Psychology. Journal of the Higher School of Economics.
2018. Vol. 15. N 3. P. 606—-614. DOI: 10.17323/1813-8918-2018-3-606-614

Reviews

NEURAL MECHANISMS OF POST-DECISIONAL
SPREADING OF ALTERNATIVES

M. COLOSIO E.P. RYBINA®, A.N. SHESTAKOVA®, V. A. KLUCHAREV?

“ National Research University Higher School of Economics, 20 Myasnitskaya Str., Moscow, 101000,
Russian Federation

Abstract

Human choices are not only driven by inner preferences, but also have an impact on behavior.
Economists and psychologists have extensively demonstrated that choosing between two
attractive options leads to a downgrade of the rejected option and to an upgrade of the chosen
one. Preference modulation after the mere act of making a choice has been repeatedly
demonstrated over the last 50 years by an experimental paradigm called the ‘free-choice
paradigm’. In the past decade the phenomenon of choice-induced preference change generated
by cognitive dissonance has been explored by neuroscientists. An increasing amount of research
has highlighted the central role of the posterior medial frontal cortex (pMFC) in social
conformity and cognitive dissonance. This area represents the dissonance between one’s
currently inconsistent and ideally consistent states. However, other brain areas have been linked
to cognitive dissonance and its resolution, but as yet the mechanisms underpinning cognitive
dissonance and the functional connection among brain areas found involved in cognitive
dissonance are still unknown. Here, we firstly review the neural mechanisms and brain areas
involved in post-decisional preference change and cognitive dissonance. Secondly, we suggest an
integration of the existing neurocognitive mechanism of cognitive dissonance. Finally, we
suggest new research lines to further explore neural principles of cognitive dissonance and
subsequent post-decisional preference change.

Keywords: cognitive dissonance, preference change, decision making, medial prefrontal cortex,
nucleus accumbens, dorsolateral prefrontal cortex.

Introduction

Every day, people make numerous decisions that include different degrees of
complexity. Classical economics decision theory assumed that when people select
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between equally attractive options, the decision-making process reflects individual
inner preferences (i.e., hedonic utility). However, many psychological studies
have challenged hedonic utilitarianism and demonstrated that human choices are
more than a consequence of inner preferences (see Harmon-Jones & Harmon-
Jones, 2008, for review); individual preferences are influenced by various endoge-
nous and exogenous factors, including cognitive consistency. A set of theories in
social and cognitive psychology (see Hinojosa, Gardner, Walker, Cogliser, &
Gullifor, 2016, for a review) argues that people adjust their preferences and values
to make them cognitively consistent with an already existing set of cognitions, val-
ues, and preferences. Among these theories, the most prominent is the cognitive
dissonance theory (CDT) (Festinger, 1957), which states that individuals experi-
ence a feeling of discomfort when they hold two or more contradictory cognitions.
This negative feeling motivates people to either avoid or at least reduce their dis-
comfort by changing one of the contradictory cognitions, including preferences, to
minimize any discrepancies between them. Importantly, per CDT, conflictual deci-
sions trigger cognitive dissonance and subsequently preference changes. In this
review, we focus on the neurobiological mechanisms of preference changes that are
induced by cognitive dissonance.

Many studies have documented consequences of cognitive dissonance, or “post-
decisional preference change,” which refers to reevaluating options after either
selecting or rejecting one option due to a conflict (Brehm, 1956). Psychologists
and neuroscientists have extensively used either the original or the modified ver-
sion of Brehm’s (1956) “free-choice paradigm” to induce cognitive dissonance and
measure the magnitude of a post-decisional preference change.

