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Abstract 
Cognitive dissonance is the uncomfortable psychological feeling that arises when something 
is perceived as contradictory. In 1957, Leon Festinger first developed the theory of cognitive 
dissonance, which has since continued to be of interest for, among other things, decision-
making, moral reasoning, motivation, politics, and science. This systematic review 
summarises six peer-reviewed studies that use functional magnetic resonance imaging 
(fMRI) to measure if there is increased activity in the anterior cingulate cortex (ACC) and 
dorsal anterior cingulate cortex (dACC) during cognitive dissonance in adults. Four studies 
tested cognitive dissonance during forced choices and two during counter-attitudinal 
behaviours. The overall fMRI results indicate increased activity in ACC and dACC to 
dissonance versus control conditions, but with some inconsistency on the exact locations in 
the brain. 

Keywords: cognitive dissonance, functional magnetic resonance imaging, anterior 
cingulate cortex, dorsal anterior cingulate cortex  
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Cognitive Dissonance in the Brain: A Systematic Review 
In a world where information is constantly flowing, where we are expected to 

navigate, make decisions, and relate to a rapidly changing environment, the way we handle 
conflicting tasks is of great value. In 1957, Leon Festinger introduced a theory describing a 
phenomenon he came to call cognitive dissonance (Festinger, 1957). Festinger’s theory 
implies that if two held cognitions are contradictory, they create a feeling of psychological 
discomfort. The classic example of dissonance is the smoker, who knows smoking is harmful 
to health. To ease and reduce this feeling of discomfort, people tend to justify or change their 
preferences. In the example with the smoker, the feeling of discomfort motivates the smoker 
to reduce the dissonance by quitting smoking or mentally minimizing the risks of continuing 
smoking. See Figure 1 for a schematic illustration of a process model of cognitive dissonance. 
 
Figure 1 
A Process Model of Cognitive Dissonance 
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Note. The theory of cognitive dissonance, illustrated in a process schema (Festinger, 1957). 
 

Since Festinger’s theory of cognitive dissonance, several complementary and 
contradictory theories have emerged. For instance, Festinger’s graduate student Elliot 
Aronson (Aronson, 1968, 1992) elaborated on the dissonance theory and interpreted 
dissonance in the light of self-consistency. He implied that when a person experiences 
something that profoundly challenges the self-concept, the person tends to justify the 
behaviour and reject any unfavourable feedback associated with the behaviour. 

Another perspective is the new-look revision (Cooper & Fazio, 1984; Scher & Cooper, 
1989) of Festinger’s original dissonance theory. This perspective suggests that the attitude 
change needed to reduce the discomfort of dissonance is due to the desire to avoid feeling 
personally responsible for producing the unpleasant consequence of having harmed another 
person by being dishonest. 

To take one final example, the action-based model of cognitive dissonance (Harmon-
Jones, 1999; Harmon-Jones et al., 2009, 2015) accepts the assumption that cognitive 
inconsistency can generate a negative emotional state of dissonance and a motivation to 
reduce the dissonance. However, it enhances the role of the emotional state of dissonance 
and that it signals a problem that hinders a preferred action from taking place. The 
dissonance is then reduced so that adequate action can occur. 

Even if researchers have different hypotheses of the causes of cognitive dissonance, 
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they agree with the idea that due to the dissonance processes, cognitive changes occur 
(Harmon-Jones, 2019). Along the same line, some even say that the new theories are just 
terminological debates and that they are based on the same underlying idea (Caroll, 2018). 

The term dissonance in the concept of cognitive dissonance was used by Festinger 
(1957) for both the discrepancy between cognitions and the psychological discomfort 
associated with cognitive dissonance. Although many researchers in the literature have 
followed Festinger’s example, more recently, researchers refer to this separately as cognitive 
inconsistency or cognitive discrepancy and dissonance or dissonance discomfort (see for 
instance Harmon-Jones et al., 2008; van Veen et al., 2009). In this thesis, to cover the full 
timeline of relevant research, cognitive dissonance will be taken to include both categories to 
get a more comprehensive picture of the concept. 

