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Abstract 

The research on mindreading in adults has proliferated over the past two decades, but not all 

measures are equally suitable for assessing individual differences in mindreading performance 

among neurotypical adults. This thesis presents a systematic review of the measures used to 

evaluate mindreading in neurotypical adults, identifying measurement challenges and a 

limited evidence base for assessing the psychometric properties of even popular measures. 

Additionally, focusing on tasks that present social stimuli without a known ground truth of the 

mental states of portrayed characters, this thesis proposes alignment, or social agreement, as a 

practical alternative criterion for mindreading success instead of “accuracy”. A series of eight 

empirical studies were conducted to examine the presence of multiple legitimate mental state 

interpretations, task-related factors influencing these interpretations, and the role of context in 

the generation and selection of mental state interpretations. The results challenged the notion 

of a single best mental state interpretation of ambiguous social stimuli, revealing multiple 

popular interpretations among participants that varied between groups, and that the format of 

the task and contextual information about the depicted social interactions influenced mental 

state interpretations. The findings also provided support for studying the generation and 

selection of mental state interpretations as distinct processes, with context strongly 

influencing the selection of the best interpretation while more weakly constraining the 

generation of plausible interpretations. Possible indices of individual differences in adult 

mindreading were explored, showing that the tendency to generate multiple interpretations 

was a more promising direction than alignment and flexibility to adjust interpretations with 

reference to changes in context. The concluding chapter summarises the findings, discusses 

the implications and limitations of the current studies, and suggests future research directions 

for measuring mindreading in neurotypical adults and unravelling the cognitive basis of 

mindreading. 
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1.1 Overview 

 Theory of mind (ToM), also known as mindreading or mentalising, is defined as the 

ability to represent, reason about, and predict and explain behaviour with mental states. It is a 

crucial ability for navigating social interactions (e.g., Brüne, 2005; Happé & Frith, 1996; Paal 

& Bereczkei, 2007; Watson et al., 1999). While early research in mindreading centred around 

development of this ability, observations of variability in adults’ daily mindreading behaviour 

indicate a research gap in understanding individual differences in neurotypical adults. The 

first challenge for researchers is to determine how to measure these individual differences. 

There are numerous ways to measure mindreading, each differing in test format and 

suitability for testing adults. Theories also suggest that mindreading involves multiple distinct 

processes, implying that assessments should consider which processes are being captured. 

 The overarching aims of the current thesis are to address the challenges of measuring 

and characterising individual differences in mindreading in “neurotypical” adults, as well as 

exploring the processes of generating and selecting mental state interpretations. The existing 

measures will be reviewed in Chapter 2. Then, with a focus on mental state interpretation 

tasks featuring stimuli that do not have a known ground truth, this thesis will discuss the 

measurement challenge of how “accuracy” should be defined in Chapter 3. The thesis will 

then examine the individual- and task-related factors influencing interpretations of a target’s 

mental states in Chapters 3-5. The thesis will also explore whether consistent individual 

differences are observed in the processes of generation and selection of mental state 

interpretations in Chapters 3-6. 

 To set up the present thesis within existing empirical findings and theoretical 

frameworks, the general introduction will provide an overview of (1) the challenges in 

defining and measuring mindreading in adults, (2) the nature of individual differences in 

mindreading in adults, and (3) debates on what characterises mindreading success. For 
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consistency, the term “mindreading” will be used most of the time. This decision is based on 

that the term “theory of mind” presupposes a process of attributing mental states by theorising 

with a set of concepts and principles, while the term “mentalising”, particularly in literature 

on mentalisation-based therapy, often refers to a process more akin to mind perception or 

mind-mindedness rather than the attribution of mental states, as described in Chapter 2. In the 

current thesis, the study of mindreading focusses on the content of mental states attributed to 

others, specifically the interpretation of what others are thinking or feeling. 

1.2 Challenges in defining and measuring mindreading in adults 

1.2.1 Challenges in defining mindreading 

Early research on mindreading focused on the acquisition of mental state concepts 

such as desires, intentions and beliefs in early childhood (e.g., Gopnik & Astington, 1988; 

Perner et al., 1987; Wimmer & Perner, 1983). According to constructivist accounts, these 

concepts develop progressively, and children’s possession of a theory of mind is marked by 

acquiring all the necessary concepts, with the concept of false belief being a benchmark 

(Gopnik & Wellman, 1992; Perner, 1991). The false belief task captures whether a child 

understands that individuals act according to what they believe about the world rather than 

actual states of reality by constructing situations in which the target agent has a belief that 

does not match reality (Wimmer & Perner, 1983). In later research, five stages of mental state 

concept development were identified (Wellman & Liu, 2004). In North American and 

Australian studies, young children progressed from understanding that other people can have 

different desires, then different beliefs, different knowledge, mistaken beliefs, and feel one 

emotion but show another (Wellman & Liu, 2004). In Chinese and Iranian children, the 

ability to distinguish between what two agents know appeared to emerge before the ability to 

recognise that two people can have different beliefs about the same reality (Wellman et al., 

2011, 2018). The sequence of progression was also evident in deaf children, despite showing 
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a delay in development (Wellman et al., 2011, 2018). The discovery of this 5-step Theory of 

Mind Scale shows that there is an additional stage of hidden emotion after the acquisition of 

false belief in the development of mental state concepts, but even so, the vast majority of 

children will have acquired these concepts by middle childhood, with 79% children aged 

between 7.5 and 11.5 passing this final stage of real-apparent emotion understanding 

(Peterson et al., 2012; Wellman & Liu, 2004). Despite having acquired the relevant mental 

state concepts, children in middle childhood and adolescents exhibited variation in 

mindreading performance that correlated with real-life outcomes (Devine, 2021; Devine et al., 

2016; Hughes & Devine, 2015), which indicates that variation in mindreading cannot be fully 

explained by the acquisition of concepts. Hence, the assessment of mindreading in middle 

childhood and beyond called for a new way of operationalising mindreading performance, and 

these measures are called advanced mindreading measures (Osterhaus & Bosacki, 2022). 

In contrast to assessments of specific mental state concepts, which are clear about 

what is measured, the advanced measures capture more complex and less well-defined 

constructs pertinent to mindreading. There are various operationalisations of mindreading in 

these measures and the measures have not been found to be consistently interrelated (Apperly, 

2010; Happé et al., 2017; Osterhaus & Bosacki, 2022; Schaafsma et al., 2015; Warnell & 

Redcay, 2019). In the study by Warnell and Redcay (2019) that investigated the interrelations 

among various mindreading measures in participants including children aged 4 to 12 and 

adults from an undergraduate sample, the authors failed to identify a unified latent factor 

underlying the measures included in the study. To account for such findings, apart from 

criticisms on convergent validity of mindreading measures, which will be explained in the 

next subsection, mindreading is also argued to be a multidimensional construct that involve 

multiple subconstructs. There are also researchers who argue some of the tasks capture 
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constructs other than mindreading, such as emotion recognition and anthropomorphism (e.g. 

Oakley et al., 2016; Tahiroglu & Taylor, 2019; Waytz et al., 2010).  

Some theoretical principles are proposed for determining if a task captures the essence 

of mindreading, such as the necessity of representing mental states and distinguishing the 

mental states between that of oneself and others (Quesque & Rossetti, 2020). However, tasks 

meeting these criteria might only assess a specific aspect (i.e., self-other distinction), within 

the broader construct of mindreading which arguably also involves motivational elements and 

other abilities (e.g., Apperly, 2012). In this thesis, a general definition of mindreading is 

adopted: it is characterised as the interpretation of others’ mental states.  

Nevertheless, regardless of whether a broad or narrow definition is used, researchers 

face similar challenges in measuring individual differences in mindreading in adults, as most 

existing measures were not designed for this purpose and surprisingly few studies have 

assessed the psychometric properties of these measures. While it is possible that some of 

these measures may still be effective as measures of individual differences in mindreading, it 

is unlikely that all existing measures are equally suitable for assessing mindreading in 

neurotypical adults or demonstrate satisfactory psychometric properties. 

1.2.2 Challenges in measuring mindreading 

 There are two major challenges when measuring mindreading in adults. First, not all 

measures are sensitive to variance in performance within neurotypical adults, as many tasks 

were designed for children or for comparing clinical and neurotypical populations. Ceiling 

effects are likely to be observed in the tasks designed for children as they were designed to 

capture the progression of mental state concept understanding and theoretically, adults are 

presumed to possess all these concepts (Peterson et al., 2012; Wellman & Liu, 2004). The 

mental state concept account for mindreading posits that all such variations are measurement 

errors, which is unlikely true, as mindreading performance in early and middle childhood 
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exhibits rank-order stability over time and correlates with real-world social outcomes such as 

social competence (e.g., Devine, 2021; Devine et al., 2016; Hughes & Devine, 2015). 

Whether the measures used to test older children and adolescents are still sensitive to 

variation in adults and whether these meaningful individual differences persist into adulthood 

warrants further research. However, the above findings indicate that the application of 

methods that focus on detecting developmental differences to assess individual differences in 

adults (e.g., El Haj et al., 2017) should be viewed with some caution, as we can expect that 

they are likely to mask any variation in adults’ mindreading performance due to ceiling 

effects. A similar problem in intelligence testing has long been identified: it is problematic to 

assume no individual differences in intelligence in adults when they are tested with items 

devised for children, and vice versa (Anastasi, 1948). 

 An analogous problem exists for tasks designed to detect differences between 

experimental conditions or between clinical and non-clinical groups, as a well-designed task 

for comparing between different conditions aims to minimise between-participant variation to 

maximise sensitivity to detect between-condition differences (Hedge et al., 2018). Similarly, a 

task designed to be sensitive for detecting differences between clinical and neurotypical 

populations is also unlikely to be optimised for detecting individual differences within the 

neurotypical group.  

 The second measurement challenge pertains to the psychometric properties of the 

existing tasks, including reliability and validity. Reliability and validity are established in 

multiple facets and it is important to assess the psychometric properties of a task to determine 

whether it produces consistent results and measures the construct of interest; while the former 

concerns the concept of reliability, the latter pertains to validity (Rust et al., 2020).  

Reliability is the extent to which repeated measures correlate, thus capturing variance 

other than measurement error. It can be approximated by taking repeated measurements, 
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according to the classical test theory (Rust et al., 2020). If test items in a measure capture the 

same construct, they should correlate and show good internal consistency (Fu et al., 2023; 

Revelle & Condon, 2019), even if items present different contexts or settings, or have 

different levels of difficulty (Devine & Hughes, 2016). Test-retest reliability should also be 

demonstrated in terms of stable mindreading performance over short periods (Rust et al., 

2020), if mindreading is a trait-like ability (e.g., Devine, 2021). Additionally, inter-rater 

reliability should be examined for tasks scored from open-ended responses to ensure 

consistent scoring (Devine, Kovatchev, Grumley Traynor, Smith & Lee, 2023). 

 Validity is upheld if a test measures the intended construct; it is a matter of degree 

(Nunally, 1978), and evidence of validity is assessed in multiple ways. Criterion-related 

validity is assessed by investigating how well the measure predicts relevant but distinct 

variables (American Educational Research Association, American Psychological Association, 

& National Council on Measurement in Education, 2014). Hence, associations between task 

performance and behaviour, traits, or outcomes with real-life implications, are expected, 

especially social outcomes for the case of mindreading (e.g., Banerjee et al., 2011; Canty et 

al., 2017; Imuta et al., 2016; Devine et al., 2023). Convergent validity involves examining 

associations between similar or identical constructs, in other words, mindreading measures 

adopting different stimuli or formats, as well as other measures of social cognition, should be 

associated with one another. It is also imperative to examine the discriminant validity of a 

measure as it ensures the measure does not capture unintended constructs (Rönkkö & Cho, 

2022). 

 It is important to review the literature for evidence supporting the psychometric 

properties of existing measures to justify their use. In the existing literature, review articles 

evaluate the psychometric properties of mindreading measures used in children (Beaudoin et 

al., 2020; Fu et al., 2023; Ziatabar Admadi et al., 2015), measures assessing alexithymia 
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alongside mindreading (Pisani et al., 2021), or do not specifically examine the psychometric 

properties of measures for adults (Derksen et al., 2018; Osterhaus & Bosacki, 2022). In 

contrast, this thesis will present a review focused on measuring mindreading in adults, which 

reveals a limited evidence base to support the effectiveness of existing measures in assessing 

individual differences in mindreading among neurotypical adults.  

1.3 The nature of individual differences in mindreading in adults 

 The previous section described the measurement challenges in capturing individual 

differences in mindreading with an assumption that such individual differences do exist. The 

existence of genuine individual differences in mindreading has been systematically 

scrutinised and supported by research on children, which has shown variation in mindreading 

performance exhibits rank-order stability over time and is associated with real-life outcomes, 

indicating the individual differences in mindreading in children are enduring and meaningful 

(Dunn et al., 1991; Devine, 2021). Such studies in adults are sparse, but the assumption of the 

existence of such individual differences is aligned with our everyday intuition that individuals 

vary in their tendency and ability to take the perspectives of others, even then these 

individuals have similar cognitive abilities. For instance, academics, who are likely to have 

high levels of cognitive ability, can exhibit considerable variation in mindreading, which 

indicates a likely unique social component in these differences.  

Moreover, studies examining mindreading performance between neurotypical adults 

varying along broader neurodivergent phenotypes support this idea. From the perspective that 

the entire population varies in broader phenotypes, neurotypical individuals are contrasted 

with neurodivergent individuals based on how common their neurocognitive profiles are 

within the population. People whose neurocognitive profiles are more common are described 

as “neurotypical”, while “neurodivergent” individuals have profiles that are less frequently 

observed and diverge from dominant societal standards (Pellicano & den Houting, 2022). It 
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has been shown that non-clinical individuals scoring high in schizotypy tended to perform 

worse on mindreading tasks compared to those scoring low in schizotypy, in a manner similar 

to the performance gap between individuals with schizophrenia and neurotypical individuals 

(Kocsis-Bogar, et al., 2017). These observations suggest the presence of genuine individual 

differences in mindreading even in neurotypical adults. 

  While psychometrically sound measurements that are sensitive to variance within the 

neurotypical population are necessary to detect individual differences in adult mindreading, it 

is equally important to understand the nature of these differences. As noted in the previous 

subsection, if the variations are genuine and not merely due to measurement errors, they 

should correlate with meaningful outcomes such as social functioning. This is consistent with 

the social individual differences account of mindreading first proposed by Dunn et al. (1991), 

which posits that enhanced mindreading skills have a significant effect on social functioning 

beyond other general cognitive abilities (Apperly, 2012); evidence supporting this has been 

found in research on individual differences in mindreading during early and middle childhood 

(Devine, 2021; Devine et al., 2016; Hughes & Devine, 2015). 

If individual differences in mindreading in adults cannot be attributed solely to mental 

state concepts, what do these differences signify? Perhaps individuals vary in their ability to 

use these mental state concepts, especially when it becomes challenging to combine these 

concepts for decision-making, with reference to research indicating that negative desires and 

false beliefs are more cognitively demanding even in adults, which suggest complexity in 

using these concepts (Apperly et al., 2008; 2011). However, these experimental studies 

generally reveal overall tendencies in adults rather than individual variations in abilities. It is 

also plausible that people differ in general cognitive abilities, such as executive functioning 

and language skills. For instance, studies have shown a bilingual advantage in mindreading 

performance in both children and adults (Bialystok & Senman, 2004; Bialystok & 
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Viswanathan, 2009; Goetz, 2003; Kovacs, 2009; Diaz & Farrar, 2018, Navarro & Conway, 

2021). Some researchers attribute this to bilingual individuals’ superior executive functioning 

(e.g. Bialystok & Senman, 2004), while others suggest it is due to their enhanced 

metalinguistic awareness (e.g. Kloo & Perner, 2003). Moreover, researchers have proposed 

various sources for these individual differences in adults, such as the ability to locate a mind 

within a mind-space (Conway et al., 2020) and the flexibility to make mental inferences based 

on varying contexts (Devine, 2021; Hughes & Devine, 2015). Nevertheless, before exploring 

the origins of the differences in mindreading performance, it is important to acknowledge that 

individuals can differ in mindreading in multiple ways, and these different facets are captured 

by different measures. 

1.3.1 Facets of mindreading measured 

Understanding how individuals differ in mindreading involves examining various 

facets of this construct. The existing literature often categorises mindreading into several 

dichotomies. This section discusses three such dichotomies: cognitive versus affective 

mindreading, mental state decoding versus reasoning, and accuracy versus propensity. 

Cognitive vs. affective mindreading. Mindreading is often divided into cognitive and 

affective facets, also known as “cold ToM” (i.e., cognitive mindreading) and “hot ToM” (i.e., 

affective mindreading) (e.g., Meinhardt-Injac et al., 2020). Neuroscience research indicates 

distinct neural activation patterns when tasks involve cognitive versus affective mental states 

(Sebastian et al., 2011; Shamay-Tsoory & Aharon-Peretz, 2007; Poletti et al., 2012). 

Cognitive mindreading involves understanding the beliefs and intentions of others, with the 

false belief task being a representative cognitive mindreading task, while affective 

mindreading requires the understanding of others’ emotions (Mitchell & Phillips, 2015). 

Affective mindreading tasks may, for example, present visual stimuli requiring participants to 
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identify the target’s emotions or present verbal vignettes that involve identifying the emotions 

of targets.  

However, while some tasks clearly distinguish the two types of mindreading or 

include both as distinct components of the task (e.g., the Yoni task; Shamay-Tsoory & 

Aharon-Peretz, 2007), the distinction between cognitive and affective mindreading is not 

always clear-cut in advanced mindreading tests, as both cognitive and affective mental states 

are found to be intertwined in many tasks, for example, the Faux Pas Recognition task (FPRT; 

Baron-Cohen et al., 1999) and the Movie for the Assessment of Social Cognition task 

(MASC; Dziobek et al., 2006). Even for the widely-used Reading the Mind in the Eyes Task 

(RMET), researchers have claimed that it measures cognitive mindreading (Gregory et al., 

2002; Sharp, 2008) and affective mindreading (Richell et al., 2003; Tonks et al., 2007), 

despite adopting the identical task. Hence, strictly distinguishing cognitive from affective 

mindreading might be impractical. 

Mental state decoding versus reasoning. Mental state decoding tasks, also known as 

social-perceptual tasks, are contrasted with mental state reasoning tasks, often referred to as 

social-reasoning or social-cognitive tasks (Meinhardt-Injac et al., 2020). Decoding tasks 

involve immediate interpretations from observable cues, such as recognising emotions from 

facial expression. The most representative example is the commonly used RMET (Baron-

Cohen et al., 2001), which presents photos of the eye region and requires participants to select 

one out of four options suggesting the emotion or cognitive state of the target. Decoding tasks 

predominantly present stimuli visually, but there are also tasks that present auditory stimuli 

featuring human voices (e.g., Reading the Mind in the Voice task; Golan et al., 2007). In 

contrast, reasoning tasks require more complex processing, such as deducing an agent’s 

intentions from a vignette. For example, the Strange Stories Task (Happé, 1994) requires 

participants to infer the reason behind a target’s speech or action from the story presented. 



12 

 

Some tasks, like those presenting videos of social interactions (e.g., the MASC; Dziobek et 

al., 2006), involve both decoding and reasoning, as they require interpreting facial expressions 

and body language while understanding the mental states of characters considering the 

context in which the social interaction is situated.  

Accuracy versus propensity. Accuracy in mindreading is assessed by comparing 

participants’ responses to pre-determined “correct” answers. In contrast, propensity measures 

the motivation or tendency to attribute mental states to agents without evaluating the 

appropriateness of these attributions. Propensity is considered a motivational component of 

mindreading (Carpenter et al., 2016; Contreras-Huerta et al., 2020), distinct from accuracy 

(Devine & Apperly, 2022; Carpenter et al., 2016), and is commonly measured by 

questionnaires that focus on capturing trait-like motivation (e.g. Carpenter et al., 2016), 

although sometimes also in behavioural assessments by methods such as calculating the 

proportion of mental state attributions in an open-ended response (e.g. Dodell-Feder et al., 

2013). Most existing tasks focus on capturing accuracy. There are also tasks that measure 

accuracy and propensity in different subscales, by considering both the extent to which 

descriptions are made with reference to mental states and the appropriateness of mental state 

attributions, respectively (e.g., Animations task; Abell et al., 2000; Castelli et al., 2000) 

1.3.2 The processes of generation and selection 

 The distinction between accuracy and propensity can also be discussed from the 

perspective of processes involved in mindreading: a possible operationalisation of the 

propensity to make inferences is the tendency to generate multiple candidate interpretations of 

a target’s mental states, regardless of their appropriateness. This contrasts with accuracy, 

which implies a selection of the most appropriate interpretation from the possibilities 

generated. 
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The concept of selecting from multiple mental state inferences is central to 

conventional mindreading theories that follow a modular approach, such as the ToMM-SP 

theory (Leslie et al., 2004), and formal models proposed in more recent research, such as the 

Bayesian Theory of Mind (BToM) model (Baker et al., 2017). The ToMM-SP theory suggests 

that mindreading involves a “Theory of Mind Module” that generates possible belief contents 

and a “Selection Processor” that selects among these beliefs (Leslie et al., 2004), while the 

BToM model proposes that initial confidence levels or probabilities are assigned to candidate 

hypotheses for mental state attributions, which are then adjusted in specific contexts to guide 

the final selection (Baker et al., 2017). Both models agree on a key point: while multiple 

hypotheses can be generated initially, some are ultimately rejected while the final selection is 

in favour of the most appropriate interpretation. These theories provide a theoretical basis 

suggesting the processes of generating and selecting mental state interpretations can be, and 

should be, studied as distinct phenomena. However, these models primarily focus on simple, 

highly constrained scenarios involving basic mental state concepts, represented by beliefs and 

desires. The complexities involved in generating and selecting appropriate mental state 

interpretations in more naturalistic, contextualised settings remain largely unexplored.  

1.4 Debates about and alternatives to “accuracy” 

The previous section demonstrated that accuracy and propensity are related but 

distinct concepts regarding mindreading, each linked to different processes. Most existing 

tasks focus on assessing mindreading performance based on participants’ accuracy. However, 

it is controversial whether the “correct” answer truly represents the “accurate” mental state of 

the target, or the “ground truth.” This controversy largely depends on the design of the tasks. 

If the correct answer in a task is based on the target agent’s self-reported mental states, it can 

be considered to capture the ground truth. However, this approach is rare and is only seen in 

one existing task that claims to measure mindreading, the Interview Task (Long et al., 2022). 
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The “empathic accuracy” task, which, although not specifically aimed at measuring 

mindreading, uses a similar approach (Ickes et al., 1986; Ickes, 1993). These two tasks use the 

target’s self-reported mental states and traits as the basis for establishing ground truth. 

However, findings that empathic accuracy performance was better explained by expressivity 

of the target and the participants’ familiarity with the target than trait empathy (Zaki et al., 

2008; 2009) cast doubt on whether this type of paradigm is always effective in assessing 

mindreading ability. Additionally, the reliability of introspective reports of one’s own mental 

states can be questioned, for example, individuals can fail to notice certain emotions they had 

due to a lack of attention, or be unable to make a correct judgment of the emotion (Trnka & 

Smelik, 2020). Furthermore, studies on cognitive dissonance have also shown that 

individuals’ recall of thoughts or feelings could change when confronted with inconsistencies 

with their other beliefs (e.g., Festinger, 1957), and research on autobiographical memory has 

shown that individuals can make mistakes when recalling events about themselves, whether 

these events happened long ago or relatively recently (Hyman & Loftus, 1998). Despite these 

concerns, the target’s self-report of mental states provides a reasonable basis for evaluating 

“accuracy” of a mindreading response. Conversely, when the target agent’s self-report is 

unavailable, as in the case in almost all existing tasks, whether the “correct” answer is indeed 

“accurate” becomes questionable. 

On one hand, mental state reasoning tasks often use vignettes in various formats such 

as text, comics, stories, or videos. These vignettes are designed to convey specific mental 

states as intended by the creator. Therefore, a response matching the “correct” answer may 

reflect the author’s intention. However, it is debatable whether the author’s intention 

accurately represents the mental states of the characters, given that these characters do not 

possess genuine mental states like real people. The notion of “accuracy” is even more 

problematic in mental state decoding tasks, where the actual mental states of the individuals in 
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the stimuli are often not available. The stimuli of these tasks often did not present targets who 

were known to be truly experiencing a certain mental state, making direct access to the 

ground truth impossible. Furthermore, the concept of “decoding” rests upon the assumption 

that a “correct” mental state can be identified immediately from observable cues (e.g., 

Harkness et al., 2005; McGlade et al., 2008) that matches the pre-determined answer. 

However, it is unclear whether the “correct” answers in these tasks are indeed representative 

of the most appropriate interpretations, as these are often based on the opinion of researchers 

or, only less frequently, based on pilot studies. Additionally, it is uncertain whether the 

answer deemed the most appropriate would vary with other factors, undermining the notion of 

defining mindreading success as successful “decoding”. It has been argued that “decoding” 

should take into consideration that individuals can infer different meanings from the same 

facial expressions as the situation differs (Bora et al., 2006), but this suggestion has not been 

incorporated in the commonly used mental state decoding tasks. Given these issues, it may be 

necessary for researchers to reconsider what constitutes mindreading success when the ground 

truth is not directly accessible. 

1.4.1 Alternative viewpoints on what characterises mindreading success 

The question of ground truth regarding mental states has longstanding viewpoints 

from philosophical theories. Fodor’s (1990) realism perspective asserts that there are 

objective facts about an individual’s mental states, and mindreading success is characterised 

by accurately capturing these facts. This aligns with the assumption in existing tasks that 

distinguish correct from incorrect mental state interpretations. In contrast, Dennett’s (1987) 

“intentional stance” account suggests that mindreading success is not about capturing factual 

mental states, which may or may not exist, but about whether the attribution of mental states 

successfully predicts or explains behaviour. These perspectives differ fundamentally: realism 

posits that facts exist prior to mental state ascription and are used for verifying the success of 
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the ascription attempt, while the intentional stance holds that the success of an attempt to 

ascribe mental states is judged by its success in predicting or explaining behaviour, 

irrespective of an objective ground truth.  

 The intentional stance provides an alternative to focusing on “accuracy” as identifying 

facts about mental states. However, this perspective makes it difficult to distinguish good 

from poor performance in mental state decoding tasks, as these do not involve behaviour 

prediction. If the goal is to explain facial expressions or body language by attributing mental 

state interpretations, multiple interpretations are possible, and there is no clear method to 

differentiate better from worse interpretations. 

 If interpretations are to be differentiated in terms of appropriateness, a baseline for 

comparison is necessary, even if an objective criterion for accuracy is absent. One potential 

criterion is to compare an interpretation with the consensus of a population, characterising 

successful mindreading by agreement with other members of a group (Apperly et al., 2024). 

Drawing from studies on social coordination that have successfully quantified an individual’s 

level of agreement with other individuals (Mehta et al., 1994; Perez-Zapata & Apperly, 2022), 

the level of social agreement is labelled as “alignment” in the current thesis.  

How one is likely to attribute mental states to others is influenced by practical 

considerations, such as cultural norms and personal experiences. People sharing similar 

backgrounds have a higher tendency to share similar norms and experiences and thus, are 

likely to make similar assumptions which underlie their interpretations of others’ mental 

states (Apperly et al., 2024). Therefore, even when there is no objective way to determine 

which interpretations are most accurate, there exists a possible way to evaluate how good 

someone’s interpretations are – by evaluating how well the interpretations align with those of 

others in a group.  
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Furthermore, mindreading is hypothesised to play a crucial role in social interaction 

and communication. Therefore, given the practical importance of social consensus on mental 

states in navigating social lives, focussing on one’s agreement with others on their 

mindreading decisions is a functional approach to defining mindreading success. 

1.4.2 Possible factors influencing group consensus on mental state interpretations 

 The view that alignment characterises mindreading success implies that consensus 

within the group may be influenced by the characteristics of the specific group, which starkly 

contrasts with having a pre-determined “correct” answer assumed to be a proxy of ground 

truth that applies to any test takers. This implies that measurement invariance should not be 

assumed, as different groups may reach different consensus. 

Individual factor: Group membership. The idea that different groups of people 

make different mindreading interpretations and hence find difficulty understanding people 

from a dissimilar group is laid out in the theoretical framework of the double empathy 

problem, which posits that autistic individuals find it challenging to interpret the mental states 

of their neurotypical counterparts, and vice versa (Edey et al., 2016). Findings showing 

differences in how autistic and neurotypical people express emotions corroborate this 

proposal (Brewer et al., 2016). Additionally, research within neurotypical groups shows that 

the expression of emotions also differs between cultures (Jack et al., 2012), and people tend to 

score higher when interpreting the minds of agents from their own culture (Adams et al., 

2010; Perez-Zapata et al., 2016) or when they have higher perceived familiarity with the 

targets (Zaki et al., 2009). These all suggest the assumption of a single correct answer may not 

apply across different groups of individuals. 

Task-related factors: Task format and context. The way in which a task is 

administered should also be considered when the basis of mindreading success is determined 

by the opinions of other people. Task format can significantly affect participants’ 
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performance, as evidenced by parallel research in memory. Recognition tasks often yield 

different performance outcomes compared to free-recall tasks (e.g., Jacoby et al., 1979), with 

memory deficits being less detectable in recognition tasks. Similarly, in social cognition, 

participants tend to perform better in forced-choice formats than in open-ended formats 

(Cassels & Birch, 2014). It is suggested that participants can rule out foils and arrive at the 

correct answer by elimination in a forced-choice task, whereas such strategies are inapplicable 

in an open-ended task. Moreover, a study by Betz et al. (2019) has found that individuals had 

a higher tendency to attribute mental states in the forced-choice version of the RMET in 

comparison to an open-ended version of it, implying measured propensity of mindreading is 

also influenced when individuals engage in recognition versus generation of possible mental 

state attributions. 

Another task-related factor is the contextual information provided during the task, 

including background information about when and where the social interaction takes places, 

and information about the target. When more contextual information about the interaction is 

available, interpretations may change, but this is often overlooked in many studies of 

mindreading (Spaulding, 2018). Cognitive and social psychology have a long history studying 

the effect of context, showing that people organise their knowledge about the world in scripts, 

schemas, and stereotypes (e.g., Cantor et al., 1982; Gilbert, 1998; Schank & Abelson, 1977), 

which are intuitive cognitive structures. These cognitive structures help people maintain 

shared expectations about social interactions, which enables coordinated behaviour in social 

situations. Such mental frameworks also exist in handling the perception of personality traits 

of individuals. The mind-space theory posits that the perception of personality traits is 

organised within a multi-dimensional space, where each trait is represented as a distinct 

dimension, and correlated traits are depicted as correlated dimensions (Conway et al., 2019; 

Long et al., 2022). Research supports that the ability to represent these correlations among 
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personality dimensions is associated with an individual’s performance in advanced 

mindreading tasks. Although the cognitive structures mentioned above are generic and do not 

provide an explicit answer to what a target is thinking or feeling, they are likely to help 

individuals narrow down the range of possible interpretations of the target’s mental states.  

In addition to helping individuals perceive social situations with a well-structured 

framework of generalised knowledge, neuroimaging studies have shown increased brain 

synchrony when context is provided (Hasson et al., 2012), suggesting a neural basis for how 

context modulates social interactions. In the realm of mindreading, recent research on 

mindreading indicated that participants became less likely to choose the default answer in a 

change-of-location false belief task when provided with more, particularly inconsistent, 

information about the target (Cho et al., 2022); a similar effect was also observed when 

participants were informed that the target had a high level of trait-paranoia or that the 

character who moved the item in the target’s absence had a high level of trait-dishonesty 

(Conway et al., 2019). In mental state decoding, research has shown that the same facial 

expression can convey different emotions depending on the context (Aviezer et al., 2012), 

despite the conventional belief that facial expressions are key cues for “universal emotions” 

like fear and anger. Such findings suggest that interpretation of observable cues is influenced 

by contextual information, contrasting with the view that decoding from observable cues is 

direct and can be achieved without context. 

Generation and selection in context. As discussed in the previous sections, the 

generation and selection of mental state interpretations can be conceptually and 

methodologically studied as distinct processes. It is also evident that context likely plays a 

role in mental state attributions. However, it remains unclear whether context influences only 

the selection of the most appropriate interpretation or also affects the initial generation of 
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candidate interpretations. The effect of context on the generation process has been sparsely, if 

ever, studied in existing literature. 

1.4.3 Flexibility in mindreading 

 Considering the individual-related and task-related factors discussed in the previous 

section, it is important to recalibrate consensus to fit the specific population and the format of 

the task, for consensus can vary significantly across different groups and contexts. A 

mindreader who aligns well within their own group or similar groups may struggle to perform 

well when required to align with a dissimilar group or in a different context, where the 

consensus can differ. 

Therefore, a skilled mindreader might be characterised by their flexibility in making 

mental state interpretations across varying contexts (Devine, 2021; Hughes & Devine, 2015). 

This involves two key processes. The first process is generating multiple possible 

interpretations, which aligns with the notion that mindreading resembles adaptive reasoning, 

which involves individuals generating multiple, modifiable hypotheses to explain a social 

scenario (Hayward et al., 2018). The second process is selecting the most appropriate 

interpretation based on the current context and the group to be aligned with. To summarise, 

possible indices of individual differences in mindreading ability, especially in mental state 

decoding tasks, include both alignment within group, as well as flexibility to adjust 

interpretations to align with various groups and contexts. 

1.5 Overview and scope of present studies 

 To summarise the discussion above, mindreading has various definitions and there are 

challenges in measuring mindreading in neurotypical adults. In the empirical chapters of the 

current thesis, neurotypical adults are practically defined as adult participants who have not 

been diagnosed with autism spectrum disorder (ASD). While individual with other forms of 

neurodivergence are not screened out from the samples, individuals with and without ASD 
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have been specifically shown to exhibit different patterns of social performance, as discussed 

in the context of the double empathy problem (Alkhaldi et al., 2019; Edey et al., 2016; 

Milton, 2012). Adopting a broad definition of mindreading and focusing on mental state 

decoding tasks, the notion of “accuracy” is found to be problematic. Instead, skilled 

mindreaders might be characterised by their alignment within specific groups as well as their 

flexibility in adjusting mental state interpretations to cater to varying groups and diverse 

contexts. However, it remains an open question how to measure alignment and flexibility, and 

whether these are reliable, consistent indices of individual differences in mindreading. 

Furthermore, mindreading involves two separate processes, generation and selection, that 

should be studied independently. 

 With reference to these challenges in measuring and characterising individual 

differences in mindreading, this thesis aims to review the current state of research on 

measuring individual differences in adult mindreading and explore possible indices of 

individual differences in both the generation and selection processes in adult mindreading. 

The validity of the ground truth assumption in mental state decoding measures that adopt 

stimuli without a known ground truth is examined, and factors influencing mental state 

interpretations are explored. With a special emphasis on the effect of context, this thesis 

studies generation and selection as distinct processes involved in mindreading. 

 This thesis presents the findings from a systematic review and a series of empirical 

studies. The aims of each chapter are listed as follows. Chapter 2 aims to review the 

psychometric properties of the existing measures systematically and determine whether there 

is sufficient evidence to support the use of these measures in assessing individual differences 

in mindreading in neurotypical adults. Chapter 3 features three empirical studies that examine 

the validity of the assumption of ground truth, offer “alignment” as an alternative perspective 

to the notion of “accuracy”, and test the reliability of indicators of individual differences in 
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generation and selection of possible mental state interpretations. The correlation between 

propensity and alignment is also examined. Chapter 4 further challenges the notion of having 

a single typical way of decoding mental states when participants are required to engage in the 

process of recognition contrasted to generation of mental state interpretations. With a focus on 

the role of context as a task-related factor, Chapter 5 presents three studies to explore the 

influence of context on the selection of mental state interpretations and to investigate 

individuals’ flexibility to adjust mental state interpretations with varying contexts as another 

possible index of consistent individual differences. Further grounded on the role of context in 

mindreading with an attempt to bridge the processes of generation and selection, Chapter 6 

features a study that examines if context constrains one’s selection and generation of 

interpretations. Finally, all the studies reported across Chapters 2 to 6 are synthesised in 

Chapter 7, the general discussion, which wraps up the thesis by presenting the overarching 

conclusion, limitations, and implications of these studies. 
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Chapter 2 

Measures of individual differences in adult theory of mind:  

A systematic review 

 

Note: This chapter has been peer-reviewed and published in the journal Neuroscience and 

Biobehavioral Reviews. 

 

Yeung, E. K. L., Apperly, I. A., & Devine, R. T. (2023). Measures of individual differences in adult 

theory of mind: A systematic review. Neuroscience & Biobehavioral Reviews, 105481. 
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2.1 Introduction 

 Theory of mind (ToM), also commonly referred to as mindreading or mentalising, is 

the ability to represent mental states, reason about them, and make use of them to predict and 

explain behaviour (Apperly, 2010; Baron-Cohen et al., 1985; Premack & Woodruff, 1978). It 

is regarded as an important ability that facilitates social interaction (e.g., Brüne, 2005; Happé 

& Frith, 1996; Paal & Bereczkei, 2007; Watson et al., 1999). Early research on the topic 

focused on mindreading development in early childhood (e.g., Gopnik & Astington, 1988; 

Perner et al., 1987; Wimmer & Perner, 1983) and in people with clinical conditions, 

especially autism (e.g., Baron-Cohen, 1985; Yirmiya et al., 1998; Hughes et al., 2000). There 

is now clear evidence that mindreading development continues across middle childhood and 

adolescence (e.g., Apperly et al., 2011; Devine & Hughes, 2013; Hughes, 2016; see Devine, 

2021, and Weimer et al., 2021, for a review). Alongside developmental work on children and 

adolescents, studies of mindreading in neurotypical adults, focused on underlying cognitive 

and neural processes and the presence of individual differences, have also emerged (e.g., 

Apperly, 2010; Bradford et al., 2015; Mahy et al., 2014; Qureshi et al., 2020; Schurz et al., 

2014). Despite this ongoing interest in mindreading, there is little consensus on how best to 

measure individual differences in mindreading in neurotypical adults. In this systematic 

review, we identify two major challenges in measuring individual differences in mindreading 

performance in neurotypical adults, identify existing measures, and critically examine the 

measurement characteristics of these measures. The over-arching aim of this review is to take 

stock of work needed to evaluate existing measures and to develop new ones. 

2.1.1 Studying mindreading in adults 

Research on mindreading in adults has proliferated in the previous two decades 

(Apperly, 2021). Neurotypical adults are considered developmentally mature in their 

understanding of mental state concepts (Apperly et al., 2009; Karmakar & Dogra, 2019), 
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providing a baseline for comparison with other populations such as children and clinical 

groups. However, adults still show patterns of performance on mindreading tasks that are 

analogous to those observed in children, such as demonstrating egocentric biases when they 

need to take the perspective of a less-informed person (Keysar, 2000, 2003), and making 

inaccurate mental inferences of what another person thinks or feels (Ickes et al., 2000), with 

notable variation in performance between individuals. From such observations, the study of 

individual differences in adult mindreading performance has emerged as a meaningful 

research topic. For example, researchers have suggested various sources of such individual 

differences, including the ability to locate a mind within a mind-space (Conway et al., 2020), 

or the flexibility to make mental inferences based on varying contexts (Devine, 2021; Hughes 

& Devine, 2015). There is also research that teases apart adults’ mindreading ability to make 

accurate mental inferences and their propensity, or motivation, to use their mindreading 

(Apperly & Wang, 2021; Carpenter et al., 2016; Devine & Apperly, 2022).   

Furthermore, researchers have investigated whether adults’ mindreading performance 

correlates with various social skills, cognitive abilities, and traits related to psychiatric and 

neurodevelopmental conditions (e.g., Abu-Akel et al., 2015; German & Hehman, 2006; 

McGarry et al., 2021; Nilson & Duong, 2013; Weinstein, Whitemore, & Mills, 2022). 

Critically, however, the research described above requires that individual differences in 

mindreading in adults can be reliably and validly measured. There are two problems that 

should raise concerns about current measures. 

