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Exploring Ad-Elicited Emotional Arousal and Memory

for the Ad Using fMRI

Tomer Bakalash and Hila Riemer
Ben-Gurion University of the Negev, Beer-Sheva, Israel

Using fMRI and self-reports, we explore the relationship be-
tween ad-elicited emotional arousal and memory for the ad, as
well as the mechanisms involved in this relationship. A broad con-
ceptual framework proposes three routes for emotional memory:
attention, elaboration, and social cognition. Our exploratory study
examines the association between ad-elicited emotional arousal and
predetermined ad memorability, as a proxy for memory for the ad.
Results reveal greater amygdala activation in memorable (versus
unmemorable) ads, reinforcing the association between ad-elicited
emotional arousal and memory for the ad. Amygdala activation
was accompanied by activation in the brain region termed the su-
perior temporal sulcus (STS), which is involved in social cognition.
These results are indicative of a sociocognitive emotional memory
process, which has been neglected in past research. Future research
directions are discussed.

Consumers are exposed daily to a considerable number of
ads. Often there is a significant time delay between exposure to
an ad and the purchase decision. Thus, for an ad to be effec-
tive, memory for the ad is critical. Recognizing the importance
of memory for the ad, many researchers have attempted to de-
termine the factors that enhance it (e.g., Baack, Wilson, and
Till 2008; MaclInnis and Jaworski 1989; Putrevu 2008). One
such factor that has received increasing attention is the affective
response to the ad.
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Our study aims to expand knowledge of the underlying pro-
cess by which affective response to an ad influences memory
for the ad. Affect, defined as “valenced feelings state” (Cohen
and Areni 1991), is a general term referring to both mood and
emotions (Bagozzi, Gopinath, and Nyer 1999). Mood is a gen-
eral, low intensity, and enduring feeling state and is unrelated to
a specific object; emotions are more intense, specific, and short-
lived (Forgas 1995). For our purposes, affective response to an
ad refers to emotions evoked during exposure to that ad. The
two-dimensional view of affect (Russell 1980) distinguishes be-
tween the valence and arousal dimensions. Valence refers to the
direction of affect (i.e., positive versus negative) and arousal
refers to its intensity (e.g., calm versus excited or sad versus
stressed). When dealing with the affect evoked during exposure
to ads, we focus on the emotional arousal elicited by the ad. Our
research does not classify the specific emotions evoked by the
ad; rather, it deals with the intensity of the emotional response.

Based on the current knowledge of the relationship between
emotional arousal and memory, we develop a general frame-
work for understanding the mechanisms by which ad-elicited
emotional arousal may influence memory for the ad. Our frame-
work suggests that the effect of ad-elicited emotional arousal on
memory for the ad may be mediated through three routes: an
attention-related route, an elaboration-related route, and a so-
cial cognition-related route. The first two routes have received
relatively more attention in the literature, while the third one
has had less investigation in the context of emotional memory.
Our study demonstrates the occurrence of this less-investigated
route involving social cognition and suggests directions for fu-
ture investigation.

The exploratory empirical study presented in this article is
guided by the proposed broad conceptual framework. In this
study we use a neural activation measure (fMRI) to assess the
processes that take place during exposure to various ads. In-
stead of manipulating ad-elicited emotional arousal and then
measuring memory for the ad, we chose ads that differ in level
of memorability, based on an external measure, and measured
the emotional and neural responses to the ads. Thus, in our
study ad memorability is predetermined and is viewed as an
ad characteristic. The ad memorability is assessed based on a
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national survey conducted on an independent sample. This ex-
ternal measure serves as a proxy for memory for the ad. As
such, the empirical study presented in this article focuses on
the relationship between ad memorability and ad-elicited emo-
tional arousal. It is exploratory in the sense that it does not
assess causal relationships, but rather provides evidence for an
association between them. Thus, the study can be considered
an initial examination of the broad conceptual framework we
propose.

In dealing with memory, our investigation concerns memory
of the ad itself, rather than of the brand or the claim. Memory for
the ad may be assessed using either recognition or recall—each
has its advantages and limitations (Krishnan and Chakravarti
1999). In our study, the operationalization of the predetermined
ad memorability relies on a measure of recognition, which has
the advantage of relatively higher sensitivity (discriminating
power) compared to recall (Singh, Rothschild, and Churchill
1988). Other measures will be left for future research.

One of the main challenges in studying emotional memory
processes relates to the measures that are indicative of their
mechanisms. Researchers have used a variety of measures to
assess emotional arousal, including self-reports and autonomic
measures (Poels and Dewitte 2006). Using solely self-report
measures is limited in providing insight into the underlying
mechanism. Neuroscientific methods can shed additional light
on these conscious and unconscious psychophysiological pro-
cesses. One such method is functional magnetic resonance imag-
ing (fMRI), which detects changes in neural activity of brain re-
gions. These changes can be indicative of the processes affiliated
with the various brain regions.

The application of neuroscientific approaches in general, and
particularly fMRI, has gained attention among consumer re-
searchers in the past several years (e.g., Kenning et al. 2007,
Plassmann et al. 2007; Schaefer et al. 2006; Yoon et al. 2006;
for a review, see Egidi, Nusbaum, and Cacioppo 2008). Studies
have investigated a wide range of topics, including pricing and
branding. Investigation of neural processes in advertising has
been limited (but see Ambler and Burne 1999; Ioannides et al.
2000; Rothschild and Hyun 1990; Rothschild et al. 1988). Our
study combines fMRI with self-reports to explore the underly-
ing process for the relationship between ad-elicited emotional
arousal and memory for the ad.

The rest of this article is organized as follows: We first review
the current knowledge on the mechanisms by which emotional
arousal may influence memory. Based on this review, we develop
a general framework that integrates the various underlying pro-
cesses for emotional memory. We then discuss insights from
neuroscientific research on emotion and memory that provide a
basis for our empirical study. The empirical study, presented af-
ter the theoretical sections, explores the association between ad
memorability and ad-elicited emotional arousal. Insights from
this study, combined with our proposed broad framework, may
channel additional research on the topic, as discussed in the
conclusion of the article.