Cognitive Dissonance in the Brain 
In addition to the purely psychological aspects, cognitive dissonance has also been 

looked at from a neuroscientific perspective. For example, in 2009, a functional magnetic 
resonance imaging (fMRI) study showed that the dorsal anterior cingulate cortex (dACC) and 
the anterior insula increased in activity when the participants experienced cognitive 
dissonance (van Veen et al., 2009). In addition, it has been shown that the anterior cingulate 
cortex (ACC) and the dorsolateral prefrontal cortex react to how strong the cognitive 
dissonance is (Izuma et al., 2010). Furthermore, Izuma et al. (2015) used transcranial 
magnetic stimulation over the posterior medial frontal cortex (pMFC), leading to a reduction 
of choice-induced preference and implying that the pMFC mediates preference change after 
inconsistency between choice and preference. 

Several different brain regions seem to be related to cognitive dissonance. The most 
common are the ACC and dACC, making it interesting to look into them more specifically. 
Not least in the view that the ACC is functionally related to detecting conflicts. The ACC is 
related to event-related negativity (ERN), an electrophysiological response that occurs when 
you make a mistake (van Veen & Carter, 2002). Cognitive dissonance seems thematically 
related to ERN and maybe even overlapping. Several reviews have shown support for this. 
For instance, Harmon-Jones et al. (2009) report that the ACC is involved in cognitive 
dissonance due to its function in conflict detection. Furthermore, Izuma (2013) notes that 
dACC showed increased activity when discrepancies exist between a person’s and others’ 
opinions, taken as cognitive dissonance. It is suggested that dACC is particularly linked to 
conflict monitoring, executive attention, and conflict prevention (Holroyd et al., 2004; 
Weissman et al., 2005). In general, ACC is considered an area for processing emotions, for 
example, when experiencing something painful, likewise seeing someone else in pain (i.e., 
empathic pain; Ehrsson et al., 2007). Since there does not seem to be a consensus about ACC 
and dACC significance for cognitive dissonance and their properties overlap to some extent, 
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this paper will address them separately in line with the included articles. 

Aim 
There are various ways to look at the area of cognitive dissonance to get a holistic 

approach and a nuanced understanding. One of the ways is to explore the neuroscientific 
foundations of cognitive dissonance, which this systematic analysis intends to do as it can 
contribute to an overall better understanding of the phenomenon that is an everyday issue for 
many people. The topic has significant implications for many areas of our time, such as 
decision-making, moral reasoning, and motivation, not to mention politics and science. In 
addition, there are two areas that can create severe suffering for those affected and have yet 
not been studied much in the context of cognitive dissonance. One of the areas is depression, 
where there is an indication that severely depressed people appear to be more prone to 
dissonance (Stalder & Anderson, 2014) and find it more challenging to down-regulate the 
psychological discomfort of dissonance as they seem to have fewer strategies to reduce the 
dissonance (Byrne, 2020). The other area is psychopathy, where it has been shown that 
people with psychopathic personality traits show lower levels of cognitive dissonance 
(Murray et al., 2012). Psychopathy seems to be a risk factor for severe and chronic violence 
(Reidy et al., 2015). 

Increased understanding of cognitive dissonance, having a reliable bio-signal for it, 
such as increased ACC and/or dACC activity, and knowing how it works, how much it varies 
in the population, etcetera, could potentially provide new perspectives and add value to both 
everyday aspects of cognitive dissonance, as well as to depression and psychopathy. In the 
future, improved diagnostic methods and treatments, as well as reduced suffering and 
increased well-being in everyday life, can be potential benefits of research in this area. 

Since research on cognitive dissonance is an established area, this systematic review 
aims to make an overview of the results of fMRI studies that have examined the ACC or dACC 
during cognitive dissonance to see if they show specifically and selectively increased activity 
during cognitive dissonance in adults. 