Problem 1: Measures may not be sensitive to variance in performance in 

neurotypical adults.  Many studies of individual differences in adults have either employed 

tasks originally designed for children or for investigating differences between neurotypical 

adults and adults with psychiatric or neurodevelopmental conditions. According to one 

account, children acquire an understanding of mental concepts sequentially (Wellman & Liu, 
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2004). The first concepts include desire, belief and emotion, and subsequent studies suggest 

that more complex concepts, such as belief-desire reasoning, require the integration of simpler 

mental state concepts. Empirically, children perform well on all concepts by middle 

childhood, leaving little possibility of variation in adults. For example, Peterson et al. (2012) 

found that half of the children aged between 6 to 7.5 passed the hidden emotions task, the 

most difficult task in the 5-step Theory of Mind Scale (Wellman & Liu, 2004), and 79% 

children aged between 7.5 and 11.5 were able to pass it. Moreover, the dominant theoretical 

interpretation considers these findings to chart the acquisition of the concepts that adults are 

presumed to possess (Peterson et al., 2012; Wellman & Liu, 2004). This interpretation has no 

capacity to explain variation in the performance of older children and adults, other than as 

measurement errors in assessing their underlying conceptual competence (Apperly, 2012). If 

the source of variation in performance on theory-of-mind tasks is indeed measurement error, 

then individual differences in performance should not be associated with meaningful 

outcomes (e.g., Hughes & Devine, 2015). However, drawing on research showing that on 

individual differences in mindreading performance in early and middle childhood exhibit 

rank-order stability over time and correlate with real-world social outcomes such as social 

competence (e.g., Devine, 2021; Devine et al., 2016; Hughes & Devine, 2015), it is more 

likely that these individual differences are meaningful, rather than mere measurement errors. 

Whether the measures used to test older children and adolescents are still sensitive to 

variation in adults and whether these meaningful individual differences persist into adulthood 

warrants further research, the above findings indicate that the application of methods that 

focus on detecting developmental differences to assess individual differences in adults (e.g., 

El Haj et al., 2017) should be viewed with some caution, as we can expect that they are likely 

to mask any variation in adults’ mindreading performance. 
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 An analogous problem exists for tasks designed to detect differences between 

experimental conditions or between clinical and non-clinical groups. A well-designed task for 

comparing between different experimental conditions aims to minimise between-participant 

variation to maximise sensitivity to detect between-condition differences (Hedge, Powell, & 

Sumner, 2018). By extension, a task designed to be sensitive for detecting differences 

between clinical and neurotypical populations is also unlikely to be optimised for detecting 

individual differences within groups. Although tasks designed on this basis may still be good 

measures of individual differences within neurotypical adults this should not be taken for 

granted. 

 Problem 2: Psychometric properties of measures. Classical test theory provides a 

framework for evaluating the quality of measures of psychological constructs such as 

mindreading (Fu et al., 2023) and has been applied in to evaluate measures of children’s 

mindreading (e.g., Hughes et al., 2000; Devine & Hughes, 2016). According to the classical 

test theory, a true score on a construct can be approximated by taking repeated measures of it 

(e.g., Rust et al., 2020). Reliability is characterised by the extent to which repeated measures 

correlate with one another, as it captures the variance that is not attributed to measurement 

error of individual tests. Assuming all items in the same measure capture the same construct, 

the items should correlate with one another, and hence show good internal consistency (Fu et 

al., 2023; Revelle & Condon, 2019). Even if items present different contexts or settings, or 

even have different levels of difficulty, internal consistency is expected if the items capture 

the same underlying construct (e.g. Devine & Hughes, 2016). Internal consistency is often 

estimated and indicated by standardised reliability coefficients, such as Cronbach’s alpha and 

omega, that can be compared across different studies (Revelle & Condon, 2019). Another 

type of reliability is test-retest reliability. To the extent that mindreading is a trait-like ability 

(e.g., Devine, 2021), mindreading performance should be stable over short periods of time 
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without much fluctuation in rank order and should therefore demonstrate test-retest reliability 

(Rust et al., 2020). Finally, when task scores are coded from open-ended responses, inter-rater 

reliability should be examined to ensure the scoring schemes are interpreted and applied in the 

same way across coders (e.g., Devine et al., 2023). 

 A test is considered valid if it measures the construct it is intended to capture. Validity 

is a matter of degree and is informed by theoretical predictions about how a given construct 

should behave (Nunally, 1978). Criterion-related validity concerns how well the measure 

predicts criterion variables, which are relevant but operationally distinct from the measure 

itself (American Educational Research Association, American Psychological Association, & 

National Council on Measurement in Education, 2014), making use of the assumption that 

test performance has practical and theoretical implications. Hence, individual differences in 

test performance should be associated with behaviour, traits, psychological processes, or 

performance in other constructs of interest. For example, mindreading is assumed to be a 

keystone social cognitive ability and so should be related to social outcomes (e.g., Banerjee et 

al., 2011; Canty et al., 2017; Imuta et al., 2016; Devine et al., 2023). Convergent validity 

makes use of available measures that are viewed as measuring similar or identical constructs 

to the target construct under consideration. For mindreading, this might involve examining 

associations between measures of mindreading that use different stimuli or response formats, 

and other measures of social cognition. Discriminant validity is supported if the measure 

captures what is intended to assess, but not other constructs (Rönkkö & Cho, 2022). It is 

important to examine the discriminant validity of a measure as it establishes what is captured 

by ruling out what it does not capture.  

2.1.2 The current study 

 Related reviews have focused on early childhood (Beaudoin et al., 2020; Fu et al., 

2023; Ziatabar Admadi et al., 2015), middle childhood and adolescence, or were limited to 
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literature that assessed alexithymia alongside mindreading (Pisani et al., 2021), or did not 

examine the psychometric properties of measures for adults (Derksen et al., 2018; Osterhaus 

& Bosacki, 2022). The current study provides the first systematic review and synthesis of 

measures of mindreading that have been adopted to investigate individual differences in 

neurotypical adults and assesses the appropriateness of measures for use in research on 

individual differences in mindreading performance in adults. We first summarise existing 

measures that have been adopted to test individual differences in mindreading in neurotypical 

adults. We focus on the age range of 18 to 65 because mindreading processes in older adults 

beyond 65 can be different from that of younger adults due to ageing (e.g., Henry et al., 

2013). We analyse the evidence for the reliability and validity of each measure and examine 

interrelations among these measures. Finally, we discuss the differences between these 

measures and measures that are used to assess mindreading in children.  

2.2 Method 

2.2.1 Search method and selection criteria 

 A systematic search of relevant empirical papers published between the year 1978 (the 

year in which Premack and Woodruff first coined the term “theory of mind”) and January 

2022 was conducted by accessing the following databases: Scopus, PsycINFO, and Web of 

Science on 18th January, 2022. The search terms used for searching in Scopus and Web of 

Science were: (“theory of mind” OR mentali?ing OR “mind reading” OR “mind perception” 

OR “cognitive empathy” OR “empathic accuracy” OR “mental state attribution” OR “folk 

psycholog*” OR “perspective taking” OR “false belief*” OR “advanced theory of mind” OR 

{belief-desire}) AND (adult* OR “beyond childhood” OR “lifespan” OR adolescen*). We 

conducted the search on PsycINFO using a combination of subject headings and search terms. 

We searched for entries under the subject headings “theory of mind”, “false beliefs”, or 

“mentalization”, in addition to those including the search terms (cognitive empathy or 
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empathic accuracy or mind perception). The full search strategy and search timeline can be 

found in our preregistration on the Open Science Framework (OSF). Our search resulted in 

14474 initial results published in English and other languages. After removing duplicates, 

9434 papers were retained, out of which 8872 were excluded after a screening of abstracts, 

due to using only self-report measures, irrelevance (e.g. the search term “false belief*” 

generated papers referring to fallacious beliefs about the world), a focus on neural activity, 

absence of neurotypical adult group, or lack of availability in English. Full text of the 

remaining 562 papers were accessed and checked for eligibility. The final number of reports 

included in the review was 248, comprising of 273 studies. It was noted that some of the 

studies adopted more than one measure to be included in the review. The screening process is 

summarised in the flowchart (Fig. 2.1) following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement (Page et al., 2021), and the review was 

preregistered on OSF prior to data analysis. 
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Figure 2.1. Flow diagram of study inclusion based on PRISMA (Page et al., 2021).  
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Papers that only compared between groups without correlating participants’ mindreading 

performance with any other variables were excluded to limit the number of reports included to 

a manageable number, and due to the reason that these papers did not contribute additional 

information about the test-retest reliability, convergent validity, and criterion-related validity 

of the reported measures without running any correlational analyses. Excluding these papers 

minimised the risk of overshadowing the smaller proportion of reports that showed evidence 

relevant to test-retest reliability, convergent validity, and criterion-related validity of the 

measures. Furthermore, we only included papers that included the keywords “theory of 

mind”, “mindreading”, “mentalis/zing”, or “attribution of mental states” in the current review. 

Papers that referred to “mentalis/zation” as mind-mindedness or mind-perception were 

excluded, as these terms refer to the awareness or perception that other human or non-human 

objects have a mind without necessarily probing into the ability to infer and make use of the 

information about what is held in the mind of someone. We included studies that measured 

mindreading behaviourally and excluded studies that manipulated mindreading between 

different conditions, or measured mindreading in terms of neural activity. Only studies with at 

least one group of neurotypical participants whose mean age was between 18 and 65 years 

were included. Studies that examined visual perspective taking were included only if an agent 

with a perspective different to the participants was presented such that participants had to take 

the perspective of the agent, to rule out paradigms that only required mental rotation into an 

alternative spatial position. Studies using only self-perceived measures of mindreading were 

also excluded as meta-analysis results showed minimal correlation between self-reports and 

behavioural measures of cognitive empathy, a construct commonly defined as a component of 

theory of mind (Murphy & Lilienfeld, 2019). Reliability of the list of criteria was checked by 

a second coder screening a subset of 50 papers. The agreement between the two coders was 
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90%, suggesting good reliability. Discrepancy between screeners were resolved by discussion 

until mutual agreement was achieved. 

2.2.2 Data extraction 

 Included papers were imported into EndNote X9 for further analysis. The major 

details of measures extracted included task name, the cited source of the task (task reference), 

stimulus type, response type, as well as scoring method and number of raters for measures 

using an open-ended response format. When more than one published task was merged and 

scored together as one larger task without distinguishing the individual components, the 

combined task was considered a new task. Results of the measures were also extracted, 

including the maximum score possible, observed range of scores, mean score, and standard 

deviation of scores. Psychometric properties extracted included reliability indices and any 

evidence of validity, and were limited to the original psychometric properties calculated from 

the data collected for each study. Any modifications to the measures specified by authors 

were also recorded. The extraction of results and psychometric properties was limited to the 

subset of neurotypical adult participants.  

2.2.3 Coding 

 Information about each measure is summarised in Table 2.1. We scored the following 

attributes if the criteria were met in the target paper, or if they were met in the original paper 

from which the mindreading task was derived. The task name of each measure was unified 

after checking the test procedures and task references of each record. Stimulus type included 

stories, videos (i.e., featuring real people), photos (i.e., featuring at least a part of the faces of 

real people with or without context), single cartoons (i.e., single cartoon presented to prompt 

interpretation by participants), cartoon sequencing, animations, text in sentences, and others 

(e.g., interactive games). Response type included forced-choice, open-ended, sequencing, and 

others (e.g., pointing along a continuum). Scoring method of open-ended measures included 
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binary scale, k-point scale (k varies from three to seven), count or proportion of certain types 

of response, or was not specified. The original aim of the measure first separated measures 

that involved testing neurotypical adults in the source paper from those that did not. For those 

that did, the aims were categorized into five types: population comparison (i.e., between 

neurotypical adults and other age groups of clinical groups), individual differences, neural 

underpinnings including lesion studies, experimental condition comparison, and others (e.g., 

norm setting). It was possible to have multiple codes for stimulus type, response type, scoring 

method, and original aim of measure, as the same measure may have been adapted in different 

ways in different studies. The tasks were coded as aiming to measure individual differences if 

this was explicitly stated, or if the source paper examined correlations between the task score 

and other behavioural or demographic variables.  

  Correlates were categorised into eight major types: (1) traits, with four subtypes, 

specifically clinical traits (e.g., autistic quotient, psychosis proneness), social traits (e.g., 

empathic quotient, empathic concern), personality traits (e.g., Big Five), and other traits (e.g., 

gender identity scale ratings); (2) social cognition measures (e.g., social intelligence, emotion 

recognition); (3) cognitive abilities (e.g., general intelligence, executive functions); (4) social 

functioning (e.g. social appropriateness, negotiation ability); (5) social outcomes (e.g. 

interpersonal relationship quality, intimate network size); (6) demographics; (7) 

miscellaneous (e.g. fatigue, fiction exposure); and (8) other mindreading measures. 

 The mean percent of maximum possible (POMP) score for each measure was 

calculated by taking the average of the mean scores in all the studies adopting the measure. In 

cases where it was impossible to calculate the POMP score (i.e., the mean score was 

presented as a raw score without reporting the maximum score possible), the entry was 

omitted as different studies could have adopted different scoring methods and have different 

maximum scores possible even when using the same measure. Where number of errors were 
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reported and the total number of trials were reported, the mean score of the study was 

calculated by reversing the average proportion of error to proportion of correct responses. 

However, we did not calculate the POMP scores for subscales of different types of errors 

(e.g., undermentalising and overmentalising errors in MASC), as they reflected the type of 

error committed by participants rather than participants’ performance.  

To provide an accessible summary, reliability and validity information was coded with a 

three-colour system, as presented in Figure 2.2 (reliability) and Figure 2.3 (validity). Green is 

the most satisfactory, followed by yellow, and red indicates caution. The information was 

coded on a study level, as shown in Figure 2.2 and Figure 2.3, and explained below. Table 2.2 

and Table 2.3 show the number of studies in which the reliability or validity of each measure 

was coded green, yellow, and red. The full set of extracted data are available from the link at 

the end of this section. 

For reliability, internal consistency of a measure was coded green if the Cronbach’s alpha, 

Guttman’s lambda, or omega reported in a study was .7 or above (Cortina, 1993) or intra-class 

correlation (ICC) was .75 or above (Fleiss, 1986); it was coded yellow if alpha/lambda/omega 

indices were between .6 and .7, ICC was between .5 and .75, or split-half reliability was 

between .5 and .75. If different indices in the same study conflicted in colour coding, the 

coding was decided upon the value of the alpha/lambda/omega index. Test-retest reliability 

was coded green if the correlation coefficient between two time points administering the same 

test within eight weeks was .70 or above or intra-class correlation (ICC) was.75 or above, 

yellow if the correlation was between .4 and .70 (.75 for ICC), and red if the correlation was 

below .4 (Cicchetti, 1994; Fleiss, 1986). Inter-rater reliability was coded green if the Cohen’s 

Kappa or intra-class correlation was .75 or above (Mordal et al., 2010); average indices 

between .4 and .75 were coded yellow and those below .4 were coded red. An observed factor 

structure being consistent with the one hypothesised was taken as evidence supporting the 
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factor structure of the measure. Most of the time, the measures proposed to capture a unitary 

mindreading component, and the factor structure was supported if the results showed a good 

fit to a one-factor model. In other measures that included a control scale or proposed several 

subscales, a good fit to a two-factor model that distinguished the mindreading subscale and 

the control subscale, or the proposed subscales, were treated as evidence for the proposed 

factor structures. 

 Validity was colour-coded based on whether the studies reported evidence for or 

against different kinds of validity. Green was coded when there was only supporting evidence 

within a single study; yellow referred to mixed evidence within a single study (i.e. having 

both evidence that supports and opposes validity in the same study, such as reporting one 

correlation larger than the effect size threshold we will later specify, and another correlation 

smaller than the threshold), and red was coded when there was only evidence against validity 

in the specific way, within a single study. We coded for four types of validity evidence, 

conceptually similar to convergent validity, criterion-related validity, known-group validity 

and discriminant validity.  

 We coded for “broad” convergent validity and “narrow” convergent validity. Reports 

of performance on the measure correlating with other social cognition or social ability 

measures, not limited to mindreading, were taken as evidence of broad convergent validity. 

Positive evidence was characterised by a Pearson’s or Spearman’s correlation coefficient 

of .19 (taking the absolute value) or higher, which is the median effect size in individual 

differences studies (Gignac & Zoderai, 2016). By adopting this criterion, which is less 

stringent than Cohen’s convention of .30 for a medium effect size (Cohen, 1992), we expect 

to err on the side of an optimistic picture of convergent validity displayed by the identified 

tasks. Correlations of task performance and general social abilities or relevant clinical traits, 

specifically autistic quotient (AQ) or alexithymia trait scores, were also included as evidence 
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regarding broad convergent validity, for the questionnaires include components that tapped on 

social cognitive abilities. The same .19 threshold explained above was applied in such cases. 

In most cases evidence in favour of convergent validity came from positive correlations, but it 

was also possible for negative correlations to provide positive evidence (e.g., when one of the 

correlated measures examined response time, or when participants’ mindreading performance 

was correlated with clinical traits associated with social difficulties). For narrow convergent 

validity, we investigated interrelations among the mindreading tasks identified in this review 

for relevant evidence. Two tasks were taken as correlated in a study if there was at least one 

correlation that exceeded the .19 threshold between any subscales of the two tasks. Any lower 

correlations reported in studies were considered evidence against interrelation between two 

tasks. 

 Criterion-related validity was supported by evidence suggesting a correlation between 

performance on the measure and social functioning or social outcomes (e.g., interpersonal 

relationship quality, community functioning, social functioning scale performance). Known-

group validity was supported by reports of differences in performance on the measure 

between the neurotypical adult control group and clinical groups showing social deficits, 

specifically autism spectrum disorder (ASD) and schizophrenia, or between participants 

grouped by high versus low autistic or schizophrenic traits, or either children or older adults. 

Discriminant validity was supported by results showing that (1) the measure contributed to 

unique variance in criterion variables including social functioning and social outcomes after 

controlling for at least one of three confounds: verbal ability, general intelligence, executive 

functions; (2) only the subscale(s) relevant to mindreading but not the control subscale(s) 

correlated with the criterion variables; (3) known-group differences in task performance 

remained significant after controlling for at least one of the three confound variables; (4) 

known-group differences in the mindreading-relevant and control subscales were dissociated; 
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or (5) known-group differences in mindreading-relevant subscale(s) remained significant after 

controlling for the scores on control subscale(s). 

 The full set of extracted data and the spreadsheets for coding the data are publicly 

available on OSF (https://osf.io/23ynq/?view_only=7f34abba115b40da99c14b1e08d97f67 ). 

2.2.4 Sample characteristics 

 Approximately 47640 neurotypical participants aged between 18 and 65 were included 

in the 273 studies. The smallest study had 10 participants and the largest study included 2242 

participants. The average sample size was 173 (around 62% female with all samples 

aggregated, excluding studies that did not report gender). 

Twenty studies did not report the mean age of participants. The mean age of 

participants in the remaining 253 studies varied from 18.12 years to 59.27 years, and the 

average of mean age reported in studies was 30.04 years. 

2.3 Results 

 We begin by describing the key features of the stimuli and measurement formats of 

the tasks identified. Next, we evaluate the psychometric properties of the tasks, with particular 

focus on the eight tasks for which we have the most data to inform evaluation. We also 

evaluate the interrelations among the measures identified. 

2.3.1 Description of identified measures (Table 2.1). 

 We identified 75 measures that have been adopted to assess individual differences in 

mindreading in neurotypical adults, including one unpublished measure with no further 

information, listed in Table 2.1. The mean age of participants is also summarised in Table 2.1. 

Forty-three (57%) measures were designed for detecting differences between groups in adults 

(e.g., adults with a known diagnosis vs. those without a diagnosis) rather than individual 

differences; 26 (35%) were designed to detect individual differences in adults. The mean age 

of participants ranged from 19.50 to 49.60 years, with an average of 30.14 years.  

https://osf.io/23ynq/?view_only=7f34abba115b40da99c14b1e08d97f67


39 

 

Forms of stimuli. Out of the 75 identified measures, many of the measures involved 

narratives or stories (52; 69%) presented as text or speech (27; 36%), videos (15; 20%), 

cartoon sequences (11; 15%), or animations (4; 5%). Two animation tasks featured geometric 

shapes rather than human agents. The forms of stimuli adopted by the remaining measures are 

listed in Table 2.1. The types of stimuli presented in five (7%) tasks were inconsistent across 

studies (e.g., for the Hinting task some studies presented narratives while some presented 

videos). How the participants were required to respond to the stimuli, and how their responses 

were measured, are discussed next. 

Form of measurement. There was considerable variety in measurement methods, not 

only between tasks, but also when the same notional task was used in different studies. This 

limits the confidence with which conclusions about reliability and validity from a study using 

one task variant can be expected to generalise to studies using another task variant. 

 Response format. Most of the measures involved forced-choice responses and/or 

open-ended questions. Among the 75 measures, 45 (60%) involved a forced-choice between 

two and five alternatives, 31 (41%) required open-ended verbal responses, four (5%) involved 

subjective ratings (e.g., rating the likelihood of possible explanations to an agent’s behaviour, 

or the likelihood of an agent having different emotional responses in a described social 

scenario), three (4%) involved picture sequencing, one (1%) involved pointing to a location 

within a continuous space, and one (1%) required moving a designated object as directed. 

Four measures (5%) involved at least two components (e.g., including both sequencing and 

open-ended questions). The response formats were inconsistent across studies for seven 

measures (9%), and one additional measure (1%) had a different number of forced-choice 

options in different studies. 

 Scoring method. As forced-choice and open-ended responses were the two most 

popular response formats, this subsection describes how the items were scored across 
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different studies using the same measure. The analysis revealed considerable diversity 

between different methods, and between different studies using the same method. 

 As for forced-choice measures, dichotomous scoring that differentiated correct from 

incorrect answers for items was used in 39 (87%) of the forced-choice measures, while eight 

measures (18%) involved scoring on a k-point scale (k varies from three to seven) that rated 

participants’ item responses according to the extent they matched with developed scoring 

schemes. One measure (2%) weighted scores by expert ratings of an agent’s possible mental 

states that can arise from a described social scenario, which was collected a priori. Among the 

45 measures that involved a forced-choice response format in at least one study, four (9%) 

have been scored using more than one of the above methods across studies. 

 For the 31 measures that were used with an open-ended response format in at least one 

study, twenty (63%) measures scored open-ended items on a k-point scale (k varies from three 

to seven), according to how much the participant’s response matched a developed coding 

scheme. Fourteen measures (45%) adopted dichotomous scoring (correct or incorrect). Four 

measures (13%) scored participants’ performance by counting or calculating the proportion of 

mental state references in their responses. Scoring procedures for three measures (10%) using 

open-ended items were not reported. Six measures (19%) were scored on more than one 

dimension, and 10 (32%) were scored using inconsistent methods in different studies. 

 Most open-ended measures were scored either according to correctness of responses, 

or/and evidence of a propensity to mentalise. Within the 25 (81%) open-ended measures that 

scored responses based on correctness, 18 (72%) scored responses on a non-binary scale and 

thus allowed for partial scoring. One or more of the following criteria were used to judge the 

score to be awarded: order of inference, extent of explicit mental state description, contextual 

relevance, the number of times the experimenter gave a prompt, and explanatory power.  
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 Seven (23%) open-ended measures captured participants’ propensity to mentalise on a 

binary scale indicating whether the response involved mental state attribution (2 measures; 

29%), a 3-, 5-, 6-, or 7-point scale reflecting the degree of deliberateness of mental state 

attribution (2 measures; 29%), or the occurrence of mental state references in the participants’ 

responses in terms of count or proportion (4 measures; 57%).  

 Within the two measures (6%) that did not score responses on correctness or 

propensity, one measure scored responses on their coherence, clearness and abundance of 

contextualised examples; one measure did not specify the scoring criteria. 

2.3.2 Ceiling effects and psychometric properties of measures 

 We first summarise the overall availability of relevant evidence from all 75 measures 

(see OSF for full data). Many tasks have only been used in a small number of studies, and 

many studies did not include evidence relevant to ceiling effects or psychometric properties. 

We therefore proceed to a more detailed evaluation on the eight tasks that have been used to 

study individual differences in neurotypical adults in 10 studies or more. As will become 

clear, even for these measures there is only limited evidence about reliability and validity, and 

we judged it even less likely that it would be possible to draw conclusions on the 

psychometric properties of measures where even less information was available.  

Sensitivity to individual differences in performance. Where relevant data were 

available there was considerable evidence of ceiling effects. We report mean Percentage of 

Maximum Possible (POMP) scores and POMP score ranges to identify ceiling effects in 

Table 2.4. Table 2.4 shows the mean POMP scores and range of POMP scores for all 

measures. A task is sensitive to individual differences in a population within a particular age 

range when the POMP score is within the range of 20% to 80% (e.g., Petersen et al., 2016). 

We used 85% as the cut-off for indicating a ceiling effect to allow for more leniency. 

Measures that show a ceiling effect for at least one of the subscales are highlighted in red, 
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including 29 measures (49% of measures that have available POMP score information) based 

on mean POMP score, and 13 measures (50% of measures that have available information on 

POMP score range) based on POMP score range. Nine measures (12%) did not have 

information about their mean POMP scores available because mean scores or maximum 

possible scores were not reported, and POMP scores were not applicable for seven measures 

(9%) due to their response formats (e.g., measures involving only reaction time, measures that 

calculated scores by taking the differences between ratings, measures that counted the number 

of mental state utterances). Range of POMP scores were not available for 51 (68%) measures, 

mostly because the measures were only used in one study.  

 Summary of reliability and validity reports. Among all 75 measures, 30 (40%) did 

not have information about reliability and 20 (27%) did not have information about validity 

(beyond face validity). Evidence of internal consistency was available from at least one study 

for 34 measures (45%). Evidence regarding factor structure was available for 16 (21%) 

measures. Only 6 (8%) measures had evidence for test-retest reliability. Evidence of inter-

rater reliability was available for 16 out of 31 (52%) measures that were conducted in open-

ended format in at least one study. Evidence regarding broad convergent validity was reported 

at least once for 49 (65%) measures, while there was evidence of known-group validity for 29 

(39%) measures. Additionally, evidence of discriminant validity was available for 17 (23%) 

measures, and evidence regarding criterion-related validity was available for 9 (12%) 

measures.  

 Narrow convergent validity: Interrelations among measures. We examined the 

interrelations among mindreading measures identified. Twenty-nine (39%) measures had no 

data bearing on their correlations with other measures. Two (4%) of 46 measures correlated 

with other mindreading measures were not included in the analysis of this section as the 

correlations were not conducted specifically in the neurotypical adult group. Table 2.5 shows 



43 

 

the interrelations among 44 measures (59% of 75 measures) for which there was relevant 

evidence, 43 of which had at least one correlation coefficient reported. When multiple 

correlations were conducted between different subscales or versions of the same task within 

the same study, we made our evaluation of positive evidence on the basis of the maximum 

correlation coefficient reported (taking the absolute value). This approach allowed us simplify 

and present the most optimistic picture of the overall correlation patterns among measures.  

 In total, there were 98 correlations reported, 93 (95%) of which also specified the 

value of the correlation coefficient. We applied a threshold of .19 for Pearson’s correlation or 

Spearman’s correlation. Out of the 93 correlations with reported coefficient values, 63 (68%) 

exceeded the cut-off. Among the 43 measures, 10 measures (23%) showed correlations with 

other measures that had an effect size smaller than the threshold.  

 The “top 8” measures. We investigated the properties of the eight tasks that were 

used most widely in published research. These eight measures comprised the RMET (Baron-

Cohen et al., 2001; 149 studies), Strange Stories Task (Happé, 1994; 33 studies), Faux Pas 

Recognition Task (FPRT; Baron-Cohen et al., 1999; 28 studies), Hinting Task (Corcoran et 

al., 1995; 25 studies), ToM Picture Stories Task (Brüne, 2003; 12 studies), Movie for the 

Assessment of Social Cognition Task (MASC; Dziobek et al., 2006; 11 studies), Imposing 

Memory Test (Kinderman et al., 1998; 11 studies), and Animations Task (Abell et al., 2000; 

10 studies). Even among these tasks, reporting of information related to reliability and 

validity was infrequent. The highest rate was 16 out of 33 studies employing the Strange 

Stories task reporting inter-rater reliability, and rates were generally much lower (Table 2.2). 

Consequently, the data available to evaluate reliability and validity is limited, and comes 

disproportionately from one task, the RMET. This is important to keep in mind when 

evaluating the summary diagrams in Figures 2 and 3. 
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 For the “top 8” measures, ceiling effects were shown in participants’ average 

performance on three tasks: Strange Stories Task, FPRT, and both components of ToM 

Picture Stories Task as well as its total score. The minimum POMP score reported for the 

total score on the ToM Picture Stories Task (89.42% among six studies) also exceeded the 

85% cut-off.  

Table 2.2 and Figure 2.2 list the eight measures and the availability of information on 

their reliability, in alphabetical order. It should be noted that information about inter-rater 

reliability is only available for measures that have been used with an open-ended format in at 

least one study, including Animations Task, FPRT, Hinting Task, and Strange Stories Task. It 

was noted that inter-rater reliabilities of RMET were reported in two studies in which the 

tasks were presented in a forced-choice format, but we do not include this information in the 

current summary because reports of inter-rater reliability of forced-choice measures are not 

informative. There was evidence regarding internal consistency for all eight measures. Table 

2.6 shows the average Cronbach’s alpha of the top eight measures, and the Hinting task is the 

only task that had an average Cronbach’s alpha falling below 0.6. Five tasks had evidence for 

factor structure, whereas evidence regarding test-retest reliability was only available for the 

Hinting Task and the RMET, and this evidence was mixed.  
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Figure 2.2. Available evidence regarding reliability of the top 8 measures. 

The diagram depicts the availability of evidence for or against reliability of the top eight 

popular measures, including Animations Task (Animations*), Faux Pas Recognition Task 

(FPRT*), Hinting Task (Hinting*), Imposing Memory Test (Imposing Memory), Movie for 

the Assessment of Social Cognition Task (MASC), Reading the Mind in the Eyes Test 

(RMET), Strange Stories Task (Strange Stories*), and ToM Picture Stories Task (ToM 

Picture Stories), in alphabetical order. The tasks that were presented in an open-ended 

response format in at least one study were indicated with “*”. The colour coding follows the 

same principle as for Table 2.2, with green indicating the most satisfactory evidence 

according to standard criteria, yellow intermediate, and red the least satisfactory. Curve width 

is weighted by number of studies showing relevant evidence for or against reliability. Curves 

extended from the same measure should have equal width if the same number of studies 

indicate evidence for or against the specific type regarding reliability of the same measure.  
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 Table 2.3 and Figure 2.3 list the eight measures that have been adopted in 10 studies 

or more and the availability of information regarding their validity. All eight measures had 

evidence regarding broad convergent validity. Positive evidence was most frequent, but 

evidence was mixed for 6 of 8 tasks and only negative for one (Animations Task). We 

extended our analysis of narrow convergent validity to the calculation of interrelations among 

these eight measures by applying correction for attenuation, to reduce the potential 

underestimation of interrelationships stemming from the measures’ less-than-perfect internal 

consistency. This correction was possible for the top eight measures as reported values of 

Cronbach’s alpha were available and could be averaged for each measure (see Table 2.6). 

Twenty-seven (93%) of the 29 correlations between the top eight measures had correlation 

coefficients reported, 18 (62%) and 21 (78%) of which exceeded the threshold of .19 before 

and after the correction, respectively. Table 2.7 lists the correlation coefficients among the top 

eight measures, and the number of studies that reported at least one relevant correlation that 

exceeded the .19 threshold, before and after correction of attenuation. 
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Figure 2.3. Available evidence regarding validity of the top 8 measures. 

The diagram depicts the availability of evidence for or against validity (beyond face validity) 

of the top eight popular measures. The colour coding follows the same principle as for Table 

2.3. Curve width is weighted by number of studies showing relevant evidence for or against 

validity. Curves extended from the same measure should be equal in width if the same 

number of studies indicate evidence for or against the specific type regarding validity of the 

same measure. Convergent validity in this diagram refers to broad convergent validity. 

 

Seven out of eight tasks have some evidence regarding discriminant validity. Most of 

this evidence was positive, though at low frequencies. The number of studies providing 

evidence relevant to criterion-related validity of these measures was especially limited, with 

only 9 studies, and only 4 of these providing positive evidence. Notably there was no 

evidence regarding criterion-related validity for the Animations task, the MASC, or the ToM 

Picture Stories Task. 
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2.4 Discussion 

 The current systematic review considered measures that have been used to examine 

individual differences in mindreading in neurotypical adults, specifically identifying the basic 

characteristics of the tasks, and examining ceiling effects, reliability and validity of the 

measures, employing a systematic strategy. We evaluated the measures with reference to 

established psychometric criteria, and observed that no current measure provided strong, 

consistent evidence of robust psychometric properties. We summarise these findings below, 

compare the identified measures with mindreading measures for young children, make 

recommendations for the conduct and reporting of future research using existing measures, 

and identify the need to further examine psychometric properties of existing research and 

develop new measures that are more likely to show good psychometric properties.  

2.4.1 Description of identified measures and standardisation of administration 

 Only one-third of the identified measures were specifically designed to study 

individual differences. Of course, tasks designed for other purposes may nonetheless succeed 

in measuring individual differences, but this cannot be taken for granted, and the high 

proportion of tasks designed for other purposes may explain evidence of poor psychometric 

properties. Most of the tasks employed a forced-choice response format. Open-ended 

responses were also common, but inter-rater reliability was not consistently reported. 

Moreover, while most tasks focused on scoring the correctness of responses, a few assessed 

participants’ propensity to make mental state attributions irrespective of correctness. This 

observation suggests a lack of consensus about how to operationalise individual differences in 

mindreading. It is currently unclear whether there might truly be multiple sources of 

individual differences in mindreading, or just incidental variation in methods. 

 The tasks varied in terms of stimuli and measurement formats, and tasks that were 

notionally the same were often implemented with different stimuli or scoring criteria between 
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studies. While each individual study can nonetheless be evaluated on its own merits, these 

inconsistencies complicate the comparison of participants’ performance between studies or 

measures. It also means that the psychometric properties of an adapted task cannot be inferred 

from other studies using the original version of the task (nor vice versa). For example, 

drawing from research on young children, research by Hughes et al. (2000) showed that the 

good test-retest reliability of standard false beliefs tasks was masked by the nonstandard 

approach of administration by Mayes et al. (1996). Similar effects are plausible in testing 

neurotypical adults as well. 

2.4.2 Inspection of ceiling effects and psychometric properties 

 Psychometric theory provides criteria for evaluating reliability and validity, which 

bear on the ability of a test to measure a psychological construct (e.g., Rust, Kosinski, & 

Stillwell, 2021). For research on individual differences, tests must be sensitive to variation 

without evidence of ceiling and floor effects. A test must also show internal reliability 

(whereby a participant who performs well on one item tends also to perform well on other 

items measuring the same construct), without which it is unclear that test scores are 

informative about any underlying construct. It is also highly desirable that a participant who 

performs well on one occasion is also likely to perform well if tested later (i.e., the test shows 

test-retest reliability), because this indicates stability in how well the test captures the 

underlying construct over repeated measures. It is, of course, possible to have a highly reliable 

test that shows low validity because it fails to test the intended psychological construct. To 

evaluate validity, it is common to consider whether a test correlates with other tests of the 

same construct, whether it correlates with tests of other abilities, behaviours, or outcomes 

relevant to the construct, and whether the test is sensitive to differences between groups that 

differ in those abilities, behaviours or outcomes. It is also important to distinguish what a test 
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measures from other distinct but relevant constructs. We will summarise our findings against 

each of these criteria. 

 Ceiling effects. Around half of the tasks showed a ceiling effect for at least one 

subscale (as evidenced through percentage of maximum possible scores), indicating that many 

tasks did not generate enough variance to study individual differences in neurotypical adults 

effectively. Adopting such measures can lead to erroneous conclusions that there are no 

individual differences in mindreading in adults due to the insensitivity of the measure rather 

than the absence of meaningful differences in the underlying ability (e.g., Anastasi, 1948). 

When there is little variance within the sample, the limited spread of unique values makes it 

harder to detect relationships between participants’ performance on the measure and other 

variables. While techniques for correcting range restrictions can help mitigate the 

underestimation of correlations with other variables, other issues, such as skewed 

distributions of scores, still exist, which might provide a distorted picture of the relationship 

between task performance and other variables of interest. Thus, mindreading measures with 

marked ceiling effects in a target population (i.e., where the average score is > 80% of 

maximum possible score) are unsuitable for measuring individual differences (e.g., Petersen 

et al., 2016).  

 Reliability and validity. Information on reliability and validity was often not 

reported, even among the eight mindreading tasks that were adopted most frequently. 

Available data showed that seven out of the top eight tasks had at least acceptable internal 

consistency (the Hinting task was the exception). This provided support for the claim that the 

items in a given task reliably captured a single construct (i.e., mindreading). A point to note is 

that good internal consistency of a task does not preclude that items vary in difficulty, or that 

success requires participants to adapt their reasoning to the context of individual items, as 

items are expected to be correlated with one another if they capture the same underlying 
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construct. Apart from internal consistency, there was also mixed but acceptable evidence 

supporting inter-rater reliability and factor structure. However, very few tasks had information 

on test-retest reliability. If we assume that mindreading is a stable trait, examining test-retest 

reliability is important to show that the task is tapping on the construct rather than a state that 

varies over time (Matheson, 2019). 

 As for validity, known-group validity and discriminant validity were generally 

satisfactory for the top eight tasks, with the exception that there was no reported evidence for 

known-group validity and discriminant validity for the Imposing Memory test and the ToM 

Picture Stories task, respectively. There was more abundant evidence regarding convergent 

validity for the top eight tasks, but the evidence was mixed for six tasks (except for the 

MASC and the Animations task). There was only evidence that support good convergent 

validity of the MASC, but there was no evidence for good convergent validity of the 

Animations task. There was especially limited information about criterion-related validity of 

the measures. This is a striking limitation of current literature, which means that, whether or 

not current tasks are measuring mindreading reliably, there is little evidence (positive or 

negative) that they are measuring something that “matters” for social behaviour, mental 

health, or wellbeing. 

 Unsurprisingly, there was more information available regarding psychometric 

properties of tasks that are more frequently used. It is imperative to establish psychometric 

properties first, such that researchers have enough information to make informed decisions. 

For example, the RMET, being the most frequently used measure, had the most evidence for 

evaluating its psychometric properties. However, results showed that it did not exhibit the 

best reliability or validity. This can be because the small number of studies that adopted other 

tasks exaggerated the appearance of consistent evidence. Nevertheless, some tasks may 

demonstrate strong psychometric properties, yet lack sufficient supporting evidence due to 
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their infrequent use. What is needed is consistent reporting of psychometric properties to 

generate a larger evidence base. It is suggested that researchers refer to existing guidelines on 

reporting psychometric properties of measures, for example, The Standards for Educational 

and Psychological Testing (American Educational Research Association, American 

Psychological Association, & National Council on Measurement in Education, 2014). 

 Interrelations among measures. We examined the interrelations among the identified 

measures to investigate convergent validity. We found inconsistent evidence of 

intercorrelation, and some measures were not correlated with any other measures. This may 

reflect ceiling effects and unsatisfactory reliability of some measures, but also the possibility 

that mindreading may be multi-dimensional rather than uni-dimensional. In the case of 

problematic ceiling effects, applying correction for attenuation to the interrelations among the 

top eight tasks did not change the overall picture, as only three correlations that fell below 

the .19 threshold before correction exceeded the threshold after correction. This observation 

implies that the lack of interrelations among tasks cannot be fully attributed to reliability 

issues. Another possible reason for the mixed interrelations is range restriction due to limited 

variance in task performance, as explained above in the discussion of ceiling effects, which 

might have masked genuine underlying associations among the tasks (Mendoza & Mumford, 

1987); range restriction can also occur when some samples are highly homogenous, for 

instance, when assessing only university undergraduates within a single sample. This could 

also be a reason why we found mixed evidence for broad convergent and criterion-related 

validity of tasks that exhibited ceiling effects. The lack of interrelations among certain tasks 

might also be attributed to attenuation of correlations due to distinct task demands for 

different tasks. A latent variable approach is one way of addressing this problem of task 

impurity: if a common latent factor emerges this provides evidence that the tasks capture a 

common construct despite having different incidental requirements.  
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 Moreover, the inconsistency of interrelations among tasks might reflect 

multidimensionality of mindreading. Mindreading is a loosely defined construct with diverse 

operationalisations (Apperly, 2010; Happé et al., 2017; Schaafsma et al., 2015; Warnell & 

Redcay, 2019). While all tasks reviewed had face validity as mindreading tasks, researchers 

need to look beyond face validity, because superficial resemblance to the construct of interest 

does not guarantee accurate and specific assessment. For example, despite the face validity of 

the RMET there is evidence that this task measures emotion perception rather than theory of 

mind (Oakley et al., 2016). This issue particularly warrants concern when considering that 

different tasks require participants to engage in different activities, including but not limited 

to making mental state inferences about characters from vignettes, photos and videos, 

interpreting non-literal speech, and recognising social transgressions. Face validity does not 

elucidate whether a task in fact captures a common underlying construct. While studies using 

latent variable analysis have identified a single underlying latent construct of mindreading in 

early childhood, middle childhood and adolescence (e.g., Devine et al., 2023; Hughes, 

Devine, & Wang, 2018), similar work with adults has yet to be undertaken.  

