on a decision-making task were more attracted
to deceptive advertisements than higher performing
older adults or young adults. Identification of the information processing operations and the underlying
neural mechanisms that are responsible for age-related
changes in an individual’s susceptibility to deceptive or
malicious persuasion should not only advance understanding of persuasion and behavior change but also
facilitate the identification of older adults who are at
risk for poor decision-making and promote the development of effective interventions for at-risk individuals.
Although the extant research represents an important start, there are several recommendations that have
emerged from the current review. First, the behavioral
and neuroimaging research on persuasion are complementary. A better integration of the theories, paradigms/designs, and measures in the behavioral
literature into fMRI studies of persuasion has the potential to expand our understanding of both areas. For
instance, research on the neural mechanisms that
underlie persuasion has the potential to advance our
understanding of fundamental processes underlying
attitude and behavior change as well as to improving
our understanding of the functions of neural regions
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and networks. In addition, the fMRI work on behavioral
intention has also been largely descriptive. There is a
large neuroimaging literature on intention and action
that may provide a rich theoretical and empirical
resource (Andersen & Buneo, 2002; Andersen & Cui,
2009; Culham & Valyear, 2006; Juan et al., 2013;
Ortigue & Bianchi-Demicheli, 2008; Ortigue, King,
Gazzaniga, Miller, & Grafton, 2009; Ortigue, Sinigaglia,
Rizzolatti, & Grafton, 2010). Future neuroimaging studies of persuasion in which behavioral intention is of
interest may benefit from a consideration of the neuroimaging literature on intention and action, as well.
Second, persuasive appeals are complex stimuli. In
addition to information processing operations that
underlie an outcome measure of persuasion, not all of
the cognitive and affective processes evoked by a persuasive appeal (e.g., word comprehension, face detection, message learning, mind wandering) underlie a
given outcome measure of persuasion. For instance,
participants in Petty et al. (1981) showed equivalent
message comprehension and equivalent recognition
of the source expertise across conditions even though
source expertise was related to post-message attitudes
in low personal involvement conditions and argument
quality was related to post-message attitudes in high
personal involvement conditions. A contrast between
two conditions that differed significantly in an outcome
measure (e.g., attitude or behavior change)—for
instance, between low and high source expertise in
the low personal involvement conditions of Petty
et al. (1981)—may not be sufficient to isolate only
those cognitive and/or affective processes underlying
the observed persuasion outcome. The inclusion of
analyses gauging the extent to which activation within
a specific region is related to attitude (or behavior)
change would aid the interpretation of the differences
observed in simple contrasts.
Third, the high cost and time-consuming nature of
neuroimaging studies have understandably limited the
number participants that are typically tested in a given
study. There is growing concern in science and medicine that statistically underpowered studies can lead to
an exaggeration of effect sizes that appear in the literature, a high rate of false positives (relative to true
positives), a high rate of misses, and difficulty in replicating true effects (see Asendorpf et al., 2013; Button
et al., 2013; Francis, 2013). Both misses and false alarms
are important in studies of the neural correlates of
persuasion because each misrepresents the neural
mechanisms underlying the information processing
operations that support the effective formation and
modification of attitudes and behaviors. It is easy to
recommend but difficult to afford large sample sizes

in fMRI research. However, with the increasing ability
to post supplementary materials online, it is practical to
recommend that reports of the effect sizes in fMRI
analyses include the report of small, moderate, and
large effect sizes regardless of their statistical significance. Such a practice would not change the interpretation of any single study, but meta-analyses of a set of
such studies should be better able to identify which
effects were reliable, which were reliable but not generalizable (through, for instance, heterogeneity statistics
and analyses of possible moderator variables), as well as
to identify Type I and Type II errors in a literature.
Fourth, not only are the effects of persuasive appeals
multiply determined, so too are changes in the activation of many if not most cortical regions. This means
that an inference regarding the engagement of a particular information processing operation from the activation of a specific brain region is not deductively valid.
The logical error of reverse inference is avoided in the
hypothetico-deductive model of research because
scientific inquiry proceeds by formulating one or more
hypotheses in a form that represents a scientific
advance when falsified by empirical data. For instance,
one might conduct a crucial test between two (or more)
hypotheses regarding the neural mechanisms underlying persuasion. If the data are consistent with only one
(or a subset) of the theoretical hypotheses, then the
alternative hypotheses become less plausible. With conceptual replications to ensure the construct validity,
replicability, and generalizability of such a result, a subset of the original hypotheses can be discarded. One
weakness of this procedure is the intellectual invention
and omniscience that are required to specify all relevant alternative hypotheses for the phenomenon.