T. BAKALASH AND H. RIEMER

THE EFFECT OF EMOTIONAL AROUSAL ON MEMORY

The role of emotional arousal in memory has been studied
from both the psychological and biological perspective (for a
review, see Reisberg and Heuer 2004). There is abundant ev-
idence that memory of emotionally arousing events tends to
be better than memory of neutral events (e.g., Bradley et al.
1992; Cahill and McGaugh 1995; Hamann 2001; Ochsner and
Schacter 2003; Phelps 2004). Emotional arousal can influence
not only the likelihood of remembering an event but also the
vividness of the memory (Kensinger and Corkin 2003; Ochsner
2000). Some research suggests that emotional arousal has an
inverted-U effect on memory (Yerkes and Dodson 1908). Yet
Kroeber-Riel (1979) posits that marketing stimuli may not be
capable of creating levels of arousal high enough to exhibit
inverted-U relationships, such as those observed in psychology
research. Thus, in an advertising context, it is reasonable to as-
sume a positive effect of emotional arousal on memory (Singh
and Churchill 1987).

Indeed, advertising research has suggested that emotionally
arousing ads have a memory advantage (see Aaker, Stayman,
and Hagerty 1986; Bolls, Lang, and Porter 2001; Friestad and
Thorson 1993; Thorson and Friestad 1989). Several studies have
dealt with emotion and memory for advertising, applying vari-
ous neuroscientific methods. Ambler and Burne (1999) treated
participants with either placebo or S-blockers (chemical sub-
stances that inhibit the experience of emotions). Their results
show a link between ad-elicited emotional arousal and memory.
In addition, memory was less sharp for participants treated with
B-blockers compared to those given placebos. Rothschild and
colleagues (Rothschild and Hyun 1990; Rothschild et al. 1988)
used electroencephalograms (EEGs; the brain’s spontaneous
electrical activity, related to factors such as arousal, attention,
and information processing). Their studies showed it is the EEG
of a specific component of the ad, rather than the aggregated
activity during exposure to the whole ad, that predicts memory.
Altogether, it can be said that there is general agreement that
emotional arousal enhances memory for the ad. Yet there is lit-
tle agreement among researchers regarding the psychological
process by which ad-elicited emotional arousal influences ad
memory (Mehta and Purvis 2006), as discussed next.

The Mechanism By Which Emotional Arousal
Influences Memory

Various theoretical explanations have been proposed to ac-
count for the effect of emotional arousal on memory. These
theories can be classified into three categories of mechanisms:
those involving attention, elaboration, or social cognition. In this
section we describe the mechanisms suggested in the literature
and combine them into one comprehensive framework.

Emotional arousal-memory mechanisms suggested in the lit-
erature. Attention-related mechanisms rely on the assumption
that arousal leads individuals to focus on certain stimuli more
than on others. Different theories suggest different reasons for
arousal effects on attention allocation. Some suggest that higher
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arousal decreases processing capacity, which leads individuals
to focus on certain information (e.g., Kahneman 1973). Accord-
ing to the cue utilization theory (Easterbrook 1959), for example,
high arousal leads people to neglect secondary cues and to focus
on primary cues. Sanbonmatsu and Kardes (1988) suggest that
high arousal leads people to focus more on peripheral (versus
central) cues, because peripheral cues can be more easily pro-
cessed. Pham (1996) suggests that it is not only the processing
demand of a stimulus that determines how much attention is
devoted to it but also the diagnosticity (i.e., how relevant it is for
the judgment task). Other research suggests emotionally arous-
ing stimuli attract attention because they are novel (for a review,
see Schooler and Eich 2000). Berlyne (1960) suggests that the
level of arousal associated with a stimulus will interact with the
individual’s preferred level of stimulation to influence attention
allocation (see also Steenkamp, Baumgartner, and van der Wulp
1996).

Elaboration-related mechanisms rely on the assumption that
arousal increases the individual’s processing capacity, which in
turn increases the level of information processing. Craik and
Lockhart’s (1972) level of processing explanation posits that
memory depends on the degree of stimulus elaboration. This
predicts that high-arousal stimuli will be more memorable than
low-arousal stimuli. Advertising research in which emotional
arousal is manipulated through the context of the ad presenta-
tion (e.g., a television program) supports this prediction. For
example, Pavelchak, Antil, and Munch (1988) measured recall
for ads presented during Super Bowl games; they demonstrated
better recall for viewers who were affiliated with the playing
teams (i.e., cities) compared to those not affiliated with the
teams. No effect was demonstrated for losing versus winning
teams. These findings can be attributed to the level of processing
created by the emotional arousal involved within this context. In
Kroeber-Riel’s (1979) studies, arousal was related to the stimu-
lus and not the context. Here too the higher the level of arousal,
the better the memory. Kroeber-Riel argues this effect is due to
the increased processing capacity produced by stimulus arousal,
which is consistent with the elaboration explanation.

Social cognition-related mechanisms have received less at-
tention in the literature in the context of the emotion-memory
relationship. Social cognition refers to processes by which indi-
viduals try to make sense of their social environment. It includes
assessment of other people, oneself, and interactions between
the self and others (Adolphs 1999, 2001, 2009). As such, social
cognition consists of perceiving, recognizing, and evaluating
social information. These processes result in a representation of
the social environment (Adolphs 2001).

Social cognitive processes differ from attention and elabora-
tion. Attention- and elaboration-related processing refers to the
quantity of information processing. Attention processes have to
do with the selection of the information on which the individual
will focus, and with the allocation of processing resources to
the various informational pieces (e.g., the viewer noticed the
smiling person in the ad but did not notice what was written
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about the brand’s attribute). Elaboration processes have to do
with the amount of thought devoted to information processing in
general (e.g., the emotional arousal elicited by the ad increased
the viewer’s processing capacity, which led him or her to devote
a great deal of thought to the ad’s claim). In contrast, social cog-
nition refers to the quality of information processing, including
devoting thought to the meaning of the information (e.g., the
person in the ad is smiling when he or she is using the product;
the viewer infers the person is happy, which in turn leads the
viewer to think that the product must be good).