In the original version of the free-choice paradigm, participants 1) rate a set of
items (rating I) and then 2) choose between two equally liked alternatives (choice
task) before 3) rating the same set of items again (rating IT). During the choice task
(decisional stage), participants are forced to select only one item of the pair, which
causes conflictual decisions. By subtracting the mean second rating (rating I1)
from the mean initial rating (rating I), it is possible to measure the choice-induced
preference change. Because Brehm’s (1956) free-choice paradigm studies have
repeatedly demonstrated that the mere act of choosing between two equally attrac-
tive alternatives induces preference change, preferences for the chosen items
increases, while preferences for the rejected items decreases (Brehm, 1956; Colosio,
Shestakova, Nikulin, Blagovechtchenski, & Klucharev, 2017; Festinger, 1957,
Gerard & White, 1983; Izuma et al., 2010). Thus, contrary to normative economic
theory, individuals not only behave in accordance with their preferences but also
change their preferences to match their previous choices and behavior,

The Neuronal Mechanism of Cognitive Dissonance

Posterior medial cortices. A growing body of evidence (see Izuma, 2013, for
review) has suggested that frontal cortices play a critical role in both detecting dis-
sonance and the reevaluation of options. The key brain region that is involved in
cognitive dissonance is the posterior medial frontal cortex (pMFC). This is a medi-
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al area that is formed by the supplementary motor area (SMA), the pre-SMA, the
dorsal medial frontal cortex, and the dorsal anterior cingulate cortex (ibid.). The
pMFC is known to be involved in conflict-induced tasks, such as the Stroop task
(Botvinick et al., 2001) and the flanker task. It also reflects performance monitor-
ing and error detection mechanisms (Carter et al., 1998; Holroyd, Nieuwenhuis,
Yeung, & Cohen, 2003). The signal generated by the pMFC is often measured using
electroencephalography (EEG) as a negative deflection in the event-related poten-
tial, which is called error-related negativity (ERN). It is a frontocentral evoked
response that appears between 60 and 120ms after an error response (Bellebaum &
Colosio, 2014; Debener, 2005; Holroyd et al., 2003; Holroyd & Coles, 2002).

The action-based model of cognitive dissonance proposes that cognitive disso-
nance could interfere with effective actions; thus, post-decisional reevaluation of
options facilitates the execution of effective actions (Harmon-Jones & Harmon-
Jones, 2008). This theory suggests that the activity of the pMFC underlies cogni-
tive conflict recognition and contributes to the reduction of cognitive dissonance
(Amodio et al., 2004; Carter et al., 1998; Izuma et al., 2010). Pioneering functional
magnetic resonance imaging (fMRI) studies have employed different paradigms
(Izuma et al., 2010; Jarcho, Berkman, & Lieberman, 2011; Kitayama, Chua,
Tompson, & Han, 2013; van Veen, Krug, Schooler, & Carter, 2009) and revealed a
strong activation of the pMFC in tasks that are related to cognitive dissonance.
Importantly, the magnitude of activity of the pMFC is correlated with the magni-
tude of the post-decisional preference change following any decisions that are asso-
ciated with a high degree of cognitive dissonance (Izuma et al., 2010).

Brain stimulation studies have demonstrated the causal role of the pMFC in
both the generation and subsequent reduction of cognitive dissonance. Izuma and
colleagues (2015) found a significant reduction of choice-induced preference
changes following the downregulation of the pMFC using transcranial magnetic
stimulation (TMS). No significant behavioral modulation was observed after either
sham stimulation over the pMFC region or the downregulation by TMS of the con-
trol brain regions (the parietal posterior cortex). Thus, the authors demonstrated
the causal relation between the activity of the pMFC and the post-decisional pref-
erence change for the first time. Notably, Izuma and colleagues (2015) down-regu-
lated the pMFC right after the choice task and just before the rating 11 task.

Many neuroimaging studies (Izuma et al., 2010; Qin et al., 2011; Sharot, De
Martino, & Dolan, 2009) have employed the free-choice paradigm by focusing on
neural activity during the rating II task. Such an approach implies that preference
changes take place during the rating IT task when participants reduce cognitive
dissonance by reevaluation of the option. However, it is also possible that post-
decisional spreading of alternatives already happens either during or right after the
choice task to reduce negative emotions during choices.

