
HAL Id: hal-04755850
https://hal.science/hal-04755850v1

Submitted on 28 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

The interplay between subcortical and prefrontal brain
structures in shaping ideological belief formation and

updating
Dezső Németh, Teodóra Vékony, Gábor Orosz, Zoltán Sarnyai, Leor Zmigrod

To cite this version:
Dezső Németh, Teodóra Vékony, Gábor Orosz, Zoltán Sarnyai, Leor Zmigrod. The interplay be-
tween subcortical and prefrontal brain structures in shaping ideological belief formation and updat-
ing. Current Opinion in Behavioral Sciences, 2024, 57, pp.101385. �10.1016/j.cobeha.2024.101385�.
�hal-04755850�

https://hal.science/hal-04755850v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


Available online at www.sciencedirect.com

The interplay between subcortical and prefrontal brain 
structures in shaping ideological belief formation and 
updating
Dezső Németh1,2,7,#, Teodóra Vékony1,7,#, Gábor Orosz3,  
Zoltán Sarnyai4,# and Leor Zmigrod5,6,#

History illustrates that economic crises and other sociopolitical 
threats often lead to a rise of polarization and radicalism, 
whereby people become more susceptible to intolerant political 
messages, including propaganda and ideological rhetoric. 
Political science, sociology, economics, and psychology have 
explored many dimensions of this phenomenon, yet a critical 
piece of the puzzle is still missing: what cognitive and neural 
mechanisms in the brain mediate between these threats and 
responsiveness to political messages? To answer this question, 
here, we present a theory that combines cognitive 
neuroscience theories, namely stress-induced memory shift 
and competitive cognitive processes, with political science. Our 
Threat-based Neural Switch Theory posits that the processing 
of political information, similarly to other information 
processing, is shaped by the competitive interaction between 
goal-directed and habitual processes. Threats, including 
resource overload or scarcity, can shift neural networks toward 
receptiveness to oversimplified political messages. This theory 
sets out a research program aimed at discovering the cognitive 
and neural underpinning of how situational factors alter brain 
functions and modify political information processing.
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Political scientists have long been fascinated by the 
construction of ideological opinions. The question of 
how new information modifies beliefs through learning 
is a central question not only of political psychology but 
also of education, philosophy, and biology. For example, 
ideological messages can reach the masses by providing 
oversimplified information or extreme solutions to 
complex crises, often while ignoring contextual nuance. 
Human responsiveness to these oversimplified political 
messages, such as propaganda and populist rhetoric, may 
catalyze societal polarization as well as individual radi
calization, so it is essential that scientists investigate the 
causes and mechanisms of this phenomenon. Substantial 
scientific research has been carried out on political 
communication, political behavior, and ideological pro
cesses from sociological, political science, economics, 
and social-psychological perspectives [1–5]. Never
theless, it is essential to emphasize that the neurocog
nitive explanatory level is equally vital in 
comprehending these phenomena (refer to the Neuro
cognitive Model of Ideological Thinking [6]). In this 
context, we introduce the Threat-based Neural Switch 
Theory, which seeks to offer insights into these inquiries 
from a neurocognitive stance.

The field of political neuroscience started to emerge 
during the 2000s [7–10] and subsequently experienced 
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notable growth and advancement throughout the 2010s, 
harnessing cognitive neuroscientific methodologies to 
study ideological attitudes, dogmatism, and political 
identity [6,11]. Most of these studies approach the pro
blem by describing the psychological, cognitive, or 
neural correlates of political identities and ideologies. 
This dispositional trait-like research view can help us 
understand the relationship between neurocognitive 
functions and political ideologies. As an example, cog
nitive flexibility measured by the Wisconsin Card 
Sorting Task or drift rate in decision-making tasks can 
predict participants’ levels of dogmatism [12,13]. Trait- 
like processes refer to “how cognitive dispositions — 
individual differences in the perception and processing 
of information — sculpt individuals’ ideological world
views, proclivities for extremist beliefs, and resistance 
(or receptivity) to evidence” [11]. In contrast, state-like 
processes refer to the effects of situations and contexts: 
an individual’s level of responsiveness to oversimplified 
messages may be changed by external influences such as 
the threat of an economic crisis. Previous research has 
extensively investigated state-like issues, such as the 
influence of emotions on information processing in social 
psychology and their impact on political thinking 
[14–19]. Furthermore, various studies have explored the 
effects of economic threats on political thinking pro
cesses [20,21] and the influence of threat and anxiety on 
cognitive and brain processes [22–25]. Our theory aims 
to comprehensively address state-like effects in a com
plex manner by unveiling the intricate interplay among 
threat, cognition, brain processes, and political thinking. 
While previous research has tackled two, and possibly 
three, of these aspects, it has not simultaneously ad
dressed the entirety of the fourfold interaction.

