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Key points

• The distinction between self and others plays a vital role in social interactions, including shaping self- and other-
representations

• Self- and other-representations interplay with each other, in social interactions.
• Representation of others affected by both individual and environment factors, from micro to macro level.
• People may use Bayesian inference to update their own self-representation, and belief to others.
• The representation of other’s belief may be formed and updated by observation and active interaction.
• Such capacity of representation of others suggests individual difference, and evolves across the lifespan.

Abstract

This article delves into the diverse aspects in which individuals make inferences about the beliefs and values held by others.
By reviewing the psychological factors underlying representing the beliefs of others, as well as the individual differences for
both the individuals being represented and those undertaking the representation, this article sheds light on the intricate
nature of representation of other’s belief. Furthermore, it discusses the ways and considerations involved in updating these
beliefs (such as observation, active interaction, and Bayesian inference) and offers suggestions for future research.

Reference Module in Neuroscience and Biobehavioral Psychology https://doi.org/10.1016/B978-0-12-820480-1.00159-5 1

https://doi.org/10.1016/B978-0-12-820480-1.00159-5


Introduction

Background and significance of studying representation of others’ beliefs

The ability to represent the beliefs, attitudes, and values of others is a critical aspect of human communication and understanding
(Rokeach, 1970). Our capacity to interpret the thoughts and feelings of others is essential for building meaningful relationships and
resolving conflicts (Karniol, 1990). Moreover, the ability to understand and empathize with others’ perspectives can lead to more
effective decision-making in various domains, including business, politics, and education.

Studying representation of others’ beliefs provides valuable insights into how individuals process andmake sense of information
from diverse sources. For example, researchers have found that when people are exposed to information that contradicts their exist-
ing beliefs or values, they may experience cognitive dissonance and seek to resolve this conflict by adjusting their beliefs or values
accordingly (Hart et al., 2009). This phenomenon highlights the importance of considering multiple perspectives when interpreting
the beliefs of others.

Understanding representation of others’ beliefs can also help us better understand the factors that influence people’s decisions
and actions (Frith and Frith, 1999). By examining how individuals construct and justify their beliefs, researchers can identify
patterns and trends that may be relevant to different contexts and domains (Festinger, 1954). For instance, studies have shown
that people tend to favor information that confirms their preexisting beliefs (Kahneman and Tversky, 1979), which suggests that
understanding how individuals construct and justify their beliefs can provide useful insights into decision-making.

The study of representation of others’ beliefs has gained significant attention across multiple disciplines, including psychology,
economic (Kim, 2009), philosophy (Zynda, 2000), neuroscience (Ramsey et al., 2021), education and politics science (Elcheroth
et al., 2011). Researchers from these diverse fields are interested in unraveling the complex cognitive processes that underlie our
ability to reason about the thoughts and beliefs of other individuals. Educators, for example, need to have a deep understanding
of how students perceive themselves and others (i.e., represent learners’ beliefs), in order to create effective and inclusive learning
environments (Vélez et al., 2023). In clinical psychology, the ability to accurately interpret and understand the mental states of
patients is crucial for providing appropriate interventions and treatments (Salvatore et al., 2012). Similarly, social workers often
encounter individuals from diverse backgrounds and must be skilled in navigating the complexities of others’ beliefs and experi-
ences. For example, the recent interactive mentalizing theory (IMT) proposes new components including co-mentalizing and group
mentalizing in social contexts (Wu et al, 2020). These format of mentalizing are frequently observed in daily life and workplaces
settings (Fig. 1).

Overview of the article structure

Previous introduction of the representation of others’ belief have typically followed the traditional approach to understanding men-
talizing, which assumes a limited number of agents and factors in the social interaction (Wu et al., 2020). They often present
research that aims to find evidence for different physiological and behavioral response patterns associated with different mentaliz-
ing states. In contrast, this article takes a dynamic perspective on the simple and complex social interaction settings, focusing on the
factors that affect both representation of oneself and others, and drive continuous process in formation, updating and biases in
representations of others’ mind (Griffiths et al., 2010). Categorization and labeling are considered to initiate first and there are
dynamic changing steps in this view.

This theory-independent review focuses on the static versus dynamic representation of others’ beliefs and the interaction
between self-other representation and dynamics of updating. It provides a summary of empirical literature, adopting a self-other
dimension and a static-dynamic update dimension. The review integrates classic mentalizing predictions with available empirical
evidence, proposing an integration theory that considers micro-macro environment factors in other belief representation. It prior-
itizes hypothesis-driven approaches, examining how manipulations in controlled laboratory or culture settings modulate these
representations. The review also highlights studies utilizing advanced computational modeling, such as Bayesian models, for objec-
tive assessments of different aspects of other belief representation beyond subjective inference reports or category labels.

Static representation of others

The development of distinguishing self from others

In order to engage in higher-order social cognition effectively, it is essential to integrate and differentiate between representations of
oneself and others (Adolphs, 2009). This ability enables us to infer mental states of others as we need to recognize “self“ at first
(Payne and Tsakiris, 2017; Santiesteban et al., 2012; Wang et al., 2016). Having a self-representation means that we have a mental
framework or cognitive structure that allows us to understand and interpret ourselves as an individual. As a common view, the
process of gaining self-representation is developmental, basically from perception to representation.

Neisser (1991) demonstrated that infants acquire the self-perception first through transactions with the environment (ecological
self) and others (interpersonal self), implying that self is shaped by physical and social information. Within a few weeks of birth,
infants rudimentarily percept themselves by finger explosion (Kravitz et al., 1978) and are more sensitive to information related to
their own experience (Filippetti et al., 2013). As cognitive ability matures, infants start to recognize themselves beyond sense percep-
tion. The best known paradigm to test the occurrence of self-representation is the mirror self-recognition task, developed by
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Bertenthal and Fischer (1978), which uses serial mirror tasks to measure the development of self-recognition in infants. In their
studies, they put a mirror in front of infants, and saw 15-month-old infants could recognize the rouge dot on their noses and
attempting to touch their noses. Since there is an objective basis of self, the content of self-representation began to increase expo-
nentially from childhood to adulthood, encompassing self-beliefs (Valentine et al., 2004), self-esteem (Butler and Gasson, 2005),
personality traits (Caspi et al., 2004), and other characteristics that define who we are. The development of self-identification abil-
ities also provides a cognitive foundation for recognizing and understanding others. For instance, rapid self-recognition is equiva-
lent to effectively identifying the non-self (i.e., others; e.g., Ma and Han, 2010). Moreover, as the cognitive and emotional processes

Fig. 1 Representation of other’s mind in life (Wu et al., 2020) and the workspace.
Schematic illustration of different types of minds mentalizing (A) in both daily life and workspace (B). Note that these representations or

mentalizing can also be referred to, respectively, as self-mentalizing, first order mentalizing, higher order mentalizing, and collective mentalizing.