Methods 
Search Strategy 

This systematic review follows the Preferred Reporting Items for Systematic Reviews 
(PRISMA) guidelines (Moher et al., 2009; see Figure 2). The keywords were refined until the 
final search string (“cognitive dissonance” OR “cognitive inconsistenc*” OR “cognitive 
discrepanc*”) AND (neuroimag* OR “neuro imag*” OR fMRI OR “functional magnetic 
resonance image*” OR “functional MRI” OR EEG OR electroencephalograph*) AND NOT 
(music*) was acquired. 

Due to the development of the terminology of cognitive dissonance mentioned in the 
introduction, both “cognitive dissonance”, “cognitive inconsistenc*”, and “cognitive 
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discrepanc*” had to be included in the search string to capture new as well as old studies. 
Note that the focus of this thesis is on fMRI and that electroencephalography is only included 
in the search string to ensure that multi-technology studies are not missed accidentally. 
Furthermore, the search string AND NOT music* had to be added not to get hits that referred 
to dissonance in music. 

 
Figure 2 
PRISMA 2009 Flow Diagram: Literature Search Process 
 

 
Note. The literature search process, illustrated in a PRISMA 2009 Flow Diagram (Moher et 
al., 2009). 
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Searches were conducted with no limitation regarding timespan and with the 
boundary that the search string was required to be found in the title, abstract, or keywords, 
resulting in 82 records as of April 27, 2022 (n=40 Scopus, n=42 Web of Science). Reference 
lists were double-checked to ensure no suitable studies had been missed. This resulted in one 
extra study being found. The search results from the databases were pooled into the cloud-
based online platform Covidence (Covidence Systematic Review Manager, 2022), where 23 
duplicates were automatically removed, resulting in 60 remaining records. The titles, 
abstracts, and keywords of the remaining articles were screened, leading to the exclusion of 
44 articles. 

The remaining 16 articles were scrutinized in full text for eligibility. Ten articles did 
not meet the inclusion criteria (see next section) and were therefore excluded. Of these, nine 
articles did not measure cognitive dissonance induction, and one article did not use fMRI as a 
measurement. Thus, six articles remained and were included and assessed in this systematic 
review (see Figure 2). 

Inclusion and Exclusion Criteria 
The criteria for inclusion were set according to the PICO framework (Richardson et 

al., 1995) as follows: (a) adult participants from 18 years; (b) measures cognitive dissonance 
with fMRI on the ACC or dACC; (c) cognitive dissonance-inducing conditions versus control 
conditions. Review articles, not empirical peer-reviewed studies, and articles in a non-
English language, were excluded. 

Data Extraction 

The articles included in this systematic review contributed data covering participant 
information such as the number of participants, age, gender, handedness, etcetera. 
Furthermore, study design, stimuli, outcome measurement for the brain regions of interest 
(ROI), and some bibliographic information about the articles were extracted. The extracted 
data can be found in Table 1. 

Results 
The sample sizes of the six included studies ranged from 11 to 24, with a total of 130 healthy 
participants, of which 81 were females. In all studies, the participants were young (18–37 
years), except for Ito et al. (2019), including also elderly participants (64–68 years). All 
participants were right-handed, except for in the studies by Kitayama et al. (2013) and van 
Veen et al. (2009), who did not report handedness. See Table 1 for a summary of the reviewed 
studies and their demographics and methodology. 

Study Designs 

In this section, I will briefly summarize the study designs used in the various selected 
articles and then proceed to discuss the results.
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Table 1 
Summary of the Reviewed Studies; Demographics and Methodology 

Study 
(Country) 

Sample size 
(Gender) 

Mean age (SD) 
Range 

Handed-
ness 

Comparison Dissonance 
aspects 

Study design Results 

de Vries et 
al., 2015 
(Ireland) 

Dissonance 
condition n 
= 14  
(14 females) 

22 (1.34) 
20–25 

 

Right Consonance, 
Justification, 
and Non-Self-
Related 
Inconsistency 
conditions 

Dissonance 
during counter 
attitudinal 
behaviour 

fMRI while participants 
reflected on personal 
experiences dissonant with 
supported values. Three 
control conditions: justified 
dissonance, consonance, and 
non-self-related inconsistent 
events 

