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The neural basis of the structural matching effect

Abstract
The present study investigates the neural pathways underlying individual susceptibility to affective
or cognitive information in persuasive communication, also known as the structural matching effect.
Expanding on the presumed involvement of the ventromedial prefrontal cortex (vMPFC) in
persuasion, we hypothesized that the vMPFC contributes to the evaluation of persuasive
information depending on its match with the recipient’s affective or cognitive predominance.
During functional magnetic resonance imaging, 30 participants evaluated 10 consumable products
presented with both affective and cognitive persuasive messages. All participants were
characterized on a continuum regarding their personal orientation in terms of individual differences
in need for affect (NFA) and need for cognition (NFC). The results showed that the vVMPFC,
posterior cingulate cortex, and cerebellum are more strongly activated when the persuasive message
content, either affective or cognitive, matched the recipient’s individual affective or cognitive
orientation. Interestingly, this effect in the vMPFC was found specifically when participants
evaluated the products presented by the persuasive messages, whereas the correlation in the
posterior cingulate cortex and cerebellum activity was detected when reading the messages. These
results confirm the hypothesis that the vMPFC plays a role in subjectively weighting persuasive
message content depending on individual differences in affective and cognitive orientation. Such a
structural matching effect might involve the vMPFC particularly during explicit expressions of
subjective valuations. These novel findings also further develop the conceptualisation of the role of

the vMPFC in self-related processing.

Keywords: Structural matching effect, Self-relevance, Ventral medial prefrontal cortex, Need for
Affect, Need for Cognition
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Introduction

Jane Austen’s (1811) classic novel Sense and Sensibility chronicles two sisters, Marianne,
who follows her heart, and Elinor, who follows her mind. The story describes a classical dichotomy
between individuals who tend to follow their gut feeling and individuals who tend to be more
rational. The distinction between the predominance of the heart or the mind in guiding behavior is
in accordance with a long line of findings in the psychological literature, indicating that an
attitude’s basis can be inherently affective — that is, based on the positive and/or negative feelings
evoked by an object — or cognitive — that is, based on beliefs about the positive and/or negative
attributes of an attitude object (e.g., Drolet & Aaker, 2002; Hovland & Rosenberg, 1960; Zajonc &
Markus, 1982; Zanna & Rempel, 1988). Indeed, considerable research has demonstrated that
individuals differ in the degree to which their attitudes are based on affective versus cognitive
information (for a review, see Haddock & Maio, 2019).

The distinction between affect and cognition is also apparent in the literature on persuasion.
Persuasive appeals can be based on affective (e.g., the emotions elicited by a product) or cognitive
properties (e.g., attributes about a product), and research has found that persuasive messages induce
greater attitude change when their content matches the affective/cognitive basis of the recipient’s
attitude (e.g., Fabrigar & Petty, 1999; Haddock & Huskinson, 2004; Mayer & Tormala, 2010). For
example, Haddock, Maio, Arnold, and Huskinson (2008) tested whether the impact of affective and
cognitive appeals differed as a function of individual differences in the Need for Affect (NFA; Maio
& Esses, 2001) and the Need for Cognition (NFC; Cacioppo & Petty, 1982). NFA considers
individual differences in the degree to which people approach or avoid situations that induce
emotions (Maio & Esses, 2001). People high in NFA are motivated to understand both their own
and others’ emotions, and they tend to rely upon emotional information in attitude formation and
the regulation of behavior (Haddock & Huskinson, 2004). In contrast, NFC considers individual
differences in the tendency to engage in, and enjoy, complex activities requiring cognitive effort.

People high in NFC are more likely to rely upon information about an object’s attributes when
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evaluating it (Cacioppo & Petty, 1982). Haddock et al. (2008) found that higher levels of NFA
predicted greater persuasion in response to an affect-based (but not cognition-based) persuasive
message, whereas higher levels of NFC predicted greater persuasion in response to a cognition-
based (but not affect-based) persuasive message. They referred to this correspondence as to the
structural matching effect, an effect that has been replicated in a number of studies (for a review,
see Haddock & Maio, 2019).

Although there is strong evidence supporting the structural matching effect, evidence for the
mechanism(s) underlying this effect is less developed. We believe that such evidence is necessary
both at a theoretical level (e.g., regarding the predominance of affect and or cognition in
evaluations) and at a practical level (e.g., informing practitioners in the field of persuasion). As part
of this development, tracking the neural basis of this matching effect is a novel and important way
to further understand its underlying process(es). Toward that end, the current study investigates
whether brain activity is differently modulated when people higher in NFA than NFC process
persuasive messages that contain either affective or cognitive information.

Our research question intersects with the growing literature on the neural mechanisms
underlying persuasion. A number of studies have provided evidence for a crucial role of the medial
prefrontal cortex (MPFC) in the processing of persuasive messages (Chua, Liberzon, Welsh, &
Strecher, 2009; Dore, Cooper, Scholz, O’Donnel, & Falk, 2019; Falk, Berkman, Whalen, &
Lieberman, 2011; Vezich, Katzman, Ames, Falk, & Lieberman, 2016; see Cacioppo, Cacioppo, &
Petty, 2016, for a review). Importantly, Falk and Scholz (2018) noted that ventral MPFC (VMPFC)
activity during persuasion is mainly a consequence of the receiver’s subjective evaluation of
objects, ideas, and behaviors. In other words, vMPFC activity during persuasion reflects the
perceived positive consequences for the message receiver (Fishbein & Ajzen, 2011; Johnson,
Smith-McLallen, Killeya, & Levin, 2004; O’Keefe, 2012). Falk and Scholz (2018) further
highlighted that the receiver’s subjective evaluation is mainly predicted by the self-relevance of the

message, that is, the integration of the subjective value of the message into the receiver’s self-
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concept. The involvement of the vMPFC in subjective evaluations and in the coding of self-
relevance is also confirmed by studies outside the persuasion field (Bartra, McGuire, & Kable,
2013; Levy & Glimcher, 2012; Rangel & Hare, 2010; Sui & Humphries, 2015). Indeed, a recent
meta-analysis (Acikalin, Gorgolewski, & Poldrack, 2017) found an overlap between a neural
subjective value system and the default mode network putatively involved in internal processing
and coding of the self-relevance of external information. Consequently, it was suggested that the
VMPFC contributes to the subjective valuation process by generating information based on mental
simulations.