Research points to the involvement of social cognitive pro-
cesses in emotional processing. According to Lazarus (1991),
exposure to any emotionally arousing event or stimulus leads
individuals to engage in an evaluation process whose aim is
to appraise and to generate meaning. This involves, for exam-
ple, assessment of the significance of the event or stimulus to
oneself and one’s well-being. In the same vein, emotional ap-
praisal theories postulate that evaluation of the situation is what
leads to the elicitation of emotions (e.g., Frijda 1986; Smith
and Ellsworth 1985). In other words, to experience emotional
arousal one should undergo a social cognitive process that in-
cludes perception, recognition, and evaluation. Specifically to
the context of advertising, exposure to an emotionally arousing
scene may elicit emotional arousal in the viewer as a result of
appraisal processing. That is, when an individual views other
people experiencing emotional arousal, the individual under-
goes a social appraisal process, which in turn elicits emotional
arousal in the viewer (Parkinson and Simons 2009).

The occurrence of these social cognitive processes may con-
tribute to the memory of the emotional information. Indeed,
according to LeDoux (1996) it is the meaning of the infor-
mation that may enhance its memorability. Remembering an
emotionally arousing experience may often be relevant to sur-
vival or well-being. Encoding information of such an emotional
experience and remembering it may assist the individual in plan-
ning for (or avoiding) its future reoccurrence. This implies that
social cognitive processes may result in enhanced memory for
emotional (versus nonemotional) information.

Integrating the various mechanisms into a comprehen-
sive framework. The review of the existing theoretical ap-
proaches to emotional memory suggests that the relationships
between emotional arousal and memory are complex and re-
quire the consideration of many issues. Taken together, the
three alternative mechanisms—attention, elaboration, and so-
cial cognition—may account for the effect of ad-elicited emo-
tional arousal on memory. Yet it seems that the various theories
may be considered complementary rather than contradictory,
and that integration of the theories into a comprehensive frame-
work might better describe the relationships. Combining the
three main mechanisms would suggest that emotional arousal
can act through three routes, based on attention, elaboration, or
social cognition (see Figure 1).

Specific evidence for the occurrence of these processes is
lacking, particularly in advertising research, presumably due to
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Ad-elicited emotional arousal

A 4
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Attention
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» Memory for the ad |

FIG. 1.

the limited ability of self-reports to provide such data. Brain
imaging enables a direct view into the consumer’s “black box”
(Bagozzi, Gopinath, and Nyer 1999; Egidi, Nusbaum, and Ca-
cioppo 2008), allowing the exploration of the neural reactions
that follow ad exposure, as well as their psychophysiological
meanings. Studies that have used neuroscientific methods to
study emotional arousal-memory effects are discussed next.

Neuroscientific Research on Emotion and Memory

Neuroscientific research indicates emotionally arousing
stimuli engage specific neural mechanisms that enhance mem-
ory. Studies have established the key role of the amygdala—an
almond-shaped region of the medial temporal lobe—in enhanc-
ing memory for emotional stimuli (e.g., Canli et al. 2000; Dol-
cos, LaBar, and Cabeza 2004; Hamann 2001; Kensinger and
Corkin 2004; Kilpatrick and Cahill 2003). This was initially
shown based on various neuroimaging studies (e.g., Cahill et al.
1996; Canli et al. 2000). Lesion studies have reinforced these
results. Patients with damage to the amygdala do not show
memory enhancement for emotional information (Kensinger
and Schacter 2008). Amygdala activation is therefore necessary
for emotional memory enhancement.

Amygdala activation is interconnected with other brain re-
gions (Young 1993). Furthermore, coactivation of the amygdala
with other regions is essential for emotional memory forma-

The proposed broad conceptual framework for the effect of ad-elicited emotional arousal on memory.

tion. A meta-analysis of fMRI studies by Murty and colleagues
(2010) characterizes the neural systems that are consistently
associated with emotional memory formation. Based on past
studies, the authors list brain regions that support emotional
memory encoding. Murty and colleagues emphasize the cen-
tral role of the medial temporal lobe (MTL) in emotional en-
coding (see also Dolcos, LaBar, and Cabeza 2004; Hamann
2001; Kensinger and Corkin 2004). The MTL is known for
its role in declarative (explicit) memory formation (Scoville
and Milner 1957). The interaction between the amygdala and
MTL reinforces the positive effect of emotional arousal on
memory. Murty and colleagues (2010) further specify addi-
tional brain regions that are associated with memory forma-
tion and can be indicative of the process by which emotional
arousal enhances memory. Interestingly, the functions of the
brain regions listed in this meta-analysis overlap the routes
proposed in our general conceptual framework, namely, atten-
tion, elaboration, and social cognition. Figure 2 describes the
brain regions involved in the various emotional memory pro-
cesses that are mentioned in Murty and colleagues’ (2010) re-
view. As described, attention-related processing involves the
parietal cortex (dorsal parietal and ventral parietal) and the ven-
tral stream (the medial occipital and medial temporal gyri);
elaboration-related processing involves the prefrontal cortex
(specifically the inferior frontal gyrus); social cognition-related
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Attention-related regions*

Parietal cortex, with dorsal
parietal corresponding to goal-
directed attention and ventral
parietal to reflexive attention.

Ventral stream, including
the medial occipital and medial
temporal gyri (visual attention).

Elaboration-related regions*

Prefrontal cortex, specifically
the inferior frontal gyrus, which
is linked with semantic
elaboration.

Social-cognition related region*

Prefrontal cortex, specifically
the anterior lateral portion,
which have been linked with
representation of abstract goals,
as well as social cognitive
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processes such as representation
of self, and social perception.

Superior Temporal Sulcus (STS)**

Amygdala***

(*) This classification is based on Murty et al. (2010). For detailed references, see Murty et al. (2012).

(**) Was shown in our study but not in past research.

(***) Regions marked with a solid line are located on the cortex (exterior); Region marked with a dashed arrow is located in the sub-cortex.

FIG. 2.

processing involves the prefrontal cortex (specifically the ante-
rior lateral portion). Thus, neuroscientific research provides a
further foundation for our integrative frameworks. Yet as Murty
and colleagues (2010) stated, “More research is warranted that
breaks down these gross constructs into more detailed analysis
of cognitive sub-processes and corresponding neural mecha-
nisms” (p. 3467).