Dissonance vs. consonant 
condition significantly 
increased activity (left ACC, t 
= 5.28, clusters significant at 
pbonferroni < .0033; right ACC, t 
= 4.20, clusters significant at 
pbonferroni < .0033) 
 
Dissonance vs. non-self-
related condition significantly 
increased activity (left ACC, t 
= 4,19, clusters significant at 
pbonferroni < .0033; right ACC, t 
= 4,55, clusters significant at 
pbonferroni < .0033) 

Ito et al., 
2019  
(Japan) 

Young n = 
18 
(9 females) 
 
Elderly n = 
18 (9 
females) 

20.33 (-) 
20–22 

 
65.83 (-) 
64–68 

Right Self-Easy, Self-
Difficult, 
Computer-
Easy, and 
Computer-
Difficult 
conditions 

Dissonance 
during hard 
choices 

Forced-choice during fMRI 
between pairs of pre-rated 
DVDs. Trials included choices 
between difficult and easy 
choices and choices made by 
the computer 

Hard choices vs. easy choices 
significantly increased activity 
(right dACC, F(1,26) = 4.53, p 
< .05) for young and elderly 
participants together 

Izuma et al., 
2010 
(Japan) 

n = 20 
(10 females) 

- (-) 
18–24 

Right Self-Difficult, 
Self-Easy, and 
Computer 
conditions 

Dissonance 
during hard 
choices 

Forced-choice during fMRI 
between pairs of pre-rated food 
items. Trials included choices 
between difficult and easy 
choices and choices made by 
the computer 

Hard choices vs. easy choices 
CDI positively correlated with 
increased activity in dACC (Z 
= 4.81, puncorr. < .001, 
threshold ≥ 20 voxels) 
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Note: ACC = anterior cingulate cortex; dACC = dorsal anterior cingulate cortex; CDI = cognitive dissonance index. 
a In all regions but two looked into, including bilateral dACC, the t-value was between 2.35 and 4.2, and the p-value <0.05.

Study 
(Country) 

Sample size 
(Gender) 

Mean age (SD) 
Range 

Handed-
ness 

Comparison Dissonance 
aspects 

Study design Results 

Kitayama et 
al., 2013 
(USA) 

n = 24 
(14 females) 

19.71 (1.43) 
18–22 

- Difficult choice 
and easy choice 
conditions 

Dissonance 
during hard 
choices 

Forced-choice during fMRI 
between pairs of pre-rated 
music CDs. Trials included 
choices between difficult and 
easy choices 

Hard choices vs. easy choices 
significantly increased activity 
(left dACC, Z = 3.75, puncorr. < 
.001, threshold ≥ 5 voxels; 
right dACC, Z = 4.75, puncorr. < 
.001, threshold ≥ 5 voxels) 

van Veen et 
al., 2009 
(USA) 

Without 
pre-test 
dissonance 
group n = 11 
(6 females) 
 
 
With pre-
test 
dissonance 
group n = 11 
(6 females) 

24 (4.7) 
- 
 
 
 
 
 

24 (4.3) 
- 

- Without pre-
test control 
group n = 13 (5 
females), mean 
age = 25 years, 
SD = 2.7 
 
With pre-test 
control group n 
= 9 (6 females), 
mean age = 23 
years, SD = 3.4 

Dissonance 
during counter 
attitudinal 
behaviour 

fMRI while participants argued 
that the uncomfortable scanner 
was a pleasant experience 
regardless of their genuine 
attitude: dissonance group was 
instructed to lie while control 
group received money to lie 

Dissonance vs. control group   
significantly increased activity 
(dACC, t41 = 2.35–4.20, p < 
0.05) a 

Voigt et al., 
2019 
(Australia) 

n = 22 
(13 females) 

23.57 (4.93) 
18–37 

Right Hard choice 
and easy choice 
conditions 

Dissonance 
during hard 
choices 

Forced-choice during fMRI 
between pairs of pre-rated 
snack food. Trials included 
choices between difficult and 
easy choices. 