While research has implicated the VMPFC in the context of persuasion, no studies have
investigated (to the best of our knowledge) whether the involvement of the vMPFC in persuasion
depends on the correspondence between the affective-cognitive content of persuasive content and
individual differences in affective and cognitive orientation. In the present study, participants
evaluated 10 everyday consumable products during functional magnetic resonance imaging (fMRI).
We reasoned that there should be an increase in perceived self-relevance of the object when
information about it matches the recipient’s affective or cognitive orientation. Consequently, we
expected that individuals with higher NFA than NFC would evaluate the affective messages as
more relevant for them compared with the cognitive ones, whereas individuals with higher NFC
than NFA would evaluate the cognitive messages as more relevant for them compared with the
affective ones.

Further, given the role of the vMPFC in coding self-relevance and subjective valuation
(Acikalin et al., 2017; Northoff & Hayes, 2011; Quin & Northoff, 2011), we hypothesized that the
vMPFC might support the evaluation of products by affective and cognitive persuasive content
depending on individual differences in NFA and NFC. As a result, we predicted stronger vMPFC
activity during the evaluation of objects described with affective messages (compared to cognitive
ones) in individuals with higher NFA than NFC, with complementary effects for cognitive

messages.



The neural basis of the structural matching effect

Finally, previous research hypothesized a role for the vMPFC in explicit processes rather
than in implicit processes, without empirically disentangling its precise role in these self-related
processes (see e.g., Moran, Heatherton, & Kelley, 2009). As applied to the present context, we
reasoned that during the reading phase people start to implicitly think about the content of the
persuasive message, whereas during the evaluation people reflect on the self-relevance of the
stimuli and explicitly express their attitude. As consequence, we explored the role of the vMPFC
during both reading and evaluation. We, therefore, tested whether the vMPFC would be more likely
to play a role in the explicit evaluation of the targets than during the reading of the message. If such
a differentiation emerges, it would represent a novel and important development in modelling the

neuroscience of persuasion (Chua et al., 2009; Falk et al., 2011; Vezich et al., 2016).

Method
The dataset (along with a guideline for readers), persuasive stimuli, neural maps, and details

about the experimental design are available in the Open Science Framework at https://osf.io/xtzad/.

Stimulus development

To address our research questions, we first had to develop persuasive messages that could be
presented in a controlled time-frame within an fMRI scanner, while being confident that these
messages were affective or cognitive in their basis. We, therefore, conducted a series of pilot
studies.

First, 20 affective and 20 cognitive messages describing consumer products (e.g., a book)
were created, using real commercial ads as inspiration. For each product, we generated an affect-
based ad and a cognition-based ad. Each message contained five written sentences. The decision to
include five written sentences in each persuasive message followed Falk et al.’s (2011) examination
of the neuroscience of persuasion. Following past research (e.g., Haddock & Huskinson, 2004), the

affective messages contained terms regarding feelings and sensations induced by the product (e.g.,
5
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The soft wool of the pullover “Tender” gives a fresh scent all day), whereas the cognitive messages
described the product’s features and qualities (e.g., “The new full-resistant pullover is made with
100% merino wool ). Because this was the first study examining the neural pathways recruited in
the structural matching effect, all messages were built to elicit positive reactions in order to avoid
any possible confound with valence.

The messages were first pre-tested by asking 64 participants (58 females, 6 males; Mage =
21.98 years, SD = 3.09) to evaluate each message on two dimensions. First, participants indicated
the degree to which they perceived each message as affective or cognitive (1 = very affective, 6 =
very cognitive). Second, they indicated the degree to which they perceived each message as credible
(1 = not at all credible, 6 = very credible). Further, as we are unaware of any study that has
investigated the relationship of self-relevance with the affective-cognitive content perception of
persuasive message, we assessed the role of self-reference in affective-cognitive content perception
by asking half of our participants to read messages with self-references (e.g. “The pullover Tender
cuddles you in a warm hug”) and the other half to read messages without self-references (e.g. “The
pullover Tender cuddles who wears it in a warm hug”). An a priori power analysis was conducted
to estimate the desired sample size for this pilot study (using GPower 3.1; Faul, Erdfelder, Lang, &
Buchner, A., 2007). With an alpha = .05 and power = .95, the projected minimum sample size
needed to detect an effect size of f = .25 was 55 for an ANOVA with an interaction with a between-
participant factor (2 levels) and a within-participant factor (2 levels).

A 2 (affective versus cognitive) x 2 (Self-references versus no self-references) Analysis of
Variance (ANOVA) showed a significant interaction, F1s> = 4.97, p = .029. An analysis of the
simple main effects showed that the difference in the perceived affective and cognitive content of
the messages was stronger when they presented self-references (Masf -Mcog = 1.42, F162 =86.30, p <
.001, 95% Cls for the mean difference [1.11, 1.72], n?= .58) than when they did not (Maf - Mcog =
.95, F162 = 44.01, p <.001, 95% Cls for the mean difference [.66, 1.23], n?= .41). These results

underlined that self-references are important in the accentuation of affective-cognitive perception
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differences, and we, therefore, focused on the messages with self-references. From the messages
with self-references, we selected the 10 affective messages and the 10 cognitive messages that
differentiated most strongly in terms of affective-cognitive quality perception, based on paired
sample t-tests. A t-test on the average of the selected affective and cognitive messages confirmed
that they differed between the affective-cognitive quality perception, (t (63) = 11.94, p <.001, Ma -
Mcog = 1.49, 95% Cls for the mean difference [1.25, 1.73], Cohen’s d = 1.49) , but did not differ in
credibility (t (63) = 1.44, p = .154, Maff -Mcog = -.07, 95% Cls for the mean difference [-.17, .03],
Cohen’s d = .18). Further, the selected affective and cognitive messages did not differ in total length
(mean number of words) (t (9) = .10, p = .918, Maft -Mcog = .50, 95% Cls for the mean difference [-
10.23, 11.23), Cohen’s d = .18. A set of 20 (10 affective and 10 cognitive) messages was chosen to
be consistent with other studies on the neuroscience of persuasion (Chua et al., 2009; Falk et al.,
2010; Vezich et al., 2016). For instance, Chua et al. (2009) used 14 short statements (7 high- or
low-tailored and 7 generic cessation statements or 8 high- or low-tailored and 6 generic cessation
statements). Falk et al. (2010) used a total of 20 messages to test the neural bases of behavioural
change in response to sunscreen use. More recent work by Vezich et al. (2016) used 10 gain
messages and 10 loss messages to study the effect of gain versus loss framing in the persuasion.