EXPLORING AD PROCESSING USING fMRI

Our exploratory investigation will attempt to demonstrate
the occurrence of the underlying processes that differentiate be-
tween memorable and unmemorable ads. This empirical study
will examine the association between predetermined ad memo-
rability and ad-elicited emotional arousal. Level of ad memora-
bility, based on a survey conducted on an independent sample,
will serve as a proxy to memory for the ad. The study is ex-
ploratory in the sense that (1) it can assess only the association
between ad-elicited emotional arousal and ad memory and not
the causal relationship, and (2) it relies on an external, indepen-

Brain regions associated with emotional memory. (Color figure available online).

dent measure of ad memorability as a proxy for memory for the
ad. This exploratory investigation is an initial step in explor-
ing the proposed integrative framework and has the potential to
offer important insights for future in-depth investigation of the
matter.

The literature reviewed here suggests that emotionally arous-
ing ads are better remembered than non-emotionally arousing
ads. Thus we predict that memorable ads will be associated with
enhanced activation in the amygdala, which is indicative of emo-
tional processing. Furthermore, based on the three routes sug-
gested in our conceptual framework, we expect that amygdala
activation in exposure to memorable ads will be accompanied by
activation of regions that are indicative of either attention-based,
elaboration-based, or social perception-based processes.

H1: Neural activity associated with memorable (versus unmemo-
rable) ads will differ such that:

H1a: Greater amygdala activation, indicating emotional arousal, will
be observed under exposure to memorable (versus unmemorable)
ads.
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H1b: Neural activation in brain regions associated with either
attention-related, elaboration-related, or social cognition-related
processes will be greater for memorable compared to unmemorable
ads.!

METHOD

Study Overview

Participants were exposed to two types of commercials:
“memorable” and “unmemorable.” Level of ad memorability
was predetermined using a national representative sample and
served as a proxy for memory for the ad in our study (details on
the memorability measure appear later in this section).

Using fMRI, we compared neural activity during exposure
to the two types of commercials (memorable versus unmemo-
rable). These data were integrated with self-report measures as-
sessing the participant’s attitude toward the ad, involvement with
the advertised product, intensity of emotional reaction evoked
by the ad, level of cognitive processing evoked by the ad, and
purchase intentions. The purpose of these measures was to as-
sist in uncovering the meaning of the neural activity. Next we
provide details on fMRI and how it has been used and then move
on to a more detailed description of our method.

Using fMRI to Uncover the Underlying Mechanism
for Ad Memorability

fMRI enables rapid whole-brain scans. It is noninvasive,
which allows for repeated measurements (as opposed to CT
and PET, which require the injection of radioactive materials;
Egidi, Nusbaum, and Cacioppo 2008). fMRI methods rely on the
fact that increased neural activity of a brain region is followed
by changes in the regional cerebral blood flow. This is the basis
for a technique known as blood-oxygenation-level-dependent
(BOLD; Kwong et al. 1992) contrast imaging. In normal peo-
ple, at each given moment, almost the entire brain is active. Thus
fMRI measures differences in the blood oxygenation levels be-
tween conditions and conducts statistical comparisons. These
comparisons produce activity maps specifying brain regions that
are more active in one condition compared to another. These dif-
ferences in neural activity in various brain regions could thus
be attributed to differences between conditions. Incorporating
knowledge about the functions of various brain regions enables
the interpretation of differences in neural activity for variations
in psychological processes.

In our study, fMRI was used to compare neural activity during
exposure to memorable versus unmemorable ads in a within-
subjects setup. Because brain activity is involuntary, it is unlikely
that demand characteristics (due to hypothesis guessing) will
influence the results. The fMRI statistical software produced
an average of the neural activity across all participants in each
condition (the memorable ad condition and the unmemorable ad
condition). It then contrasted the neural activity during exposure
to memorable versus unmemorable ads to produce the neural
activity map.

T. BAKALASH AND H. RIEMER

Participants and Stimuli

Fifteen healthy students (seven females and eight males, 22
to 34 years old) participated in the study; all participants had
normal or corrected-to-normal vision. Each provided written
informed consent and received $40 for his or her participation.

Real commercials were selected based on a predetermined
level of memorability, measured by an external memory test
administered by a national market research agency, as part of
advertising effectiveness research. This test was derived from
a national phone survey conducted every two weeks on inde-
pendent random national representative samples (n = 500, 14
to 69 years old). The test includes all television ad campaigns
broadcast on national TV. It measures memory for the ad using
a uniform method of a verbal recognition test, in which par-
ticipants are provided with a detailed verbal description of a
particular ad and are asked to indicate whether they have seen
this ad. The method controls for the number of words used to
describe each ad, the content and elements in the descriptions,
the timing of running the survey in relation to the time of the
broadcast, and the randomized order of the tested commercials
in each survey. Each month more than 100 commercials are
regularly tested using this method, creating a database of more
than 1,000 ads per year. The level of investment in broadcasting
and the actual spending of the advertisers are both monitored.
In developing this measure, the market research agency has as-
sessed measurement reliability by testing the correspondence
between the results of repeat measurements of the same ads to
verify that there are insignificant differences between the results
of the different measurements. Indeed, according to the market
research agency, the development process of the measure has
assured its reliability. Based on this measure, we identified the
nine most memorable and the ten least memorable commercials
(for the years 2005 and 2006). The ads portrayed a variety of
products and services (e.g., a convenience store, insurance, soft
drinks, beer, coffee, cars, perfume, cosmetics, chewing gum,
baby food, media and Internet services, fashion, health services,
snacks, detergents, and tourism). To control for the probability
of participants’ previous exposure to the various ads, we kept
media expenditure in the range of $750,000 to $1 million.

Self-Report Measure

In addition to the fMRI measure, we included self-report
measures of participants’ responses to the ads, with five ques-
tions. The five questions assessed the following: attitude toward
the ad (the extent to which they liked the ad); involvement with
the advertised product (the extent to which the advertised prod-
uct/service was relevant to the participants); intensity of the
emotional reaction evoked by the ad (the extent to which the ad
induced any kind of emotional arousal); the level of cognitive
processing evoked by the ad (the extent to which the ad made
them engage in thinking about the product, the claim, or the ad);
and purchase intentions (the extent to which the next time they
needed a similar product/service they would consider buying
the one in the ad).? All items used 7-point scales (1 = Not at all,
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7 = Very much). These assisted in determining the subjective
meaning of the neural patterns and other potential confounds.