Hard choices vs. easy choices 
significantly increased activity 
(left dACC, Z = 4.21, k = 130, 
puncorr. < .001, height 
threshold)  
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Forced-Choice 
 Ito et al. (2019), Izuma et al. (2010), Kitayama et al. (2013), and Voigt et al. (2019) 
studied cognitive dissonance by using forced choices during fMRI between pairs of (by the 
participant) pre-rated DVD images, food items, music CDs, and snack foods respectively. 
Trials included choices between similarly rated (difficult) and contrastingly rated (easy) 
choices. Ito et al. (2019) and Izuma et al. (2010) also included choices made by the computer 
that, in turn, the participants had to choose (Izuma et al., 2010). In Voigt et al. (2019), the 
rating scale included the perceived monetary value of the snack foods. All forced-choice 
design studies measured the difference in reaction time between difficult and easy choices, 
where longer reaction time would indicate increased cognitive dissonance. 

Unlike the other studies, Izuma et al. (2010) also calculated a cognitive dissonance 
index (CDI) and correlated it with ACC activity. The CDI is defined by the difference between 
participants’ decisions (i.e., chosen or rejected) and their preferences for each food item. The 
CDI quantifies the magnitude of the dissonance in each trial. The higher the CDI, the larger 
the discrepancy, which equals more cognitive dissonance. 

Counter-Attitudinal Behaviour 
Both van Veen et al. (2009) and de Vries et al. (2015) looked at dissonance during 

counter-attitudinal behaviour (i.e., a behaviour that is contrary to one’s value). Van Veen et 
al. (2009) focused on the neural correlates of the subjective feeling of dissonance in a 
modified version of Festinger’s original induced compliance procedure (Festinger & 
Carlsmith, 1959), where the participants argued in favour of a position that contradicted their 
authentic attitudes (counter-attitudinal argument). Their procedure used a design with two 
(dissonance and control) by two (with and without pre-test) groups. While in the fMRI 
scanner, after performing a boring task, the participants responded to target sentences 
presented on a screen as if enjoying the task and to neutral sentences as in their honest 
opinion. The subjective feeling of dissonance was not directly measured; instead, they 
inferred that the participants’ attitude changes after the scanning task indicated the level of 
dissonance. 

The study by de Vries et al. (2015) builds on Aronson’s (1968) self-consistency 
revision of the dissonance theory. They designed a task to induce dissonance in the 
participants reflecting on everyday personal experiences inconsistent with their values. The 
study used one experimental condition (dissonance) and three control conditions 
(justification, consonance, and non-self-related inconsistency). In the fMRI scanner, the 
participants were shown short descriptions of values and asked whether they supported 
them. To induce dissonance, they were to recall a situation acting inconsistently with their 
values. The justification condition included a justification for the behaviour, the consonance 
control condition reflected on a consonant experience, and the non-self-related condition 
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thought of behaviours of others inconsistent with the presented value. 

Behavioural Results 
The difference in reaction time between difficult and easy choices in the forced-choice 

design studies indicated that reaction times increased during higher-dissonance trials. De 
Vries et al. (2015) reported a measure of discomfort showing that the participants perceived 
dissonance, justification, and non-self-related states as unpleasant (75.5%, 75.3%, and 
72.2%) and the consonant state as pleasant (69.9%).1 

Neuroimaging Results 
It was sometimes difficult to extract the specific results of interest for this review 

because the data was usually embedded in rather complex approaches where the interest in 
this review is only part of the main focus of the respective article. For example, Ito et al. 
(2019) focused on factors like before versus after choices, computer versus self-choices, easy 
versus difficult choices, choices made by young and/or elderly, and chosen versus unchosen 
items as independent variables. Both within and between-group comparisons were made. In 
contrast, the interest of this review is the difference in neural activity between easy and 
difficult choices. 