Next, to further ensure that this subset of messages was perceived as affective or cognitive,
they were presented to 22 new participants, who evaluated the extent to which each message was
(a) affective or cognitive and (b) credible. Analyses of the ratings reconfirmed the differentiation in
perceptions of the affective-cognitive content of the messages, (t (21) = 6.09, p < .001, Maff -Mcog =
1.64, 95% Cls for the mean difference [1.11, 2.17]), Cohen’s d = 1.30. Results also indicated that
the affective (Masr = 4.06, SD = .56) and cognitive (Mcog = 4.25, SD = .48) messages were rated as
equally credible (t (21) = 1.54, p = .137, Matt -Mcog = -.19, 95% Cls for the mean difference [-.43,
.05]), Cohen’s d = .30 .

Finally, to control for the duration of the presentation of each persuasive message, each

message was vocally registered at a normal pace. Subsequently, we presented 10 new participants
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with all of the messages to ascertain that the timing was sufficient to read and understand the
messages. From this pre-test, it emerged that the established duration did not differ between the
affective (M = 36180 ms; SD = 6086 ms) and cognitive (M = 37800 ms; SD = 4800 ms) messages, t

(19) =-1.17, p =.271, 95% Cls for the mean difference [-4741.78, 1501.78], Cohen’s d = .26.

Main Experiment

Participants

Sample size was determined using fMRIPower (SPM Toolkit; Mumford & Nichols, 2008),
specialized software used to determine power estimates for functional MR (fMRI) data based on
maps from studies with similar experimental designs. We selected data from an fMRI study by van
der Laan, de Ridder, Viergever, and Smeets (2014), which examined the neural patterns associated
with food choices using a contrast between two experimental conditions and covariation with an
individual differences measure, with an effect size for whole brain analyses of .80. Based on these
representative data, fMRIPower revealed that a sample of 32 participants would be required for a
statistical power of .80.

Thirty-four participants took part in the present fMRI experiment. Four participants were
excluded from fMRI analysis because their head motion exceeded the movement parameter limit of
the size of one voxel (3 mm) in both runs of the experimental design (Power, Barnes, Snyder,
Schlaggar, & Petersen, 2013). No participants exceeded this motion limit in only one fMRI run.

Consequently, the retained sample included thirty participants (15 females, 15 males)
between the age of 20 and 32 years (M = 25.10 years, SD = 3.08). All participants had normal or
corrected-to-normal vision and reported no history of neurological or psychiatric disease or reading
difficulties. All participants provided written informed consent in compliance with the Helsinki

Declaration and guidelines of the local Ethical Committee (Protocol number 898).

Materials and procedure
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Pre-fMRI

Prior to fMRI scanning, we assessed participants’ levels of NFA and NFC. Participants’
NFA was assessed with the short version of the NFA Scale (Appel, Gnambs, & Maio, 2012). This
scale comprises 10 items: five items measure the motivation to approach emotions (e.g., “Emotions
help people to get along in life,” o = .83), and five assess the motivation to avoid emotions (e.g., “I
do not know how to handle my emotions, so I avoid them,” a = .81). Participants responded to these
statements on a 7-point scale (1 = totally disagree; 7 = totally agree). A single NFA score was
calculated by summing responses after reverse scoring the avoidance items (M = 5.55, SD = .69,
range of observed scores: 4.10, 6.50).

Participants’ NFC was assessed using the 18-item NFC scale (Cacioppo, Petty, & Kao,
1984). Participants rated the extent to which they agreed with items such as “I really enjoy a task
that involves coming up with new solutions to problems” and “Thinking is not my idea of fun”
(reverse scored). Participants responded to these statements on a 7-point scale (1 = extremely
uncharacteristic of me; 7 = extremely characteristic of me). A single NFC score was calculated by
summing responses after reverse scoring the negatively keyed items (M = 4.96, SD = .63, range of
observed scores: 3.50-6).

For both conceptual and methodological reasons, we operationalized the personal
orientation of the participants as the difference between standardized NFA and NFC scores (range: -
1.89-1.79). From a conceptual perspective, we were interested in examining the relative reliance on
affect versus cognition (see also Aquino, Haddock, Maio, Wolf, & Alparone, 2016). From a
methodological perspective, conceptualizing individual differences in the form of a difference score
leads to statistical models with more degrees of freedom in their error terms. Consequently, a higher
NFA-NFC score indicated a higher reliance on affect, whereas a lower score indicated a higher
reliance on cognition. The distribution of the standardized NFA-NFC scores across participants is

available in Table 1 of the Supplementary Materials.



The neural basis of the structural matching effect

fMRI procedure

After the assessment of NFA and NFC, all participants underwent an fMRI scan session.
During fMRI scanning, we monitored participants’ neural activity while they were visually
presented with the affective (e.g., “Choosing the Backpack "Poke” makes you feel all the
potentialities of life in a joyful party of colors and makes you feel the excitement of a new journey
where every direction is possible. "Poke” marks the rhythm of the most exciting experiences of your
life and does it with overwhelming energy. "Poke™ also offers endless possibilities to express your
personality and to be surprised by unique and innovative solutions. Over the years it has become a
symbol of discovery, euphoria, and freedom for all generations. "Poke" is a real icon of
contemporary style, with an exciting story to tell”’) and cognitive persuasive messages. (e.g., “The
backpack "Caps" backpack is very handy and comfortable thanks to the many internal pockets that
allow you to carry everything you need. Its dimensions allow you to carry it as hand luggage on all
main airlines. The backpack “Caps” is also equipped with a very useful inner lining that protects
your notebook from hits and rain. Ergonomic shoulder bag and filled seatback make it one of the
most comfortable backpacks on the market. "Caps" shows an original front closure with leather
strips and it is also equipped with a hidden magnet closure”). Participants were informed that
during the scan session they would read 20 messages (the pre-tested 10 affective and 10 cognitive
messages) and that subsequently, they would evaluate each of the objects presented in the messages

(Figure 1).
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Figure 1 Schematic of the task with the relative timeline and fMRI time window. The

affective and the cognitive messages were presented in a randomized order in two fMRI runs (each

run included five affective and five cognitive messages). During the reading phase (message in the

Figure), participants were asked to read each message attentively. After a randomly varying interval

(1800 — 5400 ms, Fixation in the Figure), participants expressed their attitude and their purchasing

intention (spaced out by a fixation cross).