Because this difficulty cannot be overcome with certitude, progress in the short term can be slow and
uncertain. In the long term, however, adherence to
this sequence has provided grounds for strong inference and scientific advances (e.g., see Platt, 1964).
It is not always possible to develop a crucial test
between competing hypotheses regarding the neural
mechanisms underlying persuasion, or to capture all of
the various potential information processing operations
that might explain a region of brain activation. However,
the reason that affirming the consequence represents an
error in logic is that it denies the existence of other
possible antecedent conditions (Cacioppo & Tassinary,
1990). If one can rule out the possibility that other antecedent conditions (causes) exist, then the inference is
made more plausible—although the strength of the
inference rests on the likelihood that all potential antecedent conditions for the consequent have been identified and ruled out. For this reason, the specificity and
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sensitivity of a measure of regional brain activation
should be important considerations. Specificity refers to
the ability of the neural response to correctly identify
those who did not show the specific antecedent, and
sensitivity refers to the ability of the measure to identify
those who did show the antecedent condition. One
potential way of improving sensitivity and specificity in
neuroimaging is to redefine the neural response to
include the network (pattern) of regional changes that
are associated with a given component process or outcome of persuasion (see Cacioppo & Tassinary, 1990 and
Sarter et al., 1996 for details).
When reverse inference cannot be avoided (e.g., in
the absence of evidence of high sensitivity and specificity), it is important to treat the interpretation of neuroimaging data as a hypothesis rather than as a strong
inference, and to recognize or identify alternative
hypotheses that also need to be considered. Theory
and research on the neural substrates of persuasion
can still be advanced when neuroimaging data are
interpreted in light of the multiple potential causes for
a regional brain response (or pattern of responses), for
instance, through subsequent behavioral and/or neuroimaging investigations designed to distinguish
among these various potential interpretations.
Fifth, research on the neural prediction of behavior
change includes potentially important differences in
the manner in which behavior change has been quantified across studies (e.g., post-message behaviors, postmessage behaviors minus pre-message behaviors, percent change in behavior [e.g., Cooper et al., 2015; Falk
et al., 2015]). In addition, multiple measures of behavior
change have been included in some research studies
(e.g., Falk et al., 2011; Riddle et al., 2016), but the neural
prediction of behavior has been reported for only one
of the measures. This makes it difficult to determine the
replicability of behavioral predictions. In an exception
to this criticism, Riddle et al. (2016) measured both
changes in expired CO and the number of cigarettes
consumed. They reported that the activation of the
VMPFC during the appeals predicted changes in
expired CO. They also reported that activation of the
VMPFC during the appeals did not predict the reported
number of cigarettes consumed.
We applaud the use of multiple measures and attention to the distributional characteristics of outcome
measures, but selecting from among multiple measures
of behavior change and various methods of quantifying
behavior change can inadvertently inflate the apparent
effect size for the neural prediction of behavior change.
Whenever possible, we recommend specifying the
rationale for the measure and method selected for
quantifying behavior change, and reporting the neural
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prediction of nonfocal behavioral outcomes in the text
or in the supplementary materials (cf. Steegen,
Tuerlinckx, Gelman, & Vanpaemel, 2016). For instance,
the report of the analyses of both behavioral measures
by Riddle et al. (2016) addresses the specificity and
replicability of the research and improves the selection
of measures in future studies.
Sixth, experimental studies in which regional brain
activity is manipulated (e.g., using TMS) are needed to
advance our understanding of the specific neural and
component information processes involved in persuasion and behavior change. Specifying a neural correlate
through neuroimaging research is important but is not
equivalent to identifying a causal neural mechanism.
Absent thus far but particularly valuable would be
research on the neuroscience of persuasion designed
to determine what neural loci and networks are contributing to what specific process to produce changes
in behavioral predispositions and responses. Studies
using fMRI can help identify neural correlates as well
as to specify a set of possible neurocognitive mechanisms. For instance, to distinguish among various
hypotheses about the functional significance of MPFC
activation during a persuasive appeal, greater attention
is needed regarding the set of information processing
operations associated with the MPFC activation that
predicts behavior change—that is, regarding the mediating psychological as well as neural mechanisms. In
addition, though, experimental studies are needed, for
instance, using double dissociative studies of focal
lesion patients or transcranial magnetic stimulation to
produce reversible focal lesions to investigate the specific regions (or networks) that are thought to be contributing to a specific component process or persuasion
outcome or to investigate the specific function (information processing operations) served by a region or
network.