Although the included studies had different approaches to induce cognitive 
dissonance, they all reported some increased activity in ACC or dACC during fMRI 
measurements. Four out of six studies (de Vries et al., 2015; Izuma et al., 2010; Kitayama et 
al., 2013; van Veen et al., 2009) reported increased activity in bilateral ACC or dACC in 
response to dissonance. The BOLD signals during the reflection task in de Vries et al. (2015) 
revealed increased activity in the dissonance versus consonant condition (left ACC, t = 5.28, 
clusters significant at pbonferroni < .0033; right ACC, t = 4.20, clusters significant at pbonferroni < 
.0033). Also, the dissonance versus non-self-related conditions showed increased activity in 
the left ACC (t = 4.19, clusters significant at pbonferroni < .0033) and right ACC (t = 4.55, 
clusters significant at pbonferroni < .0033). The activity in ACC was not different between the 
dissonance and justification conditions; the suggested reason was that similar responses to 
the inconsistency occurred even if a justification was provided (de Vries et al., 2015). 

The CDI during hard choices versus easy choices in Izuma et al. (2010) was 
significantly positively correlated with the activity in bilateral dACC (Z = 4.81, puncorr. < .001, 
threshold ≥ 20 voxels). Because Izuma et al. (2010) used the CDI, which reflected a backward 
inference through preference change, it was difficult to know whether their results actually 
reflected the psychological discomfort of dissonance. In other words, it seems they have not 
reported the activity in dACC explicitly for the choice task with hard choices. Since Izuma et 

 
1 Note that the original article suffers from a typo and has reported the wrong information on 

the wrong line. I double-checked with the author, and it was, in fact a mistake (J. de Vries, personal 
communication, May 22, 2022). 
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al. (2010) did not report the results for the choice task itself, it was also, in this case, difficult 
to compare the results with the other included studies. 

Kitayama et al. (2013) found significantly increased activity in both left (Z = 3.75, 
puncorr. < .001, threshold ≥ 5 voxels) and right (Z = 4.75, puncorr. < .001, threshold ≥ 5 voxels) 
dACC during difficult versus easy choices. The study by van Veen et al. (2009) did not report 
the results exactly. Instead, they reported a combined result across several brain regions, 
including bilateral dACC (t41 = 2.35 – 4.20, all p < 0.05). 

Two studies found significant unilateral increased activity in dACC during difficult 
choices versus easy choices. While Voigt et al. (2019) reported increased activity only in left 
dACC (Z = 4.21, k = 130, puncorr. < .001, height threshold), Ito et al. (2019), found increased 
activity in the right dACC (F(1,26) = 4.53, p < .05) for young and elderly participants together 
during the self-choice task. However, for most of the tests made (for the left dACC and for 
young and elderly participants separately), Ito et al. (2019) did not find anything significant. 

To summarise, de Vries et al. (2015) found significantly increased activity in ACC and 
Izuma et al. (2010), Kitayama et al. (2013), and van Veen et al. (2009) found significantly 
increased activity in dACC. In contrast, Voigt et al. (2019) found significantly increased 
activity in the left dACC and Ito et al. (2019) in the right dACC only, which raises the question 
if there is consensus on increased ACC and dACC activity in cognitive dissonance induction. 
To conclude, the results of the included articles indicate an inconsistency on behalf of 
increased activity in ACC and dACC in cognitive dissonance. Therefore, the following section 
discusses potential explanations for this inconsistency, limitations, and future directions. 

Discussion 
This systematic review aimed to give an overview of the fMRI results of studies that 

examined if there is increased activity in ACC or dACC in cognitive dissonance in adults. 
The results from the included studies are not easy to compare due to the sometimes 

complex approaches and different outcome measures (F, t and Z statistics), which weakens 
the comparisons. While all included studies show that the participants experienced a 
subjective feeling of dissonance during the experiments, the findings of this review indicate 
somewhat contradictory neuroimaging results, even though all the studies show increased 
activity in some parts of ACC or dACC. 