Note: TR = repetition time used for fMRI (1800 ms).

Choosing the Backpack “Poke” makes you feel all the
potentialities of e in a joyful party of colors and makes
you feel the excitement of 2 new journey where every
direction Is possible. *Poke™ marks the rhythm of the Message
most exciting experiences of your ie and does it with
@ overwhelming energy. “Poke” also offers endless 28800-48600 ms
possibilities to express your personality and to be
surprised by unigue and innovative solutions. Over the (16.27 *TR)
years it has become a symbol of discovery, euphoria and
freedom for all generations. “Poke” i a real icon of
contemporary style, with an exciting story to tell

Fixation
1800-5400 ms
(1-3*TR)

How much do you like the backpack Poke?

Attitude
e | KeyPress
5400 ms (3TR)

Fixation
1800-5400 ms
{1-3*TR)

Purchasing
KeyPress
1| 5400 ms (3*TR)

Fixation
+ 1800-5400 ms

r-s*'rn)
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The affective and the cognitive messages were presented in a randomized order in two fMRI
runs. During the reading phase, participants were asked to read each message attentively. The
duration for the reading phase was set on the basis of the pre-test that was conducted to ascertain
that the time for the reading was sufficient for participants and to ascertain that the affective and
cognitive messages did not differ in duration. This reading time was also adapted to be a multiple of
the TR (i.e., 1800 ms; the average reading time across the messages was 34960 ms).

The reading phase was always followed by an explicit evaluation phase: after a randomly
varying interval (1800 — 5400 ms), participants expressed their attitude by rating how much they
liked the object, on a scale ranging from 1 (not at all) to 7 (very much). This evaluation was
reported after each individual message. In addition, after another randomly varying interval (1800 —
5400 ms), we assessed intentions to buy the described object by asking participants how likely it
was that they would buy the object in the next three weeks on a scale ranging from 1 (not at all) to 7
(very likely). This intention rating was reported after each individual message. All participants had
a time limit of 5400 ms to express their attitudes and intentions.

Participants expressed their answers by pressing buttons that allowed them to increase (right
button press with the right middle finger; maximum = 7) or decrease (left button press with right
index finger; minimum = 1) the starting value of 4 that appeared on the screen. We registered the
value expressed at the end of the time limit. Given the high correlation between attitudes and
intentions (r (30) = .96, p <.001), we averaged these judgments to create a single index labelled

evaluation.

fMRI data acquisition

Imaging data were acquired using a 3 Tesla MR scanner (Philips Achieva X Series; Philips
Medical System, Best, The Netherlands) at the Institute of Advanced Biomedical Technologies
(ITAB) in Chieti, Italy. A sensitivity-encoding 8 channel brain coil was used. Head motion was

minimized using foam padding and surgical tape; the pushbutton was fixed in place using surgical
12



The neural basis of the structural matching effect

tape connected to the scanner bed. An initial T1-weighted anatomical (3D TFE pulse sequence) was
acquired with the following parameters: field of view = 240 mm; voxel size = (I mmx 1 mmx 1
mm); TR = 8.1 ms; TE = 3.7 ms. Subsequently, two task fMRI runs (number of fMRI frames: 404
for the first run and 397 for the second run) were acquired in a single fMRI session (T2* weighted
EPI sequence with TR = 1800 ms; TE = 30 ms; 35 slices; slice thickness = 3.5 mm; in-plane voxel

size = 3 mm x 3 mm; field of view = 228 x 122 x 240 mm; flip angle = 85).

fMRI preprocessing and analysis

Raw fMRI data were analyzed with Brain VVoyager QX 2.3 software (Brain Innovation,
Maastricht, The Netherlands). Pre-processing of functional data included slice scan time correction,
motion correction, and removal of linear trends from voxel time series. Three-dimensional motion
correction was performed with a rigid body transformation to match each functional volume to the
reference volume estimating three translations and three rotation parameters. fMRI runs with head
motion exceeding the size of one voxel (i.e., > 3mm) were excluded from analysis (Power et al.,
2013). Pre-processed functional volumes of each participant were co-registered with the
corresponding structural data set. Because the 2D functional and 3D structural measurements were
acquired in the same session, the coregistration transformation was determined using the slice
position parameters of the functional images and the position parameters of the structural volume.
Structural and functional volumes were transformed into the Talairach space (Talairach &
Tournoux, 1988) using a piecewise affine and continuous transformation. Functional volumes were
re-sampled at a voxel size of 3 mm x 3 mm x 3 mm and spatially smoothed with a Gaussian kernel
of 6 mm full-width half maximum to account for intersubject variability.

As a preliminary analysis, we explored whether the affective-cognitive messages could be
associated with differential neural activity depending on the persuasive content (i.e., feeling-
associated sentences or cognition-associated sentences). To examine this question, we performed a

voxel-wise whole-brain analysis. A paired sample t-test (affective versus cognitive) according to a
13
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random effect model was applied to directly compare the affective and cognitive message reading
as well as evaluation. Monte—Carlo simulations (1000 simulations) were performed to access the
overall significance level of group statistical maps (thresholded at p < 0.001) and to determine a
cluster size threshold (K) in order to obtain group statistical maps with a significance threshold of
p=0.01 after cluster level correction for multiple comparisons (Cox, 1996; Forman et al., 1995).
This analysis was run separately for the reading and for the evaluation phase.