 Another possible reason for inconsistent associations among tasks is that some tasks 

may not index mindreading ability. It is difficult to establish if a task captures mindreading or 

not when researchers have not mapped out the taxonomy of abilities that make up the 

construct of mindreading. Some literature has suggested useful theoretical principles to 

distinguish whether a task captures mindreading, for example, the necessity to represent 

mental states and distinguishing one’s own mental states from that of others (Quesque & 

Rossetti, 2020). However, tasks that fulfil such criteria might be measuring only a specific 

sub-ability of self-other distinction under the general latent construct of mindreading, which 

might include motivational as well as structural components. Therefore, it is imperative for 
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mindreading researchers to tackle theoretical issues regarding the nature of mindreading in 

adults. 

2.4.3 Use of measures of mindreading for children 

 In the current review we observed that tasks designed for testing developmental 

differences or individual differences in young children show ceiling effects in adults. It should 

not be surprising that tasks designed to test basic possession of mental state concepts – such 

as false belief tasks – show little variation in performance among participants who are far 

older than the age at which children typically pass these tasks. This is supported by our 

findings, which suggest that these tasks should not be used to study individual differences in 

adults. 

 A substantial number of the studies reviewed here adopted tasks originally designed to 

be “advanced” tests of mindreading in older children and adolescents. These tasks are 

sometimes also more naturalistic, bearing higher resemblance to reality where using 

mindreading is more complex and dynamic, compared to laboratory tasks that only focus on 

specific mental state concepts. Two measures designed for older children, the FPRT and 

unexpected outcome test, showed different results. The FPRT exhibited a ceiling effect, while 

the unexpected outcome test did not, although the POMP score calculated for the latter was 

based on just one study. Other popular tasks have been used for testing older children, such as 

the Strange Stories task, Animations task, and Hinting task. Some of these tasks show ceiling 

effects in adults, while others did not (refer to Table 2.4). It is worth noting that RMET has a 

child version with fewer items and simpler vocabulary, specifically designed for testing 

children. Tasks like RMET and Hinting task can be useful for studying how mindreading 

abilities develop from childhood to adulthood and have the potential to provide insight into 

the continuity of mindreading across lifespan. In summary, some tasks originally designed for 

older children show promise as measures of individual differences in adults. However, like 
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the tasks designed for adults it is unclear what these tasks measure beyond variation in 

“mindreading”. 

2.4.4 A programme for future work 

The current literature provides considerable prima facie evidence of individual 

differences in mindreading in adults, but much more limited evidence that these differences 

are psychometrically robust, surprisingly little insight into what this variation might mean, 

and little evidence that mindreading matters for social outcomes in neurotypical adults. New 

conceptual work and conceptually-motivated empirical work is necessary to clarify in what 

sense people vary in mindreading abilities after they pass the standard assessments of mental 

state concepts that have been devised for children (e.g., the concepts of desire or belief). 

Likewise, conceptually-motivated work is necessary to develop a taxonomy of potential 

mindreading components and support the selection of tasks that target such components 

(Apperly, 2010; Happé et al., 2017; Schaafsma et al., 2015; Warnell & Redcay, 2019). This is 

likely to require the development of new tasks as well as the systematic examination of 

existing tasks. In both cases it is essential that the field move towards consistent reporting of 

information for establishing reliability and validity of measurement. If tasks require 

component abilities, then examining convergent and discriminant validity is critical to test 

whether this is reflected in individual differences in performance. The most powerful way to 

do this is to collect data from multiple tasks in the same participants and test theoretically 

motivated models of the co-variance. Empirical support for sub-components of mindreading 

would come from meeting two conditions. First, tasks targeting each sub-component should 

load onto distinct latent variables (demonstrating convergence between tasks testing that sub-

component, and divergence from tasks testing other sub-components); second, latent variables 

for sub-components should nonetheless be correlated (Devine, 2021). Meeting this second 

condition supplies empirical grounds for saying that the latent variables measure sub-
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components of a common underlying construct (i.e., mindreading). Such a pattern would be 

similar to findings reported in the executive function literature, which shows shared variance 

across latent variables that tap on different subdomains, including inhibition, shifting and 

updating (e.g. Friedman & Miyake, 2017; Miyake et al., 2000). Mapping out the taxonomy of 

sub-components will help to elucidate the nature of individual differences in adults’ 

mindreading. 

 Finally, it is clearly important to establish that such variance in adults matters for 

relevant outcomes in real social behaviour, mental health, or wellbeing as much as it appears 

to matter in childhood (e.g., Hughes & Devine, 2015). The current literature provides a 

considerable amount of evidence of known-group validity – demonstrating that neurotypical 

adults perform at higher levels on a given mindreading task than a clinical group that is 

known to have social difficulties. This is clearly of considerable value and interest, but it does 

not demonstrate that variation in mindreading matters for people who do not have a clinical 

diagnosis. Such evidence is almost entirely lacking at present, and so testing this criterion 

validity for individual differences in mindreading in adults is a clear priority for future work. 

2.4.5 Implications 

 This review can be used as a reference tool for researchers from all disciplines in 

psychology who want to examine individual differences in mindreading in neurotypical adults 

to select appropriate task(s). We also suggest a list of attributes concerning reliability and 

validity that researchers should report when they adopt any of the measures to facilitate future 

systematic review work in the field, or even meta-analyses. Moreover, the investigation on 

interrelations among tasks informs us of the potentially multifaceted domain structure of 

mindreading. 
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2.4.6 Limitations 

 One limitation is that we only included English papers for the current review, which 

may have excluded relevant studies published in other languages. Another limitation is that 

many measures reviewed lacked comprehensive report of psychometric properties, which 

limits the confidence of our synthesised results, as it is important to note that lack of evidence 

is not evidence of absence. Moreover, the current review does not delve into the contentious 

topic of operationalisation of mindreading. We included all measures that purported to be 

assessing mindreading, because our primary objective was to inspect the psychometric 

properties of such measures. Furthermore, we did not review task durations; measures with 

good psychometric properties may not be suitable for certain research contexts where time 

allowed for data collection is limited. Another limitation is that we did not evaluate the 

relevance of tasks identified to the participants. For example, based on the limited available 

evidence the MASC shows satisfactory psychometric properties and does not show ceiling 

effects. However, the video stimuli involve a dinner-date scenario between three white, 

apparently middle-class Germans aged around thirty to forty. For people who do not speak 

German it is commonly dubbed into English. While the demographic specificity may help 

with the realism of the scenario, it also raises the realistic possibility that participants’ 

understanding of the scenario will vary depending upon their own demographics, that is, the 

task may not demonstrate measurement invariance. This serves to illustrate the general point 

that it cannot be assumed that the psychometric properties of a test are fixed across contexts. 

Instead, measurement invariance needs to be established in diverse settings (American 

Educational Research Association, American Psychological Association, & National Council 

on Measurement in Education, 2014; Nunally, 1978). 
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2.4.7 Future directions 

 Our findings show that further research on psychometric properties of mindreading 

measures is necessary. We suggest two ways for relevant investigation in the future: the first 

way is to conduct further research on examining and improving current measures, and the 

second way is to design new measures that exhibit better psychometric properties. 

 Recommendations for new research with existing measures. We recommend that 

measures that exhibit ceiling effects in children should not be used for testing adults. 

Researchers should always check for ceiling effects. We suggest that more studies that focus 

on examining psychometric criteria of existing measures be done, and studies adopting such 

measures should report evidence on reliability and validity. When measures with less 

satisfactory reliability are adopted, we suggest the use of multiple measures with latent 

variable modelling to better partial out measurement errors. By using latent variable 

modelling, the relationships among measures can also be evaluated. 

 Recommendations for the development of new measures. New measures should 

aim to achieve good reliability and validity. It is also important to ensure that the measures are 

relevant and suitable for the participants of interest; age range and culture of participants 

should be taken into consideration.  

2.4.8 Conclusion 

  The current review highlights a large evidence gap, whereby the great majority of 

studies that have examined individual differences in mindreading have not examined whether 

the tasks are either reliable or valid. In some cases, this is problematic, such as where ceiling 

effects preclude any meaningful conclusions. The picture emerging from existing evidence 

provides only very limited confidence in the measurement properties of existing measures, 

highlighting the need to gain further evidence of reliability and validity of existing measures 

and to consider development of new measures. Interrelations among measures were 
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inconsistent, which could be due to measurement problems, or due to tasks measuring 

different aspects of mindreading. This highlights the need for empirical work to be aligned 

with theoretical work on the origins and structure of individual differences in mindreading in 

adults, which should inform both the development of new tasks, and more precise hypotheses 

about the relevance of mindreading for social abilities, mental health and wellbeing. 
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Tables 

Table 2.1. List of measures identified (in descending order of occurrences in studies). The “top eight” measures discussed in most detail in the 

text are shaded.  

Measure name 
Task 

reference 

No. of 

studies 

Original 

aim 

(Range of) 

mean age 

Stimulus 

type 
Response type 

Item scoring 

method  

(* refers to 

scoring method 

used in the 

original 

reference;  

# refers to total 

score) 

Scoring attribute 

Reading the 

Mind in the 

Eyes Test 

Baron-

Cohen et al., 

2001 

149 

Population 

comparison 

(clinical); 

individual 

differences 

Range: 18.1-

59.2 

Mean: 29.0 

Photos (eyes) 
Forced-choice 

(3/4 options) 
Binary scale Correctness 

Strange Stories 

Task 
Happé, 1994 33 

Population 

comparison 

(clinical) 

Range: 18.6-

47.7 

Mean: 28.6 

Stories Open-ended 
Binary scale/3-

point scale 
Correctness 

Faux pas 

recognition test 

Baron-

Cohen et al., 

1999 

28 

* Population 

comparison 

(clinical); 

task 

comparison 

(designed for 

children) 

Range: 18.6-

59.2 

Mean: 32.8 

Stories Open-ended 
Binary scale/3-

point scale 
Correctness 

Hinting task 
Corcoran et 

al., 1995 
25 

Population 

comparison 

(clinical) 

Range: 20.1-

51.7 

Mean: 31.6 

Stories/ 

Videos 
Open-ended 

Binary scale/3-

point scale/4-

point scale 

Correctness 
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ToM Picture 

Stories task 
Brüne, 2003 12 

Population 

comparison 

(clinical) 

Range: 20.5-

46.3 

Mean: 34.0 

Cartoons 

(sequence) 

Forced-choice (3 

options)/Sequenc

ing & Open-

ended 

7-point scale 

(sequencing); n/a 

(sequencing 

time); #23 max 

(open-ended 

questionnaire 

total score) 

Correctness; n/a; 

correctness 

Imposing 

memory test 

Kinderman 

et al., 1998 
11 

Population 

comparison 

(group split 

by other 

variables) 

Range: 20.3-

53.0 

Mean: 28.8 

Stories/ 

Videos 

Forced-choice 

(binary) 
Binary scale Correctness 

MASC 
Dziobek et 

al., 2006 
11 

Population 

comparison 

(clinical); 

individual 

differences 

Range: 19.9-

47.0 

Mean: 28.6 

Videos 
Forced-choice (4 

options) 
Binary scale 

Correctness/ 

(propensity if taking 

into consideration the 

type of error 

committed) 

Animations task 
Abell et al., 

2000 
10 

Population 

comparison 

(clinical) 

Range: 19.3-

32.3 

Mean: 24.9 

Animations 

Forced-choice (4 

options)/Open-

ended 

Binary scale/3-

point scale/*6-

point scale 

(intentionality 

subscale) 

Correctness/propensity 

False belief task 

(1st-order + 

2nd-order) 

Perner & 

Wimmer, 

1985 

8 

*Developme

ntal 

differences 

(designed for 

children) 

Range: 21.9-

35.5 

Mean: 27.1 

Cartoons 

(sequence)/St

ories 

Forced-choice 

(binary)/Open-

ended 

Binary scale Correctness 

TASIT 
McDonald et 

al., 2003 
8 

Population 

comparison 

(clinical) 

Range: 19.7-

40.7 

Mean: 29.6 

Videos 

Forced-choice 

(binary/3 

options) 

Binary scale Correctness 

Yoni task 

Shamay-

Tsoory & 

Aharon-

Peretz, 2007 

6 

Population 

comparison 

(clinical) 

Range: 19.8-

25.9 

Mean: 22.7 

Illustrated 

items 

Forced-choice (4 

options) 
Binary scale Correctness 
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Short Story 

Task 

Dodell-

Feder et al., 

2013 

5 
Individual 

differences 

Range: 19.4-

27.8 

Mean: 23.6 

Stories Open-ended 

Binary scale 

(spontaneous 

subscale); 3-point 

scale (explicit 

mental subscale) 

Correctness/propensity 

Director task 
Keysar et 

al., 2000 
4 

* 

Experimental 

condition 

comparison 

(age not 

mentioned) 

Range: 19.1-

23.0 

Mean: 21.3 

Interactive 

game 
Action 

Binary scale 

(error measure); 

n/a (RT measure) 

Correctness; n/a 

Picture 

sequencing task 

Langdon et 

al., 1997 
4 

Population 

comparison 

(clinical) 

Range: 32-

47.7 

Mean: 40.15 

Cartoons 

(sequence) 

Sequencing & 

Open-ended 

5-point scale/3-

point scale/not 

specified 

(sequencing); 

proportion of 

mental state terms 

in open-ended 

responses 

Correctness;  

propensity 

Reading the 

mind in the 

voice task 

Golan et al., 

2007 
4 

Population 

comparison 

(clinical); 

individual 

differences 

Range: 19.3-

35.6 

Mean: 24.5 

Audios 
Forced-choice (4 

options) 
Binary scale Correctness 

Visual 

perspective 

taking task 

Samson et 

al., 2010 
4 

Experimental 

condition 

comparison 

Range: 21.7-

40.9 

Mean: 31.2 

Pictorial 

probes 

Forced-choice 

(binary) 

Mean response 

time divided by 

proportion correct 

Correctness 

Comic strip task 
Sarfati et al., 

1997 
3 

Population 

comparison 

(clinical) 

Range: 19.0-

38.0 

Mean: 27.4 

Cartoons 

(sequence) 

Forced-choice (3 

options) 
Binary scale Correctness 
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Edinburgh 

Social Cognition 

Test (ESCoT) 

Baksh et al., 

2018 
3 

Individual 

differences 

Range of 

means: 22.5-

38.4 

Mean of 

means: 32.8 

Animations Open-ended 4-point scale Correctness 

EmpaToM 
Kanske et 

al., 2015 
3 

Neural 

underpinning

s; individual 

differences 

Range: 28.7-

40.9 

Mean: 36.8 

Videos 
Forced-choice (3 

options) 

Binary scale 

(score measure); 

n/a (RT measure) 

Correctness 

Moral judgment 

task 

Young et al., 

2007 
3 

Neural 

underpinning

s 

Range of 

means: 34.4-

56.6 

Mean of 

means: 41.7 

Stories Ratings 

Rating differences 

between ToM and 

baseline 

conditions 

Rating differences 

Reading the 

mind in films 

task 

Golan, 

Baron-

Cohen, & 

Hill, et al., 

2006 

3 

Population 

comparison 

(clinical); 

individual 

differences 

Range: 35.6-

38.4 

Mean: 37.2 

Videos 
Forced-choice (4 

options) 
Binary scale Correctness 

Theory of mind 

stories task 

Frith & 

Corcoran, 

1996 

3 

Population 

comparison 

(clinical) 

Range: 39-

40.9 

Mean: 39.6 

Stories (with 

cartoons) 
Open-ended Binary scale Correctness 

Visual jokes test 
Corcoran et 

al., 1997 
3 

Population 

comparison 

(clinical) 

Range of 

means: 20.3-

37.8 

Mean of 

means: 27.0 

Cartoons 

(single) 
Open-ended 

4-point 

scale/Binary scale 
Correctness   
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Adult Theory of 

Mind test (A-

ToM) 

Brewer et 

al., 2017 
2 

Population 

comparison 

(clinical) 

Range: 22.4-

26.1 

Mean: 24.3 

Videos 

Forced-choice 

(binary) & 

Open-ended 

3-point 

scale/Binary 

scale;not 

applicable for RT 

Correctness; RT 

Attribution of 

intention task 

Brunet, 

Sarfati, 

Hardy-Baylé 

& Decety, 

2000  

2 

Neural 

underpinning

s 

Range: 30.9-

47.7 

Mean: 39.3 

Cartoons 

(sequence) 

Forced-choice (3 

options) 
Binary scale Correctness 

Cambridge 

mindreading 

face battery 

Golan, 

Baron-

Cohen & 

Hill, 2006 

2 

Population 

comparison 

(clinical) 

Range: 22.2-

22.5 

Mean: 22.3 

Videos 
Forced-choice (4 

options) 
Binary scale Correctness 

Combined 

stories task 

Achim et al., 

2012 
2 

Population 

comparison 

(clinical) 

Range: 24.2-

25.2 

Mean: 24.7 

Stories Open-ended 
Binary scale/3-

point scale 
Correctness 

False belief task 

(1st-order) 

Wimmer & 

Perner, 1983 
2 

*Developme

ntal 

differences 

(designed for 

children) 

Range: 20.4-

40.2 

Mean: 30.3 

Animations/

Cartoons 

(sequence)/St

ories 

Forced-choice (3 

options)/Open-

ended 

Binary scale Correctness 

Mind Reading 

in Films task 

Tahazadeh 

et al., 2020 
2 

Population 

comparison 

(clinical); 

individual 

differences 

Range: 21.6-

23.6 

Mean: 22.6 

Videos 
Forced-choice (4 

options) 
Binary scale Correctness 

Modified 

Picture Stories-

Theory of Mind 

Questionnaire 

(MPS-TOMQ) 

Calso et al., 

2019 
2 

Population 

comparison 

(age); 

individual 

differences 

Range: 25.4-

25.6 

Mean: 25.5 

Cartoons 

(sequence) 

Sequencing & 

Open-ended 

7-point scale 

(sequencing); n/a 

(sequencing 

time); not 

specified 

(TOMQ) 

Correctness; n/a; not 

specified 
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Second-order 

false-belief task 

Pickup & 

Frith, 2001 
2 

Population 

comparison 

(clinical) 

Range: 32.7-

33.5 

Mean: 33.1 

Playmobil 

figures/ 

Stories 

Open-ended 
3-point scale/4-

point scale 
Correctness 

Situational test 

of emotion 

understanding 

MacCann & 

Roberts, 

2008 

2 
Individual 

differences 

Range: 20.3-

20.4 

Mean: 20.4 

Sentences 
Forced-choice (5 

options) 
5-point scale Not specified 

Spontaneous 

ToM Protocol 

(STOMP) 

Rice & 

Redcay, 

2015 

2 

Neural 

underpinning

s; individual 

differences 

Mean: 20.3 Videos Open-ended 

Proportion of 

internal state 

statements 

Propensity 

Story 

comprehension 

test 

Channon & 

Crawford, 

2000 

2 Lesion study 

Range: 19.4-

20.2 

Mean: 19.8 

Stories Open-ended 

3-point 

scale/binary 

scale* 

Correctness(*); 

propensity* 

Unexpected 

outcomes test 

Dyck et al., 

2001 
2 

*Developme

ntal 

differences; 

individual 

differences 

(designed for 

children) 

Range: 19.5-

36.6 

Mean: 28.1 

Stories Open-ended 3-point scale Correctness 

Virtual 

assessment of 

mentalising 

ability (VAMA) 

Canty et al., 

2017 
2 

Individual 

differences 

Range: 25.9-

45.6 

Mean: 35.8 

Interactive 

game 

Forced-choice (4 

options) 

3-point 

scale/Binary scale 
Correctness 

Arena of 

Emotions Tasks 

Rosenblau et 

al., 2015 
1 

Population 

comparison 

(clinical); 

individual 

differences 

Mean: 32.4 Videos 
Forced-choice (4 

options) 
Binary scale Correctness 
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Attitudinal 

subset (APT) of 

the Aprosodia 

Battery 

Orbelo et al., 

2005 
1 

Population 

comparison 

(age) 

Mean: 34.8 Audios 
Forced-choice 

(binary) 
Binary scale Correctness 

Belief-desires 

task 

Apperly et 

al., 2011 
1 

Population 

comparison 

(age); 

experimental 

condition 

comparison 

Mean: 20.3 Sentences 
Forced-choice 

(binary) 
n/a (RT measure) n/a 

Cartoon 

Reading the 

mind in the eyes 

task 

Atherton, G. 

& Cross, L., 

2021 

1 
Individual 

differences 
Mean: 21.9 

Cartoons 

(single) 

Forced-choice (4 

options) 
Binary scale Correctness 

Cartoon stories 

ToM paradigm 

Kosmidis, 

2011 
1 

Population 

comparison 

(clinical); 

individual 

differences 

Mean: 37.4 
Cartoons 

(sequence) 

Forced-choice 

(binary) 
Binary scale Correctness 

Computerised 

false-belief task 

Wang et al., 

2021 
1 

Experimental 

condition 

comparison; 

individual 

differences 

Mean: 19.5 
Cartoons 

(sequence) 

Forced-choice 

(binary) 
n/a (RT measure) n/a 

Conflicting 

beliefs and 

emotions task 

Shaw et al., 

2004 
1 

* Lesion 

study (age 

not 

mentioned) 

Mean: 30.6 Stories Open-ended Binary scale Correctness 

Conversations 

and Insinuations 

task 

Ouellet et 

al., 2010 
1 

Population 

comparison 

(clinical) 

Mean: 23.1 Videos 
Forced-choice (4 

options) 
Binary scale Correctness 
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Dewey Social 

Stories Test 

Dewey, 

1991 
1 

Population 

comparison 

(clinical) 

Mean: 34.8 Stories 
Forced-choice (4 

options) 
4-point scale 

Deviation from most 

common response 

Emotion 

Attribution task 

Blair & 

Cipolotti, 

2000 

1 Lesion study Mean: 40.2 Stories Open-ended Binary scale Correctness 

Faces test 

(Adoplhs et al.) 

Adoplhs et 

al., 2002 
1 

*Lesion 

study (age 

not 

mentioned) 

Mean: 36.6 Photos (face) 
Forced-choice 

(binary) 
Binary scale Correctness 

Faces test 

(Baron-Cohen et 

al.) 

Baron-

Cohen et al., 

1997 

1 

Population 

comparison 

(clinical) 

Mean: 20.7 Photos (face) 
Forced-choice 

(binary) 
Binary scale Correctness 

Irony perception 

task 

Langdon et 

al., 2002 
1 

Population 

comparison 

(clinical) 

Mean: 20.0 Stories 
Forced-choice 

(binary) 
Binary scale Correctness 

Joke-

appreciation 

task 

Happé et al., 

1999 
1 

*Population 

comparison 

(clinical) 

(designed for 

the elderly) 

Mean: 32.0 
Cartoons 

(single) 
Open-ended 4-point scale Correctness 

Judgement of 

preference 

Girardi, 

MacPherson, 

& Abraham, 

2011 

1 

Population 

comparison 

(clinical); 

experimental 

condition 

comparison 

Mean: 38.4 
Illustrated 

items 

Forced-choice (4 

options) 
Binary scale Correctness 
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Multifaceted 

Empathy Test 

Dziobek et 

al., 2007 
1 

Population 

comparison 

(clinical) 

Mean not 

reported 

Photos (real 

person in 

context) 

Forced-choice (4 

options) 
Binary scale Correctness 

Nonverbal 

cartoon task  

Gallagher et 

al., 2000 
1 

Neural 

underpinning

s 

Mean: 42.0 
Cartoons 

(single) 
Open-ended Binary scale Correctness 

Novel 

wisdom/ToM 

task 

Rakoczy, H. 

et al., 2018 
1 

Population 

comparison 

(age); 

individual 

differences  

Mean: 24.3 Stories Open-ended 3-point scale Correctness 

Perspective 

Taking Task  

Gallant, C., 

& Good, D., 

2020 

1 

Population 

comparison 

(group split 

by other 

variables); 

individual 

differences 

Mean: 19.8 Stories Ratings 

Average ratings 

for correct 

responses 

Ratings 

Pragmatic 

language 

comprehension 

task 

Koster-Hale, 

Dodell-

Feder, Saze, 

unpublished 

1 n/a Mean: 20.3 Sentences 
Forced-choice 

(binary) 
Binary scale Not specified 

Rutherford 

stories task 

Rutherford, 

2004 
1 

Experimental 

condition 

comparison 

Mean: 24.7 Stories 
Forced-choice 

(binary) 
Binary scale Correctness 
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Sandbox task 
Sommerville 

et al., 2010 
1 

Population 

comparison 

(age); 

experimental 

condition 

comparison; 

individual 

differences 

Mean: 37.7 Stories 

Pointing to a 

location within a 

continuous space 

Distance away 

from first location 

to second location 

Distance away 

Self-referential 

mentalizing 

interview 

Ballespi, S. 

et al., 2019 
1 

Individual 

differences 
Mean: 21.1 

Interview 

questions 
Ratings n/a n/a 

Social 

Attribution 

Task-Multiple 

Choice 

Klin, 2000 1 

Population 

comparison 

(clinical) 

Mean: 32.0 Animations 

Forced-choice (4 

options)/*Open-

ended (original 

article) 

Binary scale/*7-

point 

scale/*Proportion 

of using mental 

state terms 

Correctness/propensity 

Social Cognition 

Screen 

Questionnaire 

(ToM subscale) 

Roberts et 

al., 2011 
1 

* Individual 

differences 

(designed for 

clinical 

patients) 

Mean: 37.8 Stories 
Forced-choice 

(binary) 
Binary scale Correctness 

Social stories 

questionnaire 

Lawson, 

Baron-

Cohen & 

Wheetwright

, 2004 

1 

Population 

comparison 

(clinical) 

Mean: 20.1 Stories 
Forced-choice 

(binary) 
Binary scale Correctness 

Story-Based 

Empathy Task 

Dodich, A. 

et al., 2015 
1 Norm setting Mean: 49.6 

Cartoons 

(sequence) 

Forced-choice (3 

options) 

Binary scale 

(accuracy); 5-

point scale 

(equivalent score) 

Correctness;  

deviance from median 



70 

 

Strange stories 

film task 

Murray et 

al., 2017 
1 

Population 

comparison 

(clinical); 

individual 

differences 

Mean: 32.5 Videos Open-ended 3-point scale Correctness 

Strange stories 

task + ToM 

Stories task 

*Licata, M. 

et al., 2016 

(the study 

that used 

this 

combined 

measure) 

1 

* n/a (refer 

to the two 

separate 

measures) 

Mean: 38.0 Stories Open-ended 
4-point scale 

*(0/0.5/1/2) 
Correctness 

The cartoon 

vignette 

Sebastian et 

al., 2012 
1 

Neural 

underpinning

s 

Mean: 21.3 
Cartoons 

(sequence) 

Forced-choice 

(binary) 
Binary scale Correctness 

The situational 

test of emotion 

management 

MacCann & 

Roberts, 

2008 

1 
Individual 

differences 
Mean: 20.4 

Hypothetical 

scenarios 

Forced-choice (4 

options)/*Rating

s (original 

article) 

Binary 

scale/Weighted 

score (forced-

choice); *distance 

from expert 

ratings (ratings) 

Correctness(*); 

distance from expert 

rating* 

Theory of Mind 

Assessment 

Scale 

(Th.o.m.a.s.) 

Bosco et al., 

2009 
1 

Population 

comparison 

(clinical) 

Mean: 40.7 
Interview 

questions 
Open-ended 5-point scale 

Coherence, clearness 

and abundance of 

contextualised 

examples 

Theory of mind 

in dialogue 

Dwyer et al., 

2020 
1 

Population 

comparison 

(clinical) 

Mean: 40.9 
Interview 

questions 
Open-ended 

Number of 

references to own 

and others' beliefs 

Propensity 
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ToM stories task 

German & 

Hehman, 

2006 

1 

Population 

comparison 

(age); 

individual 

differences 

Mean: 38.8 Stories 
Forced-choice 

(binary) 
Binary scale Correctness 

ToM task (false 

belief + faux 

pas) 

Henry et al., 

2011 
1 

Population 

comparison 

(clinical) 

Mean: 43.7 Stories Open-ended 

Binary (9 max) 

(FB1 total score); 

3-point scale 

(FB2); 3-point 

scale (faux pas) 

Correctness 

ToM videos task 

(belief reasoning 

task) 

Apperly et 

al., 2004 
1 Lesion study Mean: 38.8 Videos 

Forced-choice 

(binary) 
Binary scale Correctness 

ToM videos test 

Sullivan & 

Ruffman, 

2004 

1 

Population 

comparison 

(age); 

individual 

differences 

Mean: 36.1 Videos 
Forced-choice 

(binary) 
Binary scale Correctness 

ToM-HCAT 

Aykan, S. & 

Nalcaci, E., 

2018 

1 
Individual 

differences 
Mean: 21.3 

Cartoons 

(single) 

Forced-choice (4 

options) 
Binary scale Correctness 

Verbal stories 

ToM paradigm 

Kosmidis, 

2011 
1 

Population 

comparison 

(clinical); 

individual 

differences 

Mean: 37.4 Stories Open-ended 

3-point scale 

(hinting task 

stories); not 

specified (FB1, 

FB2, 1st order 

deception, 2nd 

order deception) 

Correctness 

RT refers to response time. 
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Table 2.2. Reliability evidence of the top 8 measures in alphabetical order (number of studies 

providing positive/mixed/negative evidence) 

Measure name 

Number 

of 

studies 

Internal 

consistency 

Test-retest 

reliability 

Factor 

structure 

Interrater 

reliability 

Animations Task* 10 1/0/0   4/0/0 

FPRT* 28 6/0/0  5/1/0 5/0/0 

Hinting Task* 25 0/1/5 0/2/0 1/0/0 2/0/0 

Imposing memory Test 11 1/1/0    

MASC 11 2/1/0  1/0/0  

RMET 149 22/16/7 3/1/0 2/3/0 1/1/0 # 

Strange Stories Task* 33 3/3/0  1/0/0 16/0/0 

ToM Picture Stories 

Task 
12 1/0/1    

 

* Tested in open-ended format in at least one study. 

# Not tested in open-ended format but had interrater reliability reported (thus not included in 

the main analysis or Figure 2). 
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Table 2.3. Validity evidence of the top 8 measures in alphabetical order (number of studies 

providing positive/mixed/negative evidence).  

Measure name 

Number 

of 

studies 

Known-

group 

validity  

Criterion-

related 

validity 

(Broad) 

Convergent 

validity 

Discriminant 

validity  

Animations Task 10 4/0/1  0/0/2 3/1/1 

FPRT 28 4/0/0 1/0/1 5/1/2 (2) 2/0/0 

Hinting task 25 8/0/1 0/0/1 6/1/2 3/0/0 

Imposing memory 

test 
11  2/0/0 3/2/1 2/0/0 

MASC 11 2/0/0  2/0/0 1/0/0 

RMET 149 14/0/1 1/0/1 27/7/11 (1) 0/0/1 

Strange Stories Task 33 10/0/1 0/0/2 4/0/1(1) 7/0/1 

ToM Picture Stories 

Task 
12 3/0/1  2/1/1  

 

The number of studies that report a relevant significance test without specifying the effect size 

is marked in parentheses, if applicable. 
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Table 2.4. POMP score of the 75 identified measures (in alphabetical order). Measures showing evidence of ceiling effects are highlighted in red. 

The “top eight” most frequently-used measures discussed in most detail in the text are shaded in gray. 

Measure name Stimulus type 

Number 

of 

studies 

Mean POMP score for neurotypical 

adults 
POMP score range 

Adult Theory of Mind 

test (A-ToM) 
Videos 2 87.25% n/a 

Animations task Animations 10 

Appropriateness: 64.85% (7 studies) 

Feelings: 51.76% (2 studies) 

Intentionality: 66.2% (1 study) 

Appropriateness: 41.13%-75.75% 

Feelings: 49.13%-54.38% 

Intentionality: n/a 

Arena of Emotions 

Tasks 
Videos 1 

Indirect: 68% 

Direct: 67% 
n/a 

Attitudinal subset 

(APT) of the Aprosodia 

Battery 

Audios 1 Not reported n/a 

Attribution of intention 

task 
Cartoons (sequence) 2 84.43% (1 study) n/a 

Belief-desires task Sentences 1 n/a n/a 

Cambridge 

mindreading face 

battery 

Videos 2 75.59% 72.00%-79.18% 

Cartoon Reading the 

mind in the eyes task 
Cartoons (single) 1 67.00% n/a 

Cartoon stories ToM 

paradigm 
Cartoons (sequence) 1 82.41% n/a 
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Combined stories task Stories 2 
1st order: 93.33% (1 study) 

2nd order: 83.85% (1 study) 
n/a 

Comic strip task Cartoons (sequence) 3 88.80% (2 studies) 82.96%-94.64% 

Computerised false-

belief task 
Cartoons (sequence) 1 n/a n/a 

Conflicting beliefs and 

emotions task 
Stories 1 

1st order belief: 98.00% 

2nd order belief: 96.50% 

1st order emotion: 89.25% 

2nd order emotion: 92.50% 

n/a 

Conversations and 

Insinuations task 
Videos 1 73.80% n/a 

Dewey Social Stories 

Test 
Stories 1 92.42% n/a 

Director task Interactive game 4 

Ambiguous experimental trials: 96.80% 

(2 studies) 

Relational experimental trials: 58.00% 

(1 study) 

Ambiguous trials: 95.00%-98.60% 

Edinburgh Social 

Cognition Test 

(ESCoT) 

Animations 3 
Cognitive ToM: 74.18% (2 studies) 

Affective ToM: 88.18% (2 studies) 

Cognitive ToM: 73.00%-75.37% 

Affective ToM: 86.93%-89.43% 

Emotion Attribution 

task 
Stories 1 90.43% n/a 

EmpaToM Videos 3 80.48% (2 studies) 71.61%-89.35% (2 studies) 

Faces test (Adoplhs et 

al.) 
Photos (face) 1 Not reported n/a 
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Faces test (Baron-

Cohen et al.) 
Photos (face) 1 Not reported n/a 

False belief task (1st-

order + 2nd-order) 

Cartoons 

(sequence)/Stories 
8 

1st + 2nd order: 91.12% (3 studies) 

1st order: 90.77% (3 studies) 

2nd order: 73.46% (3 studies) 

1st + 2nd order: 84.89%-94.99% (3 

studies) 

1st order: 86.30%-95.00% (3 studies) 

2nd order: 65.00%-89.57% (3 studies) 

False belief task (1st-

order) 

Animations/Cartoons 

(sequence)/Stories 
2 87.97% 75.93%-100% 

Faux pas recognition 

test 
Stories 28 85.90% (20 studies) 69.90%-96.00% (20 studies) 

Hinting task Stories/Videos 25 81.31% (21 studies) 62.19%-93.05% (21 studies) 

Imposing memory test Stories/Videos 11 82.44% (5 studies) 74.40%-84.13% (5 studies) 

Irony perception task Stories 1 

Hit: 78.00% 

False alarm: 20.00% 

Sensitivity: 87.00% 

n/a 

Joke-appreciation task Cartoons (single) 1 55.33% n/a 

Judgement of 

preference 
Illustrated items 1 Not reported n/a 

MASC Videos 11 

Total correct: 73.57% (8 studies) 

Cognitive: 77.77% (2 studies) 

Affective: 76.45% (2 studies) 

Total correct: 59.09%-78.42% (8 

studies) 

Cognitive: 76.65%-78.89% (2 studies) 

Affective: 75.56%-77.33% (2 studies) 

Mind Reading in Films 

task 
Videos 2 64.89% 59.96%-69.81% 
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Modified Picture 

Stories-Theory of Mind 

Questionnaire (MPS-

TOMQ) 

Cartoons (sequence) 2 
MPS: 85.81% (1 study) 

TOMQ: 55.82% 

MPS: n/a 

TOMQ: 44.64%-67.00% 

Moral judgment task Stories 3 n/a n/a 

Multifaceted Empathy 

Test 

Photos (real person 

in context) 
1 Not reported n/a 

Nonverbal cartoon task  Cartoons (single) 1 97.27% n/a 

Novel wisdom/ToM 

task 
Stories 1 90.90% n/a 

Perspective Taking 

Task  
Stories 1 n/a n/a 

Picture sequencing task Cartoons (sequence) 4 86.39% 82.33%-92.00% (3 studies) 

Pragmatic language 

comprehension task 
Sentences 1 Pragmatic inference accuracy: 81.90% n/a 

Reading the mind in 

films task 
Videos 3 64.09% (1 study) n/a 

Reading the Mind in 

the Eyes Test 
Photos (eyes) 149 

Total: 72.00% (125 studies) 

Positive: 70.73% (7 studies) 

Neutral: 69.89% (7 studies) 

Negative: 71.36% (7 studies) 

Total: 57.84%-86.12% (125 studies) 

Positive: 64.92%-82.00% (7 studies) 

Neutral: 62.50%-75.00% (7 studies) 

Negative: 60.00%-85.72% (7 studies) 

Reading the mind in 

the voice task 
Audios 4 71.00% (3 studies) 64.00%-78.00% (3 studies) 
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Rutherford stories task Stories 1 Unweighted score: 90.00% n/a 

Sandbox task Stories 1 n/a n/a 

Second-order false-

belief task 

Playmobil 

figures/Stories 
2 57.75% (1 study) n/a 

Self-referential 

mentalizing interview 
Interview questions 1 n/a n/a 

Short Story Task Stories 5 

Mental state reasoning: 50.17% (3 

studies) 

Total: 63.71% (2 studies) 

Spontaneous mental state reasoning: 

19.00% (1 study) 

Mental state reasoning: 38.69%-

58.06% (3 studies) 

Total: 59.22%-68.19% (2 studies) 

Situational test of 

emotion understanding 
Sentences 2 Not available n/a 

Social Attribution 

Task-Multiple Choice 
Animations 1 80.95% n/a 

Social Cognition 

Screen Questionnaire 

(ToM subscale) 

Stories 1 84.30% n/a 

Social stories 

questionnaire 
Stories 1 

Subtle utterances: 29.10% 

Blatant utterances: 57.50% 

Non-existence utterances: 92.15% 

n/a 

Spontaneous ToM 

Protocol (STOMP) 
Videos 2 30.11% 29.11%-39.10% 

Story comprehension 

test 
Stories 2 65.50% 65.00%-66.00% 
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Story-Based Empathy 

Task 
Cartoons (sequence) 1 

Total: 87.39% 

Intention attribution: 89.33% 

Emotion attribution: 87.00% 

n/a 

Strange stories film 

task 
Videos 1 

Intention: 80.21% 

Mental state talk: 49.38% 

Interaction: 72.71% 

n/a 

Strange Stories Task Stories 33 87.37% (25 studies) 55.00%-99.50% (25 studies) 

Strange stories task + 

ToM Stories task 
Stories 1 63.85% n/a 

TASIT Videos 8 
Part 2: 88.68% (4 studies) 

Part 3: 84.87% (7 studies) 

Part 2: 84.42%-91.80% (4 studies) 

Part 3: 83.20%-86.70% (7 studies) 

The cartoon vignette Cartoons (sequence) 1 
Affective ToM: 86.50% 

Cognitive ToM: 91.94% 
n/a 

The situational test of 

emotion management 

Hypothetical 

scenarios 
1 Not reported n/a 

Theory of Mind 

Assessment Scale 

(Th.o.m.a.s.) 

Interview questions 1 

First-person ToM: 95.50% 

Third-person allocentric ToM: 92.50% 

Third-person egocentric: 92.75% 

Second-order ToM: 91.50% 

n/a 

Theory of mind in 

dialogue 
Interview questions 1 n/a n/a 

Theory of mind stories 

task 

Stories (with 

cartoons) 
3 Total: 90.15% (1 study) n/a 
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ToM Picture Stories 

task 
Cartoons (sequence) 12 

Total: 91.63% (6 studies) 

Sequencing: 86.94% (5 studies) 

Questionnaire: 92.45% (5 studies) 

Total: 89.42%-94.34% (6 studies) 

Sequencing: 70.00%-94.44% (5 

studies) 

Questionnaire: 81.86%-95.83% (5 

studies) 

ToM stories task Stories 1 75.29% n/a 

ToM task (false belief 

+ faux pas) 
Stories 1 n/a n/a 

ToM videos task 

(belief reasoning task) 
Videos 1 87.39% n/a 

ToM videos test Videos 1 88.08% n/a 

ToM-HCAT Cartoons (single) 1 70.72% n/a 

Unexpected outcomes 

test 
Stories 2 60.75% (1 study) n/a 

Verbal stories ToM 

paradigm 
Stories 1 

Hinting: 92.17% 

1st order false belief: 97.50% 

2nd order false belief: 80.00% 

1st order deception: 96.00% 

2nd order deception: 90.00% 

n/a 

Virtual assessment of 

mentalising ability 

(VAMA) 

Interactive game 2 

Cognitive: 66.68% (frequency); 72.65% 

(cumulative; 1 study) 

Affective: 61.50% (frequency); 69.93% 

(cumulative; 1 study) 

Total: 62.50% (frequency; 1 study) 

Cognitive: 64.35%-69.00% (frequency) 

Affective: 60.65%-62.35% (frequency) 
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Visual jokes test Cartoons (single) 3 58.00% 55.00%-66.25% 

Visual perspective 

taking task 
Pictorial probes 4 n/a n/a 

Yoni task Illustrated items 6 

Total: 92.86% (1 study) 

Affective: 89.62% (3 studies) 

Cognitive: 87.33% (3 studies) 

Affective: 84.35%-92.55% 

Cognitive: 83.10%-90.44% 
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Table 2.5. Interrelations among identified ToM measures (in alphabetical order). Tasks that did not show any correlation with other measures 

with an effect size larger than the .19 threshold are highlighted in red. 