The fact that the results differ slightly may be due to various factors. One possible 
reason may be to which extent the different ROIs are distinguished in the studies. Izuma et 
al. (2010) and van Veen et al. (2009) report increased activity in the entire dACC and do not 
distinguish between the left and right hemispheres. De Vries et al. (2015), on the other hand, 
report for the whole ACC but distinguishes between the left and right hemispheres. Also, 
Kitayama et al. (2013) distinguish between left and right hemispheres but limit their 
reporting to dACC. Finally, Ito et al. (2019) report increased activity in left dACC and Voigt et 
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al. (2019) in right dACC only. 
Another reason may be that Kitayama et al. (2013) are relatively straightforward 

when comparing fewer factors than, for example, Ito et al. (2019). Kitayama et al. (2013) test 
fMRI only on difficult versus easy choices. In contrast, Ito et al. (2019) test a dozen different 
ANOVAs (with several factors in each), with a difference in magnitude larger in the latter 
than in the former. Kitayama et al. (2013) also avoid double-dipping2 by establishing ROIs in 
advance for their tests. Furthermore, Kitayama et al. (2013) also have the largest sample size 
(n = 24) of the six included articles (though still rather small, as will be discussed below). 
Taken together, this reduces the risks of false positives and makes the entire setup of 
Kitayama et al. (2013) seem more reliable and robust than again, for example, Ito et al. 
(2019), which shows a different result. In other words, we have stronger reasons to think that 
cognitive dissonance correlates with bilateral dACC increased activity (as per Kitayama et al., 
2013) than to think that it correlates to increased activity in right-only dACC (as per Ito et al., 
2019). 

A third reason for the differing results may be, as Ito et al. (2019) state, that in the 
choice task, one item is chosen, and at the same time, one item is also rejected. Thus, they 
consider that the right dACC is involved in inhibition processes, hence the result. 

Nevertheless, in one form or other, the results do indicate that the ACC and/or dACC 
seem to show increased activity as a result of inducing cognitive dissonance. Given the ACC’s 
and dACC’s alleged link to detecting conflict and empathic pain, which is at the core of the 
dissonance, this result seems reasonable. 

Limitations 
The small sample sizes in the included studies are a notable limitation of this review 

as it affects the statistical power (Button et al., 2013). A low statistical power due to a low 
sample size reduces the probability that a statistically significant finding reflects an actual 
effect. Therefore, studies with low statistical power have a reduced probability of detecting an 
actual effect. In neuroscience, the statistical power is generally low (Button et al., 2013). 
Given, for example, the high costs associated with fMRI research, this is not surprising but 
may still have implications for reliability. None of the studies states the mean and standard 
deviation in their results to enable calculation of effect sizes and thereby evaluate how large 
sample sizes they would need to draw reliable conclusions. The number of participants in a 
study is a trade-off to the desired power, but with at least 40 participants, it begins to be 
relevant (Button et al., 2013). Regardless of this, as the sample sizes of the included studies 
range from 11 to 24, it is clear that all groups contain too few participants. Perhaps all the 

 
2 To first look at which brain regions are reacting, then after knowing that a significant result is 

found, continue to make several statistics on the same sample. Double-dipping is a considerable 
problem with fMRI in general (Kriegeskorte et al., 2009). 
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results in the included studies fall with this; that is, the low sample sizes explain the 
inconsistent results, making it impossible to draw any robust conclusions. The problem with 
small sample sizes can also have ethical aspects, such as unreliable research being inefficient 
and wasteful (Button et al., 2013). 

Another limitation (that applies to neuroscience in general) is handedness and 
asymmetry, which are important possible confounds for many lateralised functions (Sha et 
al., 2021). Given that the results are not entirely consistent, handedness could have 
influenced the outcomes. 

As for the selection process in this review, there were some weaknesses worth 
highlighting. First, the search process was restricted to two databases to assess articles to 
include. Of course, there are several other databases that together could provide an even 
more complete picture. Second, due to the possibly broad scope of cognitive dissonance, 
there was an issue setting search terms related to interconnected areas to avoid missing 
important and relevant articles. Third, as there were no additional reviewers, selection bias 
was a potential problem that might unintentionally have affected which articles were 
included. Two reviewers would have made the results more reliable (Stoll et al., 2019). 