To test whether differential neural activity between the processing of affective and cognitive
messages was correlated with individual differences in affective-cognitive orientation (i.e., NFA
minus NFC), region of interest analyses were performed. For this purpose, a priori independent
spherical ROIs with a radius of 7 mm were created based on the coordinates from a recent relevant
meta-analysis showing an overlap between the default mode network and the subjective value
network in vMPFC (Acickalin et al., 2017, Talairach coordinates after transformation from MNI
space according to Lancaster et al. 2007: vMPFC BA10/32: -0.2, 38.4, 4.8).

Moreover, as a control procedure, we also considered the additional regions described in the
meta-analysis of Acickalin et al. (2017) associated with overlapping activity across the subjective
value and the default network, although they might cover slightly different functions in attitudinal
processes. For instance, according to Acickalin et al. (2017), the information elaborated in the
VMPFC might be subsequently integrated in the dorsal posterior cingulate cortex (dPCC),
constituting another main component of both the subjective value system and the default mode
network (Talairach coordinates after transformation from MNI space according to Lancaster et al.
2007: PCC BA31: -2.7,-39.9, 33.1; PCC BA23: -3.6; -52; 14.8). Other regions included the
striatum (Talairach coordinates after transformation from MNI space according to Lancaster et al.
2007: Striatum 1: 0.5; 9.7; -1.8, Striatum 2: -8.4, 21.5, 1.8; Striatum 3: -5.6, 19.6, 1.7) and the
bilateral amygdala (Right Amygdala: 22.4; -5.5, -12.3; Left Amygdala: -19.8; -5.2, -12.7). Thus, a

total number of 8 ROIs was considered for the analysis.
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For each participant, neural activity during the exposure to the affective and cognitive trials
(i.e., subtraction of the average beta-values for the affective and cognitive condition of the same
product, e.g., pullover, book, etc., across all the voxels included in each ROI) was extracted from
the ROIs, while the difference score on the NFA and the NFC scales was used as a covariate (NFA
minus NFC). Correlation analyses were performed including 1000 bootstrap samples to obtain 95%
confidence intervals (CIs), and results were corrected for multiple comparisons using Bonferroni
correction (8 ROIs). The analyses were run separately for the two experimental phases: reading and
evaluation. As control analyses, we assessed whether the results were stable across different radii,
thus we repeated the same analyses with a radius of 5 mm and with a radius of 9 mm. Given that no
differences emerged across different radii, for parsimonious reasons, we only present the ROI-based
results during the reading and the evaluation phase by focusing on the ROIs with an average radius
of 7. mm.

In order to explore whether regions different from the expected ROIs correlated with
affective-cognitive orientation, the relationship between the differential neural activity from the
processing of affective vs cognitive messages and the individual differences in affective-cognitive
orientation (NFA minus NFC) was also investigated using a voxel-wise whole brain analysis. This
analysis was also performed separately for the reading and explicit evaluation phases to test the
effect of the covariate (individual orientation) on brain activity. The statistical significance of this
whole-brain covariance analysis was assessed by means of paired sample t-tests according to a
random effect model. Monte—Carlo simulations (1000 simulations) were performed to assess the
overall significance level of group statistical maps (thresholded at r = .50) and to determine a cluster
size threshold (k) in order to obtain group statistical maps with a significance threshold of p=0.01

after cluster level correction for multiple comparisons (Cox, 1996; Forman et al., 1995).

Post-fMRI behavioral measures
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At the end of the fMRI scanning section, we asked participants to re-read the persuasive messages
presented during the previous fMRI scan. For each pair of messages (i.e., affective and cognitive)
about an object, participants were asked to indicate which of the two messages was more relevant
for them and which of the two messages they preferred. Participants expressed their response by
using a 6-point Likert scale from cognitive message to affective message (1 = Absolutely the
affective message, 6 = Absolutely the cognitive message; the affective-cognitive anchors were
balanced across the 10 objects). The 2 questions were repeated for all 10 objects used in our
experimental fMRI study. The order of presentation of the stimuli was randomized across the 30
participants. A total score was computed so that a higher score indicated that participants perceived
the affective messages as more relevant for them and that they preferred the affective messages
more than the cognitive ones.

Results
Preliminary analyses

The preliminary whole brain voxel-wise paired-sample t-test between the reading of
affective and cognitive messages revealed a lateralized activation pattern in the brain (Figure 2a).
Reading the affective messages, compared to the cognitive ones, more strongly activated the right
hemisphere insula (Brodmann Area (BA) 13), fusiform gyrus (BA 37), superior temporal (BA 22),
and extrastriate cortex (BA 19). Conversely, reading the cognitive messages, compared to the
affective ones, more strongly activated the left hemisphere insula (BA 13), superior temporal (BA
22), middle temporal (BA 21), hippocampus (BA 54), fusiform gyrus (BA 37), and extrastriate
cortex (BA 19); t (29) > 3.66; p < 0.01 corrected; k > 209, Cohen’s d = .67.

A similar pattern emerged by contrasting the explicit evaluation of affective and cognitive
messages, t (29) > 3.66; p < 0.01 corrected, k > 43 (Figure 2b). The conjunction analysis identifying
brain regions modulated by affective-cognitive message content during both reading and explicit
evaluation phases showed overlapping increased activity for the processing of affective messages in

the right hemisphere BA13, BA 22, BA19, and for the processing of the cognitive messages in the
16
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left hemisphere BA21, BA13, BA19 and BA37; t (29) > 3.66; p < 0.01 corrected; k > 59 (Figure

2¢), Cohen’s d = .67.
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Figure 2 Group statistical maps of whole brain voxel-wise t-test between affective versus cognitive
message conditions during a) reading, b) explicit evaluation, and c) spatially overlapping for the
affective vs cognitive message conditions during the two phases (reading + explicit evaluation). The
figure shows the lateral view of the left hemisphere (LVVLH), the lateral view of the right
hemisphere (LVRH), the medial view of the left hemisphere (MVLH), and the medial view of the
right hemisphere (MRVH). Red/yellow indicates stronger activity for the affective message

conditions, whereas blue/green indicates stronger activity for the cognitive message conditions.

a) READING b) EXPLICIT EVALUATION
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The structural matching effect test: reading phase

Starting from the reading phase, the ROI-based analyses showed that no ROIs correlated
with the difference in the affective-cognitive orientation, not even the vMPFC (Figure 3). The ROI-
based results for the reading phase are presented in Table 1 (upper section of the Table). The
scatterplots of the correlations between the affective-cognitive orientation and neural activity in the
ROIs and during both the reading and the evaluation phase are provided in the Supplementary
Materials.