- Self-Mentalizing: An individual reflecting on their own desires and goal before deciding.
- Collective Mentalizing: A team working together to come up with a strategy, considering each member’s perspectives and aligning their collective

goals.
- Self-other mentalizing: The ability to attribute mental states that a friend might have a different perspective on a political issue and try to understand

their reasoning behind it. Trying to empathize with a coworker’s critical comments by considering their previous experiences and understanding their
position.

- Other-self mentalizing: Politicians mentalize when speaking, to understand how the audience perceives their attitudes, self-image, and intentions.
- Mentalizing in Virtual World: Role-playing a character in a virtual game and understanding their motives and goals within the game’s narrative.

Figure created with Adobe.
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involved are similar among individuals, individuals can use their own experiences to understand others, particularly in terms of
empathy (Buie, 1981). Researchers have extensively investigated self-relevant beliefs, delving into the makeup of the self-concept
and its corresponding neural representations (Hu et al., 2016). The meta-analysis revealed that processing self-faces involves bilat-
eral regions with a right hemispheric dominance, whereas self-referential judgments are associated with the anterior cingulate
cortex/superior frontal cortex (ACC/SFC). Furthermore, the ACC and the left inferior frontal gyrus (IFG) extending to the insula
were identified as central components of the self.

As we explore our sense of self, we become increasingly aware of others and their unique differences from us. These distinctions
encompass sensory, cognitive, and emotional aspects. In the early stages, infants display distinct reactions to their own crying
compared to that of other infants (Martin and Clark, 1982). This period marks the beginning of infants’ development of a basic
understanding of others, which lays the groundwork for more intricate social interactions in the future (Sodian, 2011). Through
observational studies and experiments, researchers have discovered that even within the first year of life, infants demonstrate an
innate sensitivity to the intentions and desires of others (e.g., Woodward, 2009; Yott and Poulin-Dubois, 2016). Infants exhibit
a remarkable ability to anticipate and interpret the behavior of those around them (e.g., Cannon et al., 2012; Fawcett and Liszkow-
ski, 2012). During the preschool years, children begin to exhibit the emergence of belief reasoning. The recognition of other’s
different beliefs by children has been widely confirmed during this stage (Wellman et al., 2001). Additionally, during adolescence,
the social reasoning abilities and social brain functions of individuals are further enhanced and refined (Burnett et al., 2011; Peter-
son and Wellman, 2019). This emergence of complex social cognition and belief attribution plays a crucial role in their social inter-
actions, relationships, and decision-making processes (Kilford et al., 2016).

The brain organizes representations of others based on their connection to our own identity, with distinct clusters for the self,
social network members, and celebrities (Andrea and Meghan, 2020). Neurological patterns associated with self-recognition differ
from those involved in recognizing others, highlighting a perceptual distinction (Platek et al., 2008). Understanding the distinction
between self and other is crucial for comprehending social cognition and interpersonal dynamics, enabling us to recognize that
others possess mental states that may differ from our own, even within intimate relationships (Itzchakov et al., 2022).

The way to capture other’s beliefs

Theory of mind and mentalizing
Theory of Mind (ToM) and mentalizing have originated from different psychological directions but share similar definitions. ToM,
emerged from evolutionary and developmental psychology, refers to individuals’ ability to understand and interpret the mental
states of self and others. ToM was initially proposed by Premack and Woodruff in 1978, who asked whether chimpanzees possess
the ability to understand the hidden mental states behind others’ behaviors. This concept refers to cognitive capacity to attribute
mental states, paving the way for understanding intentions, beliefs, and desires (Premack and Woodruff, 1978). Mentalizing, on
the other hand, originated from clinical psychology, refers to a capacity to recognize and understand themental states within oneself
and others, especially in explaining feelings and thoughts (Bateman and Fonagy, 2019). From a conceptual standpoint, ToM and
mentalizing share significant similarities, which incorporates higher cognitive processes involved in inferencing the mental
processes of oneself and others.

One of the classic methods used to assess ToM is the false belief task, which assesses individuals’ understanding of others’ inten-
tions and knowledge (Gopnik and Slaughter, 1991). The false belief refers to a belief that does not align with reality or the available
evidence. In this task, themain idea is to present a story scenario, whereby manipulating the presence or absence of the false belief in
the character, two beliefs from the character’s perspective and the observer’ perspective are constructed. One representative task typi-
cally administered to children involves presenting them with a scenario involving two characters, often named Sally and Anne
(commonly known as the Sally-Anne task; Baron-Cohen et al., 1985). The child observes Sally hiding a ball in location A. Subse-
quently, Anne moves the ball from location A to location B while Sally is absent. The child is then asked where Sally will look for the
ball when she returns. A correct response requires an understanding that Sally holds a belief about the object’s location (a false
belief) and will search for it where she last saw it (action prediction).

Researchers have developed various engaging tasks, including sensory stories, cartoons, and visual perspective tasks, to assess
children’s ToM abilities (see Table 1). For example, the ability to understand false beliefs emerges early in childhood, with infants
as young as one year old demonstrating awareness of false beliefs in simple tasks such as false photographs or pretense acting
(Kovács et al., 2010; Onishi et al., 2007; Scott and Baillargeon, 2017). Infants exhibit sustained attention when someone holds
thoughts that differ from reality. As children develop attentional and linguistic skills, they can successfully navigate more complex
false belief scenarios presented in question-and-answer story formats. By around the age of four, children acquire a stable ability to
consider “what others think” (Lewis and Osborne, 1990; Rubio-Fernández and Geurts, 2012; Surian and Leslie, 1999). However,
according to Quesque and Rossetti (2020), the paradigm that really measures ToM needs to meet the following two points:
(a) success should be attributed to mental state understanding rather than lower-level processes (mentalizing criterion), and
(b) the task should require distinguishing between one’s own mental state and others’ mental states (non-merging criterion).

Cognitive mechanisms underlying representation of others belief
Several cognitive mechanisms contribute to our ability to develop a representation of others’ beliefs, such as perspective-taking,
mental state attribution (Spengler et al., 2009), cognitive flexibility and self-awareness, including meta-cognition.

4 Representation of others’ beliefs



Perspective-Taking. Perspective-taking is a fundamental cognitive process involved in representing others’ beliefs. It refers to the
ability to adopt someone else’s viewpoint and understand their subjective experiences (Davis, 1983; see Box 1), e.g., we put
ourselves in someone else’s shoes. It allows individuals to consider alternative mental states, helping them anticipate and interpret
others’ beliefs accurately. Study shows that people can sense and react to how others perceive the appearance of an object or number

Table 1 Typical tasks measured Theory of Mind.