For example, research has demonstrated that suscept
ibility to oversimplified political ideas might be heigh
tened after economic crises. These threats may ‘push’ 
people in the direction of dogmatic, extreme, or natio
nalistic views, as evidenced by experimental work on 
worldview threat shifts [26–28]. The relationship between 
threats and politics is highly complex [29]. This com
plexity arises not only from the way perceptions are in
tertwined with emotions [30] but also from the fact that 
threats can influence people’s political preferences, while 
their political preferences can also lead them to perceive 
issues and events as threatening and stressful. This phe
nomenon is described in the ‘model of the reciprocal 
threat–politics relationship’ [29]. To better understand 
this complexity, delving into the neural mechanisms un
derlying this connection could provide valuable insights. 
Yet, as laid out in the Neurocognitive Model of Ideolo
gical Thinking [6], it is essential to examine how changes 
in neural processes make an individual more susceptible 
to ideological messages and how these brain mechanisms 
mediate between situational factors and political ideology. 
To fill this gap, we must complement dispositional (trait- 

like) approaches using situational (state-like) approaches. 
The main goal of this short review is to present the 
Threat-based Neural Switch Theory, which is based on 
cognitive neuroscience theories related to information 
processes, such as stress-related learning and memory 
systems, and the competition between goal-directed and 
habitual learning processes. This framework aims to un
cover the neurocognitive processes underlying recep
tiveness to oversimplified political messages and to 
understand how this receptiveness changes within the 
individual over time. The theory suggests that the way 
political information is processed, much like nonpolitical 
information, is influenced by the interplay between pro
cesses related to goal-directed actions and habitual be
haviors. An imbalance in these processes could potentially 
lead to a higher vulnerability to overly simplified political 
messages [31].

The nature and content of oversimplified political mes
sages are in many ways context-dependent; however, we 
can hypothesize specific ideological outcomes that focus 
on the structure of ideological beliefs rather than their 
substance [32]. Here we propose that an imbalance to
ward habit-based behaviors, especially under conditions 
of stress, would skew preferences toward more extreme 
ideological solutions regardless of their content. In other 
words, oversimplification may exist in the realm of beliefs 
about national borders, environmental protection, eco
nomic policies, or gendered assumptions that are coupled 
with intolerance. When tested rigorously for both left- 
wing and right-wing issues, we suggest that over
simplified, extreme, and intolerant messages will be fa
vored when habitual processes are activated. Here we 
focus on receptiveness to oversimplified messages, rather 
than the elaboration of ideological belief systems, and we 
expect that with additional data, we will be able to draw 
finer distinctions between the role of belief structure (e.g. 
extremity and dogmatism versus moderation and flex
ibility) and belief content (e.g. right- versus left-wing is
sues, religious versus atheistic issues, traditionally 
populist or neo-liberal). Through this framework, it will 
become possible to delineate the ways in which different 
ideological outcomes possess distinct neurocognitive sig
natures and may rely on different psychophysiological 
processes [6,12].

Building upon our Threat-based Neural Switch Theory, 
we can design empirical studies aimed at unraveling the 
cognitive and neural dynamics involved in how different 
situational factors, like economic crises, warfare, and 
sociopolitical stressors (as delineated by Blascovich et al. 
[33]), impact brain function. These investigations seek 
to shed light on the modulation of stress-related brain 
networks, leading to the downregulation of executive 
networks and the upregulation of salience and basal 
ganglia networks during the processing of political 
information.

2 Subcortical Cognition 
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Theoretical background
The brain continuously extracts patterns and regularities 
from the information stream originating from our physical 
and social environments. It constructs models to utilize 
this knowledge for predicting and anticipating future 
events [34–36]. The processes of acquisition and model- 
building, along with the complexity of the models, play a 
crucial role in our adaptation to the environment and our 
understanding of the world around us. These brain 
models are also integral to information processing (top- 
down, model-based learning, predictive brain) [37]. In 
this context, the present theoretical framework follows 
new approaches that consider the processing of political 
information as governed by the general processes of in
formation acquisition and model-building [38]. Therefore, 
it is intertwined with the cognitive neuroscientific the
ories of learning and memory.

For concision, simplified terminology is used. Here, 
‘goal-directed processes’ denote executive functions, 
controlled model-based processes, working memory, and 
declarative memory. In contrast, ‘habit-related pro
cesses’ encompass habit learning, automatic behaviors, 
statistical learning, model-free, and nondeclarative pro
cesses. However, the theoretical framework will adopt a 
more sophisticated process-level perspective to in
vestigate the cooperative and competitive interactions 
among these processes.