While the ROI-based analysis did not yield significant correlations for the PCC ROls, the
voxel-wise whole-brain analysis showed during the reading phase a statistically significant
relationship between affective versus cognitive orientation and neural activity in the ventral
posterior cingulate cortex (vVPCC; BA 23) and in the cerebellum (r > .50; p < 0.01 corrected; k >
16). No significant correlation was detected in VMPFC in the voxel-wise whole-brain analysis.
Specifically, this covariance analysis revealed that individuals with higher NFA (than NFC) showed
stronger activation of both the vPCC and the cerebellum when they read persuasive affective
messages (compared to the cognitive ones). The whole-brain voxel-wise results are presented in

Table 2 and Figure 4.
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Table 1. Correlations of neural activity in the ROIs with affective-cognitive personal orientation
(Need for Affect minus Need for Cognition, NFA minus NFC in the Table) during the a) reading
and b) explicit evaluation. The associated significance levels are Bonferroni corrected for multiple

comparisons. Cl: Confidence interval (95% based on bootstrapping with 1000 simulations).

VMPFC  Striatuml  Striatum2  Striatum3 PCC1 PCC2 Amygdala Right Amygdala Left
a)
READING
NFA MINUS NFC r=.41 r=.21 r=.26 r=.31 r=-.16 r=-.10 r=.11 r=-.08
p =.208 p=1 p=1 p =.832 p=1 p=1 p=1 p=1
SE:.15 SE: .16 SE: .16 SE: .16 SE: .23 SE: .20 SE: .2 SE: .18
Cl:-.07;69 CI:-.17;49 CI:-.05;.56 CI:-.01;.61 CI:-.60;.26 Cl:-.49;.30 Cl:-.33;.39 Cl:-.27;.36
b)
EVALUATION
NFA MINUS NFC r=.50 r=.27 r=.18 r=.30 r=-.01 r=-.02 r=.28 r=-.06
p =.040 p=1 p=1 p =.88 p=1 p=1 p=1 p=1
SE:.15 SE: .13 SE: .18 SE: .17 SE: .17 SE: .16 SE: .19 SE: .17
Cl..15;.74  CI:-.01;54 CI:-19;55 CI:-.07;,60 CI:-.34;,35 Cl:-.32;.31 Cl:-.12;.60 Cl:-.27;.36
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Figure 3 a) A priori ROI (sphere) based on meta-analyses results from Acikalin et al. (2017),

radius: 7 mm; b) Scatter plots visualizing the relationship between differential beta values in the

ROI for affective and cognitive message processing (beta affective minus cognitive), and

differential affective-cognitive orientation (Need for Affect minus Need for Cognition, NFA minus

NFC in the scatterplots), and correlation coefficients (p-values Bonferroni corrected for multiple

comparisons) during both reading and evaluation phase. Red line: line of best fit; Shaded green

lines: 95% Cls
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The structural matching effect test: explicit evaluation phase

The ROI-based covariance analysis in the explicit evaluation phase showed that neural activity in
the vVMPFC increased with higher participant’ NFA (than NFC) when they explicitly evaluated

the affective messages (compared to the cognitive ones, see Figure 3). Similarly, the correlational
analysis highlighted that neural activity in this ROI increased among participants with higher NFC
(than NFA) when they explicit evaluated the cognitive messages, r = .501, p = .040 Bonferroni
corrected; SE = .15; 95% Cls = [.15, .74]). The ROI-based results are presented in Table 1 (lower
section of the Table). The activation of the ROI followed the normal distribution without statistical
outliers in the sample (Index of Kurtosis: .07, Index of Skewness: .57, Shapiro-Wilk test for
normality: .96, p = .28)

The vMPFC was the only ROI that correlated with the difference in affective-cognitive
orientation. Taken together, these findings confirmed that the vMPFC has a crucial role in the
explicit evaluation, which is consistent with the fact that this is the outcome of the matching effect.

The whole-brain voxel-wise paired-sample t-test comparing the evaluation of affective and
cognitive messages with the NFA-NFC difference score as a covariate (NFA minus NFC score)
revealed that no regions different from the vMPFC were activated in affective and cognitive people
in response to the matched message, r > 0.5; p <.005 uncorrected, k > 10 (Table 2).

Examining the activation of the vMPFC during the evaluation in more detail (Table 2), it
can be noted that the mean response to the affective and cognitive stimuli is negative or slightly

above zero (see Discussion for an explanation of this finding).
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Table 2 Brain regions showing a significant relationship between participants’ affective versus
cognitive orientation and their neural activity during the fMRI task, yielded by the whole-brain
voxel-wise analyses. The mean (SE = Standard Error) represents the BOLD Mean Responses as a

function of the affective and the cognitive quality of the messages.

Brain region Peak Peak r Mean Affective Mean Cognitive  Cluster size
coordinates (SE) (SE)
Xy, 2)
PCC 12, -62, 19 66 -.19 (.03) -.20 (.03) 432
(Reading)
Cerebellum -13,-64,-19 .64 .19 (.06) .30 (.07) 594
(Reading)
VMPFC 1 13, 34, -2 57 -.05 (.12) .08 (.13) 324

(Evaluation)
VMPFC2 -2,44.2 54 -1.04 (.17) -.07 (.02) 270

(Evaluation)
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Figure 4 a) Voxel clusters (r > .50, p < 0.01 corrected) showing significant covariance between

differential beta values for affective and cognitive message processing (beta affective minus

cognitive), and differential affective-cognitive orientation during reading; b) Scatter plots

visualizing the relationship between differential beta values in the clusters for affective and

cognitive condition (beta affective minus cognitive), and differential affective-cognitive orientation

(Need for Affect minus Need for Cognition, NFA minus NFC in scatterplots). Red line: line of best

fit; Shaded green lines: 95% Cls
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Post-fMRI behavioral measurements

As hypothesized, the difference in personal orientation (NFA minus NFC) was positively
related to measures of self-relevance, r(29) = .53, p =.003; SE = .12; 95% Cls = [.26, .73]. In other
words, people with an affective orientation considered the affective messages (compared with the
cognitive ones) as more personally relevant for them and they preferred the affective messages
compared with the cognitive ones. The self-relevance measure was not related to the evaluation, r
(29) = .27, p = .15, SE =.19; 95% Cls = [-.13, .59], indicating that these two measures are tapping

different constructs.

