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ABSTRACT

Daily life requires navigating uncertainty arising from external events and internal
bodily sensations. Although uncertainty often elicits anxiety, individuals differ
markedly in their sensitivity to it, a trait termed Intolerance of Uncertainty (IU).
Across two studies, we examined how IU and alexithymia (difficulties identifying
and describing emotions) mediate the links between interoceptive sensibility (self-
reported awareness, attention, and appraisal concerning bodily sensations) and
both anxiety and social cognition. In Study 1 (N=190), participants completed
questionnaires assessing interoceptive sensibility, alexithymia, U, and anxiety.
Study 2 (N=154) included additional measures of empathic tendencies and
performance on an emotion recognition task analysed using Drift Diffusion
Modelling (DDM). Maladaptive interoceptive attention styles were associated with
elevated anxiety and greater empathic distress. Both IU and alexithymia
significantly mediated the relationships between interoceptive sensibility, anxiety,
and personal distress. Exploratory DDM analyses unexpectedly suggested more
efficient perceptual processing in individuals with higher U, reflected in enhanced
recognition of positive emotional expressions. These findings highlight the
complex interplay among interoceptive sensibility, U, alexithymia, anxiety, and
social cognition, and suggest that interventions targeting uncertainty sensitivity
and emotional awareness may improve emotional well-being and social functioning.
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Navigating the world is influenced both by the infor-
mation we possess and by the information we lack. In
psychological research, this subjective lack of knowl-
edge is described under the umbrella term uncer-
tainty. Missing knowledge can stem from the
indeterminacy and uncontrollability of future events
or the ambiguity of current situations, and while it
usually refers to unknowns in the external world, it
can also involve uncertainty about one’s internal
bodily states and emotions. Uncertainty is typically
associated with negative affect, as we feel more com-
fortable in situations that are predictable and control-
lable; otherwise, anxiety and worry may arise
(Anderson et al, 2019; Carleton, 2012; Gu et al,

2020). Yet, uncertainty does not always cause nega-
tive emotions; for instance, not knowing what is
going to happen next when reading fiction or watch-
ing a movie makes the experience more pleasurable.
Importantly though, there are significant individual
differences in how uncertainty is perceived. The aver-
sive disposition towards uncertain conditions has
been described and studied under the term Intoler-
ance of Uncertainty (IU; Carleton, 2012). IU refers to
a dispositional difficulty enduring aversive responses
to the perceived absence of sufficient information
and has been identified as a transdiagnostic risk
factor across anxiety-related conditions (Carleton,
2012, 2016). Individuals with high U exhibit
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hypersensitivity to even low levels of uncertainty,
negative interpretations of unknown situations, and
either make intense efforts to reduce uncertainty or
avoid any action — symptoms also observed across
anxiety disorders (Carleton, 2012; Gu et al., 2020).
These links may be particularly relevant for anxiety
presentations in which bodily sensations themselves
become a source of threat or uncertainty, such as
panic (Carleton et al, 2013) and health anxiety
(Fergus & Bardeen, 2013; Wright et al., 2016). In
these conditions, ambiguous bodily sensations may
be monitored closely, interpreted catastrophically, or
treated as signs of danger, illness, or loss of control,
suggesting a close connection between interoceptive
appraisal, uncertainty, and anxiety-related distress
(Freeston & Komes, 2023; Paulus & Stein, 2010). Relat-
edly, although IU is a complex construct, it has been
strongly linked to difficulties in emotion regulation,
as supported by a recent meta-analysis (Sahib et al.,
2023).

Recently, several findings and theoretical accounts
have connected anxiety symptomatology, among
other disorders, with altered interoceptive processing
(Palser et al., 2018; Paulus & Stein, 2010; Pollatos et al.,
2007). Interoception refers to the sensing and
interpretation of internal bodily signals (Craig, 2003),
and has been operationalised in several ways. Intero-
ceptive accuracy refers to performance-based indices
of how accurately individuals detect or discriminate
bodily signals, whereas interoceptive sensibility
refers to self-reported beliefs, attentional tendencies,
and appraisals concerning bodily sensations
(Garfinkel et al., 2015). One widely used operationali-
zation of interoceptive sensibility is the MAIA-2 ques-
tionnaire, which captures the multidimensional
nature of the construct rather than providing a
single global index of interoceptive functioning
(Mehling et al., 2018). Accordingly, the meaning of
higher scores depends on the specific dimension
assessed: they may indicate greater noticing of
bodily sensations, less distraction from or worry
about uncomfortable sensations, greater ability to
regulate attention to bodily sensations, stronger
awareness of body-emotion relations, greater use of
bodily sensations for self-regulation or insight, or
greater trust in the body. Given this multidimension-
ality of interoception and interoceptive sensibility in
particular, empirical evidence suggests that its
relationship to anxiety and socio-affective functioning
is complex (Adams et al., 2022; Domschke et al., 2010;
Palser et al, 2018). Studies using questionnaires