Going beyond classical models of learning and memory, 
our framework is constructed upon two relatively recent 
theoretical approaches. These approaches are employed 
to develop our Threat-based Neural Switch Theory: 
competitive memory systems framework and stress-induced 
memory shift theory.

The competitive memory systems framework
Prior research has shown that neurocognitive networks 
underlying learning and memory can engage in either 
cooperative or competitive interactions [39,40]. Specifi
cally, a substantial body of evidence has demonstrated 
that weak prefrontal lobe–dependent executive and 
control functions are associated with enhanced perfor
mance in statistical learning (extracting the regularities 
from an information stream), a form of learning that 
underlies habit formation [41–43]. This finding suggests 
a competitive, antagonist relationship between con
trolled, goal-directed, hypothesis-testing, and automatic, 
stimulus-driven learning processes. This competition 
implies that a greater engagement of the former could 
hinder the extraction of statistical properties from the 
environment [34,44]. In contrast, executive functions 
exhibit positive correlations with other learning and 
memory functions, such as working memory and de
clarative memory [45,46].

Competitive memory systems framework from a 
computational neuroscience perspective
The accumulating evidence from computational neu
roscience suggests that the interactions between learning 
and memory functions are driven by specific cognitive 
processes. In particular, a widely recognized computa
tional model [47] postulates the existence of model-based 
and model-free processes underlying learning and, more 
generally, behavior. The central distinction between the 
two processes lies in whether an internal model or re
presentation of the task at hand was formed during 
learning, characterizing model-based versus model-free 
processes, respectively. Since these processes appear to 
be relevant in a wide range of learning situations, they 
could potentially shed further light on the competition 
observed both on the neural and behavioral levels 
[36,47–49]. Based on existing theoretical and empirical 
work, model-based and model-free processes are posited 
to compete for control over behavior [36,47]. Moreover, 
the reliance on model-free versus model-based learning 
processes changed dynamically according to the con
current executive function demands [49].

In summary, the antagonistic relationship between 
learning systems affects information processes and model- 
building. When the prefrontal functions are ‘weaker’, it 
could lead to more efficient habit-learning performance 
and result in the construction of less complex models. 
These findings have implications for the processing of 
political information; the imbalance in neurocognitive 
networks (habit versus goal-directed learning) can lead to 
‘weaker’ PFC functioning and ‘stronger’ habit learning, 
potentially resulting in a higher receptivity to simplistic 
political messages. This could lead to a reduced inclina
tion to develop a nuanced understanding of the political 
landscape and a reluctance to update this model with 
additional information. Conversely, when the PFC per
forms ‘strongly’ — involving computational level model- 
based processes — it could facilitate the creation of an 
accessible and nuanced model of the political landscape 
stored in declarative memory. This neurocognitive me
chanism could play a role in mediating between situa
tional factors and responsiveness to political messages.

Stress-induced memory shift
Acute stress leads to changes in both cognitive and af
fective processes [50–53]. Previous studies have shown 
the significant impact of stress on learning and memory 
systems. Glucocorticoid hormones are released in 
stressful situations and can induce a shift from cogni
tively demanding, goal-directed forms of learning to 
habitual forms of learning [54–57]. Stress-induced 
memory shift has been widely demonstrated on both the 
behavioral and neural levels. Schwabe et al. [58] were 
the pioneers in providing evidence for the shift in hu
mans; psychosocial stress increased the use of habitual 

Learning systems and processing political messages Németh et al. 3

www.sciencedirect.com Current Opinion in Behavioral Sciences 2024, 57:101385



strategies at the expense of goal-directed strategies in 
spatial learning. Significantly, however, stress may also 
alter habit learning [59]. Studies investigating the effect 
of stress on the habitual processes in humans have 
shown that stress could modify habit learning perfor
mance [53,60,61]. In a recent study, Tóth-Fáber et al. 
[62] investigated statistical learning, an essential com
ponent of habit learning under stress induction, and 
found improved regularity extraction (enhanced habit 
learning) under the stress condition compared with the 
nonstress condition. In the present work, we might focus 
on a somewhat more precise term, threat, that is related 
to the appraisal of the stressful situation in which the 
demands exceed the resources.