Task form Task name Aims Description

Story sensoria Sally-Anne task (e.g., Wimmer and Perner, 1983) False beliefs
attribution

Watching a puppet show and inferring the next
movement or beliefs of others (who has a false
believe)

Faux-pas test (e.g., Baron-Cohen et al., 1999) Faux-pas detection Reading stories and answering whether someone in
the story said something he/she should not have
said

Strange stories (e.g., Happé, 1994) Action explanation Reading stories and answering “why” questions for
characters in the story

Expected and unexpected test
(e.g., Onishi et al., 2007)

Pretense detection Seeing an experimenter with true belief but behaving
wrongly

Cartoon Comic strips (e.g., Sarfati et al., 1997) Action prediction Choosing the next scene of a comic strip
Humorous cartoon (e.g., Happé et al., 1999) Action explanation Seeing a cartoon about misunderstanding and

explain why
Triangle task (e.g., Abell et al., 2000) Action explanation Seeing a big triangle interacting with a kid triangle

and telling a story about them
Visual perspective
taking

Piaget’s three-mountain task (e.g., Piaget and
Inhelder, 1967)

Perspective taking Describing a look from the perspective of another
person on different side

The director task (e.g., Wu and Keysar, 2007) Perspective taking A “director” instructs another person who does not
share the same view to move certain objects

Picture test (e.g., Hegarty and Waller, 2004) Perspective taking Choosing the correct scene when standing in another
person’ shoes will see

Behavioral tasks are typically used to assess the capacity of Theory of Mind. In the Story sensoria task, participants are typically given a series of short stories or scenarios to read or
observe. The task aims to assess an individual’s understanding and interpretation of mental states, such as beliefs, desires, and intentions, in others. During the task, participants are
typically asked questions or prompted to make judgments about the characters in the stories based on their mental states. They may be asked to infer what a character is thinking or
feeling, predict their behavior, or make inferences about their intentions. In the “Cartoon” task, participants are typically presented with a series of cartoon-like images or short
animations depicting social interactions between characters. During the task, participants are often asked questions or prompted to make judgments about the characters’ mental
states based on the visual information provided. They may be asked to infer what a character is thinking, feeling, or intending to do in each situation. They need to use this information
to make accurate interpretations and predict the next scenario, and about the mental states of the characters. The “Visual Perspective Taking” task is commonly used to evaluate an
individual’s ability to engage in egocentric or decentered perspective-taking. For example, in the Three Mountains task, participants need to accurately ascertain what a scene would
look like from another person’s spatial viewpoint.
Table adapted from Quesque and Rossetti (2020).

Box 1 Representation of Others’ Beliefs

Mentalizing
The ability to understand and interpret the thoughts, intentions, beliefs, and emotions of oneself and others, and to use this understanding in social interactions.

Theory of Mind
Theory of Mind refers to the ability to attribute mental states (beliefs, desires, intentions etc.) to oneself and others, and to understand that these mental states can
differ from person to person.

Intentionality
It refers to the capacity to attribute intentions or purpose to-actions. Recognizing intentionality is an essential aspect of mentalizing as it helps in understanding other
people’s actions and predicting their behavior.

Empathy
Empathy is the ability to understand and share the feelings of others. It involves putting oneself in someone else’s shoes and experiencing their emotions, which is
closely linked to mentalizing.

Perspectives-taking
Perspective-taking is the act of perceiving a situation or understanding a concept from an alternative point of view. This may involve adopting the perspective of
another person or that associated with a particular social role.

Representation of others’ beliefs 5



(e.g., “6” or “9”), whether they share or conflict with that perspective (Surtees et al., 2016). Research has demonstrated that
perspective-taking skills positively correlate with empathy and prosocial behaviors, indicating its significance in social interactions
(Gutsell and Inzlicht, 2010).

Mental State Inference. Mental state inference involves making inferences about others’ beliefs based on available cues, going
beyond observable behaviors (Wellman et al., 2001). Facial expressions, vocal tone, body language, and verbal statements provide
cues for accurate belief attribution (Bartsch and Wellman, 1995). This ability to attribute mental states, including beliefs, desires,
intentions, and knowledge, to oneself and others has been studied since Heider and Simmel (1944) famous silent animation exper-
iment. Recognizing that others have separate thoughts and beliefs allows us to understand their behavior and predict their actions
based on their beliefs. In social interactions, high-level attribution becomes more crucial as complexity and depth of reasoning
increase.

Cognitive flexibility. Cognitive flexibility, crucial for understanding others’ beliefs, involves adapting thinking and behavior to
new situations (Diamond, 2013). It includes task switching, creative thinking, and considering multiple perspectives (Uddin, 2021;
Zühlsdorff et al., 2023). Cognitive flexibility allows adjusting beliefs and perspectives based on new information (Kienhues and
Bromme, 2011), accommodating others’ beliefs, and adapting mental representations. Mentalizing requires dynamic perspective
shifting and understanding diverse mental states. Cognitive flexibility facilitates this by enabling consideration and switching
between viewpoints and interpretations of situations.

Self-awareness, including metacognition. Self-awareness involves recognizing one’s mental states and their influence on inter-
preting others’mental states (Boekaerts, 1999; Gilovich et al., 1998). While people are generally aware of their internal states, accu-
rately estimating one’s beliefs about others can be challenging. Meta-cognition, a key concept in cognitive psychology (Pasquali
et al., 2010). Meta-cognition refers to the ability to think about and reflect on one’s own cognitive processes, such like “thinking
of thinking” (Carruthers and Chamberlain, 2000), as well as understand and reason about the mental states of others (Livingston,
2003). It enables us to notice the representation in our mental states. Meta-cognition allows us to observe our mental representa-
tions and distinguish them from others’, providing higher-level cognitive supervision for representing others’ beliefs (Jiang et al.,
2022).

Roles and functions of core brain regions in mentalizing
The neural mechanisms underlying ToM and mentalizing involve a network of brain regions known as the mentalizing network.
The mentalizing network refers to a collection of brain regions and neural circuits involved in understanding and attributing mental
states to oneself and others. Frith and Frith (2003) defined the mentalizing system based on various paradigms that required partic-
ipants to consider the mental states of others (e.g., reading stories, watching moving shapes, or playing interactive games). This
network includes the medial prefrontal cortex (mPFC), temporoparietal junction (TPJ), superior temporal sulcus (STS), and poste-
rior cingulate cortex (PCC; Frith and Frith, 2008), which brain regions interact to facilitate mental state inference, perspective-taking,
and empathy. Molenberghs et al. (2016) conducted a meta-analysis on 144 fMRI studies using ToM tasks and depicted the brain
network associated with mentalizing (see Fig. 2). The analysis revealed significant clusters in several regions, including mPFC
extending into the medial orbitofrontal cortex and ACC, the precuneus, bilateral regions extending from the temporal pole into
the posterior superior temporal gyrus and TPJ, as well as bilateral regions in the IFG.