asking participants to report the intensity of bodily
sensations consistently find that higher scores on
those measurements are associated with greater
anxiety, somatization, hypervigilance and negative
interpretations of bodily states (De Berardis et al.,
2007; Olatunji et al, 2007). In contrast, a recent
network analysis study using MAIA-2 subscales,
showed that increased anxiety was correlated with
greater worry and lower trust in one’s own bodily sen-
sations (Slotta et al., 2021). Moreover, interoceptive
sensibility has been linked to emotion regulation,
with self-reported and qualitative findings suggesting
that recognising and understanding bodily states may
support the recognition and regulation of emotions
(Zamariola et al, 2019). Together, these findings
suggest that the relationship between interoceptive
sensibility and anxiety may depend not simply on
awareness of bodily sensations, but on how those
sensations are appraised, responded to, and regu-
lated. This may be particularly relevant to IU
because bodily signals are often ambiguous and
difficult to interpret. Consequently, individuals who
experience bodily sensations as confusing or worrying
may also report greater difficulty tolerating uncer-
tainty. From this perspective, IlU may represent one
psychological pathway through which specific facets
of interoceptive sensibility, such as worry about
bodily sensations or reduced trust in the body, are
associated with anxiety. Nevertheless, it remains
unclear whether and how IU statistically mediates
the relationship between interoceptive processing
and anxiety.

Another construct related to emotion processing is
alexithymia, which refers to difficulties in identifying
and describing one’s emotions (Taylor, 2000). Alex-
ithymia is associated with increased anxiety in both
clinical (Berardis et al., 2008) and non-clinical popu-
lations (Karukivi et al., 2010). In addition, alexithymia
has been found to predict IU (Maisel et al., 2016; Ozsi-
vadjian et al,, 2021). For example, Maisel et al. (2016)
found, using structural equation modelling in a
study with autistic and neurotypical adults, that alex-
ithymia and low emotional acceptance (not IU per se)
explained most of the autism-anxiety link, with alex-
ithymia also positively predicting 1U, underscoring
their interdependence in anxiety. Another study
demonstrated that alexithymia mediated the relation-
ship between self-reported interoceptive sensibility
and trait anxiety (Palser et al., 2018). Given that both
alexithymia and U play a role in emotion regulation
and anxiety, it is important to understand their



relative roles in mediating different aspects of intero-
ceptive processing and trait anxiety.

In the social domain, the limited evidence available
suggests that difficulties tolerating uncertainty also
affect social interactions (Boelen & Reijntjes, 2009; Car-
leton et al., 2010). Social encounters typically involve
high levels of ambiguity and unpredictability, which
may be negatively interpreted, triggering aversive
responses, avoidance or maladaptive reactions. For
instance, IU has been identified as a central factor
underlying social anxiety and negative interpretations
of social events, even when controlling for other
factors often correlated with social anxiety (Boelen &
Reijntjes, 2009; Carleton et al., 2010). Although social
interactions appear especially challenging for those
with heightened sensitivity to uncertainty, as in
anxiety disorders (Lamba et al., 2020), it is not yet
known how IU specifically relates to social cognition,
such as affective empathy or emotion recognition
skills. Conversely, several studies link interoception
to social cognition. Interoceptive accuracy has been
associated with greater sensitivity to others’ emotions
(Grynberg & Pollatos, 2015; Shah et al,, 2017), while
one study using a total MAIA score as an index of
interoceptive  sensibility also reported better
emotion-recognition performance with higher scores
(Hubner et al., 2021). However, associations between
MAIA dimensions and self-reported empathy appear
more differentiated: Stoica and Depue (2020) found
that Personal Distress was negatively associated
with attention regulation, mind-body integration,
bodily trust, and the MAIA total score, whereas
Empathic Concern showed no significant associations;
Perspective Taking was positively associated with
mind-body integration. Together with studies failing
to find clear associations between interoception and
social cognition (Ainley et al., 2015), these findings
suggest that such relationships may depend on the
specific dimensions and measures examined, as well
as on additional individual-difference factors. Here,
we examined IU as one such factor. Given the ambig-
uous nature of interoceptive signals, perceiving and
interpreting them may be particularly challenging
for individuals with high IU, especially in socially
uncertain situations. In turn, difficulties in adaptively
appraising bodily sensations and tolerating uncer-
tainty may compromise self-regulation and the pro-
cessing of others’ emotions.