Seventh, persuasion outcomes such as changes in
attitude, behavioral intention, and behavior are functionally and stochastically separable, and contemporary
theories of persuasion expect the strength of the association among these constructs to differ across specifiable theoretical contexts (e.g., Fishbein & Ajzen, 2010;
Petty & Wegner, 1998). Therefore, these constructs
should not be conflated, and there is a need to understand the neural mechanisms underlying each. There
have been relatively few neuroimaging studies of persuasion that have actually measured attitude change
and none have assessed attitude strength. Furthermore,
there has been an overemphasis on reverse inference
rather than on empirically evaluating or contrasting
alternative interpretations regarding the psychological
processes associated with the neuroimaging results.
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One might argue that attitudes and psychological processes are unnecessary to study as long as the neural
responses to a persuasive appeal predict behavior.
There are several issues with this argument. First, a
scientific psychological understanding of a phenomenon (e.g., behavior change) goes beyond simple prediction to delineate the antecedents, processes, and
consequences of a phenomenon. The consequent theoretical understanding can also enhance behavioral
prediction in previously untested contexts or audiences.
In addition, attitudes represent a general evaluative
response predisposition toward an attitude stimulus,
and the likelihood that the attitude predicts any given
behavior from among the variety that are possible is
semi-stochastic due to the operation of other determinants of the behavior (e.g., response costs, self-efficacy,
goals, attitude accessibility, social norms). Prior research
has shown that the association between an attitude
and a behavior is greater when an attitude (a) is strong
and accessible, (b) bears specifically on the behavior
that is being predicted, and (c) is connected to a personal goal (e.g., Fishbein & Ajzen, 2010; Kruglanski et al.,
2015; Petty & Krosnick, 1995), so the neural correlates of
behavior change should not be equivalent to the neural
correlates of attitude change.
Finally, attitudes serve a variety of psychological and
social functions, such as serving as convenient summaries
for beliefs, providing information about what to expect
when exposed to an attitude stimulus, and expressing
aspects of one’s individuality. Understanding the neural
substrates of attitudinal processes and attitude change
and strength are important to understand if we are to
fully understand these functions. Neuroimaging research
on these topics is quite limited but is beginning to emerge.
For instance, Luttrell, Stillman, Hasinski, and Cunningham
(2016) investigated the neural effects of two different
aspects of attitude strength—attitude ambivalence and
certainty. They reported that ambivalence (controlling for
certainty) was associated with activation in a variety of
regions including the ACC, DMPFC, MFG, and posterior
cingulate cortex, whereas attitude certainty (controlling
for ambivalence) was associated with activation in largely
different regions including unique areas within the precuneus/posterior cingulate cortex.
Importantly, the identification of the neural correlates of proattitudinal behavior change, or even behavior change more generally, does not address the
antecedent conditions (e.g., the conditions under
which specific source, message or recipient factors)
are likely to produce the desired behavior change. The
high cost of fMRI, the infrastructure and technical support required, the difficulties involved in drawing a
nationally representative population-based sample of

sufficient size to predict behavior change within segments of the population (e.g., political polls), and the
time it takes to obtain and analyze the data make it
unlikely that fMRI will replace inexpensive, fast, and
convenient attitude measures. Theoretical research,
therefore, is advanced by a methodological armamentarium that includes attitude, behavioral, and neural
measures as well as indices of intervening psychological
processes. In sum, the construct of attitudes remains
essential in research designed to advance understanding of the antecedents and information processing
operations through which a persuasive appeal produces attitude and behavior change, and research on
the neural correlates of attitude and behavior, as well as
the information processes underlying attitudes and
behavior, remains an important and worthwhile pursuit.
In sum, the growing literature on the neuroscience
of persuasion represents an exciting development.
Although questions and issues remain, this is to be
expected in light of the limited research on the topic
to date. Just as the study of human cognition with
neuroimaging techniques was aided greatly by the
introduction of cognitive theories and experimental
designs for dissecting human behaviors into component cognitive operations, the integration of the theoretical, methodological, and experimental designs for
dissecting persuasion outcomes into component cognitive and affective operations should contribute to our
understanding of the neuroscience of persuasion.
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