Ethical and Societal Aspects 
All participants in the included studies gave written consent prior to the tasks. Note 

that, unlike all other studies, Kitayama et al. (2013) and Voigt et al. (2019) do not specify the 
consent as informed. The studies of de Vries et al. (2015), Ito et al. (2019), Izuma et al. 
(2010), and Voigt et al. (2019) received ethical approval, while Kitayama et al. (2013) and van 
Veen et al. (2009) do not mention anything about this. Both de Vries et al. (2015), Kitayama 
et al. (2013), and van Veen et al. (2009) debriefed the participants after the final tasks. In 
addition, the debriefing in de Vries et al. (2015) also includes a test for residual discomfort 
after the dissonance-inducing tasks and the experience of being in the fMRI scanner. So, 
although the studies seem to follow standard ethical protocol, there remains some 
unreported information that could potentially be taken as worrying. 

 Cognitive dissonance has importance from a societal perspective as it can, among 
other things, influence ethical attitudes and decisions, thereby likely affecting both political 
and personal agendas and relationships. It also seems like cognitive dissonance is linked to 
different mental states with consequences for both individuals and society at large. More 
recent findings indicate that people with major depression experience more dissonance 
(Stalder & Anderson, 2014) and have fewer strategies for reducing it (Byrne, 2020). By 
contrast, people with psychopathic personality traits show less cognitive dissonance and are 
less likely to change their views of themselves and others in response to discrepant 
information (Murray et al., 2012). They may, therefore, not be motivated to change their 
attitudes and behaviours and are thus not susceptible to therapy. Violence derived from 
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psychopathy largely burdens public health and the criminal justice system (Reidy et al., 
2015). Depression and psychopathy are diametrically different in their relationships to 
dissonance, but both generate extensive suffering for those affected. It seems that too much 
cognitive dissonance can be linked to depression and too little to psychopathy, which 
indicates that a fair amount of cognitive dissonance is most beneficial. 

Future Research 
As a result of the investigations of this systematic review, I have four specific 

proposals for important future research in the field, in increasing order of importance. 
First, an area to investigate more is the broadness of the scope of cognitive 

dissonance, which may have many possible branches and implications. Questions to 
investigate may be: Which stimuli arouse dissonance at a basic level? Which related areas are 
there, and where is it sensible to draw the line? Is cognitive dissonance comparable to error 
detection? 

Second, Ito et al. (2019) suggest age-related differences in cognitive dissonance and 
that dACC performance decreases with age. Assume that this reasoning is correct and that 
older people process dissonance differently than younger people; more research can, for 
example, provide insights into older people’s emotional lives. 

Third, according to the theory of cognitive dissonance, people tend to re-evaluate 
their preferences to reduce the unpleasant feeling that arises with cognitive dissonance. Voigt 
et al. (2019) hypothesise that the downregulation of the dissonance starts automatically 
already when making a difficult decision. This hypothesis and whether it possibly affects the 
induction of cognitive dissonance is relevant to explore further. 

Fourth, more research is required to enable robust conclusions on the role of ACC and 
dACC in cognitive dissonance. A priority is to use comparable outcome measurements, study 
designs, variables, and larger sample sizes to extract reliable and stronger data. 

Conclusion 
This systematic review summarises six studies that use fMRI to examine if there is 

increased activity in ACC and dACC during cognitive dissonance in adults. Although the 
results differ to some extent, the fMRI findings in all the studies indicate increased activity in 
ACC or dACC during cognitive dissonance compared to control conditions. Important 
limitations, such as low power due to low sample sizes, do not elicit trustworthy results. To 
get trustworthy results, we need to use larger sample sizes and comparable outcome 
measurements to extract reliable and stronger data. Only then will we be able to draw 
conclusions, create practical and beneficial interventions for everyday dilemmas, and develop 
new diagnostic methods and treatments for, for instance, depression and psychopathy, to 
reduce suffering and increase well-being in the long run. 
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