Computational approaches in cognitive psychol-
ogy research are increasingly used to reveal behav-
ioural patterns not easily discerned with traditional
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methodologies (Dietel et al, 2021; White et al,
2010). One such model is the Drift Diffusion Model
(DDM) which is used to examine decision-making in
tasks with two available options and noisy evidence
(White et al., 2010). Based on the reaction time distri-
butions of the two alternative choices, it estimates
several parameters that describe the underlying
decision processes. In short, DDM models the
process of accumulating information until a response
boundary is reached, characterised by, at least, 4 basic
parameters: (1) drift rate, which relates to the
efficiency in processing each stimulus’ information,
(2) boundary separation, which reflects the amount
of evidence required to make a decision, regardless
of the response, (3) bias, which reflects a predisposi-
tion toward one response over another, and (4) the
non-decision time, which quantifies time components
unrelated to the decision itself. DDM approaches have
recently been employed to study differences in
decision-making in clinical and non-clinical popu-
lations (Dietel et al.,, 2021; White et al., 2010). For
instance, DDM studies have shown that anxiety-
related conditions can involve altered evidence
accumulation and response bias during affective
decision-making (Dietel et al., 2021). However, no
studies to date have examined whether IU is associ-
ated with differences in decision-making using DDM.
Given its overlap with social anxiety in uncertainty-
related socio-affective processing, increased U may
have several implications for perceptual processing,
attention, decision-making and behaviour in situ-
ations requiring categorization of ambiguous social
stimuli, such as emotional facial expressions (Ander-
son et al,, 2019; Carleton, 2012). For instance, individ-
uals with higher IU may show altered evidence
accumulation under ambiguity, greater response
caution, or a bias toward interpreting ambiguous
social cues negatively. DDM can help distinguish
these possibilities because similar patterns of accu-
racy or reaction time may reflect differences in evi-
dence accumulation efficiency (indexed by drift
rate), response caution (indexed by boundary separ-
ation), or an initial tendency toward one response
(indexed by starting-point bias). Thus, applying DDM
to an ambiguous emotion-recognition task allowed
us to examine whether |U-related performance differ-
ences were more consistent with altered evidence
accumulation, response caution, or response bias.
The first objective was to examine how different
aspects of interoceptive sensibility relate to IU, and
how IU, together with alexithymia, mediate the
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relationship between interoceptive sensibility and
anxiety (Study 1). The second objective was to inves-
tigate how IU relates to social cognition, either
directly or as a mediator between interoception and
affective empathy or emotion perception abilities
(Study 2). To address these aims, we collected online
questionnaire data measuring interoceptive sensibil-
ity, alexithymia, IU, trait anxiety and affective
empathy. To probe social cognition further, we used
a two-alternative forced-choice emotion categoriz-
ation task with ambiguous facial expressions as
stimuli, and modelled RTs using DDM. Lastly, we con-
structed different models corresponding to our two
objectives and performed path analysis to examine
direct and indirect pathways among the measured
traits and behavioural responses. Specifically, our
main hypotheses were: (1) both IU and alexithymia
would statistically mediate the relationship between
different facets of interoceptive sensibility and
anxiety with stronger and more consistent associ-
ations expected for MAIA dimensions reflecting the
appraisal and regulation of bodily sensations than
for dimensions primarily reflecting bodily awareness.
(2) IU would be associated with social cognition, as
measured by self-reported affective empathy and by
performance in the emotion recognition task, with
personal distress expected to show stronger and
more positive associations with IU than empathic
concern as it reflects self-oriented distress in response
to others’ emotions; (3) IU and alexithymia would stat-
istically mediate the relationship between interocep-
tive sensibility and both affective empathy and
emotion recognition, with the emotion recognition
and DDM analyses treated as exploratory.