Task name Correlated task 

Number 

of 

studies 

Correlation index 

range 

Number of 

studies 

reporting 

r≥.19 (n/a) 

Number of 

studies 

reporting 

significant 

correlation 

Adult Theory of Mind test (A-ToM) 

Animations task 1 .12-.17 0 0 

Strange Stories Task 1 .50 1 1 

Animations task 
Adult Theory of Mind test (A-

ToM) 
1 .12-.17 0 0 

Arena of Emotions Tasks RMET 1 .303-.417 1 1 

Belief-desires task 

Imposing memory test 1 .048 0 0 

Pragmatic language 

comprehension task 
1 .056 0 0 

RMET 1 .115 0 0 

Spontaneous ToM Protocol 

(STOMP) 
1 -.023 0 0 

Cartoon stories ToM paradigm Verbal stories ToM paradigm 1 .008-.529 1 1 

Combined stories task Comic strip task 1 .08 0 0 
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Comic strip task Combined stories task 1 .08 0 0 

Director task Visual perspective taking task 1 -.18 0 1 

Dewey Social Stories Test 

Faux pas recognition test 1 -.276 1 1 

RMET 1 -.143 0 0 

Edinburgh Social Cognition Test 

(ESCoT) 

Judgement of preference 1 not reported 0 (1) 0 

Reading the mind in films task 1 .36-.42 1 1 

RMET 2 .25-.48 2 2 

Visual perspective taking task 1 -.07 - -.34 1 1  

Emotion Attribution task 
RMET 1 .43 1 1 

Strange Stories Task 1 .69 1 1 
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ToM Picture Stories task 1 .46 1 1 

EmpaToM Visual perspective taking task 1 .17 0 1 

Faces test (Baron-Cohen et al.) 

RMET 1 .29 1 1 

Reading the mind in the voice 

task 
1 .22 1 1 

False belief task (1st-order + 2nd-

order) 
RMET 1 .12 0 0 

False belief task (1st-order) RMET 1 .12 0 0 

Faux pas recognition test 

Dewey Social Stories Test 1 -.276 1 1 

RMET 5 .13-.407 4 4 

Strange Stories Task 2 .11; not reported 0 (1) 0 

ToM Picture Stories task 1 .18 0 1 

Virtual assessment of 

mentalising ability (VAMA) 
1 .04-.45 1 1 
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Hinting task 

Imposing memory test 2 .21 2 2 

RMET 3 .097-.28 2 2 

Second-order false-belief task 1 .201-.276 1 1 

Situational test of emotion 

understanding 
2 .30-.33 2 2 

Social Attribution Task-

Multiple Choice 
1 .117 1 0 

TASIT 1 .25 1 1 

The situational test of emotion 

management 
1 .22 1 1 

ToM Picture Stories task 1 .146 0 0 

Virtual assessment of 

mentalising ability (VAMA) 
1 .05-.36 1 1 

Visual jokes test 1 

Kendall’s tau=.05 

(transformed 

r=0.078 (Gilpin, 

1993)) 

1 

0 
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Imposing memory test 

Belief-desires task 1 .048 1 0 

Hinting task 2 .21 2 2 

Pragmatic language 

comprehension task 
1 -.051 1 1 

RMET 6 -.069-.42 4 4 

Situational test of emotion 

understanding 
2 .44-.48 2 2 

Spontaneous ToM Protocol 

(STOMP) 
2 .125-.28 1 1 

The situational test of emotion 

management 
1 .39 1 1 

Judgement of preference 

Edinburgh Social Cognition 

Test (ESCoT) 
1 not reported 0 (1) 0 

Reading the mind in films task 1 not reported 0 (1) 0 

RMET 1 not reported 0 (1) 0 

MASC 

RMET 1 .30 1 1 

Self-referential mentalizing 

interview 
1 not reported; .25 1 1 
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Mind Reading in Films task RMET 1 .56 1 1 

Perspective Taking Task RMET 1 -.007-.256 1 1 

Picture sequencing task Theory of mind stories task 1 .55-.63 1 1 

Pragmatic language comprehension 

task 

Belief-desires task 1 .056 0 0 

Imposing memory test 1 -.051 0 0 

RMET 1 .068 0 0 

Spontaneous ToM Protocol 

(STOMP) 
1 .015 0 0 

Reading the mind in films task 
Edinburgh Social Cognition 

Test (ESCoT) 
1 .36-.42 1 1 
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Judgement of preference 1 not reported 0 (1) 0 

RMET 2 .38-.62 2 2 

RMET 

Arena of Emotions Tasks 1 .303-.417 1 1 

Belief-desires task 1 .115 0 0 

Dewey Social Stories Test 1 -.143 0 0 

Emotion Attribution task 1 .43 1 1 

Edinburgh Social Cognition 

Test (ESCoT) 
2 .25-.48 2 2 

Faces test (Baron-Cohen et al.) 1 .29 1 1 

False belief task (1st-order + 

2nd-order) 
1 .12 0 0 

False belief task (1st-order) 1 .12 0 0 

Faux pas recognition test 5 .13-.407 4 4 
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Hinting task 3 .097-.28 2 2 

Imposing memory test 6 -.069-.42 4 4 

Judgement of preference 1 not reported 0 (1) 0 

MASC 1 .30 1 1 

Mind Reading in Films task 

(Tahazadeh et al.) 
1 .56 1 1 

Perspective Taking Task 

(scenarios from Hynes et al.) 
1 -.007-.256 1 1 

Pragmatic language 

comprehension task 
1 .068 0 0 

Reading the mind in films task 2 .38-.62 2 2 

Reading the mind in the voice 

task 
1 .35 1 1 

Short Story Task (Dodell-Feder 

et al.) 
4 .18-.42 3 4 

Situational test of emotion 

understanding 
2 .53-.54 2 2 
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Social Attribution Task-

Multiple Choice 
1 .331 1 1 

Spontaneous ToM Protocol 

(STOMP) 
2 -.16 - -.115 0 0 

Strange Stories Task 4 .14-.42; not reported 2 (1) 1 

TASIT 1 .371 1 1 

The situational test of emotion 

management 
1 .42 1 1 

ToM Picture Stories task 2 .43-.535 2 2 

Unexpected outcomes test 1 .26 1 1 

Yoni task 1 .26 1 1 

Reading the mind in the voice task 

Faces test (Baron-Cohen et al.) 1 .22 1 1 

RMET 1 .35 1 1 

Second-order false-belief task Hinting task 1 .201-.276 1 1 

Self-referential mentalizing interview MASC 1 not reported; .25 1 1 

Short Story Task RMET 4 .18-.42 3 4 
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Situational test of emotion 

understanding 

Hinting task 2 .30-.33 2 2 

Imposing memory test 2 .44-.48 2 2 

RMET 2 .53-.54 2 2 

The situational test of emotion 

management 
1 .62 1 1 

Social Attribution Task-Multiple 

Choice 

Hinting task 1 .117 0 0 

RMET 1 .331 1 1 

Spontaneous ToM Protocol (STOMP) 

Belief-desires task 1 -.023 0 0 

Imposing memory test 2 .125 - .28 1 1 

Pragmatic language 

comprehension task 
1 .015 0 0 

RMET 2 -.16 - -.115 0 0 

Strange Stories Task 
Adult Theory of Mind test (A-

ToM) 
1 .50 1 1 
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Emotion Attribution task 1 .69 1 1 

ToM Picture Stories task 1 .42 1 1 

Faux pas recognition test 2 .11; not reported 0 (1) 0 

RMET 4 .14-.42; not reported 2 (1) 1 

TASIT 

Hinting task 1 .25 1 1 

RMET 1 .371 1 1 

ToM Picture Stories task 1 .525 1 1 

The situational test of emotion 

management 
Hinting task 1 .22 1 1 
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Imposing memory test 1 .39 1 1 

RMET 1 .42 1 1 

Situational test of emotion 

understanding 
1 .62 1 1 

Theory of mind stories task Picture sequencing task 1 .55-.63 1 1 

ToM Picture Stories task 

Emotion Attribution task 1 .46 1 1 

Faux pas recognition test 1 .18 0 1 

Hinting task 1 .146 0 0 

RMET 2 .43-.535 2 2 

Strange Stories Task 1 .42 1 1 

TASIT 1 .525 1 1 

Unexpected outcomes test RMET 1 .26 1 1 

Verbal stories ToM paradigm Cartoon stories ToM paradigm 1 .008-.529 1 1 

Virtual assessment of mentalising 

ability (VAMA) 
Faux pas recognition test 1 .04-.45 1 1 
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Hinting task 1 .05-.36 1 1 

Yoni task 1 .01-.21 1 0 

Visual jokes test Hinting task 1 

Kendall’s tau=.05 

(transformed r=.078 

(Gilpin, 1993)) 

0 0 

Visual perspective taking task 

Director task 1 -.18 0 1 

Edinburgh Social Cognition 

Test (ESCoT) 
1 - .34 - -.07 1 1 

EmpaToM 1 .17 0 1 

Yoni task 

RMET 1 .26 1 1 

Virtual assessment of 

mentalising ability (VAMA) 
1 .01-.21 1 0 
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Table 2.6. Average Cronbach’s alpha of the top 8 measures (in alphabetical order). 

Task name Average Cronbach’s alpha Number of reports 

Animations task 0.8 1 

Faux pas recognition test 0.87 7 

Hinting task 0.55 6 

Imposing memory test 0.86 1 

MASC 0.76 3 

Reading the Mind in the Eyes Test 0.68 37 

Strange Stories Task 0.68 5 

ToM Picture Stories task 0.65 2 
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Table 2.7. Interrelations among top 8 measures before and after correction for attenuation (in alphabetical order). 

Task 
Correlated 

task 
Range of r Range of corrected r 

Number of studies with 

uncorrected r≥.19 (n/a) 

Number of studies 

with corrected r≥.19 

(n/a) 

Number 

of 

reports 

Faux pas 

recognition 

test 

Reading 

the Mind in 

the Eyes 

Test 

.13-.41 .17 - .53 4 4 5 

Strange 

Stories 

Task 

.11; not reported .14; not reported 0 (1) 0 (1) 2 

ToM 

Picture 

Stories task 

.18 .24 0 1 1 

Hinting 

task 

Imposing 

memory 

test 

.21 .31 2 2 2 

Reading 

the Mind in 

the Eyes 

Test 

.10 - .28 .16 - .46 2 2 3 

ToM 

Picture 

Stories task 

.15 .25 0 1 1 

Imposing 

memory 

test 

Hinting 

task 
.21 .31 2 2 2 

Reading 

the Mind in 

the Eyes 

Test 

-.07 - .42 -.09 - .55 4 4 7 



97 

 

MASC 

Reading 

the Mind in 

the Eyes 

Test 

.30 .42 1 1 1 

Reading 

the Mind 

in the Eyes 

Test 

Faux pas 

recognition 

test 

.13 - .407 .17 - .53 4 4 5 

Hinting 

task 
.10 - .28 .16 - .46 2 2 3 

Imposing 

memory 

test 

-.07 - .42 -.09 - .55 4 4 7 

MASC .30 .42 1 1 1 

Strange 

Stories 

Task 

.14 - .42; not reported .21 - .62; not reported 2 (1) 3 (1) 4 

ToM 

Picture 

Stories task 

.43 - .54 .65 - .81 2 2 2 

Strange 

Stories 

Task 

Faux pas 

recognition 

test 

.11; not reported .14; not reported 0 (1) 0 (1) 2 

Reading 

the Mind in 

the Eyes 

Test 

.14 - .42; not reported .21 - .62; not reported 2 (1) 3 (1) 4 
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ToM 

Picture 

Stories task 

.42 .63 1 1 1 

ToM 

Picture 

Stories 

task 

Faux pas 

recognition 

test 

.18 .24 0 1 1 

Hinting 

task 
.15 .25 0 1 1 

Reading 

the Mind in 

the Eyes 

Test 

.43 - .54 .65 - .81 2 2 2 

Strange 

Stories 

Task 

.42 .63 1 1 1 
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Chapter 3 

Do mindreading interpretations differ between age groups? 
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3.1 Introduction 

Mindreading involves the attribution of mental states to others. As identified in 

Chapter 2, individual differences in mindreading are most frequently examined in terms of 

correctness or accuracy. The term “accuracy” presupposes a “correct” answer, but existing 

tasks have been criticised as lacking an objective and observable ground truth as the basis for 

considering the “accurate” answer (Long et al., 2022). This issue is especially crucial to tasks 

that involve the interpretation of social stimuli and do not provide a non-arbitrary criterion for 

correctness, for example, the Faces test (Adoplhs et al., 2002; Baron-Cohen et al., 1997) or 

the Reading the Mind in the Eyes Test (RMET; Baron-Cohen et al., 2001). In these tasks, 

even the creators have no access to what the people featured in the stimuli were thinking or 

feeling. The correct answers are usually based on the expert opinion of researchers or results 

from pilot studies with a small number of participants. It is therefore unclear whether the 

“correct” answers represent the most appropriate interpretation. One way to address this 

problem is to develop tasks that have a pre-established ground truth, like the Empathic 

Accuracy task (Ickes et al., 1986; Ickes, 1993) or the Interviews Task (Long et al., 2022). 

However, given research showing that performance in the empathic accuracy task is more 

related to the expressivity of the target (Zaki et al., 2008) and one’s familiarity with the target 

(Zaki et al., 2009) than trait empathy, evaluating participants’ mindreading ability by 

comparing their responses to the actual thoughts or feelings of the targets may not always be 

the most promising approach.   

An alternative to the ground truth approach is to use social agreement as a criterion for 

characterising mindreading success. While this idea is not new, since some tasks already use 

expert or pilot participant consensus for “correct” answers as mentioned above, the proposed 

approach does not make claims about actual “accuracy” or assume that social agreement leads 

to only one successful answer. In other words, an overarching aim of the current chapter is to 
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provide an alternative perspective to the notion of “accuracy” in such mindreading tasks, by 

showing the presence of multiple legitimate interpretations and variation in endorsement of 

interpretations by different groups of neurotypical adults, with a series of three empirical 

studies. 

In tasks adopting stimuli without a known ground truth, it is questionable to regard 

test takers as worse mindreaders if they have not selected the “correct” answers, as it is 

possible that there are multiple interpretations that differ among individuals. In the clinical 

literature, the common mental state interpretation endorsed by the neurotypical adult 

population is generally regarded as the correct answer, setting the benchmark for comparing 

clinical groups’ responses. Deviations by clinical groups from the neurotypical norm are 

considered errors. For example, “over-mentalising” errors and “under-mentalising” errors that 

deviate from the assumed correct answer in the MASC are commonly found in people with 

schizophrenia (Peyroux et al., 2019; Sharp & Hernandez, 2021). In examining mindreading 

performance in clinical groups, there is a basis to argue for these alternative interpretations 

being errors because they correlate with positive and negative symptoms, respectively (e.g., 

Peyroux et al., 2019). Some theories further consider mindreading deficits as an explanation 

for differences in social and occupational functioning in neurodivergent populations, 

especially autistic people, represented by the mind-blindness theory (Baron-Cohen, 1995; 

Baron-Cohen et al., 1985). However, research on the double empathy problem between 

neurotypical and autistic individuals has suggested that not only do autistic individuals find 

interpreting the mental states of their neurotypical counterparts difficult, but neurotypical 

individuals also find difficulty interpreting the mental states of autistic individuals (Alkhaldi 

et al., 2019; Edey et al., 2016; Milton, 2012), which questions whether neurotypical 

individuals always have the authority to determine the correct interpretation when it comes to 

attribution of mental states to clinical populations.  
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Furthermore, even assuming consensus among neurotypical individuals as a proxy for 

ground truth, neurotypical individuals might vary in their attribution of mental states to others 

in the same scenario, leading to multiple legitimate interpretations. This can undermine the 

validity of assuming a single “correct” answer. Hence, the question of whether there are 

multiple common interpretations among neurotypical individuals warrants more empirical 

investigation.  

A further problem lies in the conceptualisation of “accuracy”: consensus among group 

members, or the most common interpretation, is not necessarily the most accurate answer. 

This is analogous to how the most popular answer in an intelligence test item might not be the 

correct answer, especially for difficult items designed so that only a small proportion of 

participants can obtain the correct answer. The notion of “accuracy” is therefore dubious 

concerning mindreading tasks that feature social stimuli without a known ground truth or 

authorial intention. With reference to using the common interpretations within neurotypical 

adults as the baseline for establishing “accuracy”, the criterion is more focused on how well 

people align with other people in terms of their mental state interpretations of others. 

Subsequently, the term “alignment”, adapted from literature on social coordination (Perez-

Zapata & Apperly, 2022), is suggested as an alternative term for characterising success in 

such tasks. 

Inspired by Perez-Zapata and Apperly (2022) who calculated alignment scores to 

measure similarity of a participant’s responses with other participants in pure coordination 

games, in the current studies, alignment is assessed by directly comparing an individual’s 

interpretation with that of others and calculating how many people agree with the 

interpretation. Variations in alignment could indicate individual differences in mindreading 

performance. Furthermore, we expect that people’s alignment with others varies with the 

comparison baselines formed by people who possess different features. For example, culture 
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has been shown to influence mindreading performance: people found it easier to reason about 

the mental states of those who they perceived to be from the same cultural group (Adams et 

al., 2010; Perez-Zapata et al., 2016). This effect also was observed in perceived familiarity 

with the agents (Zaki et al., 2009). These findings suggest that people might align with similar 

individuals more than dissimilar individuals. If an individual aligns well not only with similar 

peers but also with dissimilar counterparts, it may characterise superior flexibility in 

mindreading.  

To summarise, it is problematic to assume that mindreading “accuracy” is captured by 

comparing participants’ answers to the predetermined correct answers, and the notion of 

“accuracy” itself is problematic in the case of interpreting social stimuli without a known 

ground truth. The studies in the current chapter address two questions. First, is there only one 

interpretation that is considered the most appropriate or plausible among neurotypical 

individuals, or are there multiple interpretations that are perceived to be highly probable? 

Second, do neurotypical individuals differ from each other in their perceived best 

interpretations? One further question is related to individual differences: do people show 

consistent individual differences in their alignment with others across scenarios? 

If variation in interpretation is observed across any dimension, such as age, gender, or 

ethnicity, it provides evidence for individual differences in mental state interpretations. In the 

current studies the focus is on age because older adults may have accumulated more diverse 

social experiences over their lifetimes than younger adults leading to more social insight 

(Happé et al., 1998), which may drive differences in mental state interpretations between the 

two age groups. Studies 1 and 2 were pilot studies for the more extensive study 3. Study 1 

explored whether younger adults and older adults shared common interpretations of what an 

agent was thinking or feeling in ambiguous social scenarios. Building on preliminary findings 

from study 1, study 2 compared participants’ alignment with members of their own age group 
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and the other age group in mental state interpretations with a fine-grained coding scheme 

generated with a bottom-up approach. The same coding scheme was adopted in Study 3 that 

recruited a large sample, in which the number of popular interpretations for each item was 

compared to simulated baselines and inter-item correlations were investigated to answer the 

question on individual differences in mindreading. It was predicted that there would be 

multiple interpretations of the same ambiguous social stimulus and the endorsement of these 

interpretations would vary between the two age groups. 

3.2 Study 1: Pilot study 

Study 1 examined differences in mental state interpretations of pictorial stimuli featuring 

social scenarios without a known ground truth between younger adults and older adults. This 

exploratory pilot study aimed to (1) explore whether participants generated diverse 

interpretations of the same social stimulus and (2) whether these interpretations differed 

between the two age groups.  

3.2.1 Method 

Participants. Twelve younger (18-25 years; Mage = 21.75) and 12 older adults (53-60 

years; Mage = 57.33) with balanced gender were recruited online via Prolific with the 

following screening criteria: UK residence, speaking English as their first language, and had 

not been diagnosed with ASD. All participants received £3.75 for completing the study. The 

study was approved by the Ethical Review Committee at the University of Birmingham. The 

study was not preregistered. 

Materials. Ten coloured photos depicting two target adults engaging in social 

interactions were presented (refer to figure 3.1 for two examples). The target adults depicted 

across stimuli varied in sex, age, and ethnicity. These photos originated from pilot work 

conducted in the laboratory associated with the research team (Yeung, Apperly). This pilot 

work involved searching the Internet for Creative Commons-licensed images depicting 
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individuals in social interactions, which could have included genuine interactions or acted 

scenarios. These stimuli had been adopted in previous studies on social coordination and 

mindreading (Perez-Zapata, 2023; Pomareda, 2023). 

   

Figure 3.1. Two examples of pictorial stimuli presented. 

 Design and procedure. Within each age group, each participant’s interpretations of 

each picture were compared with the most popular interpretation(s) with others from their age 

group, or from the other age group, based on their responses in a Qualtrics questionnaire. 

Each participant saw five of the 10 pictures in a randomised order. First, the participants were 

required to describe what they thought was happening in each picture in the first block of 

questions (the description block). Then the participants were presented the same picture again, 

but in this block (the interpretation block) one of the characters was circled in each picture 

(i.e., the mindreading target). With each picture presented, participants were asked the 

question “What do you think the circled person is thinking/feeling?” and they entered open-

ended responses. Multiple interpretations were allowed, but participants were asked to enter 

only one interpretation a time. This was achieved by showing a question “Can you think of 

any other possibilities?” every time a participant submitted one interpretation. If the 

participant selected “yes”, they were redirected to input their second response for the same 

picture. A maximum of 15 different interpretations was allowed for each picture. The total 

duration of the task was around 30 minutes.  
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3.2.2 Results and discussion 

 No formal statistical test was involved in Study 1 due to its small sample size and its 

nature as a preliminary pilot study. Responses in the description block were mostly 

descriptions of the environment, so only the responses in the interpretation block are reported 

below. 

 The text responses were qualitatively inspected and grouped into categories. Table 3.1 

tabulates the most popular categories of interpretations to indicate any differences between 

the two age groups. The most popular category/ies for each item was determined by the 

number of participants who had generated responses that involved the category/ies for the 

picture (i.e., item) concerned. If a single category was involved in the responses by 50% or 

more participants, it was selected as the most popular category and reported below. If the 

proportion of endorsement of the most popular category was below 50%, the second most 

common category/ies were also included and reported below. The label of each item always 

starts with a “P”, which stands for “Picture”, followed by an index number from 1 to 10.  

Except for P2 and P7, the two age groups did not show the same combination of the 

most frequent categories for any item. When the same category overlapped between groups, 

the proportion of participants endorsing it often differed. This difference in proportion of 

endorsement will be discussed in a more quantitative method in Studies 2 and 3. 
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Table 3.1. The most popular categories in the two age groups for each item in Study 1. 

Picture 

(P stands for Picture) 

Age group 

Old Young 

P1 

 

• Romantic feelings 

(58.33%) (e.g. “He is 

wishing that he was 

her boyfriend”) 

• Romantic feelings (38.46%) 

(e.g. “love towards the 

girl”); 

• Happy (30.77%) (e.g. “The 

person is feeling happy with 

the choice to study with this 

girl”) 

P2 

 

• Happy (81.82%) (e.g. 

“He is thinking he is 

very pleased to see his 

friend.”) 

• Happy (88.89%) (e.g. “They 

are feeling happy about 

seeing their friend”) 

P3 

 

• Negative experience 

(31.25%) (e.g. “He is 

hurt”); 

• Surprised (31.25%) 

(e.g. “I think he’s 

feeling surprised”) 

• Romantic feelings (35.71%) 

(e.g. “intent on being with 

this woman”); 

• Happy (14.29%) (e.g. “This 

person is feeling content.”); 

• Intrigued (14.29%) (e.g. 

“interested into what is 

being said by the lady”) 
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P4 

 

• Compassion (46.67%) 

(e.g. “She is feeling 

emotion and sadness 

for her friend/sister”); 

• Sinister intent (20%) 

(e.g. “Avarice”) 

• Compassion (38.46%) (e.g. 

This woman is feeling 

sorrow for the person next 

to her who is crying.); 

• Embarrassed (15.38%) (e.g. 

“This person feels 

uncomfortable/awkward due 

to the current situation she 

is in.”) 

P5 

 

• Romantic feelings 

(53.33%) (e.g. “I 

cannot keep my eyes 

off her.”) 

• Romantic feelings (41.67%) 

(e.g. ” He is attracted to the 

woman sat down”); 

• Happy (41.67%) (e.g. 

“satisfaction that this is the 

situation he has ended up 

in”) 

P6 

 

• Bored (78.57%) (e.g. 

“Bored”) 

• Bored (38.46%) (e.g. “This 

person is bored of the 

conversation.”); 

• Attentive (23.08%) (e.g. 

“The person is listening 

intently.”; 

• Distressed (23.08%) (e.g. 

“distressed”) 
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P7 

 

• Happy (75%) (e.g. 

“content”) 

• Happy (75%) (e.g. “The 

person is feeling happy and 

having a good day.”) 

P8 

 

• Surprised/shocked 

(46.15%) (e.g. 

“Surprise”); 

• Anxious (23.08%) 

(e.g. “She feels 

nervous”) 

• Anxious (40%) (e.g. “This 

person is waiting for the 

bartender and looks 

anxious.”); 

• Surprised/shocked (30%) 

(e.g. “startled”) 

P9 

 

• Concerned (33.33%) 

(e.g. “Concerned and 

worried”); 

• Angry/irritated (25%) 

(e.g. “He is 

angry/annoyed”) 

• Concerned (20%) (e.g. 

“concerned”); 

• Stressed (20%) (e.g. “He 

looks stressed out and 

serious.”) 

P10 

 

• Negative emotion 

(100%) (e.g. 

“Supressed anger or 

irritation”) 

• Determined (40%) (e.g. “I 

think she is feeling 

determined.”); 

• Negative emotion (30%) 

(e.g. “Disgust”) 

 

  In summary, this pilot study suggested that (1) individuals varied in how they 

interpreted the mental states of the targets and (2) there were signs of variation between the 

two age groups. The average number of unique interpretations (that were coded as different 
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categories) generated by each participant across the five stimuli ranged from 1 to 2.4 (mean 

across participants = 1.57). 

  Six (P3, P4, P5, P8, P9 and P10) out of the 10 pictures were selected as stimuli for the 

later studies to shorten the task. The stimuli were chosen to diversify the potential 

interpretations generated across items. For example, “happy” and “romantic feelings” were 

the most popular categories in P1, P2 and P5, so P5 has been kept to contain an item that is 

likely to generate interpretations with a positive valence. The other items were selected based 

on the principle that the proportion of endorsement of the most popular category did not 

exceed 50% in either group, except for P10, as participants’ responses to P10 could be 

possibly coded into more fine-grained categories of negative emotions in the subsequent 

studies with a larger sample size. 

3.3 Study 2: Construction of coding scheme 

Results of study 1 suggested that older and younger adults could provide different 

mental state interpretations about the same stimuli, but the preliminary findings warranted 

greater support from statistical testing the hypothesis. A more detailed coding scheme 

developed from the responses from a larger sample was also required to draw more reliable 

conclusions. Hence, study 2 followed up on the results from study 1, with a major focus on 

testing differences in interpretations between the two age groups with a larger sample using 

the six selected stimuli. A detailed coding scheme was also established to code verbatim 

responses into categories. The method of crowdsourcing was adopted to compare how much a 

participant’s responses aligned with that of the other participants. Participants’ alignment with 

their own group and the other group were scored with two separate scoring schemes built on 

the proportion of group members endorsing each response category. 

As it was hypothesised that people tend to align better with similar others than 

dissimilar others (Apperly et al., 2024), the major prediction of study 2 was that the two age 
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groups would score lower in alignment when being scored with the scoring scheme 

established with reference to the other age group than when with the scoring scheme 

established with reference to their own age group. 

3.3.1 Method 

Participants. Thirty-four younger adults (18-25 years; Mage = 21.68) and 34 older 

adults (53-60 years; Mage = 55.97) with balanced gender were recruited via Prolific. The 

sample size was determined by an a priori power analysis using G* Power (Faul et al., 2009) 

for achieving .80 power in a paired t-test with a medium effect size (Cohen’s d = .50) and 

significance level of .05. Due to the lack of relevant data in the existing literature to determine 

a likely effect size, an effect size for power analysis was selected based on Cohen’s 

convention and the observation that the median effect size (Cohen’s d) reported in meta-

analyses of published psychological studies was 0.43 (Lakens, 2022; Richard et al., 2003). 

The pre-screening criteria were identical to that used in Study 1. None of the new participants 

had participated in Study 1. Most participants were monolingual (94.12% in the older group; 

88.24% in the younger group). In the older adult group, 41.18% of the participants completed 

a Bachelor’s degree or above; in the young group, the percentage was 29.41%. All 

participants in the older group were White, but ethnicity was more diverse in the younger 

group: 76.44% of them were White, while the others were Asian (11.76%), Black (5.88%), or 

Mixed (5.88%). Research Ethics approval was obtained from the Ethical Review Committee 

at the University of Birmingham. The study was not preregistered. 

Stimuli. Six pictures (P3, P4, P5, P8, P9 and P10) were selected from the set of 10 

used in Study 1. 

Procedure. All questions were administered via Qualtrics. Participants first gave 

informed consent, then reported their demographics. Instructions stated that they would be 

shown six pictures in which a person was circled and they had to describe what they thought 
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the circled person was thinking or feeling with complete sentences. As in Study 1, participants 

could enter multiple interpretations for each picture, but were restricted to entering one 

interpretation at a time. The six pictures were presented one by one in a randomised sequence. 

After entering all interpretations for all items, participants were shown the pictures once 

again, in a randomised order, along with the first five interpretations they entered for each 

picture. They were asked to rank the interpretations (up to five) according to how likely they 

thought the interpretation described what the character was thinking or feeling, in descending 

order (the most likely interpretation ranked first). The total duration of each session was 

around 30 minutes and participants received £3.75 for completing the study.  

Development of coding scheme. A detailed coding scheme was developed using 

inductive content analysis based on the verbatim responses ranked the most probable by 

participants.  

First, only mental states attributed to the target, but not about the participants 

themselves or the other character featured in the picture, were extracted as codes. The codes 

included single mental state terms as well as longer phrases depending on the context, for 

example “she felt happy about the other person being upset”. Multiple codes could be 

extracted from each response as more than one mental state could be described or implied. 

For example, “angry” and “worried” were extracted from the response “she is angry and 

worried”. Responses that did not involve mindreading, such as mere descriptions of the 

character’s behaviour, were coded “n/a”. After extracting codes from all responses, all unique 

codes from all six stimuli were listed and grouped into categories based on similarity, forming 

25 categories excluding “n/a”. For instance, “agitated”, “angry”, “annoyed” and “fed up” 

were classified into the “angry/irritated” category. For Study 2, the coding decisions were 

made solely by the first-coder; inter-rater reliability was evaluated in Study 3. Categories 

were then also coded by valence, from the point of view of the observer (the participant). For 
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example, “schadenfreude” was grouped in the negative-valence group rather than positive-

valence. The complete coding scheme is provided in Appendix A. 

Scoring. The scoring schemes were established based on the proportion of participants 

in each group endorsing each category in their perceived-most-likely responses for each item. 

This approach of limiting the scoring to the perceived-most-likely responses not only 

simplified the scoring process, but also ensured a consistent basis for identifying differences 

in interpretations of the same stimuli. The aim of the scoring procedure was to produce 

“alignment” scores, which described the agreement of a participant’s response with the 

pattern of responses in a reference group – in this study, either their own age group or the 

opposite age group. Comparison of these alignment scores enabled the testing of whether the 

groups tended to give different interpretations. 

 The other interpretations entered by participants but not ranked as the most likely 

description for each item were not considered in the scoring process. To accommodate text 

responses that involved two or more codes that tapped on distinct categories, each text 

response was allowed to score on multiple categories. Each response could score a 1 or 0 on 

up to 25 categories (leading to a vector of 25 binary scores); the n/a category was always 

excluded in the calculation of alignment scores. Responses that did not involve any mental 

state interpretation (coded as n/a) were directly given a score of 0.  

When the score was calculated based on the proportions of category/valence 

endorsement in the participant’s own age group, the scoring condition was called “same-

group” scoring. Scoring based on the other age group constituted “crossed-group” scoring. A 

weight was then assigned to each category by calculating the proportion of times it featured in 

the first-ranked text responses from each age group. The weight was adjusted in the case of 

same-group scoring to eliminate the problem of data non-independence, by taking away the 

participant’s data point from the analysis, which will be referred to as the “-1 correction”. In 
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mathematical terms, the weight of each category j in the same-group condition was calculated 

as  
1

𝑛−𝟏
(∑ 𝑥𝑖𝑗

𝑛

𝑖=1
− 𝟏), where 𝑥𝑖𝑗 = the binary score (1 or 0) of participant i on the category j 

and n = total number of participants in the reference group (i.e., the participants’ own age 

group). Then, the binary scores of a response by participant p was multiplied with the weight 

of each category j with the formula: 𝑥𝑝𝑗 ( 
1

𝑛−𝟏
⋅ (∑ 𝑥𝑖𝑗

𝑛

𝑖=1
−  𝟏)), or equivalently,  

1

𝑛−𝟏
(𝑥𝑝𝑗  ⋅

 ∑ 𝑥𝑖𝑗

𝑛

𝑖=1
−  𝒙𝒑𝒋). By doing so, each response was assigned a weighted-value for each 

individual category; the weighted-value was either 0 (if the response did not involve the 

category concerned) or the weight of the category concerned, as calculated in the previous 

step. A final weighted score was then calculated for each text response. If a response involved 

only one category, the weighted score was simply the weighted-value of the category that the 

response involved, whereas for a response that involved two or more categories, this score 

was the average of non-zero weighted-values across all categories that the text response 

involved. This weighted score was the participant’s same-group alignment score for the item 

concerned. 

The calculation of item scores in the crossed-group condition was similar to the same-

group condition, but the calculation was simpler as adjustment for data non-independence was 

unnecessary in the crossed-group condition. Hence, for each item, the weight for each 

category j was calculated as  
1

𝑛
∑ 𝑦 𝑖𝑗

𝑛

𝑖=1
, where 𝑦𝑖𝑗 = the binary score (1 or 0) on the 

category j of participant i from the other age group and n = total number of participants in the 

other age group. The weighted-values for each category assigned to each response by 

participant p was calculated with the formula 
1

𝑛
(𝑥𝑝𝑗  ⋅  ∑ 𝑦 𝑖𝑗

𝑛

𝑖=1
). The calculation of item 

weighted score (i.e., crossed-group alignment score for each item) followed the same logic as 

in the same-group condition.  
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The weighted scores calculated with each scoring scheme were then averaged across 

six items to compute two final scores for further analysis, including a crossed-group 

alignment score and a same-group alignment score, for each participant. A detailed 

description of the calculation illustrated with a set of toy data is provided in Appendix B. 

The calculation of alignment scores was similar at the valence level. Binary scores of 

categories that were classified in the same valence group were summed up as the valence cell 

score. Hence, the weighted-value of each response-valence combination that involved 

mindreading by participant p was calculated with the formula: 
1

𝑘𝑗𝑛
(𝑣𝑝𝑗  ∙  ∑ 𝑤𝑖𝑗

𝑛

𝑖=1
) 

(crossed-group condition) or 
1

𝑘𝑗(𝑛−1)
(𝑣𝑝𝑗  ⋅  ∑ 𝑣𝑖𝑗

𝑛

𝑖=1
−  𝑣𝑝𝑗) (same-group condition), where  

𝑣𝑖𝑗 = the valence cell score of participant i on the valence j, 𝑤𝑖𝑗 = the valence cell score on the 

valence j of participant i from the other age group, kj = number of categories classified in the 

valence group j and n = total number of participants in the reference group. The weighted-

values that were not 0 for each text response were then averaged to produce a weighted score 

using each scoring scheme, and the weighted scores on the six stimuli using each scoring 

scheme of the same participant were then averaged to produce two final alignment scores for 

final analysis at the valence level. 

In summary, the alignment score of a response in each scoring condition depends on 

the endorsement levels of its coded categories/valences in the reference group. At the 

category level, a response that includes only a single popular category can sometimes, but not 

necessarily, score higher than including multiple categories if some of the involved categories 

in the latter are less endorsed in the reference group. Conversely, tapping on only a single 

unpopular category could lead to a lower score compared to a response coded on at least one 

more popular category. Hence, responses that involve at least one popular category and avoid 
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categories endorsed by very few from the reference group would tend to be reap a high 

alignment score. The same principle applies at the valence level. 

3.3.2 Results 

 Category level. Figure 3.2 shows the number of participants whose first-ranked 

responses involved each category separately for each age group. By visual inspection, the two 

age groups showed different patterns of endorsement across categories of mental state 

interpretations. The bar charts also suggest that most stimuli showed evidence of more than 

one popular interpretation, sometimes in different valences. The calculation of alignment 

scores was able to take account of the full distribution patterns, rather than only selecting a 

single response as the most frequent or “correct” response. 
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Figure 3.2. Each bar chart shows the number of participants whose first-ranked responses 

involved each category separately for each age group for the item concerned. The valence of 

each category is marked by the colour of the bar. Categories that were not endorsed by any 

participants from either group for each item are omitted from the figure. 

 Quantitative analysis comparing alignment scores across scoring conditions revealed 

differences in response patterns between groups by taking into account differences in 

proportions of endorsement. Table 3.1 summarises the descriptive statistics and paired t-test 
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results of both group in each scoring condition, showing the younger group scoring 

significantly higher in the young adult (i.e., same-group) condition than in the older adult (i.e., 

crossed-group) condition. The higher same-group score compared to the crossed-group score 

in the younger group indicated that younger participants were more aligned with (i.e., had 

more similar mental state interpretations with) their same-aged peers than with the older 

participants. 

 

Table 3.1. Summary of descriptive statistics and paired t-test results at category level. 

Age group 

Same-group 

scoring 

Crossed-group 

scoring Paired t-test 

M SD M SD 

Older group 0.208 0.07 0.208 0.06 

t(33) = -0.04, p = .970 

Cohen’s d = -.01 

Younger group 0.213  0.04 0.195 0.05 

t(33) = 2.65, p = .012* 

Cohen’s d = 0.45 

* p < .05  

 

 Valence level. Paired t-tests at valence level showed that the younger group had 

significantly higher alignment with other young adults (the same-group scoring) than the 

older adults (crossed-group scoring), similar to the category level but with a larger effect size. 

There was no difference within the older group, as shown in Table 3.2. 

 

  



119 

 

Table 3.2. Summary of descriptive statistics and t-test results at valence level. 

Age group 

Same-group 

scoring 

Crossed-group 

scoring Paired t-test 

M SD M SD 

Older group 0.079 0.02 0.080 0.02 

t(33) = -0.01, p = .911 

Cohen’s d = -0.19 

Younger group 0.084 0.02 0.077 0.02 

t(33) = 4.00, p < .001*** 

Cohen’s d = 0.69 

*** p < .001 

 

3.3.3 Discussion 

 Study 2 aimed to investigate whether older and younger adults differed in how they 

interpreted ambiguous social stimuli using differences in alignment scores calculated with 

reference to two separate age groups. The predicted difference in alignment scores between 

scoring conditions was observed in the younger group but not in the older group at both 

category and valence levels. In other words, the younger group aligned more with same-group 

peers than older adults, but the difference was not observed in the older group. A possible 

interpretation is that while the younger group were more specifically aligned with same-aged 

peers, the older age group was more flexible in interpreting mental states in a way that aligned 

with both people of their age and younger people. However, the way in which alignment 

scores were calculated leads to an alternative and less informative explanation that cannot be 

ruled out.  

When a category was featured in both groups, the “-1” correction in the same-group 

scoring condition resulted in a tendency to deflate same-group alignment relative to crossed-

group alignment score. This bias was especially strong for participants from the group that 
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had lower endorsement of the categories that were featured in responses from both groups. 