Procedure

The ads were projected via a liquid crystal display (LCD)
projector onto a tangent screen positioned over the subject’s
forehead and were viewed through a tilted mirror. Auditory
signals were controlled for volume and were delivered via ear-
phones, which minimized the participant’s exposure to the scan-
ner noise. The ads were presented with a 10-second blank gray
screen between them and a 30-second blank gray screen (for
activation baseline) at the beginning and end of the series. Par-
ticipants were asked to view the ads but did not receive any
specific instructions. After scanning, participants were asked to
view all the ads again (outside the scanner). After viewing each
ad, they completed the self-report measures.

We used a high-field MRI scanner (3T) equipped with a
standard head coil. Participants underwent a detailed, high-
resolution anatomical scan, followed by the functional scan.’
Functional imaging using BOLD (Kwong et al. 1992) con-
trast was obtained with Gradient Echo Planar Imaging (EPI)
sequence (TR = 2,500, TE = 35, flip angle = 90°, field of view
20 x 20 cm?, matrix size 64 x 64). The scanned volume in-
cluded 38 nearly axial slices of 3 mm thickness and 0 mm gap.* A
whole brain spoiled gradient (SPGR) sequence was acquired for
each participant to allow accurate cortical segmentation, recon-
struction, and volume-based statistical analysis. T1-weighted
high-resolution (1 x 1 x 1 mm) anatomical images and a three-
dimensional (3D) spoiled gradient-echo sequence were acquired
for each subject.’ This procedure is consistent with past neuro-
scientific studies (e.g., Grill-Spector and Malach 2001).

Due to technical issues pertaining to the availability of the
scanner, data were collected in two sessions, which took place
18 months apart. The sessions were identical in terms of research
setup and protocol. Although incidental, this split data collection
eventually assisted us in ruling out an alternative explanation
related to the familiarity effect, as will be discussed later.

Data Analysis

Data were analyzed using BrainVoyager software. Due to
the hemodynamic nature of brain response (i.e., delay between
stimulation and blood oxidation), the first three volumes of each
scan (i.e., the first 7.5 seconds) were discarded. Images were
superimposed on two-dimensional (2D) anatomical images and
incorporated into the 3D data sets through trilinear interpolation.
The complete data set was transformed into Talairach space (a
normalized brain). Transforming all the data into the Talairach
space allowed us to make cross-condition comparisons across all
subjects. Preprocessing included 3D motion correction, linear
trend removal, slice scan time correction, and spatial smoothing
using a Gaussian filter of 6 mm full width at half maximum value
(FWHM).® The cortical (exterior) surface was reconstructed into
a 2D map from the 3D-SPGR scan. The reconstruction proce-
dure included segmentation of the white matter using a grow-
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region function, the smooth covering of a sphere around the
segmented region, and the expansion of the reconstructed white
matter into the gray matter. The surface was then unfolded,
cut along the calcarine sulcus, and flattened.” To assess the se-
lective activations and deactivations across all participants, we
applied a standard general linear model (GLM) analysis. A box-
car predictor with a hemodynamic delay of three seconds was
constructed, and the model was independently fitted to the time
course of each voxel. A regression coefficient was calculated for
each predictor using the least-squares algorithm. After comput-
ing the coefficients for all regressors, we performed a two-tailed
contrast test of the two conditions. This statistical analysis com-
pares the neural activation between the two conditions (mem-
orable versus unmemorable ad) to determine the neural pattern
and processes that characterize processing of memorable ads.
Results were corrected for multiple comparisons using false dis-
covery rate (FDR) control (a common procedure for multiple
comparisons in brain imaging, replacing methods such as the
Bonferroni; see Benjamini and Yekutieli 2001).

RESULTS AND DISCUSSION

The Relationship Between Ad Memorability
and Brain Activity

Memorable ads should be associated with higher emotional
arousal compared to unmemorable ads. We expected, therefore,
that memorable ads would be associated with higher amygdala
activation than would unmemorable ads. We also expected to
view activation differences between memorable and unmemo-
rable ads in those brain regions involved in attention, elabora-
tion, or sociocognitive processes.

To examine the neural activity patterns that distinguish be-
tween the different ads, we used a random effect multi-GLM
by applying memorability predictor (0 = Nonmemorable, 1 =
Memorable) as aregressor. This analysis was performed both on
the subcortical (interior) and the cortical (exterior) structure of
the brain to uncover the brain regions indicative of the different
possible processes.

Activation differences in the subcortical (interior) structures
(amygdala). Figure 3(A) shows the results in the subcortical
structures, where the amygdala is located. In this figure the
highlighted areas indicate brain regions in which there were
significant differences in activation between memorable and
unmemorable ads. The highlighted areas in the interior part
of the brain (marked with arrows) indicate that memorable
and unmemorable ads significantly differ in the activation of
the amygdala. The graph attached to this figure presents the
activation level as a function of time for unmemorable and
memorable ads, and generally indicates a higher activation
level for memorable than for unmemorable ads (¢[FDR] <
.05).8 This is consistent with our expectation for a positive
association between ad memorability and ad-elicited emotional
arousal.
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(A) Sub-Cortical (interior) Results GLM Results for 15 Participants, Revealing Significant Difference in
the Amygdala (Left and Right). Top/green line: memorable ads; bottom/blue line: unmemorable ads.
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(B) Cortical (exterior) Results GLM Results Revealing Significant Difference in the STS (Left and Right).
FIG. 3. Differences in neural activation between memorable and unmemorable ads.

Activation differences in the cortical (exterior) structures. ads. Results revealed significant differences in the overall cor-
Figure 3(B) shows the results in the cortical structures, tical neural activations between memorable and unmemorable
presented on unfolded hemispheres. Here again, the highlighted ads (¢[FDR] < .05). Furthermore, this was not distributed ran-
areas indicate brain regions in which there are significant dif- domly across the cortex but rather in two areas: (1) the precuneus
ferences in activation between memorable and unmemorable and (2) the superior temporal sulcus (STS). The precuneus is
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FIG. 4. Change in neural activation at the STS across all ads. Average time course in STS activity (right and left), revealing consistent differences between
memorable and unmemorable conditions across all ads viewed (light/green = memorable ads; dark/blue = unmemorable ads). (Color figure available online).

the medial area of the superior parietal cortex; see Figure 3(B),
regions marked with arrows. It is involved in episodic memory
(Cavanna and Trimble 2006). It is not surprising, therefore, that
the memorable and unmemorable ads differed in activation in
this area. In fact, differences in activation in the precuneus seem
to support the memorability difference between the two condi-
tions (which was based on an external index) and thus can serve
as an additional manipulation check.