Methods
Participants

In Study 1 we recruited 190 participants (age range:
18-48, median age: 19, 120 females) and in Study 2,
we recruited 154 participants (age range 18-39,
median age: 19, 117 females), all Psychology students
participating in exchange for course credits. Partici-
pants were recruited as non-clinical volunteers. Eligi-
bility was assessed by self-report, including
questions about psychiatric or neurological history;
no structured clinical interview was conducted. All
participants provided written informed consent
before the beginning of the experiments. The
studies were approved by the School of Psychology

Ethics Committee at the University of Kent. The
sample sizes were determined based on power ana-
lyses for multiple regression models with 7 predictors,
assuming a moderate effect size (* = 0.15). This analy-
sis indicated that approximately 103 subjects would
be sufficient to achieve 80% power at an alpha level
of 0.05. This target was also broadly consistent with
mediation-specific sample-size recommendations
indicating that approximately 115-162 participants
are sufficient to detect indirect effects with half-
medium to medium component paths at 80%
power (Fritz & MacKinnon, 2007).

Questionnaires

Interoceptive sensibility

To measure interoceptive sensibility we used the Mul-
tidimensional Assessment of Interoceptive Aware-
ness, Version 2 (MAIA-2; Mehling et al., 2018). This
self-report questionnaire comprises 37 questions
assessing the different ways people process and pay
attention to their bodily sensations, including subjec-
tive tendencies, beliefs, and regulatory styles related
to bodily sensations. Specifically, it consists of 8 sub-
scales: noticing (awareness of uncomfortable, comfor-
table, and neutral body sensations), not-distracting
(tendency to ignore or distract oneself from sen-
sations of pain or discomfort), not-worrying
(emotional distress or worry with sensations of pain
or discomfort), attention regulation (ability to
sustain and control attention to body sensations),
emotional awareness (awareness of the connection
between body sensations and emotional states),
self-regulation (ability to regulate psychological dis-
tress by attention to body sensations), body listening
(actively listens to the body for insight), and trust
(experiences one’s body as safe and trustworthy). Par-
ticipants are asked to indicate, on a 6-point Likert
scale ranging from 0 (never) to 5 (always), how
often each statement applies to them generally in
daily life.

Alexithymia

To assess participants’ understanding of their own
emotions, we used the 20-item Toronto Alexithymia
Scale (TAS-20; Bagby et al., 1994). This test measures
alexithymia with questions like “I am often confused
about what emotion | am feeling” where participants
indicate their level of agreement on a 5-point scale.



Interpersonal reactivity index (IRI)

The IRI is a self-report questionnaire that measures
differences in empathic social interactions across 4
subscales assessing perspective taking, fantasy,
empathic concern and personal distress (Davis,
1983). The first two subscales assess cognitive
empathy while the latter two assess affective
empathy. It includes 28 items where participants
respond on a 5-point Likert-type scale from 0 to
4. Here, we focused only on the two affective
subscales.

Intolerance of uncertainty (IU)

To measure IU, we used the 27-item Intolerance of
Uncertainty Scale developed by Freeston et al.
(1994). It comprises two subscales: (i) one is described
as “uncertainty has negative behavioural and self-
referent implications”; (i) the other is described as
“uncertainty is unfair and spoils everything”. Respon-
dents report the degree to which each item applies
to them on 5-point Likert-type scales ranging from 1
to 5. For our analyses, we used the total IUS score
because our focus was on IU as a broad dispositional
tendency to experience uncertainty as aversive; mod-
elling the two subscales separately would have added
complexity  without clear  subscale-specific
hypotheses.

Trait anxiety

To assess the general tendency to feel anxiety, we
used the State Trait Anxiety Inventory — Trait (STAI-T;
Spielberger et al, 1983). The STAI-T includes 20
items where respondents report how they generally
feel based on a 4-point Likert-type scale ranging
from 1 to 4.