In a recent EEG study, Colosio and colleagues (2017) disentangled the neural sig-
natures of cognitive dissonance during the choice task. The authors observed stronger
ERN at the pMFC during difficult (high degree of cognitive dissonance) decisions as
compared to easy (low degree of cognitive dissonance) decisions. Furthermore, the
magnitude of the ERN was significantly correlated with the subsequent behavioral
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preference change. Stronger conflict-related pMFC activity (e.g., larger ERN) was
followed by stronger preference changes for rejected items. The resting-state of the
frontocentral cortices predicted the magnitude of the ERN and the subsequent
preference change: long-range temporal correlations (LRTC) of alpha oscillations
correlated with the magnitude of the ERN and the spread of alternatives. LRTC is
a relatively new approach to electrophysiological data that helps determine the
intrinsic functional state of a targeted cortical region. Thus, this EEG study
demonstrated that individual differences in cognitive dissonance are reflected dur-
ing both the resting state and choice-related activities of the pMFC throughout
the early stages of the free-choice paradigm.

Dorsal lateral prefrontal cortex. In addition to the pMFC, the left dorsolateral
prefrontal cortex (dIPFC) has also been regularly associated with cognitive con-
trol and conflict resolution (Botvinick et al., 2001; Botvinick, Cohen, & Carter,
2004; Miller & Cohen, 2001).

Both fMRI and EEG studies have linked the activity of the left dIPFC with
post-decisional preference change, which indicates the important role of the left
dIPFC in cognitive dissonance resolution (Harmon-Jones, Gerdjikov, & Harmon-
Jones, 2008; Qin et al., 2011). A recent study by Managrelli et al. (2015) found that
post-decisional preference changes were significantly reduced after cathodal tran-
scranial direct current stimulation over the left (but not the right) dIPFC, which
showed the causal role of the left dIPFC in cognitive dissonance. Other studies
have suggested that dIPFC activity does not reduce cognitive inconsistency;
rather, it contributes to more general cognitive control mechanisms (Izuma et al.,
2015) and performance adjustment (Ridderinkhof, Ullsperger, Crone, &
Nieuwenhuis, 2004). Thus, the role of the left dIPFC is still under debate and
requires further study. It would be particularly interesting to study the relation-
ship of the pMFC and the left dIPFC during choice-induced adjustments of pref-
erences.

Nucleus accumbens and the posterior cingulate cortex. Recent studies have
also demonstrated activation of nucleus accumbens (NAcc) during the making of
difficult choices (Izuma et al., 2010; Kitayama et al., 2013). NAcc play a key role in
action selection by integrating cognitive and affective information that is
processed by the frontal and temporal cortices (Floresco, 2015). NAcc are involved
in reward expectation (Knutson, Delgado, & Phillips, 2009) and the monitoring of
subjective values (Bartra, McGuire, & Kable, 2013). Izuma and colleagues (2010)
also found that changes in activity of NAcc for rejected items were significantly
lower than for selected ones. Similarly, Kitayama and colleagues (2013) found a
significant, positive correlation between increased preference for chosen items and
the NAcc. However, it remains unclear at which stage of the free-choice paradigm
that NAcc become involved in post-decisional preference changes.

The posterior cingulate cortex (PCC) has been associated with an extensive
number of cognitive functions, including conscious awareness and cognitive con-
trol (Leech, Kamourieh, Beckmann, & Sharp, 2011), emotional memory encoding
(Maddock, Garrett, & Buonocore, 2001), memory retrieval and planning (Vann,
Aggleton, & Maguire, 2009), maintaining changes in the external environment
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(Pearson, Heilbronner, Barack, Hayden, & Platt, 2011), and controlling the bal-
ance between external and internal attention (Leech & Sharp, 2014). Previous
fMRI studies have observed stronger activity of the PCC either during difficult
choices (Kitayama et al., 2013; Qin et al., 2011; Tompson, Chua, & Kitayama,
2016) or after difficult choices (Izuma et al., 2010) as compared to easy choices.
Another study showed that PCC activity is positively correlated with the per-
ceived desirability of objects (Kawabata & Zeki, 2008). All these results suggest
that the PCC might play a central role in preference adjustments during the
spreading of alternatives. Thus, further studies are needed to understand the roles
of NAcc and the PCC in cognitive dissonance.

Conclusions

Overall, evidence from cognitive and social neuroscience has suggested that the
activities of the pMFC, dIPFC, NAcc, and PCC underlie post-decisional prefer-
ence changes that are induced by cognitive dissonance. However, previous studies
have not suggested a univocal neurocognitive mechanism (model) of cognitive dis-
sonance.