However, critically, the scoring system could not give rise to false positives (i.e., showing 

higher same-group alignment than crossed-group alignment as predicted), and could only ever 

lead to false negatives (i.e., relatively inflating crossed-group alignment and thereby masking 

the predicted effect) in one of the two groups. Hence, finding a significant difference between 

scoring conditions in either group, but not necessarily both groups, was sufficient to conclude 

that the groups differed in interpretations. 

To conclude, the current finding supported differences in interpretations of mental 

states in ambiguous social scenario between the two groups. As the major findings for both 

category and valence levels did not differ, data were analysed only at the more fine-grained 

category level in Study 3. 

3.4 Study 3: Replication and examining individual differences 

To further examine whether there can be multiple legitimate interpretations of 

ambiguous social stimuli, study 3 was conducted as an attempt to replicate the findings from 

Study 2 in a larger sample, to explore consistent individual differences in participants’ mental 

state interpretations, and to test whether there were reliable individual differences in 

alignment and propensity to generate interpretations. More specifically, the distribution of 

scores was inspected and inter-item correlations were calculated to address this question on 

individual differences. As higher flexibility could be indicated by being better able to align 

with dissimilar others in mindreading, alignment scores in the crossed-group scoring 

condition and the difference in alignment scores between scoring conditions are potential 

indices of individual differences in mindreading flexibility, but only if stable inter-item 

correlations are found.  



121 

 

An additional exploratory analysis was conducted by correlating participants’ 

propensity to generate multiple interpretations with their alignment scores, to examine the 

relationship between propensity to mindread and alignment. 

3.4.1 Method 

 Participants. Eighty-four younger participants and 85 older participants were 

recruited from Prolific. All participants received £3.75 for completing the study. One 

participant from each group was screened out because age information was lacking, leading to 

a final dataset of 83 younger participants (18-26 years, Mage = 23.25; 41 female) and 84 older 

participants (53-60 years, Mage = 57.14; 42 female). The sample size was determined by a 

priori power analysis to detect a correlation of .30 within each group with 80% power at the 

significance level of .05 using G*Power (Faul et al., 2009). The effect size was chosen based 

on parallel research in personality suggesting .30 was a threshold for satisfactory inter-item 

correlation (Epstein & O’Brien, 1985; Mischel, 1968). The same screening criteria as in 

Studies 1 and 2 were adopted. Additionally, participants who had participated in the previous 

studies were excluded. Most participants were monolingual (94.0% in the older group; 81.9% 

in the younger group) with the remaining participants being bilingual (4.8% in the older group 

and 16.9% in the younger group) or multilingual (1.2% in each group). In the older group, 

45.2% of the participants held a Bachelor’s degree or above; in the younger group, the 

proportion was 51.8%. The vast majority of participants in the older group were White 

(97.6%), while 1.2% was Asian and 1.2% was Black. In the younger group, 68.7%, 21.7%, 

7.2% and 2.4% were White, Asian, Black, and Mixed, respectively. Research Ethics approval 

was obtained from the Ethical Review Committee at the University of Birmingham. The study 

was not preregistered. 

 Stimuli. The same six pictures from Study 2 were used in Study 3. 
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 Design and procedures. The design of Study 3 was identical to Study 2; the 

procedures were almost identical to Study 1. Participants’ responses to the 10-item Autism 

Spectrum Quotient (AQ-10) questionnaire (Allison et al., 2012) were collected but not 

analysed below. The duration of each session was around 30 minutes and participants 

received £3.75 for completing the study. 

 Coding and scoring. The coding and scoring were identical to that in Study 2. 

Calculation of alignment scores were solely based on participants’ first-ranked responses for 

each item. The only difference was that all responses, not limited to the first-ranked 

responses, were coded into categories for further individual differences analyses. Inter-rater 

reliability of coding was evaluated by having a second coder code the first-ranked responses 

by 34 participants (20% of all participants) with reference to the coding scheme. Inter-rater 

reliability was satisfactory, with Cohen’s kappa ranging from .72 to .83 over all six stimuli. 

3.4.2 Results 

Comparison to giving random interpretations. Before addressing the question of 

whether there were multiple common interpretations of the same item, a permutation test was 

conducted to investigate whether participants showed some extent of alignment in interpreting 

the same stimulus, or whether interpretations were random such that there was no way to 

establish at least one interpretation that a significant proportion of participants would agree 

on. This comparison was made possible by the large sample size recruited in Study 3. 

Responses by virtual participants with the sample size of the current full sample 

(n=167) were simulated by randomly assigning combinations of categories that have been 

endorsed by at least one participant in the sample across both groups. Item alignment scores 

were calculated and then averaged across items to form the virtual participant’s alignment 

score. The average alignment scores across all virtual participants were then calculated. This 

process repeated for 1000 iterations, generating a distribution of 1000 average alignment 
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scores across virtual participants. The 95th percentile of this distribution served as the 

comparison baseline for the actual average alignment score observed in the sample, pooling 

both groups together. This comparison baseline was chosen as a nonparametric alternative to 

parametric tests adopting the .05 significance level. If the observed average alignment score 

was higher than the 95th percentile of the simulated distribution, it would indicate that 

participants showed higher agreement than making random interpretations of the items. 

Observed alignment among participants, M = 0.186, SD = 0.04, 95% CI = [0.179, 0.192], was 

significantly higher than the case of making random interpretations, 95th percentile = 0.080 

(Figure 3.3).  

 

Figure 3.3. The histogram shows the distribution of average alignment in virtual participants 

simulated over 1000 iterations. The blue line indicates the 95th percentile of the distribution 

(0.080), which is lower than the red line indicates the observed average alignment across 

participants in the sample (0.186); the red shaded region indicates the 95% confidence 

interval of the observed average alignment score estimate. 
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 Permutation tests were also conducted to evaluate whether there were multiple 

categories that were commonly endorsed for each item. The proportions of virtual participants 

endorsing each possible category in each of the 1000 simulations were recorded. The 95th 

percentile of these proportions were compared to the actual proportion of participants (across 

both groups) endorsing each category. If the actual proportion exceeded the 95th percentile of 

the corresponding simulated proportion, the category was considered a commonly endorsed 

category. Results showed that all six items had more than one commonly endorsed category. 

The number of commonly endorsed categories varied from two to five (Table 3.3). 

 

Table 3.3. List of commonly endorsed categories for all six items in Study 3. 

Item Category 

Actual 

proportion 

95% percentile of simulated 

proportion 

P3 

Curious/interested 0.169 0.108 

Happy 0.157 0.108 

Romantic feelings 0.145 0.102 

Contemplating 0.211 0.108 

P4 

Contemplating 0.175 0.108 

Upset 0.151 0.108 

P5 

Happy 0.434 0.132 

Romantic feelings 0.446 0.132 

P8 

Shocked/surprised 0.205 0.126 

Contemplating 0.127 0.126 

Angry/irritated 0.133 0.126 

Anxious/scared 0.295 0.126 

Upset 0.193 0.132 
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P9 

Attentive/focused/engaged 0.337 0.102 

Contemplating 0.151 0.102 

Angry/irritated 0.120 0.102 

Anxious/scared 0.163 0.102 

Upset 0.120 0.102 

P10 

Attentive/focused/engaged 0.223 0.120 

Contemplating 0.277 0.120 

Determined 0.157 0.126 

Angry/irritated 0.331 0.120 

  

Same-group alignment versus crossed-group alignment. Figure 3.4 shows the 

number of participants whose first-ranked responses involved each category, separately for 

each age group. Similar to study 2, the two age groups showed some variation in the pattern 

of category endorsement by visual inspection. 
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Figure 3.4. Each bar chart shows the number of participants whose first-ranked responses 

involved each category separately for each age group for the item concerned. The valence of 

each category is marked by the colour of the bar. Categories that were not endorsed by any 

participants from either group for each item are omitted from the figure. 

 Taking into account group differences in proportion of endorsement, the younger 

group scored significantly higher in the same-group condition than in the crossed-group 
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condition with a small effect, consistent with Study 2, as summarised in Table 3.4. Similar to 

Study 2, the higher same-group score compared to the crossed-group score in the younger 

group indicated that younger participants had more similar mental state interpretations with 

their same-aged peers than with the older participants. 

 

Table 3.4. Summary of alignment scores and paired t-test results between scoring conditions. 

Age group 

Same-group 

scoring 

Crossed-group 

scoring Paired t-test 

M SD M SD 

Older group 0.178 0.04 0.181 0.05 

t(82) = -0.89, p = .376 

Cohen’s d = .10 

Younger group 0.200 0.05 0.189 0.04 

t(82) = 3.01, p = .003** 

Cohen’s d = .33 

** p < .01 

 

 Individual differences in alignment. The distributions of alignment scores were 

inspected and compared to a uniform distribution (assuming no variation in alignment score 

among participants as the null hypothesis) to evaluate whether there was variation in 

participants’ alignment scores. One-sample Kolmogorov-Smirnov tests showed that same-

group and crossed-group alignment scores in both groups deviated from a uniform 

distribution, D = .17 to .30, p varied from <.001 to .016. The distributions of observed scores 

are shown in Figure 3.5. 
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Figure 3.5. Variation was observed in the alignment scores in both scoring conditions in both 

groups. 

 

The inter-item correlations in alignment scores were then inspected to evaluate 

whether participants had consistent levels of same-group and crossed-group alignment across 

items, as well as difference scores calculated by subtracting same-group alignment from 

crossed-group alignment scores. The difference scores could indicate a participant’s 

alignment with the crossed-group controlling for their alignment with the same-group. The 

zero-order Pearson correlations are summarised in Tables 3.5 to 3.7. With reference to the 
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criterion of using .30 as a threshold for satisfactory inter-item correlation from parallel 

research in personality (Epstein & O’Brien, 1985; Mischel, 1968), the inter-item correlation 

of alignment scores were not satisfactory as none of the correlations exceeded the threshold, 

except the correlation between difference scores in P3 and P4 (r = .32) in the younger group. 

In other words, greater alignment with same-age or other-age adults on one item was not 

reliably correlated with greater alignment on other items.  

 

Table 3.5. Zero-order Pearson correlations among same-group (below diagonal) and crossed-

group (above diagonal) alignment scores in the older group. 

 P3 P4 P5 P8 P9 P10 

P3 –– -.23* -.13 .02 .01 -.28** 

P4 .03 –– .06 .19 -.03 .12 

P5 .07 .11 –– .13 .11 -.05 

P8 -.04 .07 -.06 –– .18 .00 

P9 .09 -.08 -.02 .15 –– -.06 

P10 -.12 .12 -.09 .29** .00 –– 

* p < .05 

** p < .01 
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Table 3.6. Zero-order Pearson correlations among same-group (below diagonal) and crossed-

group (above diagonal) alignment scores in the younger group. 

 P3 P4 P5 P8 P9 P10 

P3 – .15 .17 .07 .05 -.15 

P4 -.06 – -.08 .00 .03 -.02 

P5 -.01 .05 – .09 -.04 .04 

P8 .10 .02 .08 – .01 -.01 

P9 -.04 .05 -.07 .00 – -.17 

P10 -.17 .12 .08 -.01 -.10 – 

 

Table 3.7. Zero-order Pearson correlations among difference scores in the younger group 

(below diagonal) and the older group (above diagonal). 

 P3 P4 P5 P8 P9 P10 

P3 – .07 -.27 .10 -.09 .00 

P4 .32** – .09 .07 -.05 .09 

P5 .20 .04 – .09 .10 .25 

P8 .10 -.04 -.01 – .13 .21 

P9 .05 .06 .12 .11 – .09 

P10 .03 .22 ..06 .11 .27 – 

** p < .01 

 

 Individual differences in propensity to generate multiple interpretations. The 

number of unique response category combinations for each stimulus was averaged across the 

six items. The average number of unique categories varied from 1 to 3.33 in the younger 

group, M = 1.87, SD = 0.60. That of the older group varied from 1 to 4, M = 1.91, SD = 0.73. 
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One-sample Kolmogorov-Smirnov tests showed that the distributions in both groups 

significantly deviated from a uniform distribution, D = .26 to .37, p<.001, also indicated in 

Figure 3.6. 

 

Figure 3.6. Variation among participants was observed in their average number of distinct 

interpretations (number of unique category combinations) across items. 

 

Inter-item correlations were satisfactory, with Spearman correlations exceeding .30 

except for two pairs of items (P5 and P9, rs = .28; P9 and P10, rs = .29); all correlations were 

significant. The pattern and statistical significance of inter-item correlations was not altered 

when controlled for average word count in participants’ responses across items. The inter-

item correlations are summarised in Table 3.6. Cronbach’s alpha was .83, indicating good 

internal consistency. 
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Table 3.8. Zero-order spearman correlations (controlled for verbosity) between items. 

 P3 P4 P5 P8 P9 

P4 .55*** (.55)     

P5 .46*** (.45) .41*** (.41)    

P8 .50*** (.50) .47*** (.47) .53*** (.52)   

P9 .50*** (.49) .38*** (.37) .28*** (.26) .39*** (.38)  

P10 .47*** (.47) .42*** (.42) .44*** (.44) .43*** (.43) .29*** (.28) 

*** p < .001 

 

 Correlation between alignment and propensity. Each participant’s average number 

of unique interpretations generated across items was calculated as an overall index of 

mindreading propensity. Their average same-group alignment scores, average crossed-group 

alignment scores, and average alignment with the whole sample pooling both age groups 

across items were also calculated. The correlations between propensity and average alignment 

with the same-group, r = -.07, p = .393, and the pooled sample, r = -.12, p = .137, were non-

significant. A weak negative correlation between propensity and crossed-group alignment was 

found, r = -.15, p =.049. However, this correlation was not statistically significant when 

Bonferroni correction was applied to account for the three exploratory correlation analyses. 

3.4.3 Discussion 

 Study 3 aimed to investigate whether having multiple popular interpretations of social 

ambiguous social stimuli was common, to replicate the differences in mental state 

interpretations by older and younger adults, and to explore possible indices of individual 

differences in mental state interpretations. Results showed that more than one popular 

interpretation was observed across all stimuli. Similar to Study 2, the younger group had 

significantly higher alignment with their own age group than the older age group, which 
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supported the idea that different groups of individuals may interpret the same social stimuli in 

different ways, analogous to findings showing differences in mental state interpretations 

between groups differing in culture (Adams et al., 2010; Perez-Zapata et al., 2016) and 

neurotype (Alkhaldi et al., 2019; Edey et al., 2016; Milton, 2012). Number of distinct 

interpretations, but not alignment scores, was consistent across stimuli, rendering it a possible 

candidate of indicating individual differences in mindreading. 

Comparison to giving random interpretations. Permutation test results indicated 

that participants agreed on certain mental state interpretations, but there were multiple popular 

interpretations for each item. These findings challenge the assumption that the “correct” 

answer decided by experimenters or pilot participants serves as a proxy for a single best 

interpretation that is invariant across different groups of individuals. This is especially 

relevant to tasks requiring participants to interpret mental states in ambiguous social scenarios 

as the actual thoughts or feelings of the targets are unknown. 

Same-group alignment versus crossed-group alignment. The younger group 

showed higher alignment with their own group than with the older group, corroborating the 

major finding from Study 2 that interpretations differed between the two groups. Furthermore, 

the effect was not solely driven by differences in the endorsement of the most popular 

category between the two groups, but also by differences in the endorsement of other 

categories, as shown in Figure 3.4. As the permutation test result reported above has revealed 

the existence of multiple popular categories, taking into consideration the endorsement of 

categories other than the most popular one provides a more comprehensive evaluation of how 

the two groups interpreted the same stimuli in different ways. 

Investigating stable individual differences. Alignment scores and propensity to 

generate multiple unique interpretations were investigated as potential facets of consistent 

individual differences in mindreading. Both variables showed significant variation between 
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individuals. However, reliable individual difference was only found in the number of distinct 

interpretations participant suggested across items, but not their alignment score with either 

same-group or crossed-group scoring. These results suggest that the former but not the latter 

is a potential candidate in indicating individual differences in mindreading. 

Correlation between alignment and propensity. The exploratory examination of the 

relationship between alignment and propensity revealed that they were likely orthogonal. In 

other words, having a higher tendency to generate multiple mental state interpretations did not 

imply being better at agreeing with other members of a group. This finding corroborates the 

wider literature suggesting propensity and accuracy of mindreading are independent 

constructs (e.g., Carpenter et al., 2016), although alignment is considered a way of 

considering appropriateness of a mindreading response alternative to accuracy in the current 

study. 

3.5 General discussion 

3.5.1 Summary 

The overarching aim of this chapter was to demonstrate the presence of multiple 

interpretations of ambiguous social stimuli, and examine individual differences in the 

generation of these interpretations. Multiple popular interpretations were observed for each 

stimulus and older and younger adults showed different patterns of interpretations indicated 

by alignment scores. Although the alignment score was not a reliable index of individual 

differences in mindreading, the number of distinct interpretations was a possible candidate as 

it demonstrated satisfactory inter-item correlation. 

All Studies 1 to 3 demonstrated notable variation in how people interpret mental states 

in ambiguous social scenarios, even within neurotypical adults. In Study 3, simulation results 

further showed that there were multiple popular interpretations for every item. These 

challenge the assumption in existing tasks that a single correct answer decided by the 
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experimenters or the pilot panel members is representative of a consensus among neurotypical 

individuals, which then serves as a proxy of ground truth. The calculation of alignment scores 

has provided a novel way to quantify participants’ open-ended response patterns, which can 

be adopted to study interpretations by individuals who differ in other aspects, for example, 

gender, ethnicity, and clinical conditions. It can be potentially utilised to study the double 

empathy problem between neurotypical individuals and the autistic population as well. 

Despite identifying differences in interpretations across age groups, alignment scores 

or differences in alignment between scoring conditions were not reliable indices of individual 

differences due to low inter-item correlations. The reason was unclear. It was possibly 

because aligning with other people in making mental state attribution in ambiguous social 

scenarios was not a stable trait but instead depended on the stimulus itself. It was also 

possibly due to the current open-ended format of the task as well as the ambiguity of the 

scenarios with no background information provided, which permitted a broad range of 

interpretations, making it difficult for participants to always align well with others across 

scenarios. A forced-choice format, where participants select the most plausible interpretation 

from a given set rather than generating multiple ones on their own might enhance consistency 

in alignment across items. Similarly, when more background information about the 

interaction in the scenarios is provided, participants may show more consistent alignment 

across scenarios. These questions will be addressed in Chapter 5. 

The exploration of participants’ propensity to offer multiple unique interpretations as a 

factor of individual variance in mindreading revealed consistency across items. However, this 

facet of mindreading was more similar to propensity to mindreading or motivation than 

flexibility of adjusting interpretations with context, the focus of the current thesis. It is 

recommended as a point for future research but not for the current thesis. 
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3.5.2 Limitation  

A notable limitation of the current set of studies was that the split by age was 

arbitrary. Participants can be split into groups in many other ways, for example, by gender or 

ethnicity. However, any reasonable despite arbitrary grouping is informative as any 

differences found between two groups of neurotypical adults would challenge the assumption 

of a single ground truth in mental state interpretations across all neurotypical individuals. 

Another limitation is that although the current results showed multiple popular 

interpretations for each item, these findings did not rule out the possibility that one 

interpretation, or some interpretations, were more “accurate” than others, despite the true 

mental states of the target were not directly accessible. This possibility is further addressed in 

Chapter 5 in which context is manipulated, providing support for the view that the alternative 

popular categories are likely alternative legitimate ways of interpreting the stimuli, rather than 

fallacies. 

3.5.3 Conclusion 

 This chapter found that ambiguous social stimuli elicited multiple popular 

interpretations, with older and younger adults showing different patterns. Alignment scores 

were not reliable for indicating individual differences, but the number of distinct 

interpretations was promising, showing good inter-item correlation. The results challenge the 

assumption of a single correct answer in mindreading tasks. 
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Chapter 4 

Generation and recognition in mental state interpretation 
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4.1. Introduction 

In Chapter 3, Studies 1 to 3 featured an open-ended task that required participants to 

provide mental state interpretations of pictorial stimuli and found differences in such 

interpretations between older and younger adults. However, even for the same social or 

demographic group, altering the task format may affect how participants interpret the 

ambiguous social stimuli, because the processes required to recognise a good interpretation is 

likely different from generating a good interpretation for oneself. This chapter aims to 

compare participants’ preferences for mental state interpretations between task formats. 

Research in social cognition has revealed that typically developing children and 

children with learning disorders performed better in the conventional forced-choice version of 

the Reading the Mind in the Eyes Task (RMET) compared with an open-ended version 

(Cassels & Birch, 2014). The authors attributed the result to that the forced-choice format 

allowed for compensatory strategies, for example, by elimination, to arrive at the correct 

answer. This finding parallels research on memory, which has a long history of showing that 

participants’ performance in recognition tasks often differed from free-recall tasks, and 

memory deficits were less likely to be detected with recognition tasks (e.g., Breen, 1993; 

Calev, 1984). Specifically, in the studies by Tulving and Walkins (1973), the authors found 

that participants were more likely to recall a list of five-letter words with an increasing 

number of memory cues provided, or to recognise whether a word was present in the list, 

compared to free recall. Such results suggested that recognition facilitated memory retrieval 

by providing cues, unlike free recall tasks where no cues were available. Some other studies 

suggested that recognition and free recall engaged differential cognitive processes as 

individuals with Parkinson’s disease (Breen, 1993) and schizophrenia (1984) only showed 

memory deficits when tested on recall but not recognition. These studies provide insight into 
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how participants could possibly perform differently in highly similar tasks that vary in task 

format.  

For the current task, the forced-choice format resembles recognition tasks, while the 

open-ended format is akin to free-recall tasks. Although participants did not recall information 

being presented, unlike memory tasks, varying the response format changed the cues available 

for interpreting the same social scenario. In the forced-choice format, participants chose from 

a limited set of choices, which could act as cues, unlike the open-ended format where 

participants had to generate interpretations without cues. Individuals also showed higher 

propensity to attribute mental states when presented with the forced-choice version of the 

RMET compared to the open-ended version of it (Betz et al., 2019). Hence, the difference in 

task format, though seemingly trivial, could influence participants’ tendency to generate 

mental state interpretations as well as their decision on which interpretation of the social 

scenario was perceived to be the most plausible. 

Comparing participants’ interpretations of the same stimuli across different task 

formats also addresses an important gap in the existing mindreading literature. Chapter 2 

highlighted the inconsistencies in administering the same tasks with different formats across 

studies. For example, the Animations task (Abell et al., 2000) was adopted in a forced-choice 

format in some studies (e.g., Brewer et al., 2017; 2022) and in an open-ended format in others 

(e.g., Kéri et al., 2020; Livingston et al., 2021). Some researchers argue that open-ended 

formats are more sensitive to individual differences, are more naturalistic and are more likely 

to capture perspective-taking-specific processes (e.g. Cassels & Birch, 2014). However, the 

forced-choice format is popular for its convenience and ease of implementation. Typically, 

forced-choice tasks in the existing literature assume a model answer with other alternatives 

serving as foils. This design has been criticised for potentially allowing participants to select 

the model answer by eliminating unlikely foils, rather than actively interpreting the target’s 
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mental states (Cassels & Birch, 2014). This argument is corroborated by research showing 

that clinical groups with social deficits or groups high in psychopathic tendencies related to 

social deficits recruited other cognitive strategies to solve mindreading tasks with non-

mentalistic strategies (Gordon et al., 2004). Furthermore, it should not taken for granted that 

the model answer, usually decided upon by the experimenter or piloted with a small group of 

participants or experts, remains the “best description” endorsed by most people when task 

format is altered. This method for generating the model answer assumes the decision by the 

researchers, pilot participants, or experts, is generalisable to the population regardless of 

group membership or task format. However, if this assumption does not hold true, current 

practices become problematic, which necessitates caution in comparing or aggregating task 

performance across different formats of notionally the same tasks. Therefore, it is crucial to 

scrutinise whether two assumptions are valid: that (1) forced-choice mindreading tasks do 

require participants to engage in mindreading and (2) the model answers remain consistent 

across different tasks formats.  

With the current study, the impact of task format was examined by presenting 

alternative interpretations derived from actual verbatim responses collected from the open-

ended Study 3, which represented plausible and likely interpretations alongside the most 

popular ones. In other words, the alternatives in the current task were not arbitrary foils, but 

genuine possible alternative interpretations of the stimuli. This approach, thus, reduced the 

likelihood of participants completing the task without actively engaging in mindreading but 

adopting the non-mentalistic strategy of elimination, because the alternative were unlikely to 

be easily eliminated. This approach also allowed for assessing if the proportion of participants 

endorsing each of the four alternative interpretations was influenced, and whether the most 

popular interpretation was changed to another plausible interpretation, when a forced-choice 

format was administered in contrast to the original, open-ended format. If such changes in 
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responses were observed, the results would challenge the practice of using the same scoring 

scheme without considering if the answer should change when the task was adapted to 

another format. 

 The current study aims to address the major question of whether it is valid to assume a 

single typical way to interpret the mental states of a target in ambiguous social stimuli among 

neurotypical adults. If such a consensus exists, the most popular interpretation of each 

stimulus should remain consistent, regardless of changes in response formats. This would be 

indicated by similar patterns of endorsement of mental state interpretations across 

implementing the task in either forced-choice or open-ended formats. Alternatively, if the 

perceived-most-plausible interpretation changes with the response format of the task, 

participants’ decision on the best interpretations would be expected to align more with other 

participants who took the task presented in the same format, in comparison to another format. 

Specifically, the endorsement of various interpretations from participants who responded to a 

forced-choice format of the task (in the current sample) were compared with that of 

participants who responded to the open-ended version of the task (the young group sample in 

Study 3), by calculating current participants’ alignment scores based on the two separate 

reference samples. In other words, two sets of scores for the same (current) sample were 

calculated and compared. It was predicted that test format would influence participants’ 

interpretation of the stimuli.  

Additionally, if certain interpretations of the same stimulus are commonly perceived 

as better than other plausible interpretations, the endorsement of various plausible 

interpretations should diverge from a chance distribution, and at least one plausible 

interpretation should be endorsed by a significantly higher proportion of participants than 

zero. 
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4.2. Method 

 The current study was pre-registered on OSF prior to data collection 

(https://osf.io/4kh2g).  

4.2.1 Participants 

 Forty-four participants aged from 18 to 25 (22 female, Mage = 22.41) were recruited 

for the current study, which was the required sample size to detect an effect with a 

hypothesised effect size of w = 0.5 with a 𝜒2 goodness of fit test with .80 power at 𝛼 = .05 as 

indicated by G*Power (Faul et al., 2009). This effect size was chosen because only a 

substantial deviation from a chance distribution in participants’ interpretation preferences was 

meaningful to serve as a minimum baseline to set up subsequent analyses on any shifts in 

preferences when the task format was manipulated. All participants were recruited online via 

Prolific. The following screening criteria were applied: participants had to be UK residents, 

spoke English as their first language, had not been diagnosed with ASD, and had not 

participated in the previous series of studies. Among the participants, 90.9% were 

monolingual, 6.8% were bilingual and 2.3% spoke more than two languages. Around half of 

the participants had not obtained a Bachelor’s degree (47.8%). Participants identified their 

ethnicity according to the descriptions recommended by the United Kingdom Office for 

National Statistics (ONS). Most of the participants were White (86.4%); 6.8% were Asian, 

4.6% were mixed, and 2.3% were Black.  

 The demographics of the current sample and the younger group sample from Study 3 

are summarised below in Table 4.1. 

 

  

https://osf.io/4kh2g
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Table 4.1. Summary of demographics of the participants from the younger group sample from 

Study 3 and the current sample (Study 4). 

Demographics 

Younger group from 

Study 3 (n=83) 

Current sample (Study 4) 

(n=44) 

Age 

M = 23.25 

(Range = 18 – 26) 

M = 22.41 

(Range = 18 – 25) 

Female proportion 49.4% (n = 41) 50% (n = 22) 

Monolingual proportion 81.9% (n = 68) 90.9% (n = 40) 

Proportion holding a 

Bachelor’s degree 

39.8% (n = 33) 52.2% (n = 23) 

Proportion of White 

individuals 

68.7% (n = 57) 86.4% (n = 38) 

 

4.2.2 Study design and procedure 

 Informed written consent, approved by the Ethical Review Committee at the 

University of Birmingham, was obtained online before all participants participated in this 

study. They completed an online questionnaire on the Qualtrics survey platform, in which 

they were shown six pictures, each depicting a naturalistic social scenario. Each page only 

contained one picture, the instruction asking participants to select the alternative that they 

thought best described what the target character (circled) was thinking or feeling, and the four 

alternatives. Participants were only allowed to choose one option for each question, and they 

had to submit their response before they could proceed to the next picture. The presentation 

order of the stimuli was randomised.  

Participants were not provided any information about the context of the social 

situations presented. They were required to select one of four options given, each describing 
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one possible interpretation that they thought best described what the target character was 

thinking or feeling. The four options for each stimulus were presented in random order, 

varying between participants. Participants also rated their confidence in their chosen option to 

be best describing what the target character was thinking or feeling in comparison to the other 

three options on a 7-point likert scale varying from 1 (not certain at all) to 7 (absolutely 

certain).  

Testing was completed in one session and the duration of the session was around five 

minutes. Participants received £1.5 after completing the study.  

4.2.3 Materials 

The same six pictures from Study 2 and Study 3 were used in this study. These 

pictures depicted various ambiguous social scenarios. The four alternative options were 

derived from actual verbatim responses given by participants in Study 3, reflecting diverse 

interpretations of the depicted scenarios.  

The primary principle of selecting alternatives for the current forced-choice task was 

to select the top four popular categories from the open-ended data. As detailed in the previous 

chapter, participants’ verbatim responses were coded into categories using an established 

coding scheme, and each response could involve multiple categories. Among responses 

involving multiple categories, there were unique combinations of coded categories (category-

combinations). For example, “romantic feelings and happy” was considered a category-

combination distinct from “romantic feelings and curious/interested”. When selecting 

alternative options for the forced-choice task, only responses coded with a single category 

(e.g., “romantic feelings”) were considered. This approach affected the selection of 

alternatives for two items, P4 and P5: the popular category-combinations “compassionate and 

contemplating” was excluded for P4, while “romantic feelings and contemplating” and 

“romantic feelings and happy” were excluded for P5. As these excluded combinations 
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involved at least one category (“compassionate” for P4; “romantic feelings” and “happy” for 

P5) already included in the list of top-four popular categories, this method did not introduce 

bias in selecting alternatives for the current forced-choice task. One representative verbatim 

response for each distinct chosen category was then chosen to be presented as the 

corresponding alternative option in the forced-choice task (e.g., “The man is in love with his 

partner” for the category “romantic feelings”). The responses were slightly modified, 

primarily by expanding brief answers into complete sentences, to ensure that all alternatives 

were similar in presentation style.  

4.3. Results 

4.3.1 Participants’ confidence in their choices 

 Participants rated their confidence in their choices for each item on a likert scale from 

1 to 7 and their ratings. The descriptives are summarised in Table 4.2. Averaging across 

items, participants were moderately confident (M = 4.39, SD = 0.95) that their chosen options 

best described what the target was thinking or feeling in comparison to the other three 

options. 
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Table 4.2. Participants’ ratings of their confidence in their chosen options best described what 

the target was thinking or feeling on a 7-point likert scale (1 = not certain at all, 7 = absolutely 

certain). 

Item Range Mean SD 

P3 1 - 7 4.11 1.43 

P4 1 - 7 4.41 1.65 

P5 2 - 7 5.05 1.08 

P8 2 - 7 4.2 1.41 

P9 1 - 7 4.18 1.48 

P10 1 - 7 4.41 1.39 

Average across 

items 

2.33 - 6.17 4.39 0.95 

 

4.3.2 Changes in rank-order preferences of interpretations between response formats 

Preliminary inspection of interpretation preferences. To examine if participants 

perceived that some interpretations were better than the others for each item, the distribution 

of participants’ endorsement of each of the four options in the current sample was compared 

to a chance distribution with a series of 𝜒2 goodness of fit tests. Results showed that the 

distributions for all six items significantly deviated from a uniform distribution (for P3,  

𝜒2(3) = 10.36, p = .016; for the remaining five items, 𝜒2(3) ranged from 17.64 to 36.55, all ps 

< .001). Subsequent exact binomial tests (Table 4.3) showed that the proportion of 

participants endorsing the most popular option for all six items significantly deviated from 

zero (all ps < .01), providing further evidence that participants showed agreement in which 

interpretation was better than the others.  
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Table 4.3. Number of participants selecting each option as the most plausible interpretation 

and Binomial exact test results.  

Item Category represented by option Observed frequency p 

P3 

Curious/interested 19 .006* 

Romantic feelings 4 .998 

Contemplating 10 .691 

Happy 11 .558 

P4 

Compassionate 13 .294 

Upset 2 .999 

Happy 23 <.001* 

Angry/irritated 6 .979 

P5 

Happy 12 .420 

Romantic feelings 27 <.001* 

Contemplating 2 .999 

Calm/relaxed 3 .999 

P8 

Anxious/scared 16 .063 

Shocked/surprised 20 .003* 

Upset 4 .998 

Angry/irritated 4 .998 

P9 

Attentive/focused/engaged 23 <.001* 

Anxious/scared 6 .979 

Angry/irritated 7 .948 

Upset 8 .892 

P10 

Angry/irritated 8 .892 

Attentive/focused/engaged 12 .420 
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Contemplating 2 .999 

Determined 22 <.001* 

* Significant after Bonferroni correction. 

 

The endorsement of categories corresponding to the four options for each item is 

depicted in Figure 4.1. Qualitative inspection of the rankings of the four categories for each 

item based on proportion of endorsement showed that the highest-ranked category changed 

for four items, P4, P5, P8 and P10. The calculation of proportions of endorsement for the 

open-ended sample is explained in the subsequent subsection on alignment score analysis. 

 

 

Figure 4.1. The proportion of participants from the current sample (FC, standing for forced-

choice) and from the sample of Study 3 (OPEN, standing for open-ended) are presented side-

by-side. The patterns of endorsement differed across the two samples.  
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These results established that participants preferred particular interpretations to other 

options in the forced-choice task, and the next step was to examine whether their preference 

had significant differences with those who took the open-ended task. 

Alignment score analysis. To examine whether there was always a single typical way 

to interpret ambiguous social stimuli across task formats, participants’ agreement with those 

who responded in a forced-choice format (i.e., the current sample; same-format sample) were 

compared with their agreement with those who took the task in an open-ended format (i.e., the 

younger adult sample from Study 3; crossed-format sample).  

In the current study, participants only selected one option, corresponding to one 

category, out of four alternatives for each item. Participants’ same-format and crossed-format 

alignment scores for each item was the proportion of other participants in the corresponding 

reference sample who endorsed the same category. Hence, each participant’s response to an 

item received two alignment scores: one same-format and one crossed-format. Same-format 

alignment scores across six items were averaged to produce an overall same-format alignment 

score for each participant, and the same principle applied for calculating the overall crossed-

format alignment score for the participant. If the pattern of category endorsement did not 

differ between the two samples, the resulting average same-sample and crossed-sample 

alignment scores should not significantly differ. 

The calculation of alignment scores are explained in more detail below. For each 

participant, the same-format alignment for each item was calculated with the formula 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 𝑐ℎ𝑜𝑜𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑜𝑝𝑡𝑖𝑜𝑛−1

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 −1
 (the -1 adjustment was 

conducted to eliminate the problem of non-independence of data); the values were then 

averaged across all six items as the participant’s average same-format alignment score.  

The crossed-sample alignment for each item was the proportion of participants in the 

open-ended sample whose first-ranked response involved solely the category corresponding to 
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the option chosen by the current participant. The denominator for calculating such a 

proportion was determined by summing the number of participants in the open-ended sample 

who endorsed the four categories corresponding to the four alternatives for the item in the 

current forced-choice task. As explained in the Materials subsection, among the open-ended 

responses, only those coded on a single category, but not category-combinations, were 

considered. For example, if participants were presented options corresponding to categories 

A, B, C, and D for an item in the current study, and a participant chose the option 

corresponding to category A, this participant’s crossed-group alignment score for the item 

was calculated as  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑜𝑝𝑒𝑛−𝑒𝑛𝑑𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑒𝑛𝑑𝑜𝑟𝑠𝑖𝑛𝑔 𝑜𝑛𝑙𝑦 𝐴

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑜𝑝𝑒𝑛−𝑒𝑛𝑑𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑒𝑛𝑑𝑜𝑟𝑠𝑖𝑛𝑔 𝑜𝑛𝑙𝑦 𝐴,𝐵,𝐶 𝑜𝑟 𝐷
 .  

These scores were then averaged across the six items for each participant to obtain each 

participant’s average crossed-format alignment score.  

The distributions of the two average alignment scores are shown in Figure 4.2(a) and 

the distribution of the difference between the two average alignment scores is shown in Figure 

4.2(b). A paired-sample t-test was conducted to compare participants’ average same-format 

and crossed-format alignment scores. Result showed that participants’ average crossed-format 

alignment scores (M = 0.30, SD = 0.06) were significantly lower than their average same-

format alignment scores (M = 0.35, SD = 0.08) with a moderate effect size, t(43) = -4.01, p 

< .001, Cohen’s d = 0.61. 
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(a)  

 

(b)   

Figure 4.2. The distribution of the (a) two average alignment scores and (b) the distribution of 

their within-participant differences are approximately normal.  
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4.4. Discussion 

 The primary aim of the current chapter was to examine if changing the task format 

from open-ended, which required generation of mental state interpretations, to forced-choice, 

which involved selection but not generation, would influence participants’ preferred mental 

state interpretations of the same social stimuli. Results showed that participants had a 

preference for specific mental state interpretations for all items and the most popular option 

was different between the two task formats for four out of six items. Furthermore, 

participants’ overall response patterns aligned better with those who also completed the 

forced-choice task than those who completed the open-ended task. 

4.4.1 Summary  

Preference for interpretations. The result showing participants’ consistent above-

chance preference for particular interpretations suggests that even when having to choose 

between competitors that were considered likely interpretations, participants still tended to 

favour certain interpretations over others. However, it was a crucial finding that participants’ 

preferences were influenced by task format, as the most popular interpretation shifted in four 

out of six items when task format was changed from open-ended to forced-choice. The effect 

of task format was addressed more rigorously with the alignment score analysis.     

Better alignment with forced-choice sample. The result showing higher alignment 

with the forced-choice sample than the open-ended sample provides support for the 

hypothesis that task format influences one’s interpretation of ambiguous social stimuli. These 

results parallel findings from memory research showing better performance in recognition 

versus free recall tasks in both neurotypical and neurodivergent populations (e.g., Breen, 

1993; Calev, 1984; Tulving & Walkins, 1973), as well as relevant social cognition research 

showing better performance in the forced-choice version compared to the open-ended version 

of task (Cassels & Birch, 2014). However, it is important to note that the current study 
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fundamentally differed from these previous studies. Instead of testing differences in 

performance levels (“accuracy”) between responding to the two formats, the current study 

focussed on participants’ preferences for mental state interpretations. 

The divergence in focus can be illustrated by comparing the current study with Cassels 

and Birch’s (2014) study, which adapted the originally forced-choice RMET into an open-

ended format and scored a response based on whether its valence matched the valence of the 

correct answer in the forced-choice task. Hence, their open-ended task allowed for a wider 

range of “correct” answers, while keeping the distinction between “correct” from “incorrect” 

responses. Their study focused on comparing task difficulty, indicated by participants’ overall 

performance on hitting the “correct” answers. In contrast, the current forced-choice task was 

derived from an open-ended task, and the options were legitimate interpretations favoured by 

participants who completed the open-ended task. There was no strict distinction between 

“correct” and “incorrect” answers. Instead, the current study indicated that a presumed 

invariant “correct” answer may not hold true when the task format changed if “accuracy” was 

based on consensus. This contrasts sharply with the assumption made in the study by Cassels 

and Birch (2014). 

4.4.2 Limitations 

A concern with the current task’s switch from open-ended to forced-choice format is 

that it potentially reduced sensitivity in detecting participants’ true mindreading ability, here 

operationalised as alignment with others in one’s interpretation of the targets’ mental states. 

This is because there is higher likelihood that participants engage in non-mentalistic strategies 

such as elimination in forced-choice settings. This criticism, however, was less pertinent to 

the current task than to typical forced-choice tasks, as the alternatives in the current study 

were genuine, plausible interpretations generated by previous participants, rather than 

arbitrary foils. The construct captured by the current task was the extent to which participants’ 
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interpretation aligned with that of the others, rather than identifying a single “correct” answer 

among multiple incorrect options. Furthermore, the forced-choice format is advantageous for 

designing future studies focused on examining participants’ flexibility in mindreading as a 

source of individual differences, as will be detailed in the subsequent chapter. 

4.4.3 Conclusion 

In conclusion, the current study suggests potential issues in adhering to a consistent 

“correct” mental state interpretation of ambiguous social stimuli across different task formats. 