Questionnaires were presented to participants in
random order. In Study 1, participants completed
the MAIA, IUS, TAS-20, and STAI-T questionnaires. In
Study 2, participants completed the same question-
naires with the addition of the IRl and the emotion
recognition task. Internal consistency reliability was
calculated for all questionnaire scales and subscales
used in the analyses and is reported in the Sup-
plementary Materials (S5). Data quality was monitored
using instructed-response attention-check items
embedded across the questionnaires, specifically
two were included in the MAIA and one in each of
the other 4 questionnaires. Participants were
excluded if they responded incorrectly to more than
half of these items.
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Emotion recognition task

The emotion recognition task consisted of a 2-alterna-
tive forced-choice (2AFC) emotion identification task
in which participants had to identify the dominant
emotion displayed in ambiguous facial expressions.
The task was adapted, with minor changes, from
Brennan and Baskin-Sommers (2020), where a DDM
approach was also used. The stimuli consisted of
emotional face images drawn from the Racially
Diverse Affective Expression (RADIATE) face stimulus
set (see http://fablab.yale.edu/page/assays-tools;
Conley et al, 2018). We used images from 10
different male models from 3 racial backgrounds: 4
Black, 3 Hispanic and 3 White. Male models were
used to maintain consistency with the task design
adapted from Brennan and Baskin-Sommers (2020)
and to reduce additional stimulus heterogeneity
related to model gender, while preserving variation
in racial background. Stimuli were created by morph-
ing images of two emotional expressions (anger-fear;
anger-happiness; fear-happiness) at a 30%—70% level
(Figure 1). Thus, for each blend category there were
two stimulus types according to the dominant
emotion displayed. For instance, for the anger-happi-
ness blend, the two sets of stimuli were the 30% hap-
piness/70% anger and 30% anger/70% happiness
morphings, where the dominant emotion was anger
and happiness, respectively. This level of blending
ensured that the categorization was of moderate
difficulty, to allow performance at an average accu-
racy level appropriate for drift diffusion modelling
(Ratcliff & McKoon, 2008). The task included three
blocks based on these combinations: the anger-hap-
piness (block 1), the anger-fear (block 2 — data not
analysed; see below), and the fear-happiness (block
3). Each block included 40 trials, 20 for each dominant
emotion, presented in random order.

The task was created in PsychoPy and presented
online on the Pavlovia platform. On each trial, partici-
pants were asked to identify the emotional expression
with a key press (left/right) as fast and as accurately as
possible, within 3s from stimulus onset. After each
response they were also asked to report their confi-
dence in their decision on a scale ranging from 1
(not confident) to 5 (very confident). Before each
stimulus, a fixation cross was presented for a variable
intertrial interval of 1.5-2 s. Before starting the task,
participants completed 12 practice trials and rest
breaks were provided between blocks. The total dur-
ation of the task was around 20 min.
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B Emotion Recognition

Emotion Mixtures

A Drift Diffusion Modelling
Upper boundary
Reaction times option A (e.g., happy)
s

boundary
separation

Aoger-Happiness

Fear-Happiness

¥
\

Lower boundary
option B (e.g., angry)

Time

70% Anger-30% Fer 70% Ager-30% Hagpiness 707 Fear-30% Hagpiness

Values deviating from 0.5 reflect a bias
toward one response option (e.g., Option A

initial position of the decision
variable
if >0.5; Option B if <0.5)

drift rate average slope of the evidence

accumulation process information processing

amount of information
required for a decision

boundary
separation
accurate)

70% Fear-30% Aoger 70% Hagpioess-30% Anger 70% Hagpioess-30% Fear

Higher values indicate more efficient

Smaller values reflect a more impulsive
decision style (quicker but potentially less

Figure 1. Drift Diffusion Modelling (DDM) and Emotion Recognition Task. (A) The DDM schematic represents the decision process as noisy
evidence accumulation toward one of two response boundaries. The accompanying table defines the main model parameters and their
task-specific interpretation. In the present task, higher drift rates indicate more efficient evidence accumulation toward positive or negative
emotion decisions; larger boundary separation indicates more cautious responding, usually reflected in slower but more accurate decisions;
and starting-point bias indicates a relative predisposition toward one response boundary before stimulus evidence is accumulated. (B) The
emotion recognition task involved categorising ambiguous facial expressions, with stimuli varying in emotional blends between anger-fear,

happiness-anger and happiness-fear across three blocks.