Frith and Frith (2006) conducted a comprehensive review of the core brain regions involved in the mentalizing network and
provided detailed insights into the potential functions and roles of each region. Specifically, posterior STS appears to play a crucial
role in perspective-taking, as it tracks the eye movements of others and helps in representing the world from different visual perspec-
tives (Aichhorn et al., 2006; Pelphrey et al., 2004).

TPJ serves as a convergence point for information about the social context of others, enabling us to make moment-to-moment
inferences about their mental states. Quesque and Brass (2019) highlighted the importance of TPJ in distinguishing between self
and other and suggested its involvement in controlling self and other representations in a domain-general manner. TPJ and the
ACC consistently respond to mental states and can differentiate between information related to oneself and others (Schurz
et al., 2014).

PFC areas also play multiple roles in mentalizing. Firstly, they are involved in attention and executive control processes when
selecting between false and true beliefs (Hartwright et al., 2012; Sommer et al., 2007). Secondly, they are responsible for antici-
pating others’ thoughts and adjusting our beliefs about them when their behavior does not align with our expectations (Burke

Fig. 2 Meta-analysis results of fMRI studies on theory of mind tasks (Molenberghs et al., 2016).
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et al., 2010; Grèzes et al., 2004). The PFC serves as a key node in the social brain network, facilitating perspective-taking and self-
referential processing (Mitchell et al., 2005). Ereira et al. (2020) found that the ventromedial prefrontal cortex (vmPFC) may
monitor the identification of self and others and distinguish between self- and other-attributed signals. Additionally, the mPFC
is implicated in metacognition, particularly in encoding decision confidence (Bang and Fleming, 2018).

During retrospective judgments of confidence, the lateral prefrontal cortex (lPFC) and ACC are activated, whichmay be related to
performance monitoring function (Fleming and Dolan, 2012). In our brain model of representation of others, the lPFC and ACC
receive input mental states from both oneself and others. By accessing metacognition, these two meta-level regions monitor and
regulate confidence levels regarding mental states. For example, the ACC aids in detecting matched or mismatched signals between
predicted intentions or desires of others and their actual outcomes. With input from the dorsolateral prefrontal cortex (DLPFC) to
other mentalization brain regions, individuals adjust their inferences adaptively, which complements metacognition. According to
the “simulation” and “projection” account, ToM andmetacognition networks closely interact with each other (Cristiano et al., 2023;
Jiang et al., 2022; Suzuki, 2022).

Additionally, studies investigating ToM using tasks like the photographs, videos, and animation tasks (excluding stories,
cartoons, and interactive games) have consistently shown activation in the posterior IFG and adjacent premotor cortex. This acti-
vation pattern suggests that the tasks involving identification of observed actions or emotional expressions may impose demands
on a simulation mechanism. This mechanism enables individuals to mentally simulate and understand the intentions, emotions,
and mental states of others, contributing to their ToM abilities (Molenberghs et al., 2016).

As indicated, brain regions in the social brain network, play key role of in mentalizing (Wu et al., 2020). For instance, the default
mode network (DMN) in recent models of belief representation for self and others, and shared reality building and representation
that varies as a degree of similarity and closeness of others (e.g., Yeshurun et al., 2021). The DMN is considered as brain network
involved in self-referential processing (Murray et al., 2012), and autobiographical memory (Zaki et al., 2009). Its link with empathy
and ToM has also been demonstrated in fMRI studies, see a review of empathy and ToM (Schurz et al., 2021).

The integrative framework: interaction between self-representation, social representation and other’s belief representation

Role of self-representation
When interpreting others’ beliefs from a social perspective, it’s crucial to consider self-representation, social influence, and cultural
context (Fig. 3). Self-representation refers to how individuals perceive themselves and understand their thoughts, beliefs, and
emotions, shaping their identity and influencing social interactions (Gergely, 2002). It can be actively updated during social
exchanges, serving desirable social outcomes (Moutoussis et al., 2014).

Self-representation also involves inferring others’ internal states by observing their behavior and connecting them to one’s own
mental states. Compelling evidence to support this viewpoint is the significant correlation between self-conscious emotions and

Fig. 3 The diagram of self-representation and representation of others.
Schematic illustration of interplay between an individual’s self-representation and their representation of others. The central circle represents self-

awareness and perception, while the surrounding circles symbolize external individuals or social groups. Lines connecting the circles depict the
reciprocal influence of information, thoughts, and emotions. This interplay showcases how our self-representation shapes our understanding of
others, influencing social interactions and relationships. The figure also highlights influential factors like cultural background, experiences, context,
cognition, personality, emotions, and interpersonal dynamics. These factors impact how individuals perceive others and represent themselves. The
figure emphasizes the complexity and multi-dimensional nature of this interaction, illustrating how these factors intertwine and impact social
interactions and relationships.
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others’ opinions of us, indicating that our perception of ourselves has an impact on our inference to others (Leary, 2004). For
instance, we may feel highly embarrassed when others inaccurately perceive us unfavorably, such as lying. A study suggests that liars
tend to overestimate the detectability of their lies and has shown that people often overestimate the visibility of their feelings of
disgust compared to how noticeable they actually are (Gilovich et al., 1998). This framework suggests that self-related variables,
like desires and the surrounding world, can impact other-representation variables, such as emotions. Thus, even with limited knowl-
edge, observers can make assumptions about others’ beliefs that are not explicitly known.

Theory of social representation
Social representations, as proposed by social psychologists like Serge Moscovici, indicate that our understanding of the world is
heavily influenced by the shared beliefs, values, and norms of the social groups we belong to (Moscovici, 2001). The role of culture
within this theory of social representations is critical, as culture shapes the way individuals perceive and interpret the world around
them, and it provides the social frameworks and collective meanings that influence social representations. These collectively held
beliefs function as a cognitive framework through which individuals interpret and make sense of the thoughts, intentions, and
behaviors of others.

Social representations are not just individual beliefs but rather are co-constructed and shared within a community or society
(Howarth, 2001). They are shaped by various social factors, including social interactions, communication patterns, media, and
dominant discourses. For example, media representations of certain groups or events can significantly influence how people
perceive and understand the beliefs of others (Nelson et al., 1997). These shared social representations create a common under-
standing and provide a basis for interpretation in social interactions (Wu et al., 2016).

