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INTRODUCTION

Beliefs are convictions about what we accept as true. They provide the fundamental framework
that we use to understand and engage meaningfully with the world. They also serve important
social functions, such as in identity, relationships, and group coordination. Despite their personal
and social significance, beliefs as psychological constructs have been largely neglected in empirical
studies until recently. In previous work, we noted how studying delusion—defined as a pathological
form of belief—provide a unique window to better understanding belief. Drawing on this approach
and other psychological disciplines, we proposed a number of core functions and properties of
belief. We also outlined a provisional five-stage cognitive model of belief formation. This paper
provides an overview and discusses the implications of this account for psychology and cognitive
neuroscience. In particular, we suggest that the five-stage model offers a tentative conceptual
structure that could help foster future interdisciplinary research and render beliefs more tractable
for scientific study.

STUDYING BELIEF

The notion of belief is frequently invoked and indeed assumed in everyday life and across all
academic and clinical disciplines. Clarifying the construct is critical, in particular, for cognitive
psychology given its responsibility to characterize the mental processes underpinning how we,
as self-embodied individuals, understand and engage with others and our physical environment
(Connors and Halligan, 2015). Despite this, empirical research and theoretical discussions
within psychology remain limited. This has likely been driven by difficulties operationalizing
this ubiquitous and nebulous term. Philosophical debates about the nature of belief continue
(Schwitzgebel, 2010); folk conceptions vary (Pechey and Halligan, 2012b); and cognitive accounts
have not been available until recently. Such issues, however, can be overcome. Philosophical debates
and folk conceptions need not preclude empirical study (Bell et al., 2006) and recent theoretical
developments offer greater clarity around research directions (Connors and Halligan, 2020).

A related challenge for research has been the inherent complexity of belief. Beliefs exist within
broader networks of related beliefs (Quine and Ullian, 1970), making discrete beliefs difficult
to study in isolation. Beliefs also interact with many lower-level cognitive processes, such as
attention, perception, and memory. Given such close inter-relationships with automatic cognitive
processes, Fodor (1983) argued that belief could not be decomposed into discrete independent
subcomponents (modules) or localized neuroanatomically, limiting the viability of scientific study.
These pessimistic accounts have been challenged over recent decades. While some suggest that it is
premature to accept that belief is non-modular (Coltheart, 2017), others note that, even if this turns
out to be the case, it need not follow that scientific study is impossible (Murphy, 2019). Scientific
methods have been effectively applied to many complex systems and other forms of higher-order
cognition, suggesting that analogous methods could be developed for the unique subject matter
(Connors and Halligan, 2020).



Connors and Halligan Cognitive Neuroscience of Belief

One method that offers promise when addressing these
practical challenges is the study of delusions. Delusions offer
salient examples of pathological belief and often reflect relatively
circumscribed dysfunction within an individual’s cognitive
system. By careful study, one can identify specific contributory
factors and their impact. Such study, in turn, can offer insights
into the cognitive processes involved in other delusions and belief
formation more generally (Connors and Halligan, 2015, 2017,
2020). This approach is known as cognitive neuropsychiatry—
a discipline that seeks to explain neuropsychiatric symptoms in
terms of disruptions or damage to normal cognitive processes
(Halligan and David, 2001).

The approach can be briefly illustrated when applied to the
Capgras delusion—a false belief that a familiar person has been
replaced by an impostor. Research has found that multiple
patients with this delusions have a deficit in their autonomic
response to familiar faces (Ellis et al., 1997). This deficit
could plausibly lead to an unexpected sense of unfamiliarity
around others and hence a conclusion that a familiar person
is an impostor (Ellis and Young, 1990). Similar accounts can
be offered for the content of other delusions, reflecting the
more general point that delusions may arise from an attempt
to explain unusual sensory data. Some patients, however,
experience anomalous data without developing a delusion. This
suggests the need for another factor—such as a deficit in belief
evaluation (Coltheart et al., 2011)—to explain why some patients
accept the delusion and others do not. Whilst aspects of this
account remain subject to discussion, the example highlights the
broader potential to examine cognitive processes contributing to
delusional belief.