Results indicate that there is often a “typical” interpretation perceived as the best descriptor of 

a target’s thoughts or feelings in a given social situation, although the interpretation is 

influenced by test format.  
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Chapter 5 

Effect of context on selection of mental state interpretation 

  



156 

 

5.1. Introduction 

 An overarching theme of this thesis is to question the assumption that there is a single 

proxy to “ground truth” in the assessment of mindreading. One way to examine this question 

is by exploring if task-specific factors change the “best” description perceived by participants. 

Study 4 found that variation in task format influenced preferences for mental state 

interpretations. In the current chapter, the overarching aim is to examine whether mental state 

interpretations of a target is influenced by information about the context in which the target is 

engaging in a social interaction. Individuals might also vary in their flexibility to adjust their 

mental state interpretations with reference to the context of social interaction. This is relevant 

to another overarching aim in the current thesis: to explore potential indices of individual 

differences in adults’ mindreading abilities. 

In Study 3, an open-ended task was presented to examine if participants showed 

consistent individual differences in their propensity to generate multiple interpretations and in 

aligning with other participants’ interpretations across items. However, no reliable individual 

differences in the latter were observed. One possible reason is that alignment on selection of 

the most plausible interpretation is not a stable trait, but the absence of within-person stability 

in alignment can also be due to methodological limitations in the task design. Specifically, the 

freedom to generate and select interpretations in the open-ended format and the minimal 

contextual constraints might make it more challenging to align with others. If this is the case, 

restricting the range of possible interpretations might result in higher inter-item correlation of 

alignment scores. A forced-choice version of the task was developed in Study 4, and the 

current studies were built on the forced-choice task. A large sample recruited for Study 7 

made it possible to investigate inter-item correlations of alignment scores when context was 

absent or introduced. 
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5.1.1 Effect of context 

Context could influence social perception and reasoning through the activation of 

schemas. Schemas are cognitive structures that organise knowledge about specific objects or 

events in a structured manner, and scripts are a specific kind of schema that describe the 

sequence of generalised actions in a given event or context (Cantor et al., 1982; Schank & 

Abelson, 1977; Taylor et al., 2023). These cognitive structures help individuals navigate 

through daily social interactions and enable coordinated behaviour in social situations.  

Research has suggested that social differences among neurodivergent individuals were 

associated with difficulties in generalising and sequencing social events as scripts (Loth et al., 

2008). Neuroscience studies have demonstrated increased brain synchrony when context was 

provided (Hasson et al., 2012), which provides a plausible neural mechanism for explaining 

the influence of context in individuals’ social interactions with others. Relevant social 

cognition research on emotion perception has also shown that perception of emotions through 

facial expressions was influenced by contextual information, including but not limited to 

descriptions of social situations (Barrett et al., 2011; Carroll & Russell, 1996). Hence, it is 

reasonable to suspect that context plays a role in the process of mindreading by activating 

social scripts to aid one’s interpretations of others’ mental states and guide one’s action in 

social situations.  

Nevertheless, it should be noted that mindreading is likely more than just reading 

social scripts, as a generalised social script unlikely encompasses all variations in similar 

scenarios, for example, inferring whether the person with whom one is interacting is being 

sarcastic or truly convinced of what they are saying (Apperly et al., 2024). This idea is also 

consistent with the simulation account of mindreading, which suggests that individuals can 

understand others mental states by simulating others’ mind with one’s own mind; one’s past 
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experience in social situations is likely to influence the simulation process, but the reasoning 

is not solely dependent on social scripts (e.g., Goldman, 2006; Harris, 1992). 

Despite the plausible influence of context on mental state attributions, some 

mindreading tasks, notably mental state decoding tasks, are decontextualised. A representative 

example is the RMET, which has been identified as the most frequently used measure in 

adults in Chapter 2. If context biases people’s mental state interpretations, it might be 

inappropriate to assume the model answer is always by default the best description regardless 

of context. This idea is consistent with previous criticism of the conventional false belief task, 

which arguably does not require children to consider social relationships between characters 

or other social information (Killen et al., 2011). There has been a long line of work 

investigating whether manipulating factors such as motive of the character transforming the 

target object in false belief tasks influenced children’s performance (Wellman et al., 2001). 

Furthermore, more current studies of mindreading have shown that even adult participants 

were less inclined to choose the default answer in the change-of-location false belief tasks 

when provided with more, particularly inconsistent, information about the target (Cho et al., 

2022), suggesting the provision of contextual information influences mindreading decisions.  

Context can be broad or specific. A specific type of context could be characteristics of 

the target person whose mental states are to be interpreted. Relevant studies of the mind-space 

theory have demonstrated that personality traits attributed to a target influenced 

interpretations of the targets’ mental states, and participants updated their interpretations of 

the target’s mental states when the target’s behaviour mismatched the information about their 

personality traits provided by experimenters (Conway et al., 2019; Long et al., 2022). 

However, a limitation of the mind-space studies was that they focussed on how people located 

a target’s mind in a structure of personality dimensions, while the broader context of social 

interactions has not been scrutinised. Apart from work on the mind-space theory, other 
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research has shown that an individual’s familiarity with the target influences the individual’s 

mindreading performance (Zaki et al., 2009). Similarly, in studies of children mindreading, 

research has shown that children performed better when reasoning about the mental states of 

targets from the same cultural background than targets from other cultural background 

(Gönültaş et al., 2020; Perez-Zapata et al., 2016). Furthermore, both children and adults were 

found to take the action history of a target person into consideration when predicting how the 

target would think, feel and act, and the coherence among these three components (Lagattuta 

et al., 2016). These findings all suggest that the mindreader’s perception and knowledge about 

the target, which can be seen as a specific type of context, influence mental state attributions 

to the target.  

The general impact of the broader context of social scenarios has been sparsely 

investigated in the field of adult mindreading research. In philosophical work of mindreading, 

Spaulding (2018) suggested that the existing literature tends to overlook the significance of 

context for mindreading and called for more empirical work on assessing the influence of 

context on mindreading. There are also more extreme theories that suggest script reading, 

rather than mindreading, is central to explaining and predicting behaviour (e.g., Eickers, 2024; 

Taylor, 2023). With reference to parallel research discussed in the paragraphs above, it is 

reasonable to anticipate that contextual information influences interpretations of mental states, 

particularly in ambiguous social situations. If the effect of context is observed, the observation 

would provide further justification for using naturalistic tasks such as the MASC, which are 

designed to include numerous cues that indicate the context of social interactions.  

5.1.2 Flexibility to context as a potential source of individual difference 

Another overarching theme of this thesis is to explore indicators of individual 

differences in neurotypical adults’ mindreading, and flexibility has been suggested to be a 

potential source of individual differences of neurotypical adults’ mindreading (Chapter 1). 
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Recent theories suggest that the ability to interpret social situations flexibly by integrating 

contextual information into mental state interpretations is crucial for mindreading (Apperly et 

al., 2024; Devine, 2021; Hughes & Devine, 2015), and individuals are likely to differ in their 

abilities to integrate context into their interpretations when faced with varying contexts. One 

way to test this is to expose participants to a diverse set of contexts and observe whether they 

perform well in interpreting the characters’ mental states across all contexts. This approach 

captures an individuals’ ability to integrate a static context in their mental state 

interpretations. Another way to test this is to evaluate participants’ tendencies to adjust their 

mental state interpretations of the same target when the context changes, for example, by 

reducing the plausibility of their previous judgment and suggesting an alternative 

interpretation through specific manipulations. This approach captures a dynamic process of 

adjustment with reference to context. While most existing mindreading tasks focus on the 

former approach, the studies presented in this chapter introduce a novel approach by 

evaluating dynamic context adjustments.  

Regardless of the approach adopted, assessing flexibility in empirical studies involves 

evaluating the appropriateness of changes in interpretation, as not all changes reflect 

appropriate context integration. This characteristic distinguishes flexibility from the 

propensity to mindread. For instance, an interpretation viewed as highly plausible by many 

people in a specific context might be perceived as less likely in another context. If an 

individual perceives the interpretation to be more likely in the second context than in the first 

context, it tends to be considered inappropriate with reference to the preference of the 

majority. In the present studies, it was expected that the provided context information would 

suggest a specific interpretation. However, this needed to be verified empirically by checking 

whether participants showed an increased tendency to endorse the intended interpretation. 

Such an increased tendency among participants would justify that assigning a higher 
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plausibility ranking to the target interpretation was appropriate, thereby providing a baseline 

for differentiating between desirable and undesirable shifts in participants’ rankings of 

interpretations according to their plausibility in varying contexts. Specifically, individuals 

were expected to be capable of adjusting their interpretations of a target’s thoughts or feelings 

when the context suggested a specific interpretation that differed from the most popular 

interpretation when no context was provided. Variability in people’s likelihood of adjusting 

their interpretations in response to context changes, which characterises flexibility, was also 

expected. 

 Moreover, Study 4 demonstrated a typically chosen interpretation for each item when 

no additional context was given. This allowed for directly adopting the options from Study 4 

to create contexts suggesting specific interpretations, bypassing the need to consider a huge 

variety of less likely interpretations when generating the contexts. It was hypothesised that 

participants would be more inclined to endorse the target interpretation suggested by specific 

contexts than when no context is given.  

 Once it had been established that participants could adjust their interpretations of a 

target’s mental states with reference to context in the way intended by the manipulation, 

participants’ flexibility can be evaluated by counting the number of times they assigned a 

higher plausibility ranking to an interpretation when it was suggested by the context 

compared to the baseline condition when no context was provided. Variations in participants’ 

performance in making such adjustments can be scrutinised to determine the presence of 

reliable individual differences in participants’ tendencies to adjust interpretations by taking 

context into consideration, which characterises flexibility. Consistent individual differences 

would be evidenced by satisfactory inter-item correlations. 
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5.1.3 Outline of studies in the current chapter 

The studies in this chapter focus on the effect of context. The tasks involve presenting 

information about the relationships among characters or the settings of their interactions as 

contextual information alongside the pictorial stimuli.  

 Study 5 was comprised of a series of four between-participants experiments testing 

whether participants’ interpretations of targets’ mental states were influenced by the 

manipulated contexts. The dependent variable was the ranking of interpretations based on 

perceived plausibility, a modification from the single forced-choice format of Study 4.  

 Study 6 employed a within-participant design to investigate whether participants 

would alter their judgment of the most plausible interpretation upon receiving contextual 

information, and if they could shift their interpretations back and forth while still differing 

from the baseline condition as a demonstration of flexibility. However, due to the small 

sample size in Study 6, inter-item correlations were not calculated. 

 Study 7 sought to replicate and extend the findings of Study 6 with a sample large 

enough to examine individual differences.  

 In the subsequent sections, the methods and results of each study will be discussed 

individually, followed by an overarching discussion synthesising the conclusions drawn from 

Studies 5 to 7. 

5.2. Studies 5a, 5b, 5c, and 5d: Between-participant design and stimulus refinement 

 Study 5 consisted of four small-scale experiments. For brevity these studies will be 

reported in a single method and results section. The overarching aim was to investigate 

whether contextual information could systematically alter interpretations of mental states in 

ambiguous social stimuli. An option that few participants endorsed as the most plausible 

interpretation (i.e., the low-frequency option) and another option that many participants 
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selected as the most plausible interpretation (i.e., the high-frequency option), were identified 

from Study 4 as target interpretations for each picture.  

It was predicted that participants would be more likely to rank the target interpretation 

as the most plausible when the corresponding context was provided, compared with the 

baseline condition where no context was presented. This effect was predicted to be stronger 

for contexts suggesting low-frequency interpretations. This is because for high-frequency 

interpretations, the target interpretations were already likely to be endorsed by participants 

even without contextual information, leaving not much room for further enhancement, while 

there was much more room for increasing endorsement of low-frequency interpretations. 

Additionally, it was expected that providing information about context would lead to higher 

overall alignment among participants in their interpretations. As alignment was calculated as 

the proportion of participants agreeing with each others’ choices, through narrowing down the 

set of candidate interpretations participants would consider by providing context, alignment 

was likely to be enhanced.  

 Furthermore, this series of studies served as pilot studies for the subsequent study 

(Study 7) on flexibility. Depending on the findings, the context information and interpretation 

text options were refined to influence interpretations more effectively, as this would help 

develop better stimuli for assessing shifts in perceived plausibility that align with other 

participants in subsequent studies that target on measuring flexibility. 

5.2.1 Method 

 Study 5a was preregistered on OSF before data collection (https://osf.io/w7jhv/). 

Studies 5b-d were follow-up studies to refine the stimuli, contextual information, and 

alternative interpretations based on preliminary findings from their previous studies.  

Participants. Sixty participants with balanced gender were recruited for each of the 

four studies, which was the sample size needed for having a minimum frequency of five in 

https://osf.io/w7jhv/
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each cell of a 𝜒2 test of independence with 12 conditions (3 groups * 4 options for each item). 

All participants were aged between 18 and 25 years (Range of Mage = 22.50 to 23.00 across 

four studies). In each study, half (n = 30) of the participants were female. All participants 

were recruited online via Prolific with the following screening criteria: UK residence, 

speaking English as their first language, had not been diagnosed with ASD, and had not 

participated in the previous series of studies. Most participants were monolingual (78.3% to 

83.3%), while fewer participants were bilingual (13.3% to 20%), and few were multilingual 

(1.7% to 5.0%). Slightly over half of the participants held a Bachelor’s degree or above (55% 

to 65%). Most participants identified as White (n ranged from 39 to 46, or 65.0% to 76.7%), 

followed by Asian (n ranged from 6 to 13, or 10.0% to 21.7%), Mixed (n ranged from 3 to 6, 

or 5.0% to 10.0%), Black (n ranged from 2 to 4, or 3.3% to 6.7%), and Arab (n =1 or 1.7% 

from Study 5d).  

Study design and procedure. All four studies followed a between-participants 

design. Participants were randomly allocated into three groups (n=20 in each group), 

including two experimental conditions (i.e., high-frequency context group or low-frequency 

context group) where participants were shown contextual information, and a baseline control 

condition in which participants were not given any contextual information. In the high-

frequency context condition, participants read contexts suggesting an interpretation that were 

among the top two most popular for each item from Study 4. Conversely, in the low-

frequency context condition, participants read context suggesting less frequent interpretations, 

specifically within the two least popular interpretations from Study 4.  

In each study, all participants gave informed written consent approved by the Ethical 

Review Committee at the University of Birmingham before participation. They completed an 

online questionnaire on the Qualtrics survey platform, in which they were shown five (Study 

5d) or six (Study 5a-c) pictures depicting naturalistic social scenarios, the same stimuli used 
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in Study 2 to 4. The presentation of the pictures as well as the order of the alternatives were 

randomised.  

In the experimental groups, participants were instructed to read a sentence describing 

either the relationship between characters or the general setting (e.g., “They are a couple” or 

“They’ve been told that an incident has occurred inside”) before evaluating the plausibility of 

four alternative interpretations. In Study 5a, the sentence describing context was presented 

above each picture, bolded, in font size 22. In Studies 5b-d, compulsory timers were added 

such that participants were forced to stay on the same page for six seconds to read each 

context sentence before the picture appeared below the sentence. In contrast, the baseline 

group was only instructed to evaluate the plausibility of four alternative interpretations by 

referring to the pictures. No text was presented alongside the pictures.  

Unlike Study 4, where participants had to select one out of four plausible 

interpretations, participants in Studies 5a-d were required to rank the interpretations from the 

most to the least plausible by dragging them to rearrange the order. The instructions stressed 

that there was no definite right answer. Testing was completed in one session and the duration 

of the session was around five minutes. Participants received £0.75 for completing the study. 

Materials. Studies 5a-c used the same six pictures (P3, P4, P5, P8, P9, P10) as in 

Studies 2 to 4. In Study 5d, P4 was dropped as the context suggesting the low-frequency 

target interpretation was ineffective despite attempts at refinement. 

Alternative options. In Study 5a-b, the same four alternative interpretations used in 

Study 4 were presented. In Study 5c, the interpretation text for three out of four options 

(including the two target interpretations in the experimental conditions) were re-selected from 

candidate entries (i.e., verbatim responses from participants from Study 3) to further reduce 

similarity between the different interpretations. It was ensured that the re-selected 

interpretations were coded the same categories as the original options. In Study 5d, the text 



166 

 

for the two non-target interpretations were slightly modified to reduce similarity with the low-

frequency target interpretation in P3. The category chosen as the low-frequency target 

interpretation for P5 was changed from “contemplating” to “proud/arrogant” because the 

original option for “contemplating” was almost not endorsed by any participants across 

Studies 5a-c, either with or without contextual information presented. A verbatim response 

coded as “proud/arrogant” from Study 3 was used as the new alternative interpretation.  

Context. The context information presented in the two experimental groups was 

created by the research team (Yeung, Devine, Apperly), each intending to suggest a specific 

interpretation of the target characters’ mental states. They were crafted to favour one 

interpretation over others without completely ruling out alternative options, preventing 

participants from ranking interpretations solely based on logical deduction. In Study 5a, the 

first version of context information comprised short, simple sentences briefly describing 

either the characters’ relationship or the interaction’s setting (e.g., “They are colleagues” or 

“They are on their way to a meeting”). In Study 5b, context sentences were elaborated to 

provide more details on the relationship and setting for each picture, maintaining one sentence 

per stimulus for each experimental group (e.g., “The two colleagues are having dinner 

together after a work meeting”). In Study 5c, the contexts for P5 and P8 were further 

modified. In Study 5d, the context for the low-frequency condition for P5 was rewritten to 

align with the changed interpretation category. Table 5.1 shows the list of alternative 

interpretations and the context information presented in Study 5d. The list of options and 

context presented in Studies 5a-c are available in Appendix C.  
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Table 5.1. List of context and interpretations (options) presented in Study 5d. 

Picture 

High-

frequency 

context 

Low-

frequency 

context 

Interpretations 

P3

 

The two 

colleagues are 

having dinner 

together after 

a work 

meeting. 

The couple is 

sharing a meal 

on their 

anniversary. 

He is interested in what she 

is saying. (High-frequency 

target) 

He is in love with his partner. 

(Low-frequency target) 

He is wondering whether this 

meal is worth it. 

He is feeling happy. 

P5

 

The 

colleagues 

have found 

that they are 

both free after 

work today. 

He just got 

promoted to 

leader of their 

team. 

He is feeling amused. 

He feels attracted to her. 

(High-frequency target) 

He is smug and self-satisfied. 

(Low-frequency target) 

He is feeling relaxed. 

P8

 

They’ve been 

told that it 

hasn’t yet 

been possible 

to contact their 

daughter. 

They’ve been 

told that their 

reservation 

was cancelled. 

She is feeling anxious. 

(High-frequency target) 

She is feeling shocked. 

She is very sad about 

something somebody has 

said. 

She is feeling hugely 

annoyed. (Low-frequency 

target) 

P9

 

They are 

meeting 

because his 

daughter 

called him. 

He just invited 

his daughter 

out to tell her 

his decision to 

divorce her 

mother. 

He is focused on what she is 

saying. (High-frequency 

target) 

He is worried about the news 

he is about to pass on. (Low-

frequency target) 

He is angry and annoyed 

about her attitude. 
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He is feeling disappointed 

with his daughter. 

P10

 

They are on 

the way to 

handling a 

difficult 

assignment 

The couple is 

on their way 

home from 

lunch. 

She is feeling angry with 

him. (Low-frequency target) 

She is concentrating on an 

upcoming meeting. 

She is problem solving. 

She is determined and about 

to take on a challenge. (High-

frequency target) 

 

5.2.2 Results 

 The numbers of participants ranking the four alternative interpretations as the most 

plausible for each picture in the three groups are presented in Figure 5.1. If context effects 

occured, then the high-frequency contexts (top panels) would lead to more participants 

endorsing high-frequency target options, and the low-frequency contexts (bottom panels) 

would lead to more participants endorsing low-frequency target options. The baseline group 

provide a reference for comparison with each experimental group. 
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(a) 

 

(b) 
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(c) 

 

(d) 

 



171 

 

Figure 5.1. With stimulus refinement from Study 5b-d, generally more participants ranked the 

target alternative interpretations as the most plausible, especially for the low-frequency 

targets. Stimulus P4 was dropped in Study 5d. 

 

 Overall effect of context on interpretation. Two separate Mann-Whitney U tests 

(due to violation of normality assumption) were conducted to compare how frequently 

participants in each experimental group and the baseline group ranked the target interpretation 

as most plausible, for each study. It was predicted that when context was given, participants 

would be more likely to rank the target interpretation first, in comparison to when there was 

no context, especially for the comparison between the low-frequency group and the baseline 

group. The results are summarised in Table 5.2. 
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Table 5.2. Summary of results in comparing the frequency of selecting target interpretations 

between experimental groups and the baseline group in each study. 

 
Frequency of hitting  

low-frequency (LF) targets 

Frequency of hitting  

high-frequency (HF) targets 

Study 

LF 

group 

Mdn 

Baseline 

group 

Mdn 

Mann-Whiteney 

test result 

HF 

group 

Mdn 

Baseline 

group 

Mdn 

Mann-Whiteney 

test result 

5a 1 1 

U = 210.5,  

p = .770, 

rg = .053 
 

3 3 

U = 219,  

p = .603, 

rg= .095 

5b 2 0.5 

U = 337.5,  

p < .001***, 

rg = .688 

3 3 

U=258.5,  

p = .097, 

rg = .293 

5c 2 0 

U = 331,  

p < .001***, 

rg = .655 

4 3 

U=281.5,  

p = .022*, 

rg = .407 

5d 2 1 

U = 356,  

p < .001***, 

rg = .780 

3 3 

U = 237,  

p = .300, 

rg = .185 

* p < .05 

Note. The Glass rank biserial coefficient (rg) is reported as an effect size measure for the 

Mann-Whitney tests (Mangiafico, 2022).  
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In Study 5a, Mann-Whitney U tests showed no significant differences between the 

experimental and baseline groups in ranking the target interpretations as most plausible. 

However, the lack of effect could have been due to the context information not being 

sufficiently salient in presentation such that participants did not pay attention to them, and/or 

being too simplistic to influence interpretations.  

Following procedural and contextual modifications described in the methods section, a 

significant context effect was observed throughout Study 5b-d, as participants more often 

ranked the target low-frequency interpretations as the most plausible in the low-frequency 

experimental group than in the baseline group. In Study 5c, participants in the high-frequency 

experimental group were also more likely to rank high-frequency interpretations first than 

participants in the baseline group.  

Narrowing down interpretations. To examine if participants narrowed down the 

candidate interpretations with context presented, alignment scores (i.e., the proportion of other 

participants who ranked the same interpretation as the most plausible for the same item) were 

also calculated for each item and averaged across items for each participant. The average 

alignment scores were then compared across the three groups using Kruskal-Wallis rank sum 

tests as the normality assumption was violated.  

If more participants agreed with one another for the items, average alignment score 

would be higher. Higher average alignment scores were predicted in the two experimental 

groups than in the baseline group. Where an overall effect in average alignment difference 

was significant, additional Mann-Whitney U tests were conducted to compare the average 

alignment scores between each experimental group and the baseline group.  

Kruskal-Wallis tests indicated no significant differences in alignment scores across the 

groups in Study 5a, 𝜒2 (2) = 1.79, p = .409. After refining the stimuli, test results for Studies 

5b-d all showed significant differences, 𝜒2 (2) = 20.29 (Study 5b)/21.25 (Studies 5c-d), all ps 
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< .001. Follow-up Mann-Whitney U tests in Studies 5b-d consistently showed higher 

alignment scores in the high-frequency group compared to the baseline group. However, there 

was no significant difference in alignment scores between the low-frequency and baseline 

groups. The medians of the alignment scores in each group and Mann-Whitney U test results 

are reported in Table 5.3. 

 

Table 5.3. Median of participants’ average alignment scores in each group and Mann-

Whiteney U test results. 

Study 

Baseline 

group median 

Low-frequency (LF)/  

High-frequency (HF) 

context group median 

Mann-Whitney U test 

5a 0.325 

LF 0.342 

n/a 

HF 0.346 

5b 0.338 

LF 0.342 U = 210.5, p = .786, rg = .053 

HF 0.461 U = 60, p < .001***, rg = .700 

5c 0.36 

LF 0.351 U = 187.5, p = .745, rg = .063 

HF 0.443 U = 44, p < .001***, rg = .780 

5d 0.374 

LF 0.389 U = 175.5, p = .516, rg = .123 

HF 0.463 U = 105.5, p = .011*, rg = .473 

* p < .05 

*** p < .001 

 

5.2.3 Discussion 

 Studies 5a-d aimed to examine whether providing context effectively influenced 

participants’ mental state interpretations, especially when the context presented suggested a 
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low-frequency interpretation. In summary, following modifications in stimuli and procedures, 

Studies 5b-d presented robust evidence that when the context suggested a low-frequency 

interpretation, participants were more inclined to rank the target interpretation as the most 

plausible compared to the baseline group. However, the comparison between the high-

frequency context group and the baseline group had inconsistent results. This was likely due 

to the fact that the high-frequency interpretations were already popular in the baseline 

condition, as found in Study 4. The observed difference between the low-frequency group and 

the baseline group supported significant influence of context on interpretation; provision of 

context information effectively influenced participants’ judgments about the most plausible 

interpretation of a character’s thoughts or feelings in a given scenario.  

Although there was no significant difference in the frequency of ranking the high-

frequency interpretation as the most plausible in the high-frequency context group compared 

to the baseline group, Studies 5b-d consistently showed higher average alignment scores in 

the high-frequency context group than in the baseline group. This finding suggests an effect of 

context in another way: the distribution of responses became less dispersed among alternative 

options when a relevant context was introduced, even though the endorsement of the high-

frequency target response did not increase overall. Hence, the effect of context was evident in 

both the low-frequency and high-frequency groups when compared to the baseline group, 

although manifested differently in each experimental group. 

 To follow up, a study design that more sensitively captures the context effect was 

required. The design should allow for examining changes in the ranking of interpretations, as 

an increase in perceived plausibility does not necessitate placing an option as the most 

plausible interpretation. Instead, an upward shift in plausibility ranking sufficiently would 

mark one’s incorporation of context into mindreading interpretations. Therefore, a within-

participant design was adopted in Study 6. The within-participant design was also crucial for 
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examining flexibility dynamically, as shifts in perceived plausibility of various interpretations 

based on given context is inherently within-person. 

5.3. Study 6: Within-participant design 

 Study 6 aimed to explore the effect of context on interpretation of a target’s mental 

states with a within-participant design. This study also specifically examined whether 

individuals shifted their perceived most plausible interpretation in response to contexts that 

suggested different interpretations. Any variation among participants’ tendencies to alter 

plausibility rankings, specifically in the intended direction suggested by the context, was also 

examined to establish a basis for calculating flexibility in the subsequent study (Study 7). 

Based on Study 5, it was predicted that (1) participants would be more likely to rank the target 

interpretations as the most plausible when the corresponding contexts were presented in 

comparison to the baseline condition; (2) the distribution of participants’ total frequency of 

altering rankings of the target interpretations in the intended direction should be different 

from a uniform distribution. 

 There could be a potential sequence effect as well: exposure to low-frequency context 

prior to high-frequency context, or vice versa, might influence participants’ response patterns. 

It is important to rule out this sequence effect for future studies focused on flexibility. 

5.3.1 Method 

Participants. A priori power analysis indicated that 34 participants were required to 

detect a medium effect size of Cohen’s d = 0.5 with .80 power at 𝛼 = .05 in a paired t-test1 

using G*Power (Faul et al., 2009), following a similar rationale to the effect size specified for 

Study 2 (Chapter 3). To balance gender in the two counterbalanced versions of the task, 36 

participants aged between 18 and 25 (18 female, Mage = 22.42) were recruited for Study 6. All 

 
1 The initial power calculation failed to take into account the need for a Bonferroni correction; 41 participants are 

required to detect a within-participant main effect of a moderate effect size (f=0.25) in a repeated-measures 

ANOVA with Bonferroni-corrected significance level at .025 at 80% power based on G* Power (Faul et al., 

2009). However, Study 7 provides a replication of the effect of interest in a much larger sample. 
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participants were recruited online via Prolific with the same screening criteria as in the 

previous series of studies. Most participants were monolingual (77.8%), followed by bilingual 

(16.7%), and multilingual participants (5.6%). Slightly less than half of the participants had a 

Bachelor’s degree or above (47.2%). Most participants identified their ethnicities as White 

(58.3%), followed by Mixed (19.4%), Asian (13.9%), and Black (8.3%).  

 Study design and procedures. Study 6 adopted a within-participant design. The main 

independent variable, contextual information, had three levels, as in Study 5: the baseline 

condition, the high-frequency context condition, and the low-frequency context condition. 

The set of context information text presented was adopted from Study 5d. A blocked design 

was adopted, in a way that participants were first presented with all five pictures (used in 

Study 5d) in the baseline condition, followed by either the high-frequency or low-frequency 

condition (counterbalanced between participants), then the other condition where context 

information was provided.  

In each study, all participants gave informed written consent approved by the Ethical 

Review Committee at the University of Birmingham before participation. All participants 

completed an online questionnaire on the Qualtrics platform, in which they were shown three 

blocks of the same five pictures as in Study 5d, each depicting a naturalistic social scenario 

with two individuals. As in Study 5, the participants were required to rank the four options 

given, each describing one possible interpretation of what the target character was thinking or 

feeling, in descending plausibility each time a picture was presented.  

As the participants answered the same ranking question three times for each picture, 

the instructions were modified before the second block and the third block. Before the second 

block began, an instruction block was presented. The instructions stated that participants 

would see the same pictures as what they just saw, but before each picture was presented, they 

would first see a sentence describing relevant background information. It was stressed that 
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there was no definite right answer, and it did not matter if participants remembered their 

previous answers or wanted to give different answers from before; participants were 

instructed to give the answers that made the most sense with the background information 

provided. The same instruction block was presented again after participants finished the 

second block and before they started the third block.  

Testing was completed in one session and the duration of the session was around ten 

minutes. Participants received £2.25 after completing the session. 

 Materials. The five pictures, the context information, and the alternative 

interpretations were all the same as the materials used in Study 5d. 

5.3.2 Results and discussion 

 Condition comparison. Analyses were conducted to compare the number of times the 

target interpretations were ranked first between experimental conditions and the baseline 

condition. Two separate 2 (condition: experimental vs. baseline) x 2 (counterbalance order) 

mixed ANOVAs were conducted. The main effect of condition was the key result, as it would 

show whether participants tended to select the target option more often in the experimental 

group compared to the baseline group. Counterbalance order was included in the models to 

check any order effect. The Bonferroni correction was applied to correct for the repeated use 

of baseline data. A significant condition*order interaction would indicate that the data from 

participants allocated to the two order versions should not be combined for evaluating the 

effect of context. The descriptive statistics are summarised in Table 5.4. 
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Table 5.4. Descriptive statistics for the mean number of times participants ranked the intended 

interpretation first in each group by counterbalance order; (a) shows the comparison between 

mean number of times ranking the low-frequency target option first in the baseline condition 

and low-frequency condition, while (b) shows the comparison between mean number of times 

ranking the high-frequency option first in the baseline condition and high-frequency 

condition. 

(a) 

Order 

Baseline condition 

mean (SD) 

Low-frequency condition 

mean (SD) 

Order 1 0.89 （0.90） 3.06 (0.87) 

Order 2 1 (0.84) 3.06 (1.00) 

 

(b) 

Order 

Baseline condition 

mean (SD) 

High-frequency condition 

mean (SD) 

Order 1 2.94 (1.26) 3.72 (0.96) 

Order 2 2.28 (1.32) 3.33 (0.77) 

 

 In the first ANOVA, the two levels for condition were “low-frequency context 

condition” and “baseline condition”. The main effect of condition was significant, F(1, 34) = 

114.98, p < .001, partial eta-squared = .772. The main effect of order was not significant,  

F(1, 34) = .059, p = .809, partial eta-squared = .002. The interaction was not significant either, 

F(1, 34) = .08, p = .780, partial eta-squared = .002. The second ANOVA, in which the two 

levels for condition were “high-frequency context condition” and “baseline condition”, 

showed similar results. The main effect of condition was significant, F(1, 34) = 11.42, p 
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= .002, partial eta-squared = .251, while the main effect of counterbalance order was not 

significant at Bonferroni-corrected significance level, F(1, 34) = 4.59, p = .039, partial eta-

squared = .119. The interaction was not significant either, F(1, 34) = 0.26, p = .612, partial 

eta-squared = .008. 

 The results showed that the main effect of condition was significant in both ANOVA 

models, indicating that across the two counterbalanced versions, participants were more likely 

to rank the target high-frequency option first in the context condition, M = 3.53 times, than in 

the baseline condition, M = 2.61 times. They were also more likely to rank the low-frequency 

option first in the context condition, M = 3.06 times, than in the baseline condition, M = 0.94 

times. These findings support the first prediction of the study, replicating the context effect 

observed in Study 5 but with a within-participant design.  

Moreover, the order of presenting the two experimental conditions did not interfere 

with participants’ tendency to rank the target options first compared with the baseline 

condition, justifying further analysis that collapsed data from the two groups of participants.  

Preliminary investigation on flexibility as a potential index of individual 

differences. The above analyses focused on the number of times participants ranked the target 

options first, but the effect of context can also be demonstrated by a participant shifting the 

ranking of the target option up, without ranking it first. However, if the target option was 

already the first-ranked option in the baseline condition, there would be no room for it to 

improve. Therefore, further analysis was conducted at an item level, collapsing the two 

experimental conditions: 1 mark was scored on each item if the participant shifted the ranking 

of a target option up at least once across the two experimental conditions compared to the 

baseline condition. Hence, the score, which measured flexibility, could vary from 0 to 5. The 

observed distribution was compared to a uniform distribution to examine whether there was 
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variation in participants’ flexibility by conducting a Kolmogorov-Smirnov test and plotting a 

histogram for visual inspection. 

The one-sample Kolmogorov-Smirnov test result showed that the score distribution 

differed significantly from a uniform distribution, D = .57, p < .001, implying the existence of 

variation among participants’ flexibility scores. Figure 5.2 shows the histogram depicting the 

distribution of participants’ flexibility scores measured by the number of items in which they 

shifted the target options in either or both of the experimental conditions. The skewness and 

kurtosis of the distribution was -.41 and 2.35, respectively, indicating that the distribution did 

not deviate much from a normal distribution. However, by visual inspection of the histogram, 

the distribution tended to be skewed to the left. Moreover, participants’ mean score was 4.06 

out of 5, with 27 (74%) participants scoring 4 or above, suggesting a possible ceiling effect. 

Thus, a larger sample size was required to examine the variation in participants’ flexibility 

score indicated by the number of items in which they shifted the ranking of the target 

interpretations in the intended direction at least once. 
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Figure 5.2. The histogram shows the distribution of the number of items of which participants 

shifted the target option(s) in the intended direction at least once, demonstrating a possible 

ceiling effect. 

 

5.4. Study 7: Replication and examining individual differences 

 From Study 6, condition order did not alter participants’ tendency to rank the target 

options first in comparison to the baseline condition. Hence, in the current study, the three 

conditions were presented in the same order across all participants to maximise detection of 

individual differences. Flexibility score was operationalised as the number of items (i.e., the 

pictures) in which participants shifted the target option in the intended direction in at least one 

experimental condition. To examine whether this score showed individual variation and 

whether the scores show good inter-item correlation, a larger sample size was recruited for 

Study 7. To summarise, the primary aims of Study 7 were to (1) replicate context effect in a 
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within-participant design as in Study 6, (2) evaluate the presence of variability in participants’ 

tendencies to shift the rankings of the target options in the intended directions with a larger 

sample size, and (3) evaluate the inter-item correlations of participants’ flexibility scores on 

each item. 

 Furthermore, to address the question of whether the lack of inter-item correlations 

from Study 3 (Chapter 3) could be attributed to adopting the open-ended format and the lack 

of context, which could have allowed for greater variability of interpretations, the inter-item 

correlations of participants’ scores on each item were inspected separately for the baseline 

condition and each of the two contexts.  

5.4.1 Method 

 Participants. An a priori power analysis indicated that a sample size of 140 was 

required to detect factor loadings of .40, the conventional threshold for an acceptable factor 

loading, of five items loaded on a single latent variable with 80% power with a confirmatory 

factor analysis (CFA). Hence, 140 participants (70 females) aged between 18 and 25 (Mage = 

22.56) were recruited online via Prolific. All participants were recruited online via Prolific 

with the same screening criteria as in the previous series of studies. Most participants were 

monolingual (67.9%), followed by bilingual (25.7%), and multilingual (6.4%). As for their 

educational background, 60% held a Bachelor’s degree or above. Most participants identified 

their ethnicities as White (59.3%), followed by Asian (17.1%), Mixed (9.3%), Black (12.9%), 

Arab (7.1%) and others (7.1%). 

Study design, procedures and materials. The study design, procedures and materials 

were identical to study 6 except that the presentation order of the two experimental blocks 

was not counterbalanced across participants to optimise the detection of individual 

differences. All participants first completed the baseline condition, followed by the low-

frequency context condition, and finally the high-frequency context condition. Testing was 
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completed in one session and the duration of the session was around ten minutes. Participants 

received £2.25 after completing the session. 

5.4.2 Results and discussion 

 Replication of context effect. Results of paired t-tests showed that participants were 

more likely to rank the relevant target options first when high-frequency context information, 

t(139) = 5.16, p < .001, Cohen’s d = 0.44, and low-frequency context information, t(139) = 

18.23, p < .001, Cohen’s d = 1.54, were provided than in the baseline condition, replicating 

the effect of context in Studies 5a-d and Study 6. 

Variability in tendencies to shift the rankings of target options in the intended 

direction. As in Study 6, participants scored 1 point on each item if the participant shifted the 

ranking of a target option up at least once across the two experimental conditions compared to 

the baseline condition. Their scores on the five items were summed up as their total flexibility 

score. The observed distribution was compared to a uniform distribution with possible values 

from 0 to 5. The one-sample Kolmogorov-Smirnov test result showed that the score 

distribution differed significantly from a uniform distribution, D = .53, p < .001, implying the 

presence of variation in participants’ flexibility scores. Figure 5.3 shows the histogram 

depicting the distribution of participants’ flexibility scores measured by the number of items 

in which they shifted the target options in either or both of the experimental conditions. The 

skewness and kurtosis of the distribution was -.37 and 2.67, respectively, indicating that the 

distribution did not deviate much from a normal distribution; participants’ mean score was 3.8 

(SD = 0.90). However, by visual inspection of the histogram, the distribution tended to be 

skewed to the left. One-hundred-thirty (64%) participants scored 4 or above, suggesting a 

possible ceiling effect which could potentially affect the use of the score as an index of 

individual difference. 



185 

 

 

 

Figure 5.3. The histogram shows the distribution of the number of items of which participants 

shifted the target option(s) in the intended direction at least once, demonstrating a possible 

ceiling effect. 

 

 Evaluation of inter-item correlations in flexibility. Table 5.5 shows the tetrachoric 

correlations among participants’ flexibility scores on each item. None of the positive 

correlations exceeded .30, while three correlations were negative. These results suggest that 

participants’ flexibility scores did not correlate well among items, warranting no further need 

to inspect the items’ loadings on a latent factor using CFA. 
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Table 5.5. Tetrachoric correlations among participants’ flexibility score on each item. 

 P3 P5 P8 P9 

P5 .12    

P8 .04 .14   

P9 .07 .21 -.28  

P10 -.05 -.38 .17 .05 

 

 Evaluation of inter-item correlations in alignment. Extra analyses were conducted 

to separately evaluate whether inter-item correlations were satisfactory in terms of alignment 

in the three conditions, adopting the same .30 threshold as in Study 3 (Chapter 3). Alignment 

was calculated by the same method described in Study 4 and 5 with the current sample, by 

considering the proportion of other participants ranking the same interpretation as the most 

plausible as the participant concerned. 

Baseline condition. Inter-item correlations in alignment were calculated in the 

baseline condition to target a question from study 3: whether a lack of inter-item correlation in 

alignment scores in an open-ended format of the task could be eliminated in a forced-choice 

format of the task, which limits the possible interpretations participants are allowed to choose 

from. Table 5.6 shows that none of the items were correlated in alignment scores. 
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Table 5.6. Spearman correlations among participants’ alignment score on each item in the no-

context condition. 

 P3 P5 P8 P9 

P5 -.15    

P8 .03 -.18   

P9 -.02 -.11 -.10  

P10 .03 -.04 .01 .02 

 

 Conditions with context. The same correlational analyses were conducted to examine 

participants’ alignment with other participants when high-frequency contexts (see Table 5.7) 

and low-frequency contexts (see Table 5.8) were introduced. This was conducted to examine 

whether the inconsistent inter-item correlations in Study 3 could be eliminated when 

interpretations were further narrowed down by not only switching to a forced-choice format 

but also by introducing contextual constraints. Similar results with the baseline condition 

were found: negative correlations were often observed and positive correlations were weak, 

suggesting unsatisfactory inter-item correlations. None of the positive correlations exceeded 

the .30 threshold or were significant. 
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Table 5.7. Spearman correlations among participants’ alignment score on each item in the 

high-frequency context condition. 