Integrative framework: representation of other’s belief
By considering both individual internal process, and social context and cultural factors, we gain a deeper understanding of how
representation of others’ beliefs is socially constructed. We recognize that our understanding of others’ minds is not solely based
on individual cognitive processes but also on the influence of social groups and cultural contexts. This social perspective highlights
the dynamic and contextual nature of representation, emphasizing the importance of considering social influence, cultural norms,
and collective interpretations in understanding others’ minds. In this regard, the emergence of a socioecological framework has
rapidly gained traction, as it offers insights into the varying rates of formation for representations of other people’s beliefsdboth
quick and gradual (Oishi, 2014; Oishi and Choi, 2017; Oishi and Graham, 2010).

Cultural context plays a pivotal role in the representation of others’ beliefs, as belief of others are chargeable and can be specific
to a person, a group, a religion or a culture (Hansen and Ryder, 2016). Culture encompasses the shared values, norms, attitudes, and
practices of a particular group or society. It shapes our worldview and influences cognitive processes, including how we perceive and
interpret the thoughts of others. Firstly, culture is associated with the timing of belief representation acquisition. For example, chil-
dren in collectivist cultures exhibited a slight delay in successfully grasping false beliefs compared to their counterparts in individ-
ualistic cultures (Liu et al., 2008; Wellman et al., 2006). This difference may be attributed to variations in children’s sociocultural
experiences. Secondly, there are cultural variations in the sequential development of belief representations. More specifically, chil-
dren from collectivist countries displayed a later understanding of diverse belief in sequence than did children from individualist
countries (Shahaeian et al., 2011; Wellman et al., 2006). This may be because collectivist cultural norms emphasize mutual agree-
ment, group harmony, and cohesion, which necessitate shared beliefs or actions. Furthermore, cultural similarity often leads indi-
viduals to represent other’s belief more accurately and frequently (Selcuk et al., 2023). For instance, children had better mentalizing
accuracy when it comes to their own group members compared to members of other groups (Glidden et al., 2021). Additionally,
they use diverse mental state terms more frequently when describing their own cultural group than when describing other cultural
groups (McLoughlin and Over, 2017).

The belief representation of others is shaped by internal psychological processes and the broader socio-ecological environment
(Fig. 3). While understanding human perception, emotions, and behavior often emphasizes internal processes and brain activation,
it tends to overlook the impact of the macro-level natural and social environment. Individuals interact with and make decisions
within specific contexts, and the objective environment significantly influences their perception, judgments, and behavioral
patterns.

The socio-ecological environment encompasses the natural and societal components of human living. It includes economic and
political systems, education, demographics, geography, climate, and religion. Moreover, elements like cities, communities, housing,
and family relationships contribute to the social and ecological environment. This environment gradually shapes individuals’
beliefs, which can be inferred by others in social interactions. To interpret the representation of others’ beliefs, we must consider
self-representation, social influence, and cultural context. Social representations, influenced by social interactions and cultural
norms, provide a shared cognitive framework for understanding others’ beliefs. By examining these social factors, we gain a compre-
hensive understanding of how beliefs are socially constructed and influenced by collective values, norms, and social dynamics.

In conclusion understanding the representation of others’ beliefs requires acknowledging the interplay between internal
processes and the socio-ecological environment. By considering the broader social context, we can grasp how beliefs are shaped
and shared within a society, contributing to the complex dynamics of social interactions.
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The way to update the representation of other’s beliefs

Research indicates that the use of probabilistic models based on Bayes’ rule is becoming more common in exploring the represen-
tation of others. These models offer a flexible and complex way to understand representation update in human cognition. This
article delves into the key mechanisms of Bayesian information processing and provides it as an example of how Bayesian
approaches contribute to the representation of others’ beliefs. We provide an overview of Bayesian modeling (Box 2), followed
by a review of how Bayesian modeling has been linked to representation of other’s beliefs. The significance of prior knowledge
and active learning through social interaction is also highlighted.

Constantly updated beliefs of others from observation

Beliefs of others arise from both static and dynamic interaction settings. Traditional ToM research has focused on assessing individ-
uals’ ability to represent others’ beliefs based on established facts. This kind of scenario-based approach involves assessing their
capacity to understand and interpret the static beliefs of the characters. However, in real-life situations, beliefs are not static and
can change due to evolving of events and other context factors (Yeager and Dweck, 2020).

With the dynamic updating perspective, the work by Baker et al. (2011) has proposed a framework for Bayesian ToM (BToM).
This framework aims to capture the dynamic nature of belief inference processes in real-world contexts. The Bayesian framework
acknowledges that individuals continuously update their representations of others’ beliefs based on new information and contex-
tual cues. Based on BToM, belief inferences are not binary, but continuous and probabilistic, and allow for quantitative variability in
performance. Based on continuous observable behavior variables, observers can deduce the psychological state of actors that cannot
be directly observed with posterior probability based on constantly updated experience.

Based on the BToM framework, observers’ inferences are supported by probabilistically inverting a generative model of approx-
imately rational agents perceiving, planning, and acting in a dynamic world. For example, Baker and et al. (2017) defined how an
agent behaves in a grid world setting using a partially observable Markov decision process (POMDP) and prioritizing the rational
perspective of maximizing expected utility. More recently, a similar model is proposed, the CogToMmodel (Nguyen and Gonzalez,
2022). The CogToM model shares similarities with the BToM framework as it observes an agent’s actions in a gridworld environ-
ment and proposes a dynamic model that develops ToM from the observation of the other agent’s actions. Usually, models that
assume accurate observations or base their calculations on utility maximization tend to deviate from human behavior in
decision-making tasks. However, humans are boundedly rational, and their decisions are constrained by cognitive capabilities
for storing and retrieving information from memory. CogToM offers a cognitive model of the observer, and its predictions align
with human observers.

Constantly updated beliefs of others from active interaction

The next level is the active updating level, which involves combining individual social interaction (e.g., interactions with others in
social contexts) with updating individual beliefs, social knowledge, interaction motivation, and more (e.g., through memory, infer-
ences, and social decision-making). This level, at least in part, relies on active social interaction and inference processes.

Box 2 Bayesian Model

Bayesian
Bayesian is a denoting an approach to statistical inference and probability that enables previously known (a priori) information about a population characteristic of
interest to be incorporated into the analysis. In Bayesian methods, estimated quantities are based in part on empirical data (i.e., what was actually observed) and in
part on collective or individual knowledge about what to expect in the population (as captured in a prior distribution).

Bayesian inference
Bayesian inference is a method of drawing conclusions about a characteristic of a population using both sample data and previously known information about that
characteristic. It relies on bayes theorem to derive posterior distributions from obtained observations and prior distributions.