A FIVE-STAGE ACCOUNT

Based on evidence from delusions and other psychological
disciplines, we previously identified several core functions of
beliefs. These include providing a consistent representation
of our social and physical world; offering an explanatory
framework; coordinating lower-level cognitive processes; and
facilitating social functions, such as identity, relationships, and
group coordination (Connors and Halligan, 2015). We also
identified a range of dimensions of belief, such as their origins,
conviction, stability, conscious awareness, and impact.

Against this background, we outlined a tentative five-stage
cognitive model of belief formation (Connors andHalligan, 2015,
2017, 2020). This noted that beliefs are likely to arise in response
to a precursor, a distal trigger for the belief ’s content (Figure 1).
Between the precursor and the belief, at least two intermediate
stages are needed: firstly, ascribing meaning to the precursor and,
secondly, evaluating the proposed meaning in terms of whether
it meets criteria for belief. After a belief is formed, a fifth stage
is the effect the belief then has on subjective experience and
other cognitive processes, including other beliefs. This overall
account is not committed to modularity and individual stages are
likely underpinned by a wide range of automatic and unconscious
cognitive processes (Oakley andHalligan, 2017). It is nevertheless
possible to characterize these broad stages in more detail.

FIGURE 1 | Five stages of belief formation.

The first stage is a precursor that operates as a distal trigger for
a belief ’s content. This could involve sensory input, particularly
if unexpected or otherwise salient. It could, however, also take
other forms, such as communication from trusted others. Indeed,
many beliefs, including pathological forms, appear to arise from
accepting social communicated ideas, rather than direct sensory
experience (Sperber, 2009). A further form of precursor may
be introspection on memories, imagery, or pre-existing beliefs,
which can likewise occur without immediate sensory input.
For delusions, source monitoring errors—failures to identify
the origins of internally-generated thoughts, memories, and
actions—may provide an important source of content (Johnson,
1988; Griffin and Fletcher, 2017).

The second stage is a search for meaning to interpret and
explain the precursor. This draws heavily upon pre-existing
beliefs and other relevant contextual information. As such, the
resulting proto-beliefs can be highly personal and idiosyncratic.
Interpretation is likely, in particular, to seek to preserve pre-
existing beliefs for internal consistency and avoid dissonance.
Interpretation is also likely to reflect particular attributional
styles (habitual tendencies to explain events in certain ways);
heuristics to reduce cognitive effort; emotion and mood; and
social motivations (e.g., preserving a positive sense of self
and maintaining relationships and group ties). Such processes
shape the content of beliefs beyond what is specified by the
precursor itself.

The third stage involves evaluating the proto-beliefs. This is
likely based on at least two key criteria, namely observational
adequacy (the degree to which the belief explains the precursor)
and doxastic conservatism (consistency with pre-existing beliefs;
Stone and Young, 1997; Mckay, 2012). The latter tendency is
particularly important for maintaining internal consistency, so
conflicting accounts are likely subjected to intense scrutiny.
For delusions, disruptions in belief evaluation may give rise
to implausible content by allowing hypotheses to be accepted
without adequate examination. Such disruptions, however, are
not necessary for all delusions. Supportive pre-existing beliefs

Frontiers in Behavioral Neuroscience | www.frontiersin.org 2 July 2022 | Volume 16 | Article 926742



Connors and Halligan Cognitive Neuroscience of Belief

and/or cognitive biases within the subject’s own community
could also allow many unusual beliefs to be accepted.
Indeed, once delusions are formed, belief evaluation may
serve to reject alternative, non-delusional accounts to maintain
internal consistency.

The fourth stage is activation of the new belief. This will
usually need to be co-located within a network of inter-
related beliefs to be maintained. As already noted, beliefs

vary in specific properties and multiple factors are likely to
influence each of these. Of particular significance are a belief ’s

conviction and influence on action. These features are likely
to depend on similar criteria as those in belief evaluation,
namely the belief ’s adequacy at predicting ongoing experience
and congruence with other pre-existing beliefs. Both criteria,
as well as a belief ’s salience, can vary to some degree across
time and context, so it is possible that a belief ’s conviction
and influence may similarly vary (Connors and Coltheart,
2011). Most beliefs, however, are likely to fit within a network
of consistent and mutually supportive beliefs (Pechey and
Halligan, 2012a; Seitz et al., 2018), so are likely to remain
relatively stable.