Data analysis

Drift diffusion modelling

Diffusion models conceptualise decision-making in
2AFC tasks as a stochastic continuous accumulation
of information until evidence reaches one of the
two boundaries corresponding to each response.
This modelling approach is useful for examining
implicit processes underlying decision-making when
stimuli are ambiguous, time is limited, and decisions
are difficult. DDM models the RT distributions and
binary responses using four parameters. The drift
rate (v) models the speed of evidence accumulation
towards one boundary and can vary with endogenous
cognitive factors, such as attention, or exogenous
factors, such as stimulus characteristics. The boundary
separation (a) defines the distance between the
decision boundaries and reflects the amount of evi-
dence required to make a decision. Larger boundary
separation indicates that more evidence is needed,
leading to slower but usually more accurate decisions.
The starting point or bias (z) represents the initial pos-
ition of the evidence accumulation process relative to
the decision boundaries, reflecting initial preference
for a response. The non-decision time (t-er) quantifies
the time taken, before and after decision-making, by

processes such as sensory processing and motor
response.

In this work, we modelled data from the first
(anger-happiness) and third (fear-happiness) blocks,
excluding block 2 (anger-fear), which is analysed sep-
arately for a different report. The anger-fear block was
not included in the present analyses because it did
not contain a positive-emotion category and there-
fore did not map onto the valence-based happy/
unhappy decision process modelled here. By combin-
ing data from blocks 1 and 3, we increased the
number of trials available for participant-level
diffusion modelling and simplified subsequent ana-
lyses. Specifically, we assumed a single decision
process based on perceived valence (positive or nega-
tive expressions) where participants identified
whether a face was happy or unhappy (expressing
fear or anger). This categorization based on valence
for ambiguous stimuli is relevant to IU research,
given the reported negative affective predictions
among individuals with high U in ambiguous situ-
ations (Carleton, 2016). Descriptive checks comparing
anger- and fear-dominant trials, and happy-dominant
trials across the two analysed blocks, are reported in
the Supplementary Materials (54).



The decision process was modelled using the DDM,
with the upper boundary representing negative
expressions and the lower boundary representing
positive expressions. We assumed different drift
rates for each emotion type, as suggested by similar
procedures (Brennan & Baskin-Sommers, 2020;
Myers et al., 2022; Ratcliff & McKoon, 2008). The
other three DDM parameters (bias, boundary separ-
ation, and non-decision time) did not vary with stimu-
lus characteristics, resulting in five participant-level
parameters. Thus, for each participant, we fitted a
model with separate drift-rate parameters for positive
and negative stimuli, while boundary separation,
starting-point bias, and non-decision time were esti-
mated as condition-invariant parameters. Data were
modelled using the Rwiener package in R (Wabersich
& Vandekerckhove, 2014). Parameters were estimated
using Maximum Likelihood Estimation (MLE), which is
fast, accurate, and suitable for smaller trial counts
(<40) as in our study (Deng et al., 2018). We used
neutral starting values for all parameters and
increased the maximum number of iterations (from
500 to 1000) to improve convergence. All included
participants produced convergent model fits.

Of the 154 participants who took part in the study,
30 were excluded from the main analyses because
they failed to pass two out of three catch trials or
did not respond to at least 20% of the trials. Thus,
the final sample for the emotion recognition task
comprised 124 participants. We excluded trials with
RT<0.2 s (less than 4% of total trials), as rec-
ommended in guidelines for DDM analysis (Myers
et al, 2022), as well as those without a response
within the 3s time limit.

Correlation analysis

As a preliminary step of our statistical analysis, we ran
zero-order correlations between all variables included
in the two studies (Supplementary Material S1-S2).
These zero-order correlations were subsequently
used to inform the selection of specific MAIA dimen-
sions and outcomes for the path analyses, according
to the criteria described below.

Path analysis

Path analysis estimates direct and indirect effects
among observed variables, allowing simultaneous
evaluation of multiple predictors and mediators. It is
conceptually similar to structural equation modelling
but does not include latent variables. This approach
was appropriate because our hypotheses concerned
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theoretically defined questionnaire subscales, total
scale scores, and DDM-derived participant-level par-
ameters, rather than latent constructs. The MAIA sub-
scales were therefore analysed as distinct facets of
interoceptive sensibility. The path analyses tested
whether 1U and alexithymia statistically accounted
for indirect associations between interoceptive sensi-
bility and the outcomes, while recognising that the
cross-sectional design cannot establish causal or tem-
poral ordering.