When P(Q) is used to represent the prior probability, P(y|Q) represents the probability of a particular outcome based on the prior of the parameter Q, which is
known as the likelihood, after the data y have been collected. And P(y) represents the overall probability, which is independent of the parameters. Therefore, accord-
ing to the principle of Bayes’ theorem it can be concluded that P(Q|y), which represents the posterior, is: P(Q|y) ¼ (P(y|Q) � P(Q))/P(y).

Bayesian Theory of Mind
Bayesian theory of mind (BToM) is a theory-based Bayesian framework, which models the structured knowledge of human ToM at multiple levels of abstraction,
representing the ontology and principles of the theory at an abstract level and mapping these concepts to particular domains and contexts to generate specific
predictions and inferences.

Representation of others’ beliefs 9



For example, take the scenario illustrated in Fig. 4A: when dining with a guest who refuses to eat a dish due to a specific ingre-
dient that he finds repulsive, while you remember that he likes it. This situation might prompt you to inquire whether his food
preferences have changed or if there are other factors influencing his reactions or preferences towards certain ingredients.

In the real interaction, changeable mental states of others can be understood through observation, learning, or possibly more
rapidly through active interaction and updating, directly and indirectly (Wu et al., 2020).

Beliefs updating in game theory
With the development of decision neuroscience, an increasing number of studies investigate the mechanisms underlying social
interactions, using tasks adapted from game theory. For example, some studies use the coordination game in which two players
get positive payoffs if they both choose the same action collaboratively. This involves both mentalizing and meta-mentalization
(Wu et al., 2020) in interacting minds (Camerer, 2011; McCubbins et al., 2012). When tested experimentally, people collect infor-
mation and shift their decisions in strategy games such as the trust game across rounds, which indicates meta-mentalization is neces-
sary for high level social interactions (Bhatt et al., 2010; McCabe et al., 2003). In the bargaining game, successful strategic deception
relies on the confidence that a perceiver’s thinks and feels about themselves and others.

Fig. 4 Observation and active interaction in the formation of representations of others.
(A) Schematic illustrations of observation and active interaction facilitate the formation of representations of others. One example of observation

and active interaction for the formation of representations of others can be seen in a social setting where two individuals, Mark and Ben, are engaged
in an observation or direct conversation. During the conversation, Mark actively observes Ben’s voice, and other perceptual cues, allowing him to
gain inference of his food preference and intentions. He pays attention to his facial expressions, tone of voice, and body language, which helps him
understand his emotional state and possible goals. Additionally, both Mark and Ben’s memories of previous interactions influence their
representations of each other. As they continue interacting, Mark forms a representation of Ben based on her observations and integration of
memory. For example, Mark notices that Ben is speaking passionately about fish, which helps him infer his strong positive preference towards it.
Additionally, both Mark and Ben’s direct interaction can form memories and belief of in the interaction, which influence their representations of each
other. During the interaction, recalling past conversations and experiences allows them to deepen their understanding of one another and adjust their
mental models based on new information. This example illustrates how observation and real interaction contribute to the formation of representations
of others. By actively engaging with perceptual cues, attitudes, actions, and memories, individuals can build more accurate and comprehensive
mental models of those around them.

(B) Schematic illustrations of brain regions involved in observation and active interaction in the formation of representations of others. Adapted
from Redcay and Schilbach (2019).
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Yoshida et al. (2008) adopted ideas from optimal control and game theory and provided a computational model for “game
theory of mind,” using “recursive sophistication.” This entails self modeling of others’ goals (ToM), and modeling of others’ percep-
tions of self-goals, and so on to infinitum. Although this recursion can go to infinite levels, human behavior can often be modeled
well by three levels, as humans have a limit on the degree of recursion, an example of “bounded rationality” (Kahneman, 2003a,
2003b; Simon, 1955).

Considering a Markov environment, the transition probability pðStþ1 ¼ ijSt ¼ j; vÞ is the probability of state j going to state iwith
a value v. The value v is the accumulative reward expected in the future. Based on optimal control theory and dynamic program-
ming, it is

vðjÞ¼ lðjÞþ
Xn

i¼1

vðiÞpðStþ1¼ ijSt ¼ j; vÞ

The policy is fully specified by value with logit distribution:

PðvÞi;jfPð0Þi;jelvðiÞ

Where Pð0Þi;j is the probability of state j state i occurs autonomously and l is the prevision parameter indicating the sensitivity to

value differences. A level-k agent assumes the opponents adopt level-(k-1) strategies and selects actions accordingly (Yoshida et al.,
2008).

Beliefs updating in the Bayesian framework
Based on the Bayesian framework and previous models, we propose the Bayesian inference model for mentalizing, where people
integrate prior knowledge of oneself (K_S) and update their belief (Bel) with the evidence (E) from each interaction/communica-
tion. By this Bayesian inference model, Beltþ1 ¼ Belt � Et ; the Bayesian update is Beltþ1 � Belt ; and the posterior distribution is
ðPostðtÞÞfprior � likelihood. In mentalizing, people can either infer about others based on evidence (Bel ¼ E), or totally simulate
others based on self-knowledge (Bel ¼ K S). Some work suggests that people are biased by their prior knowledge about themselves
during mentalization, integrating both Bayesian updating and one’s prior knowledge. This conforms to the model:

BelðtÞ¼ ð1� aÞPostðtÞþ aK SðtÞ
Regarding the representation updating and meta-cognition, we propose several alternative models, since people integrate infer-

ences of others and others’ mind to their own as well. Adapted from the existing computational models in social learning, social
inferences, and social prediction, people first implement the reinforcement learning model for these components. Specifically,
people compute the prediction error (i.e., the difference between the prediction about other agent’s action and the actual outcome)
and the success of the social interaction (1 ¼ successful, �1 ¼ unsuccessful) during each current trial tþ1 by Vðt þ1Þ ¼
VðtÞ � a � PEðtÞ. Notably, people’s self-evaluation (metacognition or confidence) shifts upon the prediction and outcome, while
their beliefs or mind-changes rely on the controllability of their own and the other’s mental states. One important factor regarding
metacognition in the mentalizing processes is the egocentric bias, i.e., the advantage of people’s own perspective or self-reference
effect leading to the exaggeration of their role in a situation. Such a bias can manifest on several aspects of mentalizing. For example,
it is easier to perform first-perspective mentalizing, than conformational mentalizing.