The second area with activation differences between memo-
rable and unmemorable ads indicated in Figure 3(B) was the
STS. To assess whether differences in STS activation were
consistent across each ad in the memorable and unmemorable
groups, we examined STS activity variations across exposure
time. Results reveal a consistent difference. That is, STS acti-
vation was higher not only on average but also during exposure
to every memorable ad, as compared to every unmemorable ad.
(See Figure 4, which represents the average level of STS activa-
tion across all participants as a function of time. The different
colors of the strips indicate the time interval of exposure to var-
ious ads: dark/blue strips mark unmemorable ads, light/green
strips mark memorable ads.)

The meaning of STS activation. Distinct activation in STS
is interesting for two main reasons. First, past research did not
identify this area as involved in emotional memory (see Murty
et al. 2010 and Figure 2). Second, insights about the STS from
past research may shed light on the process involved in emo-
tional memory in our case. The STS is a cortical structure lo-
cated in the temporal lobe of the brain. Activation of the STS
has been associated with a variety of functions, including (but
not limited to) biological motion (e.g., Grossman et al. 2000),
processing of speech (e.g., Binder et al. 2000; Rimol et al. 2005;

Uppenkamp et al. 2006), eye gazing (e.g., Hoffman and Haxby
2000), and facial perception (e.g., Ishai, Schmidt, and Boesiger
2005). More recently, Hein and Knight (2008) suggested that
the function of the STS is determined by the coactivation with
other brain regions. Consistent with research suggesting that
the STS is associated with social cognitive processes (Allison,
Puce, and McCarthy 2000; Vander Wyk et al. 2009), coactiva-
tion of the STS with the amygdala was shown to be associated
with the integration of emotional information (Park et al. 2010),
such as facial features that convey socially relevant informa-
tion (e.g., eyes, mouth) (Puce et al. 1998; see Adolphs 1999).
Integration of such information assists in the identification of
another person’s emotional state (Park et al. 2010).This is in
line with the previously discussed research suggesting that emo-
tional processing involves social cognitive processes whereby
individuals identify others’ emotions and appraise these emo-
tions to affect one’s own emotional state (Parkinson and Simons
2009).

The indication of higher STS activation in memorable ads
suggests a positive association between social cognitive pro-
cessing in exposure to ads and ad memorability. Furthermore,
evidence of heightened emotional reaction in exposure to the
memorable ads, as indicated in the amygdala activation, sug-
gests links among ad-elicited emotional arousal, sociocognitive
processing, and ad memorability. The self-report data, discussed
next, assisted us in further exploring these associations.

Self-reports analysis. To further explore the specific factors
that underlie the differences in amygdala and STS activation, we
used the participants’ self-report measures of attitude toward the
ad, involvement in the advertised product, intensity of emotional
response, level of cognitive processing, and purchase intentions.
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(A) Subcortical (interior) results for psychophysics analysis based on self-reported emotional response as a
predictor for neural activations, revealing significant difference in amygdala activation (left and right).
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Superior Temporal Sulcus (STS)

(B) Cortical (exterior) results for psychophysics analysis based on self-reported emotional response as a
predictor for neural activations, revealing significant difference in STS activation.

FIG. 5. Neural activation map using self-reported emotional response as a predictor.
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Data from three participants who failed to complete the self-
report questionnaires were excluded, with data retained from
12 participants. Comparing each of these self-reported factors
across the two groups of ads revealed that the only significant
measure associated with ad memorability was the intensity of the
emotional response to the ad (Mynmemorable = 3-708, M memorable
=5.093,¢(11) =9.302, p < .05). None of the other factors was
significantly associated with memorability, indicating that none
of them can explain memorability differences.

To reinforce the premise that differences in amygdala and
STS activation are indeed due to differences in emotional re-
sponses between conditions, we conducted another analysis
that combined the self-reported emotional responses. We ran
a psychophysical multi-GLM analysis by median splitting the
self-reported emotional arousal and using it as a regressor.
Median splitting, rather than a continuous regression analy-
sis, was used to maintain consistency with the fMRI analy-
sis, which compares across two conditions. Thus, we exam-
ined differences in the neural activation between ads of high
versus low emotional response. Figure 5 represents the neural
activation differences during exposure to ads that were self-
reported as eliciting high versus low emotional arousal. Here
again, ads that elicited a high emotional response were as-
sociated with greater neural activation in both the amygdala
and the STS; see Figures 5(A) and 5(B), respectively. Figure 6
presents the neural activation patterns of the memorable versus
unmemorable ad comparison, as shown in Figure 3(B), over-
laid onto the high versus low emotional reaction comparison,

. Differences due to memorability
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as shown in Figure 5(B), and indicates a considerable similar-
ity in the two (that is, considerable overlapping regions). This
reinforces the premise that STS activation variations are associ-
ated with emotional responses and strengthens the link between
ad-elicited emotional arousal, sociocognitive processing, and ad
memorability.

Assessing Alternative Explanations

Physical characteristics of the ads. Because we used real
ads, it was impossible to fully control for all of their char-
acteristics. Thus, activation differences may have been due to
the low-level physical features of the ads (e.g., simple visual
characteristics such as movement, color, or editing techniques)
rather than the ad-elicited emotional arousal. Yet the activations
maps (contrasting memorable versus unmemorable) show no
differences in the primary sensory cortices (the occipital lobe,
indicating low-level visual and auditory processing). This ex-
planation may therefore be ruled out.