We used a theory-guided overall model structure,
while the selection of specific MAIA dimensions was
informed by the magnitude of the observed zero-
order associations. Our theoretical expectation con-
cerned the broader distinction between MAIA dimen-
sions reflecting the appraisal and regulation of bodily
sensations and dimensions primarily involving bodily
awareness elements (Noticing, Emotional Awareness),
rather than a prespecified set of individual subscales.
However, the existing literature did not provide a
sufficiently precise basis for determining a priori
which specific MAIA dimensions should be included
in each model. We therefore considered all eight
dimensions as candidate predictors and allowed the
observed zero-order associations to inform the final
selection. At the same time, including all eight dimen-
sions would have resulted in overly complex models
relative to the available sample size. Consequently,
we used |r| > .20 with the relevant outcome as a par-
simony criterion and limited the main models to a
maximum of five MAIA dimensions; where more
than five dimensions met this criterion, the five
showing the largest absolute correlations with the
outcome were retained. The overall path structure
was theory-driven: interoceptive sensibility (MAIA
subscales) was specified at the exogenous-lower
level, alexithymia at the next level, IU above that,
and finally the target outcome (anxiety (Model 1),
affective empathy (Model 2), or emotion-recognition
performance (Models 3a and 3b)). Our hypotheses
concerned both direct associations among the con-
structs and indirect associations linking interoceptive
sensibility with anxiety and socio-emotional out-
comes through alexithymia and IU. Therefore, MAIA
dimensions were specified to have paths to both
mediators and to the outcome, while alexithymia
and IU also had paths to the outcome. For the
anxiety and affective-empathy models, we entered
only MAIA subscales showing |r| >.20 with the
outcome, and we modelled only those outcomes
that also showed |r| >.20 with at least one mediator.
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These criteria were used to specify focused and inter-
pretable models relative to the available sample size,
rather than as formal prerequisites for testing indirect
effects. Accordingly, although the broader model
structure and theoretical expectations were theory-
guided, the exact MAIA dimensions entering each
model and the resulting subscale-specific paths
were data-informed and should be interpreted as
exploratory. For the emotion-recognition models,
associations between task outcomes and both the
mediators and most MAIA dimensions were generally
below |r| =.20. These analyses were therefore treated
as exploratory, and the outcome-selection criterion
used for the main questionnaire models was
relaxed. For emotion-recognition outcomes taken
forward to path analysis, MAIA dimensions were
included when they showed |r| >.20 with either the
relevant outcome or one of the mediators (alexithy-
mia or IU), while retaining the same hierarchical
structure.

Path analyses were performed in R using the
lavaan package (Rosseel, 2012). Model fit was
assessed with the following criteria: root mean
square error of approximation (RMSEA < 0.08) and
comparative fit index (CFl > 0.95) as the most reliable
indices of model fit for models with small degrees of
freedom (Shi et al.,, 2022).

Results

Model 1a (Anxiety)

Model 1a (Study 1) included five MAIA subscales with |
r| > .20 zero-order correlations with anxiety (Not-Wor-
rying, Attention Regulation, Self-Regulation, Not Dis-
tracting, and Trust) as predictors, with alexithymia
and IU as mediators (Figure 2). The model showed
excellent fit to the data (x> (5)=5.61, p=.344, CFI
=.998, RMSEA =.025) and explained 58.8% of the var-
iance in anxiety (R*>=.588), corresponding to a large
effect size (f> = 1.49).

The direct regressions showed that anxiety was sig-
nificantly associated with lower Not-Worrying (8
=-49, p=.002) and Trust (3=-1.37, p<.001), and
higher Alexithymia (8=.22, p<.001) and IU (8=.16,
p <.001). IU was negatively associated with Not-Wor-
rying (8=-1.76, p<.001) and Not Distracting (8
=-.59, p=.024), and positively with Alexithymia (8
=.77, p<.001). Alexithymia was itself negatively
associated with Not-Worrying (8=-.41, p =.054), Not
Distracting (8=-.45, p=.005), and Trust (3=-.91, p
=.002).