An interesting view of interactive mentalizing is the idea of social Bayesian brain, which refers to the brain obeying the Bayesian
rule (learning about others) with the priori assumption that others are Bayesian too (i.e., others also learn about us; Daunizeau
et al., 2010). Research has proposed a k-ToMmodel, which predicts that the performance of agents engaged in competitive repeated
interactions increases with their ToM sophistication (Devaine et al., 2014). In accordance with Yoshida et al. (2008), the ToM
sophistication in the K-model was defined as the depth of recursive thinking. For example, 1-ToM is defined in terms of one’s
own recursive belief, i.e., the belief about 0-ToM’s belief, and a k-ToM agent tries to understand how the opponent agent learns,
with the assumption that the other agent is less sophisticated than oneself. In doing so, k-ToM forms high-order recursive beliefs.

In Fig. 4B, there is a demonstration of the different ways of representation formation and updating, with brain dynamic map of
mentalization during social interaction, specifically highlighting the observation brain and interactive brain. For more detailed
information, refer to the review paper on Redcay and Schilbach (2019).

Irrational updating beliefs

When updating the representation of others’ beliefs from a social perspective, it is crucial to recognize the impact of social influence
and other factors (e.g., prior belief, size of social influence, and cognitive bias etc.) that affect the updating process (Connors and
Halligan, 2015). For example, as aforementioned, social representations indicate that our understanding of the world is heavily
influenced by the shared beliefs, values, and norms of the social groups we belong to. These collectively held beliefs function as
a cognitive framework through which individuals interpret and make sense of the thoughts, intentions, and behaviors of others.
Usually, people can absorb external information and update the belief of others accurately through various ways, including social
interactions, communication patterns, media, and dominant discourses (Choudhry et al., 2016; Modgil et al., 2021). These repre-
sentations are not just individual beliefs but rather are co-constructed and shared within a community or society, and shaped by
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various factors, whichmay not be updated in a rational way. For example, representations of mental state of certain one or groups or
events can significantly affect by the strength of the prior belief.

Imagine the following situation in Fig. 5, the task involves guessing what others are working on, either a geometry or calculation
assignment. It demonstrates the impact of influence from individuals and groups, with a focus on their size. The figure also high-
lights the strength of priors and the impact of irrational learning. To guess what someone is working on, one can ask classmates for
information. If they confirm it’s a geometry assignment on circles, it strengthens the belief. However, new information should be
considered to update beliefs accurately. Some individuals may stubbornly stick to their initial beliefs, leading to irrational updating.

When individuals have strong prior beliefs, and cognitive bias, it can be challenging to update their beliefs accurately. This can
lead to irrational updating, where individuals continue to hold onto their initial beliefs despite new information and cannot over-
come the confirmation bias (Bang and Frith, 2017). For instance, if someone strongly believes that a particular political candidate is
the best option, they may ignore or dismiss any new information that contradicts their belief. They may even interpret the new infor-
mation in a way that reinforces their prior belief, resulting in irrational updating (Taber and Lodge, 2006). This can be problematic
as it can lead to a lack of critical thinking and an inability to consider alternative perspectives. It is essential to recognize the impact
of strong priors on belief updating, adjusting metacognition and strive to remain open-minded and receptive to new information
(Moore and Healy, 2008).

Fig. 5 Representation Formation and Updating: Influence from Others, Strength of Priors, and Irrational Learning Process.
The example task involves guessing the assignment of others, such as in a calculation or geometry assignment. (A) It demonstrates the essential

role of influence from other individuals and groups, with a particular focus on the impact of their size; (B) This figure further illustrates the dynamics
of strength of priors and the influence of an irrational learning process.

In this scenario, we have a situation where individuals are trying to guess what another person is thinking about: whether it is a geometry
assignment related to shapes or an assignment related to number operations.

To build a belief about the other person doing geometry homework on circular shapes, one can ask someone in the class about the nature of the
assignment. If that person confirms that the assignment is about shapes, specifically circles, then it strengthens the belief that the other person is
indeed working on geometry homework related to circular shapes. However, even after forming this belief, it is possible to hear information from
different sources and classmates on a new day about homework calculations. For example, there may be a discussion about whether 2 plus 7 equals
9. In such a situation, it is essential to consider the new information and update one’s beliefs accordingly (accurate updating). However, some
individuals may remain stubborn and continue to believe that the other person is discussing how many circles there are (i.e., irrational updating),
rather than updating their beliefs to recognize that the assignment is about arithmetic rather than shapes. Adapted from Kwon and Telzer (2022).
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Application

The representation of others’ beliefs is influenced by various factors, including individual differences, situational factors, cognitive
processes, emotional factors, and cultural factors. These factors play a crucial role in shaping how individuals understand and inter-
pret the mental states of others and show individual variations in different populations. For instance, order adults have poorer
performance on mentalizing tasks compared to younger adults (Duval et al., 2011; Henry et al., 2013). Additionally, gender is asso-
ciated with mentalizing abilities. Prior research has demonstrated that male adolescents performed poorly on mentalizing tasks and
made more hyper-mentalizing errors than female counterparts (Poznyak et al., 2019). Furthermore, socioeconomic status reflecting
an individual’s economic and social position relative to others, is linked to increased mentalizing-related neural value coding
(Schulreich et al., 2023).

Here, one area of interest lies in exploring the implications of mentalization for various populations, it sheds light on both the
stability and plasticity of mentalization and its implications for adaptive social behavior. It is interesting to understand the devel-
opment of metacognition in both typical and atypical populations and how it influences social functioning across the lifespan.
Additionally, researchers are keen on examining communication, decision-making processes and mentalization in subclinical
and clinical samples. These investigations offer valuable insights into the interplay between mentalization, cognition, and social
behavior.

Healthy

ToM plays a pivotal role in facilitating social interaction by enabling individuals to infer others’ perspectives, emotions, and inten-
tions. By employing ToM skills, people can navigate complex social situations better by considering others’ beliefs and adjusting
their behavior accordingly. The application of ToM promotes empathy and understanding, leading to more prosocial behaviors
(Pavey et al., 2012; Reynolds and Scott, 1999). It allows individuals to anticipate and respond appropriately to the needs and desires
of others, fostering trust and cooperation (Elliott et al., 2006; Etel and Slaughter, 2019; Fett et al., 2014).

Additionally, our ability to understand and connect with others plays a crucial role in communication. Developmentally,
language and mentalizing ability are interdependent and support social communication (Miller, 2006). To facilitate smoother
communication of social information, people must use others’ viewpoints to guide their own communicative behaviors. Several
studies support the idea that mentalizing ability contributes to effectively communicating information in conversations (Sidera
et al., 2018). Conversely, individuals with difficulties in understanding others’ minds experience challenges in social communica-
tion. McDonald and Flanagan (2004) conducted a study involving adults who had experienced severe traumatic brain injuries, most
of whom exhibited injuries in frontal lobe regions. These individuals demonstrated significantly lower abilities in inferring the
intentions of others, leading to difficulties in understanding social conversations.