Discussion

The neural basis of the matching effect

There is a growing literature on the neural mechanisms underlying persuasion, but
significant questions remain about the neural processes underlying the affective-cognitive structural
matching effect. To begin to understand these processes, we used fMRI to examine neural activity
during the evaluation of objects presented with affective versus cognitive persuasive messages. Our
findings demonstrated that the vMPFC is more strongly activated when people evaluate a product
presented by a persuasive message that matched the recipient’s affective versus cognitive
orientation. That is, we found stronger activity in the VMPFC for affective messages (compared to
the cognitive ones) among individuals with an affective focus, whereas activity in the vMPFC was
stronger for cognitive messages (compared to the affective ones) among individuals with a
cognitive focus. These findings extend prior observations that the vMPFC is involved in persuasion
(Chua et al., 2009; Falk et al., 2011; Falk & Scholz, 2018) by showing that this region is also

important to the structural matching effect.
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Not only do these results provide the first evidence of neural differences in responding to
affective versus cognitive persuasion as a function of individual differences, but the centering of
these differences in the vMPFC helps to articulate the mechanism underlying these effects. Given
the putative role of the vMPFC in coding the self-relevance of external stimuli (Levy & Glimcher,
2012; Northoff & Hayes, 2011; Rangel & Hare, 2010), a possible interpretation of our results is that
persuasive messages become self-relevant for perceivers when message content matches
individuals’ preference for affect or cognition, identifying the state of the judge in relation to the
object of judgement (Zajonc, 1980). This interpretation is supported by our post-fMRI behavioral
measures showing that individuals with an affective orientation perceived the affective messages as
more personally relevant for them, compared with the cognitive ones, and that the affective people
preferred the affective messages compared with the cognitive ones. Relevant to this assumption,
accurate stimulus preparation and testing prior to the fMRI experiment helped to ensure that self-
references were balanced across affective and cognitive messages in our study.

Interestingly, we found that vMPFC activity correlated with affective versus cognitive
orientation during the explicit evaluation of corresponding targets, whereas no significant
correlation was detected during the preceding reading of affective and cognitive information. These
findings imply that the role of the vMPFC in persuasion is mainly associated with the explicit
evaluation process rather than mere reading of persuasive content. This provides an important and
innovative contribution to the debate about spontaneous and deliberative processing of self-relevant
information (Moran et al., 2009).

Of additional relevance, the vMPFC is located within a so-called task-negative network
showing strong default activity during a resting state (i.e., the absence of specific tasks or stimuli)
and decreases of this activity during most tasks (Di Plinio & Ebisch, 2018; Raichle et al., 2001). For
this reason, this network has been associated with free thought and self-related processing
(Andrews-Hanna, Smallwood, & Spreng, 2014), mental activities in which participants could be

especially involved when not performing structured cognitive tasks. From this point of view, the
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structural matching effect in the vMPFC suggests less deviation from this “default” state of activity
when message content matches personal orientation.

Notably, our data indicated that the structural matching effect was linked with the VMPFC,
but not the dPCC or other structures of the subjective value system. As suggested by Acikalin and
colleagues (2017), these structures, in particular, the vMPFC and dPCC, although constituting a
subjective value system, might cover somewhat different functions in the process that goes from
attitude change to behaviour change as a consequence of a persuasive message. However, the
whole-brain analysis showed enhanced activation of the vPCC and cerebellum during the reading of
affective messages (compared with the cognitive ones) in individuals higher in NFA than NFC. The
covariance of PCC activity with individual orientation during the reading of the persuasive message
involved a more ventral and posterior area compared to the ROI described by Acikalin et al. (2017).
Previous literature has shown that the vPCC is activated during tasks that require an internal focus
of attention, such as autobiographical memory retrieval (Svoboda, McKinnon, & Levine, 2006) and
envisioning the future (Schacter et al., 2016). In the current context, we can speculate that during
the reading phase, participants relate the content of the messages to their personal past experience;
the vPCC could serve such a temporal bridge, while the vMPFC supports a transient valuation in
terms of self-relevance. Nevertheless, our data do not allow us to support this claim directly, and
future studies need to further clarify this intriguing relationship between the vPCC and the vMPFC
during different phases of persuasion.

Regarding the involvement of the cerebellum in the reading phase, this might be due to its
role in attention processes. In particular, the cerebellum allows attention to be shifted rapidly and
accurately (Allen et al., 1997). As applied to the current context, indirect support for this hypothesis
is provided by Haddock and colleagues (2008), who found that people with a stronger affective
orientation processed affective messages more deeply than cognitive messages (and vice-versa for
people with a stronger cognitive orientation). Furthermore, a number of efferent and afferent

connections of the cerebellum with several other brain structures have been described, such as the
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dorsolateral and dorsomedial prefrontal cortices, portions of the posterior parietal cortex, the
superior temporal region, the thalamus, and the limbic system (Krienen & Buckner, 2009;
Middleton & Strick, 2000; Riva & Giorgi, 2000; Schmahmann & Pandya, 1995). Given its
localization and connections, the cerebellum likely contributes also to decision-making processes
(Cardoso, Branco, Cotrena, Kristensen, Schneider Bakos, & Fonseca, 2014; Ernst et al.,

2002; Lawrence, Jollant, O’ Daly, Zelaya, & Phillips, 2009). In this regard, Blackwood, Ffytche,
Simmons, Bentall, Murray, and Howard, (2004) reported activation of the cerebellum during
decision making under circumstances of both certainty and uncertainty, but it was more pronounced
in conditions of uncertainty. The authors suggested that the cerebellum plays a role in the internal
representation of uncertain events, facilitating the prediction of future outcomes as well as inductive
processes. We can speculate that during the reading phase, participants generated an internal
representation of the content message by joining the content with their personal experiences
followed by its evaluation in terms of subjective value (i.e., activation of the vMPFC in the
evaluation phase). Future studies are needed to elucidate the connection between vPCC, cerebellum,

and VMPFC during the evaluation.