 P3 P5 P8 P9 

P5 -.05    

P8 -.02 .05   

P9 -.13 -.01 .03  

P10 -.07 -.06 -.12 -.29*** 

*** p < .001 

 

Table 5.8. Spearman correlations among participants’ alignment score, on each item in the 

low-frequency context condition. 

 P3 P5 P8 P9 

P5 .01    

P8 .063 -.05   

P9 -.08 .06 -.07  

P10 .06 .02 .15 -.17 

 

To conclude, inter-item correlations were unsatisfactory in both flexibility and 

alignment. Participants’ tendencies to adjust the rankings of interpretations was not an 

inappropriate indicator of individual differences in flexibility, which can be possibly due to 

the ceiling effect discussed. Moreover, switching to a forced-choice format or limiting the set 

of possible interpretations did not improve inter-item correlation in participants’ alignment 

scores as an index of individual differences in mindreading performance. 
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5.5. General discussion 

 The over-arching aim of studies 5 to 7 was to investigate the effect of context on how 

people interpret others’ thoughts and feelings in ambiguous social scenarios. Another aim was 

to explore the potential of using participants’ tendencies to adjust their evaluations of possible 

interpretations, when provided with additional contextual information, as an indicator of 

individual differences in mindreading flexibility. 

Context effect. Studies 5 to 7 showed that provision of information about the context 

of an ambiguous social scenario systematically altered participants’ perceived best description 

of a target person’s thoughts or feelings. These findings suggest that people do take context 

into consideration when trying to make sense of what others are thinking or feeling. This 

suggestion also aligns with recent studies in the mindreading literature showing that more 

available information about the target of mindreading influences one’s inferences about the 

target’s mental states (e.g., Cho et al., 2022; Conway et al., 2019). The current study 

attempted to evaluate the effect of context not limited to information about the target’s 

personality or past behaviour. Furthermore, the current studies demonstrated that mental state 

inferences are influenced not only by introducing context about where a social scenario is 

taking place or the relationship between people in the interaction, but also that the “best” 

answer is likely an interpretation that varies depending on the context.  

This finding might be partly explained by the function of social script, which is 

applied in comprehending unfamiliar social situations (Zacks, 2020): when information about 

the context of the interaction was presented, participants could make use of social scripts to 

make sense of the interaction and the mental states of the individuals involved in the 

interaction. However, the activation of social scripts did not necessarily rule out the 

alternative interpretations presented in the current task, as the alternatives were still plausible 

mental state interpretations. For example, given the context that “the couple is sharing a meal 
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on their anniversary”, the social script regarding sharing a meal on an anniversary does not 

rule out the possibility that the target “is interested in what [his dinner partner] is saying” or 

“wondering whether the meal is worth it”. Hence, it was unlikely that participants only 

deduced the answers based on social scripts. Therefore, the current findings suggest that the 

incorporating context into mental state attribution is likely an element of the mindreading 

process on top of social script reading. 

An implication of the current findings is that the “correct” answers for existing 

mindreading measures that present stimuli in a decontextualised manner might not hold true if 

contexts are introduced, and simple mental state “decoding” solely depending on observable 

cues might not be a sufficient explanation for mindreading success. If the attribution of mental 

states is influenced by context, the ability to integrate context into mental state interpretations 

might be at least as important as the ability to draw information from observable cues. This 

corroborates relevant research in emotion perception showing recognition of emotions from 

facial expressions is influenced by context, including but not limited to verbal descriptions of 

social situations; for example, when a story suggesting fear was presented with a facial 

expression of anger, participants were more likely to perceive that the stimulus was 

expressing fear (Carroll & Russell, 1996; for a review, see Barrett et al., 2011).    

Lack of inter-item correlations. Despite the robust experimental effect, participants’ 

tendency to make intended shifts was not a reliable indicator of individual differences in 

flexibility. This was possibly due to limited variance, as more than half of the participants 

scored on 4 or more items out of 5 items. Although the mean flexibility score was 76% (raw 

score: 3.8/5), falling below the 85% threshold set in the systematic review presented in 

Chapter 2, it should be noted that the current task only featured a limited set of five items. 

Restricted variance in participants’ performance might have restricted inter-item correlations 

among items. The current findings on poor inter-item correlations also echo existing literature 
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suggesting that experimental tasks are not always good tasks for measuring individual 

differences (Hedge et al., 2018). Another possibility for poor inter-rater reliability in 

flexibility is that adjusting one’s evaluation of the plausibility of a specific interpretation of 

the ambiguous social scenario, in a way that is consistent with the majority, is not a trait-like 

tendency. However, this possibility warrants further research with designs in which ceiling 

effects are not a concern. 

Additionally, alignment scores did not demonstrate satisfactory inter-item correlations. 

Hence, it was unlikely that the lack of inter-item correlation in Study 3 was due to the open-

ended format allowing for greater freedom in participants’ generation of possible 

interpretations than in forced-choice tasks or absence of contextual description. 

5.5.1 Conclusion 

In conclusion, the current findings suggest that context is important in interpreting 

others’ thoughts and feelings in an ambiguous social scenario, but there is no conclusive 

evidence suggesting one’s flexibility in adjusting interpretations along with changes in 

context can be a reliable index of individual differences. However, the lack of conclusion in 

the answer to the individual differences question can be due to methodological limitations of 

the present paradigm. 
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Chapter 6 

Does context constrain both the generation and selection of 

interpretations? 
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6.1 Introduction 

The focus of Chapter 5 was on the effect of context on participants’ selection of the 

best mental state interpretation among given options. The current chapter extends the 

investigation by examining the role of context in both generating possible interpretations and 

selecting the best interpretations in mindreading. The aim of this chapter is to examine the 

extent to which context constrains the selection and generation of interpretations. 

6.1.1 Generation and selection in mindreading 

The idea of studying generation and selection as separate constructs in mindreading 

comes from both advances in recent research as well as long-standing theoretical models. As 

described in the previous chapters, recent research has drawn a distinction between the ability 

to infer mental states accurately and the propensity to make inferences or general social 

motivation (e.g., Devine & Apperly, 2022; Carpenter et al., 2016; Dodell-Feder et al., 2013). 

The distinction has not only been discussed theoretically but also investigated empirically. 

There is empirical evidence showing that ability and propensity are independent and predict 

different outcomes (e.g. Carpenter et al., 2016; Contreras-Huerta et al., 2020; Devine & 

Apperly, 2022; Lockwood et al., 2017). While accuracy typically involves comparing 

participants’ mindreading responses to predetermined answers, a possible operationalisation 

of the propensity to make inferences is the tendency to generate multiple candidate 

interpretations of a target’s mental states, regardless of their appropriateness. This 

operationalisation of propensity to mindread aligns with the suggestion that mindreading 

resembles adaptive reasoning, wherein individuals vary in generating multiple, modifiable 

hypotheses to explain a social scenario (Hayward et al., 2018).  

The idea of selecting from multiple mental state inferences has also long been present 

in theories of mindreading, such as the ToMM-SP theory (Leslie et al., 2004) and the 

Bayesian Theory of Mind (BToM) model (Baker et al., 2017). The ToMM-SP theory 



194 

 

proposes that inhibitory selection, which involves a “Theory of Mind Module” that generates 

possible belief contents and a “Selection Processor” that selects among the generated beliefs, 

is the mechanism of making mental state attributions (Leslie et al., 2004). The BToM model 

similarly suggests that confidence levels or probabilities are initially assigned to candidate 

contents or hypotheses for mental state attributions, and then adjusted in specific 

circumstances, which then act as the criterion for selection of one’s final mental state 

attribution (Baker et al., 2017). To summarise, these models agree that while multiple 

hypotheses can be generated, some are rejected in the process of selecting a most appropriate 

interpretation, suggesting that the generation and selection of mental state interpretations can 

be studied as distinct processes. However, these models focus on mental state concepts such 

as beliefs (ToMM-SP model) and desires (BToM model) in simple, highly-constrained 

mindreading scenarios. The differences between generating and selecting appropriate mental 

state interpretations in more naturalistic, contextualised settings remain unexplored in the 

existing literature. 

Understanding the distinction between generation and selection processes in 

mindreading is highly relevant to understanding how individuals navigate daily social 

activities across diverse contexts. The studies in the previous chapters have demonstrated the 

existence of multiple plausible interpretations of the same social scenario (Chapter 3), and 

that the perceived plausibility of these interpretations can be influenced by imposing contexts 

that favour certain interpretations over others (Chapter 5). These findings suggest that in real-

life social scenarios, individuals often select among possibilities by taking context into 

consideration instead of simply “decoding” mental states from observable expressions of 

others. However, in Chapter 5 options were presented for participants to choose from, such 

that participants were not required to generate plausible interpretations on their own. Hence, 

the previous studies have not provided insight into whether context limits the generation of 
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candidate interpretations. In other words, it remains unclear whether individuals take context 

into consideration when they are generating plausible candidate interpretations of others’ 

mental states or only after that, when they select the most likely interpretation from the 

generated set.  

6.1.2 Current study 

The current study provides a first attempt to investigate the role of context in the 

generation of candidate interpretations separately from the selection of the best candidate, 

using a paradigm and method of modelling from decision making research by Morris et al. 

(2021). In their first experiment, Morris et al. (2021) manipulated the context (in their case, 

devaluing typically high-value food items in the given context of having just had a dental 

surgery) to increase participants’ tendency to endorse items typically deemed unusual while 

making it less likely for participants to endorse an item deemed desirable (e.g., participants’ 

favourite foods that required excessive chewing). The authors investigated whether the 

general desirability of the items and their desirability in the specific context predicted how 

likely the item would be (1) generated as a candidate option and (2) selected as the most 

desirable option in the given context. The authors found that the generation of candidate items 

was based on generalised evaluations of the items from past experience, whereas context-

specific evaluations played a less important role. However, the selection of the most desirable 

option was based on the specific context. Although these effects do not logically entail that 

the same effects should be observed for mindreading, as the authors’ investigation concerned 

the values of the items to participants, the paradigm can be adapted to investigate the 

generation and selection of mental state interpretations across contexts in mindreading.  

In the current study, this paradigm was adapted to examine the effect of context on 

individuals’ generation and selection of candidate mental state interpretations in ambiguous 

social scenarios. Participants were first required to generate candidate mindreading 
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interpretations of social stimuli in a given context (“Context 1”) (e.g., the couple is sharing a 

meal on their anniversary), then select the best among those interpretations for that context 

and rate the likelihood of each of the generated interpretations in Context 1. Next, participants 

were required to rate the likelihood of each generated interpretation from Context 1 in an 

alternative context (“Context 2”) (e.g., the two colleagues are having dinner together after a 

work meeting). This approach enabled the investigation of whether the perceived likelihood 

of an interpretation of what a person is thinking or feeling in either context explained how 

likely it was to be generated as a plausible candidate in Context 1, and how likely it would be 

selected as the most likely interpretation in Context 1. Thus, it provided a novel way to 

address the key research question of the study: does context constrain both the generation of 

candidate interpretations and selection of the best interpretation?  

If the process of generating candidate interpretations is constrained by context, then 

the candidate interpretations generated in Context 1 should be context-specific, hence rated 

likely for Context 1 but not an alternative context (Context 2). Additionally, the probability of 

generating an interpretation in Context 1 should not be explained by the interpretation’s 

perceived likelihood in Context 2. However, the alternative possibility is that candidate 

interpretations are generated with limited regard to the specific given context (see Morris et 

al., 2021), so interpretations generally considered likely for other contexts should also be 

generated. In this case, candidate interpretations considered likely for an irrelevant context 

(i.e., Context 2) are still expected to be generated in Context 1 more frequently compared with 

those considered unlikely for Context 2, despite their perceived likelihood for Context 1.  

Nevertheless, as Studies 5-7 (Chapter 5) have shown the effect of context on selection 

of interpretations, it is predicted in the current study that while (1) context does not restrict the 

generation of candidate interpretations to those that fit only the current context, (2) context 

constrains what interpretation is selected as the best candidate. 
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6.2 Method 

 The current study was pre-registered on OSF prior to data collection 

(https://osf.io/3c5e9/). The study was approved by the Ethical Review Committee at the 

University of Birmingham.  

6.2.1 Participants 

 An a priori power analysis was conducted with R 4.1.1 (R Core Team, 2021) and the 

simr package (Green & Macleod, 2016), which indicated 89% power (95% CI = [81.17%, 

94.38%]) for detecting an assumed small effect size of 0.2 (Chen et al., 2010) for a fixed 

effect in a linear mixed model involving random intercepts and random slopes with a sample 

size of 300. A small effect size was specified due to the lack of existing data on the generation 

process of mindreading. Specifying a small effect size and recruiting a larger sample ensured 

that small but meaningful effects were not missed, as even a small effect could indicate 

whether a given context entirely constrains the generation of candidate interpretations to those 

fitting the current context. The following screening criteria were specified in the recruitment 

of 300 participants via Prolific: participants had to be aged between 18 and 25, were UK 

residents, spoke English as their first language, had not been diagnosed with ASD, and had 

not participated in studies 1-7. The screening criteria were imposed to match the sample with 

that of Studies 5 to 7, in which the contexts were shown to influence mental state 

interpretations. Three participants did not fulfil the age criterion: two participants were aged 

26, while one participant was 43. The two participants aged 26 were kept in the dataset as 

their age was still very close to the upper limit (25), but the participant aged 43 was screened 

out from the analysis. Another participant was excluded as they provided the same rating 

response in 100% of the rating questions. Hence, the final sample included 298 individuals 

aged between 18 and 26 (148 female, Mage = 22.58). 

https://osf.io/3c5e9/
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Among the participants, 77.9% (n=232) were monolingual, while 16.1% (n=48) were 

bilingual and 6.0% (n=18) spoke more than two languages. Just over half (56.7%) held a 

Bachelor’s degree or above. Participants identified their ethnicity according to the 

descriptions recommended by the United Kingdom Office for National Statistics (ONS). Most 

of the participants were White (70.5%, n=210), 16.8% (n=50) were Asian, 6.0% (n=18) were 

mixed, 0.3% (n=1) was Black and 0.3% (n=1) identified as an Other ethnic group.   

6.2.2 Study design and procedure 

 Informed written consent was obtained before all participants participated in this 

study. All participants completed an online questionnaire on Qualtrics. After the participants 

read the instructions, five pictures each depicting a social scenario were shown.  

The five pictures were presented twice, once in each of the two main blocks of the 

questionnaire. Figure 6.1 illustrates the flow of the two blocks. 
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Figure 6.1. The figure illustrates the presentation of items and questions in the two 

experimental blocks. The interpretations rated in Block 2 were generated by in Block 1. 
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In the first block, before each picture was presented, participants read a sentence 

describing the contextual background of the picture (Context 1). The sentence described the 

relationship between the characters or the general background to the interaction (e.g., “The 

couple is sharing a meal on their anniversary”). The picture was then presented after 5s, and 

participants were given 20s to think about possible interpretations of what a target character in 

the picture was thinking or feeling. Participants were then required to enter all the possible 

interpretations they had thought of during the 20s, up to a maximum of 10 interpretations, 

even if they only thought of them briefly and soon rejected them. The next page then showed 

participants the responses they had just entered and instructed the participants to select only 

one entry as the most likely interpretation in the given context. After that, participants rated 

the likelihood of every interpretation they entered on a 6-point scale, ranging from 1 

(extremely unlikely) to 6 (extremely likely).  

Participants read instructions regarding the next block before the second block 

commenced. In the second block, the same pictures were presented in the same sequence as in 

the first block, but the contextual information was changed (Context 2; e.g., the two 

colleagues are having dinner together after a work meeting). Participants were shown the list 

of interpretations they had entered earlier in the first block to rate how likely they thought 

these interpretations described the picture when taking the new context into consideration.  

Context 1 (i.e., a low-frequency context) always presented a context designed to 

prompt an infrequent interpretation of the item when the item was presented context-free, 

based on Studies 5d-7. Context 2 (i.e., the high-frequency context) always presented a context 

that prompted a frequent interpretation of the item when it was presented context-free (see 

Studies 5d-7). The presentation order of pictures in both blocks was counterbalanced between 

participants using a Latin square design, following five unique sequences. The presentation 
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order of the interpretations was randomised each time participants had to rate the likelihood of 

each one.  

The session took around 15 minutes and participants received £2.25 after completing 

the study. 

6.2.3 Materials 

The same five pictures, as well as the low-frequency (Context 1) and high-frequency 

context (Context 2) descriptions from Study 7 were used in this study. The pictures and 

contexts presented are summarised below in Table 6.1.  
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Table 6.1. List of pictures and contexts presented in Study 8. 

Picture Context 1 Context 2 

P3

 

The couple is sharing a meal 

on their anniversary. 

The two colleagues are having 

dinner together after a work 

meeting. 

P5

 

He just got promoted to 

leader of their team. 

The colleagues have found that 

they are both free after work 

today. 

P8

 

They’ve been told that their 

reservation was cancelled. 

They’ve been told that it hasn’t 

yet been possible to contact their 

daughter. 

P9

 

He just invited his daughter 

out to tell her his decision to 

divorce her mother. 

They are meeting because his 

daughter called him. 

P10

 

The couple is on their way 

home from lunch. 

They are on the way to handling 

a difficult assignment. 
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6.2.4 Analyses and data pre-processing 

Generation of candidate interpretations. In the analysis of the effect on generation 

of candidate interpretations, the target dependent variable was the probability of generating a 

candidate interpretation in Context 1 given its perceived likelihood in Context 1 and in 

Context 2. This probability is unmeasurable: to calculate the probability of generating the 

interpretations in Context 1, the number of interpretations generated should be divided by the 

number of interpretations that can be possibly generated (an unknown value). However, a 

proxy of the probability of interest was calculated following the method used in Morris et al. 

(2021), in which the analysis was made possible by recoding data and imposing specific 

assumptions as follows. For convenience, ratings for Context 1 are labelled L (for low 

frequency context) and the rating for Context 2 are labelled H (for high frequency context) in 

the following explanation of the analyses. 

The perceived likelihood ratings in both contexts were recoded into a binary variable 

based on whether the rating was higher than (1) or lower than midpoint of the scale (0), to 

allow for analysing the data with simplifying assumptions, as will be explained below. This 

created four possible combinations of the values of the two dummy variables across contexts: 

(1) Ldummy=1 & Hdummy=1, (2) Ldummy=0 & Hdummy=1, (3) Ldummy=1 & Hdummy=0, and (4) 

Ldummy=0 & Hdummy=0.  

There were two assumptions related to the joint distribution of Ldummy,Hdummy. First, the 

joint distribution was assumed to be uniform. In other words, it was assumed that there were 

equal numbers of possible interpretations that fit any of the four combinations. The second 

assumption was that the joint distribution of Ldummy,Hdummy did not correlate with any 

confounding factor that would influence whether an interpretation would be generated, that is, 

the perceived likelihood of an interpretation in the two contexts was the only factor that 

influenced whether an interpretation would be generated. With these two assumptions and 



204 

 

using Bayes’ theorem, the probability of generating an interpretation given a specific 

combination of rating values (i.e., the variable of interest) is directly proportional to the 

proportion of responses that match the corresponding combination of values of the two 

dummy variables, as illustrated in Figure 6.2. Hence, this latter proportion, which can be 

calculated from the data collected (as explained in Appendix D), can be used as a proxy of the 

probability of generating an interpretation in Context 1. This proxy was, therefore, used as the 

dependent variable in the linear mixed model analysis.  

 

Figure 6.2. For each item, the proportion of a participant’s interpretations matching each 

combination of the two dummy variables’ values 

(𝑃(𝐿𝑑𝑢𝑚𝑚𝑦 = 𝑙,  𝐻𝑑𝑢𝑚𝑚𝑦 = ℎ|𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 = 1)) is directly proportional to the probability of 

generating an interpretation that fits the corresponding combination of perceived likelihood in 

the two contexts (𝑃(𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 = 1|𝐿𝑑𝑢𝑚𝑚𝑦 = 𝑙,  𝐻𝑑𝑢𝑚𝑚𝑦 = ℎ)) for each item, and hence, 

can be used as a proxy of the latter. In sum, the dependent variable was a vector of four 

numbers corresponding to the proportion of responses falling into the four possible 

combinations of high versus low likelihood ratings for the two contexts, for each item for 

each participant (see Appendix D). 
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In the linear mixed model, the fixed effects of the two dummy variables were the key to 

addressing the research question. If context does not fully constrain the generation of 

candidate interpretations, the fixed effects of both Context 1 and Context 2 should be 

significant in explaining the probability of generating an interpretation in Context 1. The 

analysis was conducted using the packages lme4 (Bates et al., 2015) and lmerTest 

(Kuznetsova et al., 2017) in R 4.1.1 with the REML estimator. As specified in the 

preregistration, a full random structure was first specified. If the model failed to converge, a 

model without random slopes would be specified.   

Selection of the best interpretation. To address the question of selecting the most 

likely interpretation in Context 1, a logistic mixed model was specified. The dependent 

variable was binary: it was coded 1 if the interpretation was selected, or 0 if not. For each 

participant, only one interpretation would be assigned a value of 1 for each item. The 

predictors were the raw likelihood ratings of interpretations in Context 1 and Context 2. 

 If context constrains the selection of the best interpretation, it was expected that the 

fixed effect of only Context 1 but not Context 2 should be significant. The logistic mixed 

model analysis was conducted using the packages lme4 and lmerTest in R 4.1.1 with the ML 

estimator. The model specification started with a full random structure. Random slopes would 

be removed if the model failed to converge or had a singular fit.  

For both models addressing generation and selection, any further problems with model 

convergence or model fit would be handled by specifying a Bayesian model with the full 

random structure using the package brms (Bürkner, 2018) as an alternative, with reference to 

research showing the adoption of Bayesian model could practically solve convergence issues 

(Kimball et al., 2019). 



206 

 

6.3 Results 

6.3.1 Generation of candidate interpretations 

 Descriptive statistics. Table 6.1 summarises the proportion of all interpretations 

generated by all participants in Context 1 that were then rated as likely (likelihood rating 

above scale mid-point) and unlikely (below scale mid-point) in Context 1 (the low frequency 

context) and Context 2 (the high frequency context). The vast majority (81.7%) of the 

interpretations generated in Context 1 were rated as likely in Context 1, while only slightly 

over half (52.5%) were rated as likely in the other context (Context 2). This observation 

suggests that overall, individuals were slightly more likely to generate interpretations that also 

fit an alternative Context 2 than those that did not. However, only 6.18% of the interpretations 

were rated as likely in the alternative context (Context 2) but unlikely in the context where the 

interpretations were generated (Context 1). This suggests that it was unlikely for individuals 

to come up with candidate interpretations that suited an alternative context more than the 

current given context.  

 

Table 6.1. Proportion of interpretations categorised as likely and not likely across contexts. 

 

Context 2 

Subtotal 

Likely Not likely 

Context 1 

Likely 46.3% 35.4% 81.7% 

Not likely 6.18% 12.1% 18.3% 

Subtotal 52.5% 47.5%  

 

As the data summarised above were nested within participants, mixed models were 

adopted for formally testing the hypotheses.  
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Mixed model results. If the generation of candidate interpretations was not 

constrained by context, then the probability of a candidate interpretation being generated in 

Context 1 should be associated with perceived likelihood in both Context 1 and Context 2. 

The linear mixed model was first specified to include a random intercept and the random 

effects of both dummy variables (perceived likelihood in Context 1 and that in context 2). The 

model had a singular fit, so random slopes were removed to reduce model complexity. 

However, the simplified model still resulted in a singular fit, probably due to extremely low 

between-participant variance (estimate = .00, SD = .00). 

As an alternative, a Bayesian linear mixed model that included a random intercept and 

random effects of both predictors was specified using the brms package in R 4.1.1 with 

default, weakly informative priors set by the package, due to a lack of strong prior 

expectations regarding the magnitude of the effects (Bürkner, 2017). The zero/one inflated 

Beta model family was adopted to cater for the nature of the dependent variable, which was a 

proportion that varied between 0 and 1 (0 and 1 inclusive) (Liu & Eugenio, 2016).  

Results showed that the likelihood rating in both Context 1, estimate = 0.65, SE = 

0.03, 95% credible interval = [0.58, 0.71], and Context 2, estimate = .10, SE = .04, 95% 

credible interval = [.02, .16], explained the probability of an interpretation being generated in 

Context 1. In other words, when an interpretation was considered likely in Context 1, the 

probability of it being generated was increased by an estimated value of 65% compared to an 

unlikely interpretation in Context 1, controlling for the likelihood of the interpretations in 

another context (Context 2). Likewise, when an interpretation was considered likely in 

another context (Context 2), the probability of it being generated was increased by an estimate 

of 10% compared to an unlikely interpretation in Context 2, controlling for the likelihood of 

the interpretations in the given context (Context 1). The 95% credible interval of the two 

estimates did not overlap, indicating that the probability of generating an interpretation was 
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explained to a larger extent by its perceived likelihood in Context 1 than that in Context 2. 

Table 6.2 summarises the output of the model. 

 

Table 6.2. Output table of the Bayesian model (zero/one inflated Beta model family) for 

explaining generation of candidate interpretations in Context 1. 

  Generation 

Predictors Estimates std. Error CI (95%) 

Intercept -0.87 0.03 [-0.93 – -0.80] 

Context 1 (dummy) 0.65 0.03 [0.58 – 0.71] 

Context 2 (dummy) 0.10 0.04 [0.02 – 0.16] 

phi 7.27 0.21 [6.88 – 7.68] 

Random Effects 

σ2 1.00 

τ00 PID 0.06 

τ11 PID. Context1(dummy) 0.02 

τ11 PID. Context2(dummy) 0.15 

ρ01   

ρ01   

ICC 0.04 

N PID 298 

Observations 5960 

Marginal R2 / Conditional R2 0.016 / 0.023 

 

 To check the robustness of the output, the Bayesian mixed model was rerun by 

replacing the Beta distribution with the Gaussian distribution in the specification of model 

family. As the Gaussian distribution was more general and less tailored to the specific 

distribution of the current data, it was used to examine the robustness of the findings across 

models with differing underlying assumptions. The default weakly informed priors were 

adopted. Both fixed effects were replicated, showing that both likelihood ratings in Context 1 
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(estimate = 0.33, SE = 0.01, 95% credible interval = [0.31, 0.34]) and Context 2 (estimate = 

0.03, SE = 0.01, 95% credible interval = [0.01, 0.05]) explained the generation of an 

interpretation in Context 1. Table 6.3 summarises the model output. 

 

Table 6.3. Output table of the Bayesian model (Gaussian model family) for explaining 

generation of candidate interpretations in Context 1. 

  Generation 

Predictors Estimates std. Error CI (95%) 

Intercept 0.07 0.01 [0.06 – 0.09] 

Context 1 (dummy) 0.33 0.01 [0.31 – 0.34] 

Context 2 (dummy) 0.03 0.01 [0.01 – 0.05] 

Random Effects 

σ2 0.06 

τ00 PID 0.01 

τ11 PID. L_dummy 0.01 

τ11 PID. H_dummy 0.02 

ρ01   

ρ01   

ICC 0.10 

N PID 298 

Observations 5960 

Marginal R2 / Conditional R2 0.301 / 0.374 

 

6.3.2 Selection of the most likely interpretation 

 Descriptive statistics. Table 8.4 shows the descriptive statistics of the likelihood 

ratings for the interpretations that were selected and not selected as the best interpretations in 

Context 1, across items.  
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Table 6.4. Descriptive statistics of likelihood ratings for interpretations selected and not 

selected as the best interpretation in Context 1. 

 Likelihood ratings in Context 1 

(range = 1-6) 

Likelihood ratings in Context 2 

(range = 1-6) 

Mean SD Mean SD 

Selected 5.48 0.71 3.76 1.76 

Not selected 4.34 1.18 3.46 1.76 

  

Mixed model results. If selection of the most likely interpretation in a scenario 

depends on the context, then the perceived likelihood rating of a candidate in Context 1 but 

not Context 2 should explain its possibility of being selected as the best interpretation in 

Context 1. To test this hypothesis, the first mixed model was specified with both a random 

intercept and random slopes, but the model failed to converge. Hence, a simplified model 

including only the random intercept but not the random slopes was specified. Results showed 

that the selection of the best interpretation in Context 1 was only predicted by its perceived 

likelihood in Context 1 with a log-odds of 1.44 (z = 26.50, p < .001) corresponding to an odds 

ratio of 4.20, but not its perceived likelihood in Context 2. The output of the analysis is 

summarised in Table 6.5. 
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Table 6.5. Output table of the logistic mixed model predicting selection of the best 

interpretation in Context 1.  

  Selection 

Predictors Log-Odds 
std. 

Error 
CI Statistic 

Odds 

ratio 
p 

(Intercept) -8.31 0.29 [-7.34 – -6.42] -28.78 0.00 <.001*** 

Context 1 (rating) 1.43 0.05 [1.33 – 1.54] 26.44 4.19 <.001*** 

Context 2 (rating) -0.02 0.02 [-0.07 – 0.02] -0.82 0.98 .286 

Random Effects 

σ2  3.29 

τ00 PID  0.25 

ICC  0.07 

N PID  298 

Observations  6551 

Marginal R2 / Conditional R2 0.451 / 0.489 

*** p < .001 

 

 To check the robustness of the effects, the complex model with full random 

components was rerun with the Bayesian approach using the brms package and package 

default priors. Results from the simplified model were replicated, showing that only perceived 

likelihood in Context 1 but not Context 2 explained whether an interpretation was selected as 

the best interpretation in Context 1, with a log-odds of 1.55 (95% credible interval = [1.42, 

1.69]) corresponding to an odds ratio of 4.70, as summarised in Table 6.6. 
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Table 6.6. Output of the Bayesian model for predicting selection of the best interpretation in 

Context 1. 

  Selection 

Predictors Log-Odds std. Error CI (95%) Odds Ratio 

Intercept -8.97 0.36 [-9.70 – -8.27] 0.00 

Context 1 (rating) 1.55 0.07 [1.42 – 1.68] 4.69 

Context 2 (rating) -0.02 0.02 [-0.06 – 0.02] 0.98 

Random Effects  

σ2 3.29  

τ00 PID 7.42  

τ11 PID.Context1 0.21  

τ11 PID.Context2 0.00  

ρ01    

ρ01    

ICC 0.20  

N PID 298  

Observations 6551  

Marginal R2 / Conditional R2 0.238 / 0.240  

 

6.3.3 Additional analysis: inter-item correlation in the number of candidates generated 

 An additional analysis was conducted to examine participants’ consistency in the 

number of candidate interpretations they generated across cross items. This analysis was 

conducted as an extension to Study 3 (Chapter 3) to provide further insight into using 

propensity to generate multiple interpretations as a potential index of consistent individual 

differences in mindreading. The average number of interpretations generated for each item 

varied from 4.21 to 4.58 across participants. Echoing the findings from Study 3 (Chapter 3), 

the inter-item correlations were high concerning the number of interpretations generated, as 

shown in Table 6.7. 
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Table 6.7. Zero-order correlation (Spearman correlation) matrix of number of candidate 

interpretations generated across items. 

 P3 P5 P8 P9 

P5 .58***    

P8 .62*** .60***   

P9 .60*** .65*** .58***  

P10 .54*** .57*** .55*** .54*** 

*** p < .001 

 

6.4 Discussion 

6.4.1 Summary and implications 

This study aimed to investigate if context constrained selection and generation of 

candidate mental state interpretations in ambiguous social stimuli. It was predicted that 

context would not limit candidate interpretations generated to only those considered likely in 

the given context, but would strongly limit the selection of the best candidate. As 

hypothesised, the generation of candidate interpretations was not entirely shielded from the 

constraints of the given contexts, but contexts constrained the selection of the best pick 

among the generated. In other words, selection was highly context-dependent but generation 

was not. Additionally, this study has provided support for the previous findings (Study 3) 

showing consistent individual differences in generating candidate interpretations.  

The current findings reiterate the importance of context in the process of selecting a 

good interpretation in mindreading “decoding” tasks in which participants interpret mental 

states based on observable cues (Meinhardt-Injac et al., 2020), most likely, facial expressions 

(e.g., Cambridge mindreading face battery, Baron-Cohen & Hill, 2006; Faces test, Adoplhs et 
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al., 2002; Baron-Cohen et al., 1997; Reading the Mind in the Eyes Task, Baron-Cohen et al., 

2001). This echoes the findings from Studies 5-7 (Chapter 5). 

Furthermore, the current findings provide support for studying generation and 

selection as separate processes involved in mindreading. Measurements of mindreading in the 

existing literature predominantly consider the appropriateness of a response, which focus on 

the selection process, or conflate generation and selection. Although other research has 

distinguished the appropriateness of mindreading responses and one’s propensity to mindread 

(e.g., Devine & Apperly, 2022; Carpenter et al., 2016), the behavioural assessment of the 

latter usually rests on whether a mindreading interpretation is spontaneously produced or the 

proportion of mental state descriptions in open-ended responses. The tendency to generate 

multiple interpretations for the same target person has been seldom considered in the literature 

with one notable exception (i.e., Hayward et al., 2018), in which the authors presented comic 

strips to children aged between 7 and 17, who were prompted repeatedly to provide 

explanations for a character’s behaviour until they could not think of any more explanations. 

Hence, the stand-alone process of generating candidate interpretations seems to be 

understudied in the existing literature. 

The idea of studying generation and selection corroborates existing theoretical models 

of mindreading but also provides unique contribution to the study in the field of mindreading. 

While the ToMM-SP (Leslie et al., 2004) has not specified how the Selection Processor 

makes decisions on selecting the most appropriate mental state, the current findings show that 

the selection process involves the consideration of context. The current findings also suggest 

that these two distinct processes are not only involved in reasoning about an agent’s beliefs 

and desires in highly-constrained settings as shown in studies of the BToM model (e.g., Baker 

et al., 2011), but also more general thoughts and feelings in naturalistic social scenarios. To 

illustrate with the study by Baket er al. (2011), a sample stimulus presented involved a 2-D 
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spatial configuration featuring a cartoon agent, multiple food trucks and objects obstructing 

the agent’s view. The view the agent was able to see was manipulated to control the agent’s 

beliefs about the location of the food trucks, while the agent’s desires were limited to their 

preference for a particular food truck or another. This setting was highly specific, unlike the 

stimuli in the current study.  

6.4.2 Limitations and future research directions 

 One limitation of the current study was the inability to examine whether the effect of 

context on the generation and selection of mental state interpretations is time-sensitive. In the 

current study design, following Morris et al. (2021), participants were asked to generate 

possible interpretations within a brief period (20 seconds in the current study) and then recall 

them, with no restrictions on the order of recall. Therefore, the current study did not explore 

whether interpretations generated earlier were less influenced by context than those generated 

later. This issue of time-sensitivity could be addressed by asking participants to recall their 

thoughts in sequence. Alternatively, investigating the impact of speeded responses or 

increased cognitive load on considering possible interpretations might shed light on the role 

of time and cognitive effort in generating and selecting interpretations in a given context. 

A notable observation from our results was the relatively small effect size of 

likelihood ratings in Context 2 compared to Context 1 in predicting the generation of 

candidate interpretations in Context 1. This contrasts with the findings from Morris et al. 

(2021), where they observed a larger effect of generalised evaluations than context-specific 

evaluations on the generation of candidate items. While a definitive explanation for this 

finding is lacking, it is possible that interpretations fitting Context 2 were not as general as in 

Morris et al.’s (2001) study, leading to lower likelihood of their generation by default, 

assuming context would not have constrained generation of candidate interpretations. Future 

research could further investigate the effect of context by manipulating the similarity between 
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the two contexts and examining whether a more similar or dissimilar, irrelevant context 

influences how likely an interpretation fitting the irrelevant context is generated in the initially 

given context. 

6.4.3 Conclusion 

 Study 8 aimed to explore the role of context in both generation and selection of mental 

state interpretations of ambiguous social stimuli. Results showed that context strongly 

affected selection while its effect on generation was weaker. The findings emphasised the 

importance of context in mental state interpretations and supported the distinction between 

generation and selection processes in mindreading. 
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Chapter 7 

General discussion 
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7.1 Summary and synthesis 

7.1.1 Overarching aims and summary 

This thesis has addressed research gaps in the study of individual differences in adult 

mindreading by focusing on measurement challenges, the conceptualisation of mindreading 

success, and examining the processes of generation and selection in context.  

First, to address the question on measurement challenges, Chapter 2 presented a 

systematic review evaluating the sensitivity of existing mindreading measures to performance 

variance in adults and their psychometric properties. To identify reliable indices of individual 

differences in adult mindreading, Chapters 3 to 5 investigated inter-item correlations of 

participants’ alignment within groups. Furthermore, Chapter 5 specifically addressed 

participants’ flexibility in adjusting interpretations based on varying contexts.  

Second, to investigate the conceptualisation of mindreading success, Chapter 3 

discussed how mindreading success could be defined in mental state tasks where the ground 

truth of targets’ mental states is not directly accessible. Alignment was proposed as an 

alternative to accuracy, and the chapter introduced a novel method to quantify alignment from 

open-ended data. Chapters 4 and 5 further challenged the notion of accuracy by investigating 

changes in alignment by manipulating the process that participants are required to engage in 

due to varied format, and context provided in the task, respectively.  

Third, the generation and selection processes in mindreading were considered 

throughout this thesis. In Chapter 3, where a correlational analysis was conducted to test the 

association between participants’ tendency to generate unique interpretations and their 

alignment within groups. Chapter 6 then examined the role of context in the generation and 

selection of interpretations as distinct processes, using a novel paradigm and a modelling 

approach.  
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This final chapter will first summarise the chapter aims and findings, then integrate the 

findings from all chapters to answer the overarching themes of the current thesis, followed by 

discussing overarching implications, and finally discuss general limitations of the current 

studies and future research directions, ending with a concluding remark. 

7.1.2 Summary of chapter aims and findings 

Chapter 2. Chapter 2 presented a systematic review identifying 75 existing measures 

used to assess individual differences in mindreading in neurotypical adults. This review 

examined how these measures were administered and critically evaluated their measurement 

characteristics, focusing on sensitivity to individual differences in mindreading performance, 

reliability, validity, and the interrelations among tasks. The review revealed inconsistencies in 

the administration of measures across studies, with variations in stimuli and response formats 

even for notionally identical tasks. Among open-ended measures, the most tasks focused on 

accuracy rather than propensity in mindreading. 

For measures where it was possible to examine the average percentage of maximum 

possible score (POMP), approximately half exhibited ceiling effects (i.e., average scores 

were >85% of the maximum possible score). There was a notable lack of evidence regarding 

reliability and validity as this information were often not reported. The analysis thus 

concentrated on the top eight most commonly used measures. Although the reliability of these 

measures was generally satisfactory, information on test-retest reliability was limited. Validity 

was primarily assessed in terms of convergent validity and known-group validity, with seven 

out of the eight tasks showing satisfactory results in these areas. However, evidence for 

discriminant validity was limited, despite being mostly positive, and there was even less 

evidence for criterion-related validity, indicating that real-life outcomes of mindreading in 

neurotypical adults may be understudied. Moreover, despite its popularity, the Reading the 

Mind in the Eyes Task (RMET; Baron-Cohen et al., 2001) did not exhibit the best 
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psychometric properties. Furthermore, inconsistent evidence was found regarding 

intercorrelations among tasks, with some measures not correlating with any others, even after 

correcting for attenuation.  

These findings underscore the need for more empirical research on the psychometric 

properties of existing measures and the development of measures with better psychometric 

characteristics. Future research adopting a latent variable approach to determine whether 

mindreading can be conceptualised as a common latent factor represented by multiple sub-

abilities that are interrelated is needed. 

The systematic review provided a basis for exploring alternatives to the accuracy 

criterion and examining how task format and context influence mental state interpretations in 

subsequent chapters. 

Chapter 3. Chapter 3 presented a series of three studies that aimed to address the 

assumption that a “correct” answer determined by a small group of experimenters, panel 

members, or pilot participants served as a proxy for a single, invariant ground truth about a 

target’s mental states. This chapter explored alignment as an alternative to accuracy in 

characterising mindreading success with a novel method to operationalise alignment. The 

chapter also evaluated the tendency to generate multiple unique mental state interpretations 

and alignment as possible indices of individual differences in mindreading.  

Photos featuring individuals of varied ages, genders, and ethnicities engaging in 

naturalistic social interaction scenarios were used as stimuli. This approach differed from 

other existing tasks that presented either completely decontextualized photos of faces or the 

eye region (e.g., Adoplhs et al., 2002; Baron-Cohen et al., 1997; 2001) or video clips of social 

interactions. The characteristics of the current stimuli, being both naturalistic in the social 

scenarios portrayed and minimally contextualised (though not entirely decontextualised), 
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allowed for the investigation of a wide range of plausible mental state interpretations and the 

manipulation of context in later chapters (Chapters 5 and 6). 