On the neural level, the prefrontal cortex (PFC), hip
pocampus, dorsal striatum, and amygdala seem to play 
an essential role in the shift. Studies [63,66] proposed a 
model that explains how stress changes large-scale net
works in the brain (Figure 1). In a no-stress situation, the 
PFC inhibits habitual responses when necessary, utilizes 
top-down control, and regulates emotional responses in 
the amygdala. Following stress, however, changes occur 
in these brain areas and networks; acute stress down
regulates the executive networks (dorsolateral prefrontal 
cortex [dLPFC], medial prefrontal cortex [mPFC], pos
terior parietal cortex [pPC]) and upregulates the salience 
network (dorsal anterior cingulate cortex [dACC], 
amygdala [AM], frontal insula [fI], midbrain [MID]) and 
basal ganglia, which promotes a shift toward habit-based 
memory. Their findings corroborate the behavioral evi
dence of the stress-induced memory shift, which entails 
the enhancement of habitual behavior at the expense of 
goal-directed behavior in response to acute stress [55]. In 
this framework, studies have consistently shown that 

stress creates a bias that favors dorsal striatum–depen
dent habitual behavior over PFC-dependent goal-di
rected behavior [67,68]. To sum up, converging 
evidence suggests that stress induces large-scale net
work changes from the executive control network to the 
salience network, orchestrating a shift from goal-directed 
to habitual control of learning.

Therefore, stress can alter information processing by 
shifting learning and memory systems from goal-directed, 
declarative memory processes toward habit and statistical 
learning. The processing of simple statistics and regula
rities becomes more effective than dealing with more 
complex patterns. Translating this to political information 
processing, stress can enhance receptiveness to over
simplified political messages, as opposed to a preference 
for more complex and sophisticated information (Figure 2).

In a similar vein, Houshofer and Fehr [69] suggest that 
poverty induces stress and negative emotional states. 
These states, in turn, can result in making decisions that 
are focused on immediate outcomes and avoiding risks. 
This might occur because poverty can restrict attention 
and prioritize habitual behaviors over purposeful, goal- 
oriented actions [69].

Implication of the Threat-based Neural Switch 
Theory
The main goal of this theoretical framework is to help 
understand responsiveness to dogmatic political mes
sages, including its behavioral, cognitive, and neural 
components. 

1) This theory can help to identify the relationship be
tween learning, memory systems, and responsiveness 

Figure 1  
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The stress-induced shift in brain networks promotes habit memory-related processes such as statistical learning, model-free learning, and habit 
learning at the cost of goal-directed learning. In situations without stress, the executive control network is more prominent, supporting cognitive 
control and goal-directed learning processes. The nodes of this executive control network are the dLPFC, mPFC, and pPC. Acute stress 
downregulates the executive networks (dLPFC, mPFC, pPC) and upregulates the salience network (dACC, AM, fI, MID), which promotes a shift toward 
habit-based memory. In the context of processing political information, stress induces a shift from processing nuanced political messages toward 
higher responsiveness to simplified political messages. 
Illustration adapted from figures presented in Hermans, Henckens, Joëls, & Fernández [63]; [64], and Schwabe [65].  
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to oversimplified political messages. We suppose that 
this responsiveness correlates not only with executive 
functions and goal-directed memory processes [12] but 
also with habit-like learning processes, such as statis
tical learning.

2) The theory proposes the potential to determine the 
brain regions and networks that underlie political 
information processing in terms of dynamic func
tional connectivity. We suppose that weakening the 
functioning of specific PFC areas by noninvasive 
brain stimulation results in altered dynamic func
tional connectivity in frontoparietal and fronto
temporal circuits, leading to a heightened preference 
for dogmatic political messages.

3) Threats like financial crises and wars can increase 
receptiveness to oversimplified political messages, 
including propaganda and ideological rhetoric. The 
framework suggests that stress-related learning and 
memory shifts are the key mechanisms mediating 
this relationship. To empirically test this, we need to 
model the psychological impact of economic in
stability and other threats with experimental stress 
induction in the laboratory. We hypothesize that this 
stress induction will alter dynamic functional con
nectivity in the brain and result in a preference for 
simpler political messages. Future research can focus 
on the effect of acute stress, as reflected by rapidly 
changing salivary cortisol levels and sympathetic 
nervous system activity, as well as the effect of long- 
lasting stress based on hair cortisol levels [70]

Conclusion
The Threat-based Neural Switch Theory and the re
sulting empirical research can facilitate a deeper under
standing of ideological intolerance and evidence- 
resistant beliefs. Rather than describing these as a mal
function of singular cognitive systems or brain networks, 
we aim to consider the susceptibility to ideological 
messages from a situation-based neuroscientific per
spective as reflecting an interactive imbalance between 
cognitive systems, such as habitual and goal-directed 
behavior. The theory can also contribute to theoretically 

integrating trait- and state-based processes, thereby al
lowing us to develop a more holistic and nuanced un
derstanding of how to counter dogmatic ideological 
thinking.
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