Furthermore, the ability to read others’ beliefs not only helps us establish automatic social causal inferences (i.e., understanding
that behavior is based on specific intentions) but also provides us with the ability to predict and even evoke desired actions and
reactions in other people while avoiding undesired ones (Ho et al., 2022). Planning involves considering the effects of different
possible actions to select the action that maximizes expected value (Daw et al., 2011; Sutton and Barto, 2018). To accomplish
this, planning requires a causal model that specifies the asymmetric dependence between causes and their effects, revealing what
to expect from one variable following a potential intervention on another variable.

Autism

Although representing other people’s beliefs or understanding their ideas is a basic ability for neurotypical individuals, it is chal-
lenging for people with autism spectrum disorder (ASD). Autism is one of the most debilitating developmental disorders, charac-
terized by a profound lack of social understanding.

In 1943, autism was first recognized as a distinct disorder by Kanner. His seminal clinical description involved 11 boys with
a condition characterized by a deficit in affective contact, known as autism (Kanner, 1943). Autistic individuals typically exhibit
behaviors that differ from those of neurotypical individuals, such as preferring solitary activities, not engaging in play with other
children, only participating when prompted and assisted by adults, and struggling to differentiate between “I” and “you” in verbal
expressions.

The development of autism is strongly influenced by genetics (Muhle et al., 2004). Early evidence supporting the genetic nature
of autism primarily comes from twin studies. In the case of identical twins who share the same DNA, if one twin has autism, the
other twin has approximately a 60% chance of also being affected by the disorder (Bailey et al., 1995). Similarly, family members of
individuals with autism are more likely to exhibit autistic-like traits compared to the general population. These traits may manifest
as increased anxiety, impulsivity, aloofness, shyness, oversensitivity, irritability, or eccentricity (Murphy et al., 2000). Additionally,
certain environmental factors, such as advanced parental age (Wu et al., 2017) and low birth weight (Lampi et al., 2012), contribute
to the risk of autism.

Autism is characterized by significant impairments in social functioning. According to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5), autism is characterized by impairments in social functions, including social communica-
tion, social interaction, and repetitive patterns of behavior, interests, or activities. Based on the symptoms indicative of impaired
social functioning, Baron-Cohen et al. (1985) hypothesized that the ToM hypothesis of autism is simple: Autism is the result of
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an absent or impaired ToM. To test this hypothesis, researchers employed Wimmer and Perner’s (1983) puppet play paradigm,
comparing a group of autistic children to both typically developing children and those with Down’s syndrome. Despite the autistic
children having a higher mental age than the control groups, they were the only ones who struggled to attribute beliefs to others.
Since then, evidence has confirmed that autistic individuals perform significantly more poorly in mind-reading tasks than neuro-
typical individuals, supporting the hypothesis of lacking ToM in autism (Chung et al., 2014). Moreover, functional impairments in
brain regions, especially the TPJ and TPJ-related neural networks, have been found in autistic individuals (Igelström et al., 2017;
Kana et al., 2014; Maximo et al., 2014).

While researchers have made efforts to improve the social cognitive abilities of individuals with ASD through ToM training, the
results have not consistently shown strong efficacy (Fletcher-Watson et al., 2014). Cognitive training has limitations in improving
social communication skills in individuals with ASD. Although some studies indicate that cognitive training can temporarily
improve specific social skills in individuals with ASD, such as eye contact and nonverbal expression, these changes often lack dura-
bility and are difficult to generalize to everyday life. However, neurostimulation interventions show promise in enhancing the social
cognitive abilities of individuals with ASD (Camacho-Conde et al., 2022; García-González et al., 2021). For example, some studies
have explored non-invasive neurostimulation techniques such as transcranial direct current stimulation (tDCS) and transcranial
magnetic stimulation (TMS) to improve social cognitive functioning in individuals with ASD. These methods modulate brain
activity to promote neuroplasticity and have shown positive outcomes in some research studies.

Summary and looking forward

Given the potential power for the human social cognition and social artificial intelligence (AI), studies of representation of others’
mind, which refers to the ability to understand one’s own and others’ mental states, has garnered significant attention in recent
years. Inspired by the existing studies, partly summarized in this article, future research should explore more on factors mentioned,
or predictions of under the proposed framework.

Researchers have highlighted the importance of incorporating diverse methodologies in exploring mentalization across different
populations. Therefore, it is of interest to investigate mentalization in clinical samples and provide valuable insights into the impair-
ments observed in various mental health conditions. Mental health disorders such as borderline personality disorder (BPD) have
been associated with difficulties in accurately perceiving and understanding others’ mental states.

The integration of behavioral tasks, neuroimaging techniques, and self-report measures offers a holistic approach to compre-
hending the cognitive processes at play in mentalization. For instance, functional magnetic resonance imaging (fMRI) can elucidate
the neural networks involved in different false belief tasks, combining with computational models and questionnaires or big data
from different cultures, can shed light on the brain regions associated with accurate mental state attributions. Such multidimen-
sional approaches allow for a more nuanced understanding of the mechanisms underlying social cognition.

As AI technology advances, it is becoming increasingly important to understand how humans and AI can interact in social situ-
ations. Future work can also integrate AI and human perspectives to study the representation of other people’s beliefs from two
aspects: (1) using AI agents as social partners in belief-related tasks. For example, participants could complete a false belief task
with an AI agent as the partner, where the agent’s beliefs are either congruent or incongruent with the participant’s beliefs; (2) using
AI algorithms to analyze and predict human data collected during belief-related tasks. This can provide a more nuanced under-
standing of the behavioral mechanisms underlying belief understanding and AI to develop more human-like belief updating
system.

Overall, investigating the implications of mentalization for different populations, data from different modalities, and integrating
AI and human perspectives are promising lines of inquiry that has immense relevance for understanding social functioning. By
employing diverse methodologies, researchers can gain a comprehensive understanding of the cognitive and neural mechanisms
involved in mentalization, contributing to advancements in the field of social cognition and informing clinical practices.

Box 3 Questions for future research

How do the prior knowledge, social influence and interaction norm interact with each other to influence beliefs of others?

What are the potential benefits and drawbacks of using Bayesian modeling in the study of human representation of others?

How to identify specific brain regions and networks involved in processing others’ beliefs, and how do these neural mechanisms differ across tasks and individuals?

Are there ways to enhance the accurate representation the beliefs and mental states of humans in social situations?

What considerations need to be considered when integrating AI and human perspectives to study the representation of other people’s beliefs?
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