The affective-cognitive lateralization in persuasion

An ancillary result of the present research regards the specialization of the right hemisphere
for the processing of affective messages and a specialization of the left hemisphere for the
processing of cognitive messages. A wide literature has already highlighted the predominance of the
right hemisphere in the elaboration of emotional words (Killgore & Yurgelun-Todd, 2007,
Schwartz, Davidson, & Maer, 1975), as well as the predominance of the left hemisphere for
sentence comprehension (Geschwind, 1972; Sakai, Tatsuno, Suzuki, Kimura, & Ichida, 2005)
which can be considered a cognitive process. Our research further supports the lateralization
hypothesis, making a direct comparison between affective and cognitive persuasive information. To

our knowledge, these data demonstrate that hemisphere specialization occurs during both the
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reading of affective versus cognitive messages and during the evaluation of objects previously

described by these messages.

Limitations and future directions

We wish to acknowledge the potential limitations of our results. First, spherical ROIs were
based on the coordinates reported by an independent previous meta-analysis of functional
neuroimaging data examining brain regions associated with specific, relevant functions. It could be
argued that the use of spherical ROIs may not represent the most adequate tool for testing
hypotheses in functional neuroimaging. In fact, Eickoff, Heim, Zilles, and Amunts (2006) showed
that an anatomical ROI approach (i.e., maximum probability maps), has major advantages over the
traditional spheres approach used to define ROIs. That is, a definition based on probabilistic
anatomical maps is independent from the analyzed functional data and thus represents a genuine a
priori hypothesis. Further, in contrast to the spherical ROIs, which require decisions by the
investigator, the anatomical ROIs approach is completely objective. This may improve the
comparability of results from different studies. Another advantage of the anatomical ROIs approach
is that this method avoids arbitrary decisions about radii and related multiple comparison
corrections. In the present research, we assessed whether the results were stable across different
ROI radii (i.e., 5mm, 7mm, 9mm) to ensure that the findings were not specific for a determined ROI
radius. However, this strategy increases the number of comparisons and consequently brings about
issues with proper type | error control.

increases the chance to obtain false positive results. Although it remains methodologically
challenging to accurately integrate functional neuroimaging data, like those reported by meta-
analyses on specific functions, with anatomical ROIs, future studies should test whether the neural
bases of the matching effect in persuasion are replicated using an anatomical ROI approach.

Secondly, a potential alternative explanation for our brain specialization findings is the

valence hypothesis (Adolphs, Jansari, & Tranel, 2001). This hypothesis proposes that the left
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cerebral hemisphere is specialized for processing positive emotions and the right hemisphere is
specialized for processing negative emotions. However, this hypothesis cannot be tested by our
data, because our participants were exposed to stimuli designed to elicit only positive attitudes.
Future studies might focus on the valence of the appeals by including positive and negative message
content. Similarly, we are not able to provide any direct information about the link between the
structural matching effect, as reflected by the functional properties of the vMPFC, and the
attitudinal self-report measures. Nevertheless, the results provide intriguing input for further studies
to investigate the behavioral relevance of vMPFC activity. An important issue to consider is
whether having participants complete the NFA and NFC before the scan (rather than after) primed
their responses to be more self-consistent throughout the fMRI task. However, this possibility is
inconsistent with previous studies revealing no effect of the order of presentation of personal
orientation on the matching effect (see Maio & Haddock, 2019 for a review).

Finally, the sample size is a relevant issue in neuroimaging (Geuter, Guanghao, Welsh,
Wager, & Lindquist, 2018). In this paper, the authors showed that sample sizes of 40 are generally
able to detect regions with high effect sizes (Cohen’s d > 0.8), while sample sizes closer to 80 are
required to reliably recover regions with medium effect sizes (0.5 < d < 0.8). However, the sample
size (N=30) of the present fMRI study can be considered above the average size for task-based
fMRI studies on similar topics (Chua et al., 2009; Falk et al. 2011, Vezich et al., 2016), and other
control analyses (confidence intervals based on bootstrapping) confirmed that the detected

correlations between VMPFC activity and individual orientation were robust.

Conclusions

Our results show that vMPFC activity depends on the match between persuasive message
content and individual differences in attitude bases. These novel findings significantly contribute to
research on both attitude formation and persuasion, as well as social neuroscience more broadly.

From the social neuroscience perspective, our findings help to show that people rely differentially
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upon affective and cognitive information in persuasive messages, depending on their preferences
for affective and cognitive information. This role of individual differences provides an important
counterpoint for thinking about the persuasion process in the mainstream literature, which even
today sustains the prevalence of affective/emotional appeals over cognitive ones in attitude change
(e.g., Rocklage, Rucker, & Nordgren, 2018). Our results show that people vary in their weighting of
affective and cognitive information, and these differences are identifiable in relevant neural activity.
From a cognitive perspective, our results further reinforce the idea that the self-relevance is not an
intrinsic characteristic of the message, but can change depending on the receivers of the persuasive
communication and their affective-cognitive orientation in particular (see Dore et al., 2019).
Returning to Sense and Sensibility, we believe that our findings resonate with how Marianne
and Elinor’s differences in reliance on heart vs mind remains a powerful theme in present day,
because such individual differences are basic and prevalent in how people respond to social
information, and indeed are traceable to distinct patterns of neural activity in response to affective
and cognitive cues. Through the possession of distinguishable routes to processing affective vs
cognitive information in the brain, we are capable of differing in our reliance on these sources of
information with interesting and important consequences (e.g., Marianne and Elinor’s choice of

suitor).
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