Ad length. An examination of the ads reveals length dif-
ferences between the memorable and unmemorable ads, with a
longer average time span of the memorable compared to the un-
memorable ads (M memorable = 28.2 s€C, M ynmemorable = 20.9 sec
groups). This may suggest another alternative explanation relat-
ing the observed activation variations to ad length. To assess this
explanation, we analyzed the results while controlling for stim-
ulus length. We first divided the stimuli into two random condi-
tions (each contained both memorable and unmemorable ads).
The comparison of the neural activation between these random

uperior Temporal Sulcus (STS)

@ Differences due to ad-elicited emotional arousal

FIG. 6. Two neural activation maps overlaid (memorability and emotional response). The two GLM analysis results maps (memorability and emotional response)

overlaid, revealing similarity between them.
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FIG. 7. Change in neural activation at the STS across memorable and unmemorable ads for the two MRI sessions. Time course results for left and right STS for
the two sessions that took place 18 months apart, revealing no difference between them (light/green = memorable ads; dark/blue = unmemorable ads). (Color
figure available online).
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groups revealed no significant activation difference (¢[FDR] >
.05). We then divided all stimuli into two groups: long and short,
based on median splitting (median = 20 sec: short ads ranged
between 9 and 20 seconds; long ads ranged between 24 and
39 seconds). A multi-GLM analysis revealed insignificant dif-
ferences between the two length conditions (¢[FDR] > .05).
Further, we ran two separate multi-GLM analyses on the two
research conditions (memorable and unmemorable), splitting
each group based on ad length (i.e., memorable long versus
short, and unmemorable long versus short; medianmemorable =
29 sec; medianynmemorable = 19 sec). Here again, we found no
significant differences between the two length groups (¢[FDR]
> .05). Finally, we took only those ads balanced in length from
the memorable and unmemorable ads groups (five memorable
and five unmemorable ads) and ran an additional multi-GLM.
Here we did find a significant difference (¢[FDR] < .05), indi-
cating that the neural activation effect is not contingent upon ad
length.

Variations in familiarity with the ads. The ads in our study
were broadcast nationally prior to the execution of the study.
Consequently, familiarity variations may have led to differences
in neural activation. In other words, it could be argued that
memorable ads elicit higher levels of activation due to better
familiarity or recognition. To examine this alternative explana-
tion, we relied on the premise that ad familiarity may decline
over time. Recall that, due to technical issues, our data collec-
tion was conducted in two sessions, 18 months apart. This may
be used to examine the familiarity issue. It is reasonable to as-
sume that participants in the first session were more familiar
with the ads compared to participants in the second session.
We thus compared patterns of neural differences between the
memorable and unmemorable ads in the two separate sessions.
Figure 7 presents the left and right STS neural activation during
exposure to memorable versus unmemorable ads across time
for the two data collections sessions. The comparison revealed
substantial similarities in the pattern of results between the first
and second sessions, suggesting that the observed findings are
probably not due to familiarity.

Altogether, analyses of alternative explanations may rule out
the potential effects of low-level physical characteristics, ad
length, and familiarity. Further, the self-report data showed no
association between memorability and attitude toward the ad,
involvement in the product, level of cognitive processing, or
purchase intentions. In conclusion, our analysis can provide ev-
idence for an association between memorability and ad-elicited
emotional arousal, and can eliminate alternative explanations.
Although the order of events (memorability and emotional
arousal) was reversed in our experimental design, a discussion
of the familiarity alternative explanation suggests that memo-
rability level does not lead to variations in emotional response.
That is, memorability may have not led to emotional arousal.
Although preliminary and in need of further empirical support,
it turns out, therefore, that the ad-elicited emotional arousal ev-
ident in both amygdala neural activation and the self-reports
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may account for the variations in memorability. Thus, the coac-
tivation of STS and amygdala in memorable ads may provide
evidence for the social perception route in the relationship be-
tween emotional response to ads and memorability. Implications
of these findings and future directions are discussed next.

CONCLUSION

Ad memorability is positively associated with ad-elicited
emotional arousal. Ad-elicited emotional arousal, evident in
both amygdala activation and the self-reports, was accompa-
nied by STS activation, indicating a sociocognitive process. This
study thus provides evidence for the occurrence of a social cog-
nition process in the relationship between ad-elicited emotional
arousal and ad memorability. Such evidence can contribute to
the advertising and psychology literature, and suggests future
research directions, as discussed here.

The Relationships Between Ad-Elicited Emotional
Arousal and Memory for the Ad

Our general framework suggested three routes by which emo-
tional arousal may influence memory: attention, elaboration,
and social cognition. Yet past studies on the effect of emotional
arousal on memory have provided evidence mostly for atten-
tion and elaboration effects; the social cognition explanation
has received less theoretical and empirical attention. In demon-
strating the occurrence of the social cognitive mechanism, this
study suggests that emotional arousal may be related not only to
attention allocation and the level of processing on the ad; emo-
tional arousal may also lead to processing that involves attempts
to understand the social environment by engaging in a combi-
nation of such processes as perception, recognition, integration,
interpretation, and prediction.

Interestingly, our self-report results did not demonstrate dif-
ferences between memorable and unmemorable ads in terms of
the level of cognitive processing. As such, our study provides
no evidence for the elaboration-related route. In addition, neural
analysis data did not indicate attentional distinctions between
the memorable and unmemorable ads, as no neural activation
variations were observed in attention-related brain regions, that
is, the medial occipital and medial temporal gyri (Ungerleider
and Haxby 1994) or the parietal cortex (Corbetta and Shulman
2002).

The absence of evidence on attention and elaboration pro-
cesses does not mean that these routes should be abandoned.
Instead, two options should be considered. First, it may be that
there are boundary conditions for the occurrence of each of
these mechanisms. Alternatively, it is possible that attentional
and elaboration processes, at least in the context of advertis-
ing, may involve social cognition. In attentional processes, for
example, these social cognitive processes may be in terms of di-
agnosticity of the information or of importance to oneself (Pham
1996). As a result, it may be that these sociocognitive processes
are more dominant, which decreases any evidence of attentional
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and low-level processing. These two options should be further
explored in future studies.

The Involvement of Sociocognitive Processes
in Emotional Memory

From a neural perspective, the involvement of the STS in
emotional memory is new to the literature. In their meta-analysis
of emotional memory, Murty and colleagues (2010) do relate
evidence of various types of processes, but none of the studies
reviewed specifies distinct activation in STS. Other brain regions
that may also be related to sociocognitive processes, such as the
middle frontal gyrus, have been identified (see Figure 2). Our
study thus extends previous research not only in that it provides
evidence for a sociocognitive mechanism in emotional memory
but also in that it specifies the involvement of the STS.