Many neuroimaging studies have suggested that NAcc create an anatomical
hub that connects the PFC, dIPFC, and PCC (Di Martino et al., 2008). Figure 1
illustrates a hypothetical neurocognitive mechanism of post-decisional preference

Figure 1
A hypothetical neurocognitive mechanism of post-decisional preference changes
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changes that were evoked by cognitive dissonance. Here, (a) the pMFC detects
internal conflicts during difficult choices; (b) the dIPFC implements cognitive
control to change preferences and reduce cognitive dissonance; (¢) the NAcc code
preferences and emit a learning signal, which are important for preferences changes
and choice justification; (d) the PCC encodes long-lasting changes of preferences.
Further studies should combine different neuroimaging methods to develop and
clarify the proposed model of post-decisional preference changes.
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MPEATNOUTEHUH BCJAEACTBHE BBIOOPA, BBHIBBAHHOTO KOTHUTWBHBIM HCCOHAHCOM, OKA3aJICI B
okyce cmenuansnucToB B 0OJACTH KOTHUTHUBHBIX HelipoHayk. B pesyibrare MOSBUIUCH
ybenuTeTbHbIE IOKA3aTENCTBA BOBJIEUEHNUS 3aTHEN MeIMANbHON 06aacTi To6HOH Kopsl (3MJIK)
B TPOIleCC U3MeHeHWsT MHEHUS] B DesyJbraTe TepeKMBaHUS BHYTPeHHUX KoHpankroB, Kak
MOKA3H CUXO(DUSHONOTUYECKIE MCCAEAOBAHKS, B YACTHOCTH MeToMaMK (DYHKIMOHAIBHOM
MATHUTOPE3OHAHCHOW ToMorpaduy, CTONKHOBeHHE KOHMGIUKTYIONMX —TPeACTaBIeHUH
oTpaskaeTcsi B M3MeHeHWe akTuBHOCTH 3MJIK. BMmecte ¢ Tem askchiepuMeHTATBHbBIE IAHHBIE
YKasbIBatoT Ha ¢Bs13b 3MJIK ¢ ApyriMur 06macTIMU MO3Ta, BKJTIOUAS I0P3aJIbHble 06JaCTH JTOGHOH
KOphL. [lo MHEHWI0 aBTOPOB, MO3TOBBIE MEXAHU3MBI, JEKAIIHE B OCHOBE KOTHUTHBHOTO
JINCCOHAHCA, M3YyUeHbl HEJOCTATOUHO TOAHO. B [aHHON cTaThe TpHBemeH 0030p HOBEWIINX
MPe/ICTABIEHUH 0 HEHPOKOTHUTHBHBIX MEXaHW3MaX KOTHUTMBHOTO AMCCOHAHCA, a TaKkKe
Pe3yABTaTOB (hYHKI[HOHATBHOTO HEHPOKAPTUPOBAHUS B3aUMOACHCTBUS PA3TUUHBIX O6MacTei
MO3Ta, TPUHUMAIOIINX YUACTHE B POIECCaX U3MeHeHUs PeANoUTeHni B pesyJsrate BeiGopa. B
3aKTIOYEHHe MTPECTABAEHB HOBBIE METO/IBI HCCAENOBAHUI (DYHKITMOHATBHOTO KAPTUPOBAHUA (K
MPUMepPY, TPAHCKPAHUATHHAS MATHUTHAS/2AEKTPUUECKAS CTUMYIAIUL), MTO3BOILIONIHE
CYIIECTBEHHO YTIIyOUTE TPEICTABIEHUS O MEXaHU3MAX M3MEHEHUS TPE/NOUTeHUI B Pe3yIbrare
BBIGODA.
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HAYYHBIHA COTPYAHKEK, LeHTD HellpOSKOHOMUKHU U KOTHUTUBHBIX UCCIefoBanuii, HannoHaapHbi
UCCJIeIOBATENLCKMI YHUBEpCUTET «BRICIIAS IIKOMa SKOHOMUKH», KaHAMJAT OHOJOTHYECKHX
HayK.

Ccbepa HayUHBIX MHTEPECOB: KOTHUTUBHAS HEHPOOHOIOTHS.

E-mail: vklucharev@hse.ru
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