The final stage is the impact the belief has on lower-
level cognitive processes and broader subjective experience. In
everyday life, beliefs are experienced as lived and typically
not subject to decomposition, questioning, or reflection at the
time. As representations of one’s phenomenal world, beliefs
strongly influence attributions and the deployment of lower-
order processes, such as attention, perception, and memory, in
a top-down manner. Whilst constrained by sensory data, beliefs
bias cognitive processing, particularly when data are ambiguous,
to align with the beliefs’ predictions. Specific mechanisms
remain contested, including the extent to which beliefs affect
basic perception (Vetter and Newen, 2014). Nevertheless,
the overall impact of beliefs on attributions and subjective
experience is evident across many experimental paradigms
(Hastorf and Cantril, 1954; Jones and Russell, 1980; Gilovich,
1991; Gregory, 1997; Irwin, 2009; Connors et al., 2015). As
such, beliefs, including delusional forms, provide an incredibly
powerful lens that shapes our experience, affecting what we
attend to, perceive, remember, and consider plausible as an
explanation. This, in turn provides further support for the
belief and lead to the elaboration of related beliefs and broader
world views.

IMPLICATIONS

Our account of belief formation is admittedly preliminary and
underspecified. We consider it, however, to be parsimonious
and helpful when trying to explain the heterogeneity of belief,
including delusions and other anomalous forms. We also believe
that it has sufficient detail to guide future research. Our five-
stage account highlights, in particular, how belief formation
can be functionally decomposed, independent of assumptions
around cognitive architecture andmodularity. This has relevance
to other areas of psychology, cognitive neuroscience, and
many other academic disciplines. It also provides a more
comprehensive account of delusions than existing cognitive

accounts, which have a number of significant empirical and
theoretical limitations (Connors and Halligan, 2020, 2021a,b).

Research methodologies from many disciplines are relevant
when elucidating the cognitive processes implicated. While
studying delusions is likely to remain important, observational
research of beliefs in the non-clinical population will be
needed to better define characteristics of normality and
dysfunction. Strongly-held beliefs with anomalous content—
such as conspiracy theories and certain religious and political
beliefs—may be particularly relevant in this respect and provide
insight into developmental antecedents, personality factors,
neuropsychological correlates, and social dynamics (Pechey and
Halligan, 2011; Douglas et al., 2017). Experimental methods
that directly alter belief, including associative learning, hypnosis
(Oakley and Halligan, 2013; Connors, 2015), and social influence
(Cialdini, 2021), are also likely to be important in clarifying
psychological mechanisms.

A final challenge involves marrying the cognitive processes of
belief to the underlying neurobiology (Bell and Halligan, 2013).
Recent accounts have highlighted potential neurophysiological
processes involved in believing (“credition”; Seitz et al., 2018).
Importantly, however, neuroimaging and other investigative
techniques depend in large part on the cognitive models
and behavioral tasks used (Poldrack and Farah, 2015). As
such, the five-stage account provides an initial cognitive
framework to guide investigation. Our account also highlights
challenges establishing specificity of associations given beliefs’
heterogeneous properties; frequent coalescence around shared
themes; and close connections with lower-level automatic
cognitive systems. Contrary to Fodor, these challenges are not
necessarily insurmountable, though care will be need to be
taken in experimental designs and likely require converging
methodologies. Computational modeling and predictive data-
driven approaches may assist, though both similarly remain
limited to some extent by the overarching cognitive framework
used (Poldrack and Yarkoni, 2016). Progress in cognitive
neuroscience is therefore likely to remain closely linked to
elucidating belief ’s cognitive basis. Further clarification of both
promises to offer important insights into consciousness, social
processes, and ourselves.
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