Is STS activation specific to ads? Our results are insufficient
for providing an answer to this question. Yet evidence given for
a sociocognitive neural process using relatively passive expo-
sure to stimuli is interesting, as fMRI studies on social cognitive
neural networks have used more complex and interactive stimuli
(e.g., Redcay et al. 2010). Future research should examine what
exactly leads to the specific sociocognitive response under pas-
sive exposure to ads. It may be that there is something related
to ads (as compared to other stimuli) that has led to such pro-
cessing. Investigating the exact type of sociocognitive processes
involved may shed light on these issues.

Will other types of emotionally arousing information (be-
yond ads) lead to similar neural patterns? Past studies may have
provided two alternative speculations. One approach relies on
the notion that semantic judgments about brands and about per-
sons are processed similarly (Aaker 1997). In line with this,
neural processing of ads would be similar to the processing of
information on people. Another approach can be based on Yoon
and colleagues (2006), who argue that information about brands
involves different neural processes than does information about
people. This may suggest the neural patterns in our study may
be unique to ads. [lluminating this issue may contribute to both
neuroscience and marketing.

Expanding the Understanding of Unconscious Processing

Past research has shown that unconscious processes have an
effect on conscious information processing. Janiszewski (1988,
1990a, 1990b), for example, demonstrated how subconscious
operations such as mere exposure, conditioning, and hemi-
spheric lateralization influence conscious cognitive processes
(see also Bargh 1989; Marcel 1983). Our results are consis-
tent with these findings, showing that unconscious processing,
such as social cognitive emotional processing, is involved in
conscious cognitive factors, such as ad memory. Moreover,
Janiszewski (1988) suggested that emotional responses can
be formed independently of conscious thoughts, although the
mechanism by which this effect takes place is somewhat un-
clear. Our study adds to this view by shedding additional light
on the underlying mechanism that drives this effect.
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Further, our research demonstrates the advantage of using
a neuroscientific approach that goes beyond traditional adver-
tising measures (i.e., self-reports). Thus far, researchers have
used mostly self-report measures to assess emotional reactions,
including verbal self-report, visual self-report, and moment-
to-moment ratings (Poels and Dewitte 2006). These methods,
however, are limited in their ability to differentiate between
conscious and unconscious psychological processing and to pro-
vide insights regarding the underlying mechanisms of such pro-
cesses. Neuroscientific methods make it possible to investigate
the physiological processes accompanying both the conscious
and the unconscious mental processes that take place during and
after exposure to ads.

The Role of Valence and Specific Emotions

Our investigation was limited to dealing with the emotional
arousal elicited by ads, and neglected the role of valence. Re-
search on the role of valence in ad memory has provided mixed
findings. Some show no effect of valence on memory (e.g.,
Bolls, Lang, and Porter 2001), but others suggest that valence
is involved in information processing (for a review, see Cohen,
Pham, and Andrade 2008). Neuroscientific research suggests
that similar brain systems seem to engage across positive and
negative valences (LaBar and Cabeza 2006). These contradic-
tory views require further investigation on the role of valence.
In addition, other studies have related not only to the different
dimensions of affect but also to specific emotions (e.g., Levine
and Burgess 1997; for a review, see Levine and Pizarro 2004).
There is insufficient knowledge at this stage about the role of
specific emotions in memory. Future research should expand on
this topic, specifically in the context of advertising.

Beyond Memory for the Ad

This research focused on ad memorability, which was op-
erationalized using recognition measures. Assessing ad memo-
rability using other measures (e.g., recall) may yield different
findings, as retrieval in those different cases may undergo dis-
tinct mechanisms (Wyer and Srull 1989). Relating to other types
of memory in advertising, such as memory for the brand or for
the claim, may also uncover important insights. It may be, for
example, that it is the effect on memory for the claims of the
ad—but not for the ad itself—that will be mediated though at-
tentional mechanisms. This issue should be further investigated.
Finally, not only memory but also judgment may be related to
ad-elicited emotional arousal. The effect of emotional arousal on
judgment may involve various processes—some may be related
to memory (e.g., the affect-congruent memory and judgment;
Bower 1991; Isen 1987), and some may not necessarily be re-
lated to memory (e.g., attribution mechanisms; Schachter and
Singer 1962; Zillmann 1978). In fact, ad memory may influence
judgment and other behavioral responses (e.g., brand equity and
purchase intention; Plassmann et al. 2007). As such, advances
in understanding ad processing should eventually lead to addi-
tional insights on this matter as well.
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Limitations

This research has a few limitations that merit attention and
should be dealt with in future research. First, the use of real
ads that were previously broadcast did not allow us to confi-
dently draw conclusions about whether brain activity influenced
memorability or ad familiarity produced the neural activity. To
resolve this issue, future studies need to use unfamiliar ads.
Second, the study design, which manipulated ad memorabil-
ity and measured the emotional response and the co-occurring
processing, allowed us to refer only to the association between
ad-elicited emotional arousal, social cognitive processing, and
ad memorability. Future research should manipulate ad-elicited
emotional arousal and measure memory for the ad along with
the underlying process, to allow for drawing conclusions about
a mediated effect.

NOTES

1. For a detailed list of possible brain regions associated with each
type of process, please see Figure 2.

2. For a justification of the use of a single-item measures, please
see Bergkvist and Rossiter (2007), who suggest that single item
measures are valid when dealing with concrete objects (e.g., a brand
or an ad) or a concrete construct (e.g., attitude, involvement).

3. Anatomical scans produce a brain structural map for each partici-
pant. The functional scan detects neural activity in the various brain
regions. Overlaying the structural and the functional maps assists in
determining the exact location of the neural activity.

4. This means that every 2.5 seconds the scanner produces 38 images
across the entire brain. Each image refers to a brain “slice.” Each
slice has a thickness of 3 mm, and the distance between the slices is
0 mm. Note that this assumes brains of equal sizes. This assumption
is valid due to a normalization process between subjects termed
Talairach.

5. This means that a combination of all slices produces a three-
dimensional image of the whole brain.

6. This procedure corrects for natural movement that may occur during
the scanning (e.g., due to breathing). The corrections take place
through smoothing the images and may be done for movements up
to 6 mm. Beyond this limit, data are discarded.

7. To ease viewing, the three-dimensional image was transformed into
a two-dimensional map.

8. The g-value is the FDR analogue of the p-value.
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