Study 1 provided pilot data for Studies 2 and 3. Together, Studies 1 to 3 found 

evidence for differences in how older and younger participants interpreted the mental states of 

the same targets. The results challenged the assumption that the best description held for 

individuals across different groups. Study 3 further found evidence for multiple 

interpretations for each item, challenging the assumption of a single proxy to ground truth 

when actual ground truth was unknown. However, the tendency to generate multiple unique 

mental state interpretations was found to be a potential candidate for reliably indexing 

individual differences in mindreading, even when controlling for verbosity. Alignment scores 

were not found to be interrelated across items, suggesting that alignment of open-ended 

interpretations of ambiguous picture stimuli might not provide a reliable indicator of 

individual differences in mindreading. An additional exploratory analysis was conducted to 

examine if the propensity to generate multiple interpretations correlated with alignment 

scores, but the correlations were weak and not statistically significant. This corroborated 

research suggesting propensity as an independent facet of mindreading from accuracy, with 

the former being a motivation-related component while the latter involves criteria to 

determine the appropriateness of an interpretation. 

It was speculated that the lack of inter-item correlation on alignment scores was due to 

the open-ended format of the task and the absence of given background information, which 

permitted a broad range of possible interpretations. These factors were then examined in 

Chapter 5 by investigating the inter-item correlations of alignment scores when the task was 

changed to a forced-choice format and, further, by introducing context information to 

constrain interpretations. The task was first converted to a forced-choice format in Chapter 4. 
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Chapter 4. Chapter 4 compared the alignment of mental state interpretations in a 

newly recruited sample completing a forced-choice version of the task with that of 

participants completing the open-ended version of the task (i.e., the younger adult group from 

Study 3). In the forced-choice version, the four options were derived from popular mental 

state categories identified in Study 3. Results showed that participants’ alignment within the 

same-format sample (forced-choice) was significantly higher than alignment with the open-

ended-format sample, indicating that the format of the task, which involved the process of 

recognition versus generation, influenced preferences for different mental state 

interpretations. Consistent with Chapter 2, this finding underscored the importance of 

consistency in task administration across studies, suggesting that the validity of a “correct” 

answer could be affected by changes in task format. 

Chapter 5. Chapter 5 presented three sets of studies (Studies 5a-d to 7) focused on the 

role of context in influencing mental state interpretations. Studies 5a-d involved stimulus 

refinement and tested the effect of context with a between-participant design, which was then 

tested in a within-participant design in Study 6. Study 7 not only replicated the context effect 

in Study 6 but also operationalised flexibility as the tendency to adjust mental state 

interpretations to align with the majority, using a large sample of 140 participants. The inter-

item correlation of flexibility across items was examined to determine its reliability as an 

index of individual differences in mindreading. Additionally, the inter-item correlations of 

participants’ alignment scores calculated using the same method as in Study 4 (1) without 

context and (2) within each manipulated context were analysed to investigate whether the lack 

of inter-item correlation in Study 3 was due to the open-ended format or minimal contextual 

constraints. 

Results from all three sets of studies consistently showed that context significantly 

influenced mental state interpretations. Specifically, a less-favoured interpretation in a 



223 

 

decontextualised situation became more popular when a context favouring it was provided. 

This effect was observed in both between-group comparisons and within-participant 

adjustments, as participants changed their interpretations when presented with a different 

context. The observation of within-participant adjustment provided a basis for examining 

flexibility to adjust mental state interpretations with varying contexts. However, flexibility 

scores were not interrelated across items. 

Additionally, alignment scores were calculated for participants when stimuli were 

presented with no context information, as well as with contexts suggesting low-frequency and 

high-frequency interpretations. None of these scenarios showed satisfactory inter-item 

correlations for alignment scores. The lack of inter-item correlations suggested that neither 

flexibility nor alignment scores were suitable for reliably indexing individual differences in 

adult mindreading, at least with the current task. The lack of inter-item correlations in 

alignment scores further indicated that the absence of inter-item correlation in Study 3 was 

not likely due to its open-ended format or minimal context constraints. 

Chapter 6. Chapter 6 extended the investigation of the role of context in mental state 

generation, building on findings from Chapter 5. This chapter not only examined the selection 

of the most appropriate interpretation but also the generation of candidate interpretations 

within a given context. Adapting a novel paradigm adapted from value-based decision-

making research that showed context constrains selection but not generation of plausible 

items (Morris et al., 2021), Study 8 tested whether context similarly constrained the selection 

and generation of mindreading interpretations. Participants were asked to generate plausible 

mental state interpretations in a given context, to rate their perceived likelihood within that 

context, and then to rate their perceived likelihood in a different context.  

The results indicated that, although context influenced the candidate interpretations 

generated, the generation of these interpretations was not entirely constrained by the given 
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context. In contrast, contexts strongly constrained the selection of the best pick among the 

generated mindreading interpretations, meaning that the selected best interpretation was 

highly context-dependent. Additionally, a further analysis examined participants’ consistency 

in the number of candidate interpretations they generated across different items. The number 

of candidate interpretations generated showed strong correlations across items, supporting the 

finding from Study 3 that the tendency to generate multiple plausible mental state 

interpretations was a reliable indicator of individual difference in mindreading. This tendency 

might be more relevant to measuring propensity, as it did not involve judging the 

appropriateness of the generated interpretations. 

7.1.3 Summary of answers to overarching themes 

Measurement challenges. Chapter 2 revealed inconsistencies in task administration, 

ceiling effects in a considerable number of measures, and a limited evidence base for 

evaluating reliability and validity for existing measures. The tendency to generate multiple 

interpretations of the mental states of targets in ambiguous visual stimuli was a promising 

candidate for studying individual differences in mindreading. In contrast, alignment and 

flexibility of responses to the current task may not be reliable indices of mindreading. The 

lack of inter-item correlation for flexibility scores could be due to limited observed variance, 

but the reasons for the lack of alignment correlation remain unclear. It is unlikely that these 

issues were due to the open-ended nature of the task or the absence of context.  

Defining mindreading success. Chapter 3 challenged the assumption that “accuracy” 

determined by a small group was an effective proxy to a single ground truth in mental state 

interpretations. Alignment was introduced as an alternative to accuracy, and results revealed 

significant differences in interpretation across age groups in addition to multiple popular 

interpretations for all items. Chapters 4 and 5 further challenged the notion of accuracy, which 
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was assumed to be invariant in mental state “decoding”, by demonstrating that task format 

and context significantly influenced interpretations. 

Generation and selection in mindreading. Chapters 3 and 6 addressed the 

distinction between generation and selection processes. Chapter 3 studied the two processes 

by, first, calculating tendencies in generating multiple interpretations separately from the 

alignment within group, and second, correlating propensity with alignment, showing weak 

and insignificant correlations between the two. Chapter 6 explored whether the role of context 

differed between the two processes, finding that selection of the most appropriate mental state 

interpretation was largely dependent on context, while the generation of candidate 

interpretations was influenced by context, but to a lesser extent. 

7.2 Novelty of current research and implications 

7.2.1 Novelty of current research  

The studies reported in this thesis were built on existing empirical and theoretical 

research but contribute to the field in three ways.  

First, the scoring of participants was not based on a set of pre-determined “correct” 

answers but was achieved through crowdsourcing. In other words, participants’ scores 

depended on their agreement with fellow participants. This method departed from the 

conventional definition of mindreading success based on “accuracy”, which was unknown in 

the current case, to “alignment” as an alternative definition of mindreading success. 

Particularly, by calculating alignment scores in a way that took the proportion of agreement 

with others into consideration, the analysis accounted for the full set of variation in responses 

to detect differences not just in the majority choice between people, but also quantitative 

differences in their mental state interpretations. This was especially important given that 

Chapter 3 found more than one popular mental state interpretation in each test item.  
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Second, the notion of mindreading flexibility was explicitly operationalised as a 

participant’s tendency to adjust their ranking of perceived possibility of a mental state 

interpretation when context was varied in a way that agreed with the majority of fellow test 

takers. Although flexibility has been suggested to be an essential ability involved in 

mindreading, it has been rarely studied in the existing literature (e.g., Hayward et al., 2018). 

Existing work has not examined how varying context influences interpretations as an 

indicator of flexibility.  

Third, both the generation and selection processes were studied without conflation 

between them, and not solely focusing on the final selection. While existing models such as 

the ToMM-SP (Leslie et al., 2004) and BToM models (Baker et al., 2017) posit that 

mindreading involves generation and selection processes, few empirical studies have captured 

the ways that the generation mechanism differs from the selection process. The current thesis 

has delineated the two processes in the study of role of context in influencing generation and 

selection of possible interpretations (Chapter 6). 

7.2.2 Overarching implications 

 This thesis has four overarching implications for theory and future research. 

First, there is a need to evaluate the design and administration of existing mindreading 

measures for neurotypical adults. The findings suggest researchers should rethink the 

assumption that mindreading can only be measured using a single correct answer, which does 

not vary by test takers’ characteristics or task administration. This is especially relevant to the 

finding in Chapter 2 that most tasks measure accuracy and some tasks were inconsistently 

administered across studies. The empirical findings challenge the notion that there is a single 

correct answer by showing that consensus varies across different groups and task formats. 

Alignment is suggested as an alternative to accuracy, which is consistent with the view that 

mindreading is inherently social and that success can be characterised by group agreement 
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(Apperly et al., 2024). However, alignment and flexibility in responding to open-ended 

ambiguous social stimuli were not found to be reliable indicators in the current studies. 

Second, the operationalisation and calculation of alignment scores offer a feasible way 

to quantify differences in mental state interpretations across different groups. This method can 

be used to study the double empathy problem, which concerns differences in mindreading 

between neurotypes (Edey et al., 2016). The alignment score calculation can also be applied 

to study mindreading differences across various groups, such as cultural differences, to further 

evaluate the notion of a single “accurate” mental state interpretation that is invariant between 

groups of individuals.  

Third, the current findings support the notion that propensity and accuracy (with 

alignment studied as an alternative to accuracy in this thesis) should not be conflated. 

Propensity was found to be uncorrelated with alignment. The respective processes, generation 

(related to propensity) and selection (related to accuracy) were also found to be influenced by 

context to different extents. These findings are in line with the idea that these processes 

involve distinct mechanisms and that propensity and accuracy are independent facets of 

mindreading (e.g., Carpenter et al., 2016). The findings are also in line with the view that 

generation and selection are distinct processes (Apperly et al., 2024; Baker et al., 2017; Leslie 

et al., 2004). 

Fourth, the validity of a decontextualised mental state decoding task might be 

questioned. Chapters 5 and 6 show that context significantly influenced the selection of the 

most appropriate mental state interpretations. Therefore, simple decoding of mental states 

from observable cues in a decontextualised manner is likely insufficient for explaining 

mindreading success. Instead, the ability to interpret social stimuli in a contextually sensitive 

manner is also important. These results also corroborate findings showing emotion perception 

from facial expressions is influenced by context (Barrett et al., 2011). The contexts 
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manipulated in the current studies were limited to background information about social 

interactions and relationships, but other contexts could also involve characteristics of the 

target, such as personality, neurotype, and culture. As research has shown these factors 

influence mindreading accuracy and emotion expression (Adams et al., 2010; Brewer et al., 

2016; Perez-Zapata et al., 2016), the basis of assessing mindreading with such simple, 

decontextualised decoding tasks requires reconsideration.    

7.3 General limitations and future research directions 

7.3.1 General limitations 

 The first limitation concerns the generalisability of the findings. The empirical studies 

in this thesis focused on mental state decoding tasks using a limited set of pictorial social 

stimuli. This limits the applicability of the results to mental state reasoning tasks that require 

more complex processing, such as understanding the plot and nuanced interactions between 

characters to infer mental states, and especially ones that solely present verbal vignettes or use 

more naturalistic stimuli such as movies. Given that mindreading is a multi-faceted construct, 

the conclusions may not extend to all types of mindreading. For instance, context may be less 

relevant when assessing children’s sequence of acquisition of mental state concepts compared 

to evaluating older children’s or adults’ abilities to make mental state inferences in diverse 

contexts.  

 Another limitation is that with a focus on mental state interpretations about a target’s 

“thinking” and “feeling”, this thesis has not addressed the multidimensionality of mindreading 

or identify the core abilities that constitute mindreading, despite finding inconsistent 

interrelations among existing measures in Chapter 2. Some literature suggests that measures 

claiming to assess mindreading, such as the RMET, might actually measure emotion 

recognition rather than mindreading (Oakley et al., 2016). Emotion recognition and 

mindreading can be dissociated on one hand, as mindreading does not necessitate recognising 
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emotions from observations of a target’s expressions, but on the other hand, emotion 

recognition could be a component of mindreading depending on the definition adopted. 

Without a clear taxonomy of mindreading abilities, it is challenging to determine if a task 

genuinely captures mindreading. Previous reviews (e.g., Happé et al., 2017) have proposed 

schematic illustrations of how socio-cognitive abilities may interrelate, similar to parallel 

research in executive functions research that has clearly mapped out the shared variance 

across subdomains of the target construct (e.g., Friedman & Miyake, 2017; Miyake et al., 

2000). 

 The use of an open-ended format in Studies 1 to 3 and a bottom-up developed coding 

scheme also presents a limitation. Despite refining the coding scheme in Study 3 and ensuring 

inter-rater reliability, participants in a different population (e.g., different in cultural 

background) might provide interpretations that do not fit the existing mental state categories 

in the current coding scheme. Additionally, qualitative responses could be ambiguous, making 

it challenging to assign corresponding mental state categories to particular verbal responses. 

However, the alignment score calculation, which considers all possible categories involved in 

a response, reduces the risk of underestimating alignment compared to a majority-wins 

approach: even if a response does not hit the majority response given the judgment of the 

coder, the response still has a score higher than zero, if it has been coded on at least one more 

category. 

 An additional limitation is that neurotypical adults recruited for the empirical studies 

were practically defined as non-autistic adults, while individuals with other forms of 

neurodivergence (e.g., ADHD) may have been included. This inclusion could introduce some 

variability in the data, but it is unlikely to have caused systematic errors that would undermine 

the main arguments in the chapters. This is because ASD is the clinical condition with the 

strongest social relevance, and autistic individuals were screened out from the samples. 
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7.3.2 Future research directions 

An obvious direction for future research is to examine whether similar differences in 

interpretations between groups, as observed in tasks involving a significant mental state 

decoding component, also occur in purely mental state reasoning tasks using verbal vignettes, 

and whether consensus varies between different groups of individuals. Preliminary evidence 

already suggests that mindreading accuracy is higher when the target is culturally similar, as 

shown in cross-cultural research using an adapted Strange Stories Task (Perez-Zapata et al., 

2016). Future studies could test different groups within the same culture and examine 

variations in participants’ flexibility when the same task is adapted to different cultures or 

scored based on consensus in different groups (if variation in consensus is found between 

groups). The alignment paradigm, while not requiring the use of the same stimuli as the 

current studies, can be adapted to study the double empathy problem (Edey et al., 2016). For 

example, a group of autistic individuals and a group of neurotypical individuals could be 

recruited to interpret a standardised set of social stimuli, and the same-group alignment scores 

could be compared to the crossed-group alignment scores. One group showing higher same-

group than crossed-group alignment would suggest differences in interpretations by the two 

groups.  

Another future research direction is to compare the utility of determining 

appropriateness based on established ground truth (i.e., by asking the target what they actually 

think or feel using the Interview task; Long et al., 2022) and alignment. There is yet no 

empirical research comparing these two definitions of mindreading success, while 

mindreading is expected to have consequences for social outcomes (e.g., Apperly, 2012; 

Dunn & Cutting, 1999; Dunn et al., 1991; Dunn, & Brophy, 2005; Hughes & Devine, 2015). 

Hence, it is important to examine if the tasks adopting various definitions for mindreading 

success do predict positive social outcomes, such as better social functioning skills, to 
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establish criterion-based validity of the tasks. A simple way to conduct such research is to 

adopt a task that is based on established ground truth (e.g. the Interview Task; Long et al., 

2022), and score it in two ways: first, according to the known ground truth and second, based 

on alignment with others. Regression models can be specified to model how well these scores 

predict social outcomes. 

A third future research direction is to map out the taxonomy of mindreading abilities 

and test competing models using a latent variable approach. A strong theoretical model is 

lacking in defining the essential nature of mindreading and whether a unitary concept of 

mindreading truly exists in the adult population, despite attempts in younger populations (e.g., 

Devine et al., 2023; Hughes et al., 2018). Empirical research in this direction can be 

conducted by recruiting participants to complete a battery of mindreading tasks and specify 

different latent variable models to compare the model fit. To validate sub-components of 

mindreading, tasks should load on distinct latent factors for each sub-component, 

demonstrating clear separation from other sub-components, while still being interrelated with 

other domains, hence providing evidence for a unified construct of mindreading. This 

approach is similar to research in executive functions, where different subdomains including 

inhibition, shifting, and updating show both distinctiveness and shared variance (Friedman & 

Miyake, 2017; Miyake et al., 2000; Rodríguez-Nieto et al., 2022).  

A final suggested future research direction is to explore how context affects the 

generation and selection of mental state interpretations. Researchers could manipulate 

thinking and response time allowed, and vary the similarity between different contexts. If it 

takes extra cognitive effort to consider context in the process of generating plausible mental 

state interpretations, it is possible that participants tend to generate interpretations that are 

applicable not only to the current context but also to alternative contexts when less time is 

allowed for generation; the difference in likelihood ratings for the same interpretations 
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between the two contexts would then be expected to be reduced. The difference in likelihood 

ratings could be modulated by similarity between the two contexts as well. This research 

direction would help to reveal whether taking context into consideration is cognitively 

effortful, and whether the generation of mental state interpretations is not constrained by the 

given context to the extent that these generated interpretations apply even to contexts that are 

highly dissimilar and irrelevant. These manipulations should provide clearer insights into 

when and how context impacts mindreading. 

7.4 Conclusion 

 This thesis addressed gaps in adult mindreading research by evaluating measurement 

challenges, proposing alignment as an alternative to accuracy, examining the distinct 

processes of generation and selection of mental state interpretations, and exploring possible 

indicators of individual differences in mindreading in neurotypical adults. Chapter 2 revealed 

inconsistencies in existing measures and called for more research on evaluating existing 

measures and developing better measures for mindreading. Chapter 3 to 5 challenged the 

notion of a singular correct interpretation, showing that the most-agreed or best description 

perceived varied with task format and context, and individuals could flexibly adjust 

interpretations with varying context. Chapters 3 and 6 demonstrated that generation and 

selection were distinct processes, with Chapter 6 showing that context strongly constrained 

the selection process but less so the generation of interpretations. Finally, the number of 

mental state interpretations generated was found to be a promising indicator of individual 

differences in propensity of mindreading. 
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Appendix A. Coding scheme for coding verbatim responses into categories 

Category Description Example(s) Valence 

compassionate 

States or implies that the character 

feels for or cares about the feeling 

of another person and/or wants to 

offer help. 

concerned, empathetic, 

protective, trying to 

help, comforting, 

supportive positive 

calm/relaxed 

States or implies that the character 

is feeling relaxed, comfortable or 

at ease. 

at ease, relaxed, 

comfortable positive 

confident 

States that the character is certain 

of his/her abilities and/or has 

power/influence over 

others/matters. 

confident, important, 

powerful positive 

curious/interested 

States or implies that the character 

is pleasantly eager to know 

something. (If a positive valence 

is not implied, code as 

attentive/focused/engaged) 

curious, interested, 

intrigued positive 

happy 

States or implies that the character 

is in a state of pleasure, 

contentment or feels fortunate. 

happy, enjoying, 

content, lucky, pleased, 

amused positive 

romantic feelings 

States or implies that the character 

is feeling romantic. 

aroused, attracted, 

flirtatious, love, fond, 

desire, adore, admire positive 

trust 

States or implies that the character 

believes in something/someone 

else. trust positive 

shocked/surprised 

States or implies that the character 

is stricken by something 

unexpected/unbelievable. 

shocked, surprised, 

disbelief neutral 

attentive/focused/eng

aged 

States or implies that the character 

is focusing on something or 

actively engaged in something, 

with a neutral valence. 

attentive, concentrated, 

concerned, intense, 

serious neutral 

confused/unsure 

States or implies that the character 

has difficulty understanding 

something or making a decision 

confused, puzzled, 

uncertain neutral 

contemplating 

States or implies that the character 

is in thought, ruminating, or is 

thinking about something hard. 

(Also code "1" if the response is 

the content of the character's 

thought.) 

in thought, processing, 

trying to sort a problem 

out, overthinking neutral 

determined 

States or implies that the character 

has made a firm decision and/or is 

prepared to do something. 

determined, prepared, 

responsible, persuasive neutral 

neutral 

States or implies that the character 

is not thinking/feeling anything 

special. blank, neutral, numb neutral 

not surprised 

States or implies that the character 

has expected a certain outcome 

and does not feel surprised about 

it. not surprised, knew it neutral 
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pretending 

States or implies that the character 

is pretending to be thinking 

about/feeling something different 

from what he/she is actually 

thinking about/feeling. 

faking, pretending, 

trying to act as if neutral 

angry/irritated 

States or implies that the character 

is in a state of agitation, anger or 

aggressiveness, with a higher 

arousal. 

agitated, angry, 

annoyed, fed up, hate, 

frustrated negative 

anxious/scared 

States or implies that the character 

is in a state of apprehension, 

nervousness or fear. (If a negative 

valence is not implied, code as 

attentive/focused/engaged) 

nervous, anxious, 

scared, worried, stressed negative 

dissent 

States or implies that the character 

disagrees with or disproves 

something. 

disagreeing, 

disapproving, 

confronting, dislike negative 

schadenfreude 

States or implies that the character 

is feeling happy for another 

person being upset. 

secretly happy, 

schadenfreude negative 

proud/arrogant 

States or implies that the character 

is highly self-satisfied 

accompanied with contempt to 

others. 

cocky, smug, sarcastic, 

dominant negative 

sinister intention 

States or implies that the character 

is having some sort of evil 

intention. deceptive, up to no good negative 

suspicious 

States or implies that the character 

has doubt on something. suspicious, doubting negative 

upset 

States or implies that the character 

feels unhappy, with a lower 

arousal. 

deflated, disappointed, 

distressed, sad, regret, 

jealous, guilty, 

overwhelmed negative 

awkward 

States or implies that the character 

is uneasy or embarrassed not 

knowing what to say or what to 

do. 

awkward, embarrassed, 

shame, uncomfortable, 

wants to leave negative 

uninterested/distract

ed 

States or implies that the character 

does not feel engaged and/or has 

his/her thoughts drawn away. 

bored, unamused, 

distracted negative 

n/a 

Does not state or imply that the 

character is engaging in any 

mentalising 

waiting, hungry, 

listening, tired n/a 
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Appendix B. Calculation of alignment scores for studies 2 and 3 

Example: Calculating the scores of participants Young1, Young2 and Young3 at the category level. 

Same-group scoring 

Step 1: Establishing the adjusted weights 

Picture 1 Category (j) 

Participant Happy Confident Neutral Angry/irritated Upset 

Anxious/ 

scared 

Young1 𝑥11=1 𝑥12=0 𝑥13=0 𝑥14=0 𝑥15=1 𝑥16=0 

Young2 𝑥21=1 0 0 0 1 1 

Young3 𝑥31=1 1 0 0 0 0 

Total (∑ 𝒙𝒊𝒋
𝒏
𝒊=𝟏 ) 3 1 0 0 2 1 

Adjusted weight 

= 
𝟏

𝒏−𝟏
(∑ 𝒙𝒊𝒋

𝒏

𝒊=𝟏
− 𝟏) 

𝟑 − 𝟏

𝟑 − 𝟏
 

𝟏 − 𝟏

𝟑 − 𝟏
 

𝟎 − 𝟏

𝟑 − 𝟏
 

𝟎 − 𝟏

𝟑 − 𝟏
 

𝟐 − 𝟏

𝟑 − 𝟏
 

𝟏 − 𝟏

𝟑 − 𝟏
 

 

Step 2: Calculating cell weighted values = 
𝟏

𝒏−𝟏
(𝒙𝒑𝒋  ⋅ (∑ 𝒙𝒊𝒋

𝒏

𝒊=𝟏
−  𝟏)) = (𝒙𝒑𝒋)(Adjusted weight)j 

Picture 1 Category Score = 

Average 

weighted 

value 

Participant Happy Confident Neutral 

Angry/ 

irritated 

Upset 

Anxious/ 

scared 

Young1 
(1)(

3 − 1

3 − 1
)

= 𝟏 

(0)(
1 − 1

3 − 1
)

= 0 

(0)(
0 − 1

3 − 1
)

= 0 

(0)(
0 − 1

3 − 1
)

= 0 

(1)(
2 − 1

3 − 1
)

=
𝟏

𝟐
 

(0)(
1 − 1

3 − 1
)

= 0 

𝟏 +
𝟏
𝟐

𝟐

= 𝟎. 𝟕𝟓 

Young2 
(1)(

3 − 1

3 − 1
)

= 𝟏 

(0)(
1 − 1

3 − 1
)

= 0 

(0)(
0 − 1

3 − 1
)

= 0 

(0)(
0 − 1

3 − 1
)

= 0 

(1)(
2 − 1

3 − 1
)

=
𝟏

𝟐
 

(1)(
1 − 1

3 − 1
)

= 0 

𝟏 +
𝟏
𝟐

𝟐

= 𝟎. 𝟕𝟓 
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Young3 
(1)(

3 − 1

3 − 1
)

= 𝟏 

(1)(
1 − 1

3 − 1
)

= 0 

(0)(
0 − 1

3 − 1
)

= 0 

(0)(
0 − 1

3 − 1
)

= 0 

(0)(
2 − 1

3 − 1
)

= 0 

(0)(
1 − 1

3 − 1
)

= 0 

𝟏

𝟏
= 𝟏 

 

Alternative formula for cell weighted value: 

 
𝟏

𝒏−𝟏
(𝒙𝒑𝒋  ⋅  ∑ 𝒙𝒊𝒋

𝒏

𝒊=𝟏
− 𝒙𝒑𝒋) =

𝟏

𝒏−𝟏
(𝒙𝒑𝒋  ⋅  𝒕𝒐𝒕𝒂𝒍𝒋 − 𝒙𝒑𝒋)  

Picture 1 Category Score = 

Average 

weighted 

value 

Participant Happy Confident Neutral 

Angry/ 

irritated 

Upset 

Anxious/ 

scared 

Young1 

(1)(3) − 1

3 − 1

= 𝟏 

(0)(1) − 0

3 − 1

= 0 

(0)(0) − 0

3 − 1

= 0 

(0)(0) − 0

3 − 1

= 0 

(1)(2) − 1

3 − 1

=
𝟏

𝟐
 

(0)(1) − 0

3 − 1

= 0 

𝟏 +
𝟏
𝟐

𝟐

= 𝟎. 𝟕𝟓 

Young2 

(1)(3) − 1

3 − 1

= 𝟏 

(0)(1) − 0

3 − 1

= 0 

(0)(0) − 0

3 − 1

= 0 

(0)(0) − 0

3 − 1

= 0 

(1)(2) − 1

3 − 1

=
𝟏

𝟐
 

(1)(1) − 1

3 − 1

= 0 

𝟏 +
𝟏
𝟐

𝟐

= 𝟎. 𝟕𝟓 

Young3 

(1)(3) − 1

3 − 1

= 𝟏 

(1)(1) − 1

3 − 1

= 0 

(0)(0) − 0

3 − 1

= 0 

(0)(0) − 0

3 − 1

= 0 

(0)(2) − 0

3 − 1

= 0 

(0)(1) − 0

3 − 1

= 0 

𝟏

𝟏
= 𝟏 
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Crossed-group scoring 

Step 1: Establishing the weights 

Picture 1 Category 

Participant Happy Confident Neutral Angry/irritated Upset Anxious/scared 

Old1 𝑦11=1 𝑦12=1 𝑦13=0 𝑦14=0 𝑦15=0 𝑦16=0 

Old2 𝑦21=0 0 1 0 0 0 

Old3 𝑦31=0 0 0 1 0 1 

Total (∑ 𝒚𝒊𝟏
𝟑
𝒊=𝟏 ) 1 1 1 1 0 1 

Weight 

= 
𝟏

𝒏
∑ 𝒚 𝒊𝒋

𝒏

𝒊=𝟏
 

𝟏

𝟑
 

𝟏

𝟑
 

𝟏

𝟑
 

𝟏

𝟑
 0 

𝟏

𝟑
 

 

Step 2: Calculating cell weighted values = 
1

𝑛
(𝑥𝑝𝑗  ⋅  ∑ 𝑦 𝑖𝑗

𝑛

𝑖=1
) = (𝒙𝒑𝒋)(weight)j 

Picture 1 Category Score = 

Average 

weighted 

value 

Participant Happy Confident 

 

Neutral Angry/ 

irritated 

Upset Anxious/ 

scared 

Young1 
(1) (

1

3
)

=
1

3
 

(0)(
1

3
)

= 0 

(0)(
1

3
)

= 0 

(0)(
1

3
)

= 0 

(1)(0)

=0 

(0)(
1

3
) = 0 𝟏

𝟑
𝟏

= 𝟎. 𝟔𝟕 

Young2 
(1) (

1

3
)

=
1

3
 

(0)(
1

3
)

= 0 

(0)(
1

3
)

= 0 

(0)(
1

3
)

= 0 

(1)(0)

=0 

(1) (
1

3
)

=
1

3
 

𝟏
𝟑 +

𝟏
𝟑

𝟐

= 𝟎. 𝟔𝟕 

Young3 
(1) (

1

3
)

=
1

3
 

(1) (
1

3
)

=
1

3
 

(0)(
1

3
)

= 0 

(0)(
1

3
)

= 0 

(0)(0)

=0 

(0)(
1

3
) = 0 

𝟏
𝟑 +

𝟏
𝟑

𝟐

= 𝟎. 𝟔𝟕 
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Summary 

 Participant Score (same-group) Score (crossed-

group) 

Picture 1 Young1 0.75 0.67 

Young2 0.75 0.67 

Young3 1 0.67 

 

Assuming that there is a total of three items and the table below shows the scores of participants 

Young1, Young2 and Young3 on the other two items. 

 Participant Score (same-group) Score (crossed-

group) 

Picture 2 Young1 0.8 0.33 

Young2 0.6 0.67 

Young3 0.4 0.18 

Picture 3 Young1 0.25 0.40 

Young2 0.75 0.60 

Young3 0.5 0.33 

 

The final scores of the three participants are calculated by taking the average of their scores across the 

three items. These are the scores to be compared in the paired t-test. 

Participant Mean score (same-group) Mean score (crossed-group) 

Young1 0.75 + 0.8 + 0.25

3
= 𝟎. 𝟔 

0.67 + 0.33 + 0.4

3
= 𝟎. 𝟒𝟕 

Young2 0.75 + 0.6 + 0.75

3
= 𝟎. 𝟕 

0.67 + 0.67 + 0.6

3
= 𝟎. 𝟔𝟓 

Young3 1 + 0.4 + 0.5

3
= 𝟎. 𝟔𝟑 

0.67 + 0.18 + 0.33

3
= 𝟎. 𝟑𝟗 
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Appendix C. List of context and interpretations (options) presented in Study 5a-c 

Study 5a. 

Picture 
High-frequency 

context 

Low-frequency 

context 
Interpretations 

P3 
They are 

colleagues. 

They are a 

couple. 

He is interested in what she is saying. 

(High-frequency target) 

He is in love with his partner. (Low-

frequency target) 

He is wondering whether this date is 

worth it. 

He is happy with his dinner companion 

and hoping she feels the same. 

P4 

They are on an 

elite training 

programme at 

work. 

They are sisters. 

She is feeling empathy for the other 

person. 

She is feeling upset about something 

which has happened. (Low-frequency 

target) 

She is quietly pleased with what is 

happening. (High-frequency target) 

She is angry at what has happened to the 

person next to her. 

P5 
They have 

recently met. 

 

They have 

known each 

other for a long 

time. 

He is feeling amused. 

He feels attracted to her. (High-

frequency target) 

He is remembering something that 

happened between them earlier. (Low-

frequency target) 

He is feeling relaxed. 

P8 

They’ve been told 

that an incident 

has occurred 

inside. 

 

They’ve been 

told that they 

She is scared. (High-frequency target) 

She is surprised at what she has just 

heard. 
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aren’t allowed 

in. 

She is very sad about something 

somebody has said 

She is very offended. (Low-frequency 

target) 

P9 

He just got a call 

from his 

daughter. 

He just called 

his daughter out 

for dinner. 

He is focused and concerned about what 

she is saying. (High-frequency target) 

He is worried about the news he is about 

to pass on. (Low-frequency target) 

He is angry and annoyed about her 

attitude. 

He is feeling disappointed with his 

daughter. 

P10 
They are on their 

way to a meeting. 

They are on 

their way home 

from lunch. 

She is feeling angry with him. (Low-

frequency target) 

She is concentrating on an upcoming 

meeting. 

She is problem solving. 

She is determined and about to take on a 

challenge. (High-frequency target) 
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Study 5b. 

Picture 
High-frequency 

context 

Low-frequency 

context 
Interpretations 

P3 

The two 

colleagues are 

having dinner 

together after a 

work meeting. 

The two are 

sharing a meal 

on their 

anniversary. 

He is interested in what she is saying. 

(High-frequency target) 

He is in love with his partner. (Low-

frequency target) 

He is wondering whether this date is 

worth it. 

He is happy with his dinner companion 

and hoping she feels the same. 

P4 

The colleagues 

are on a 

competitive 

training 

programme at 

work. 

The sisters just 

came home 

together from a 

difficult family 

gathering. 

She is feeling empathy for the other 

person. 

She is feeling upset about something 

which has happened. (Low-frequency 

target) 

She is quietly pleased with what is 

happening. (High-frequency target) 

She is angry at what has happened to the 

person next to her. 

P5 

The new 

colleagues just 

discovered shared 

preferences in 

food and music. 

The colleagues 

just discovered 

they were 

middle school 

classmates. 

He is feeling amused. 

He feels attracted to her. (High-

frequency target) 

He is remembering something that 

happened between them earlier. (Low-

frequency target) 

He is feeling relaxed. 

P8 

They’ve been told 

that an incident 

has occurred 

inside. 

They’ve been 

told they aren’t 

welcome and 

won’t be 

allowed in. 

She is scared. (High-frequency target) 

She is surprised at what she has just 

heard. 

She is very sad about something 

somebody has said. 
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She is very offended. (Low-frequency 

target) 

P9 

He just got an 

emergency call 

from his 

daughter. 

He just invited 

his daughter out 

to tell her his 

decision to 

divorce her 

mother. 

He is focused and concerned about what 

she is saying. (High-frequency target) 

He is worried about the news he is about 

to pass on. (Low-frequency target) 

He is angry and annoyed about her 

attitude. 

He is feeling disappointed with his 

daughter. 

P10 

 

They are on the 

way to handling a 

difficult 

assignment. 

The couple is on 

their way home 

from lunch. 

She is feeling angry with him. (Low-

frequency target) 

She is concentrating on an upcoming 

meeting. 

She is problem solving. 

She is determined and about to take on a 

challenge. (High-frequency target) 
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Study 5c. 

Picture 
High-frequency 

context 

Low-frequency 

context 
Interpretations 

P3 

The two 

colleagues are 

having dinner 

together after a 

work meeting. 

The two are 

sharing a meal 

on their 

anniversary. 

He is interested in what she is saying. 

(High-frequency target) 

He is in love with his partner. (Low-

frequency target) 

He is wondering whether this date is 

worth it. 

He is happy with his dinner companion 

and hoping she feels the same. 

P4 

The colleagues 

are on a 

competitive 

training 

programme at 

work. 

The sisters just 

came home 

together from a 

difficult family 

gathering. 

She is feeling empathy for the other 

person. 

She is feeling upset about something 

which has happened. (Low-frequency 

target) 

She is quietly pleased with what is 

happening. (High-frequency target) 

She is angry at what has happened to the 

person next to her. 

P5 

The colleagues 

have found that 

they are both free 

after work today. 

The colleagues 

have been 

friends since 

childhood. 

He is feeling amused. 

He feels attracted to her. (High-

frequency target) 

He is remembering something that 

happened between them earlier. (Low-

frequency target) 

He is feeling relaxed. 

P8 

They’ve been told 

that it hasn’t yet 

been possible to 

contact their 

daughter. 

They’ve been 

told that their 

reservation was 

cancelled. 

She is feeling anxious. (High-frequency 

target) 

She is feeling shocked. 

She is very sad about something 

somebody has said. 
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She is feeling hugely annoyed. (Low-

frequency target) 

P9 

He just got an 

emergency call 

from his 

daughter. 

He just invited 

his daughter out 

to tell her his 

decision to 

divorce her 

mother. 

He is focused and concerned about what 

she is saying. (High-frequency target) 

He is worried about the news he is about 

to pass on. (Low-frequency target) 

He is angry and annoyed about her 

attitude. 

He is feeling disappointed with his 

daughter. 

P10 

They are on the 

way to handling a 

difficult 

assignment. 

The couple is on 

their way home 

from lunch. 

She is feeling angry with him. (Low-

frequency target) 

She is concentrating on an upcoming 

meeting. 

She is problem solving. 

She is determined and about to take on a 

challenge. (High-frequency target) 
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Appendix D. Calculation of proxy of the probability of generating an interpretation in Context 1 

for Study 8 

Example:  

Calculating the proxy of the target probability for participant 0001 for items 1 and 2. 

 

Step 0: Raw data 

Table A 

Participant Item Interpretation 

(response) 

Context 1 

rating 

Context 2 

rating 

0001 1 a1  4 2 

0001 1 b1  3 3 

0001 1 c1  5 3 

0001 1 d1  4 4 

0001 2 a2  3 3 

0001 2 b2  4 2 

 

Step 1: Recode the likelihood ratings in both contexts into 0 and 1 based on whether they fall 

below the scale mid-point (1-3) or exceeds the scale mid point (4-6) 

Table A 

Participant Item Interpretation 

(response) 

Context 1 

rating 

Context 2 

rating 

Context 1 

rating 

(dummy) 

Context 2 

rating 

(dummy) 

0001 1 a1  4 2 1 0 

0001 1 b1  3 3 0 0 

0001 1 c1  5 3 1 0 

0001 1 d1  4 4 1 1 

0001 2 a2  3 3 0 0 

0001 2 b2  4 2 1 0 
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Step 2: Set up a new table that lists out the possible combinations of the possible values of the 

two dummy variables for each item. 

Table B 

Participant Item Context 

1 rating 

(dummy) 

Context 

2 rating 

(dummy) 

0001 1 1 1 

0001 1 1 0 

0001 1 0 1 

0001 1 0 0 

0001 2 1 1 

0001 2 1 0 

0001 2 0 1 

0001 2 0 0 

 

Step 3: Tally the number of responses that match each possible combination of the possible 

values of the two dummy variables for each item based on the table in Step 1. 

Table B 

Participant Item Context 

1 rating 

(dummy) 

Context 

2 rating 

(dummy) 

Number of 

matching 

responses 

0001 1 1 1 1 

0001 1 1 0 2 

0001 1 0 1 0 

0001 1 0 0 1 

0001 2 1 1 0 

0001 2 1 0 1 

0001 2 0 1 0 

0001 2 0 0 1 
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Step 4: Count each participant’s total number of interpretations generated for each item. 

Table B 

Participant Item Context 

1 rating 

(dummy) 

Context 

2 rating 

(dummy) 

Number of 

matching 

responses 

Number of 

total 

responses 

0001 1 1 1 1 4 

0001 1 1 0 2 4 

0001 1 0 1 0 4 

0001 1 0 0 1 4 

0001 2 1 1 0 2 

0001 2 1 0 1 2 

0001 2 0 1 0 2 

0001 2 0 0 1 2 

 

Step 5: Calculate the proportion of responses matching each possible combination of dummy 

variable values as 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑠
. 

Table B 

Participant Item Context 

1 rating 

(dummy) 

Context 

2 rating 

(dummy) 

Number of 

matching 

responses 

Number of 

total 

responses 

Proportion 

of matching 

responses 

0001 1 1 1 1 4 1/4 = 0.25 

0001 1 1 0 2 4 2/4 = 0.5 

0001 1 0 1 0 4 0 

0001 1 0 0 1 4 1/4 = 0.25 

0001 2 1 1 0 2 0 

0001 2 1 0 1 2 1/2 = 0.5 

0001 2 0 1 0 2 0 

0001 2 0 0 1 2 1/2 = 0.5 

 

The highlighted column (Proportion of matching responses) is the proxy of the target 

probability and is used as the dependent variable in the linear mixed model, as explained in 

Figure 6.1. 
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