Regarding indirect paths, IU significantly mediated
the relationship between Not Worrying and anxiety (8
=-.30, p<.001) and between Not Distracting and
anxiety (8=-.09, p=.038). Additionally, Alexithymia
mediated the paths from Not Distracting (3=-.10, p
=.020) and Trusting (8=-.20, p=.013) to anxiety,
while a dual indirect pathway through Alexithymia
and IU was significant for Not Distracting (8 =-.04,
p=.030) and Trust (8=-.08, p=.022).

The Study 2 replication model showed a similar
pattern and explained a comparable proportion of
variance in anxiety, R*= .58 (Supplementary Material
S1). Anxiety was associated with lower Trust and
Self-Regulation and higher alexithymia and U, with
indirect effects again involving IU and alexithymia.

Model 2 (personal distress)

For Model 2 (study 2), PD was modelled as the
outcome because it correlated with both mediators,
whereas EC did not (Supplementary Material S2).
The model included five MAIA dimensions with |
r| >.20 with PD as predictors (Figure 3). The model
demonstrated excellent fit ()(2 (5)=5.222, p=.389,
CFI=.999, and RMSEA =.018) and explained 48.2%
of the variance in PD (R%=.482), corresponding to a
large effect size (f?=0.93). The direct regressions
showed that PD was negatively associated with Not-
Worrying (8=-1.103, SE=0.393, p=.005) and posi-
tively associated with alexithymia (8=0.097, SE=
0.036, p=.007) and IU (8=0.076, SE=0.019, p
<.001). The remaining MAIA subscales and age were
non-significant predictors (ps > .14). IU was negatively
associated with Not-Worrying (8 =-6.638, SE=1.657,
p <.001) and Trust (8=-6.504, SE=1.706, p <.001)
and positively associated with alexithymia (8=0.738,
SE=0.148, p<.001). In turn, alexithymia was nega-
tively associated with Not-Worrying (8=-2.274, SE=
0.945, p=.016) and Trust (8=-2.340, SE=0.959, p
=.002).

Regarding indirect effects, U significantly
mediated the relationships between Not-Worrying
and PD (8=-0.507, SE=0.180, p=.005) and
between Trust and PD (8=-0.497, SE=0.181, p
=.006). Additional indirect paths were observed
through alexithymia, including a significant Trust-to-
alexithymia-to-PD effect (8=-0.296, SE=0.144, p
=.040) and a serial mediation via alexithymia and U
(8=-0.171, SE=0.077, p=.027). The corresponding
serial pathway for Not-Worrying was marginal (8=-
0.128, SE=0.067, p=.057). Overall, lower PD was
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direct effects

---- : non-significant effects

— : significant positive effects
— : significant negative effects

Anxiety

0:22%#** significant indirect effects
NotDis - Alex — Anxiety (-0.09*)
Trust - Alex - Anxiety (-0.23%)
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NotDis — Alex — IU — Anxiety (-0.03*)
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Figure 2. Path Analysis Results for Anxiety Model 1a. This figure presents the path analysis examining the direct and indirect effects on trait
anxiety (STAI). Model predictors are 5 dimensions of MAIA (Not-Worrying, Not Distracting, Attention Regulation, Self-Regulation, Trust), with
alexithymia and IU as mediators. The negative and positive direct and indirect effects are accompanied by regression coefficients (B), with

asterisks denoting significance levels (*p<0.05, **p<0.01, ***p<0.001).

associated with less bodily worry, greater bodily trust,
lower alexithymia, and lower IU.

Model 3a (emotion recognition - accuracy)
Overall performance in the analysed emotion-recog-
nition blocks was above chance and below ceiling,
indicating that participants were able to categorise
the ambiguous expressions while the task retained
sufficient difficulty (accuracy: M=.838, SD=.063;
mean RT: M=1.34 s, SD=.231). Descriptive perform-
ance by block and emotion condition is reported in
the Supplementary Materials (S3).

Because positive-emotion accuracy showed only
small associations with the mediators, this model was
treated as exploratory. It retained the same structure
as the previous models and included MAIA subscales
showing correlations of |r|>.20 with either the
outcome or a mediator (Figure 4(a)). No model was
estimated for negative-emotion accuracy because it
showed near-zero correlations with both mediators.

The model showed good fit (x*(5) = 5.23, p = .389;
CFl=.999; RMSEA =.019) and explained 14.4% of the
variance in accuracy (R*>=.144), 17.4% in alexithymia
(R*=.174), and 46.8% in IU (R*=.468). Direct effects
showed that accuracy was higher with lower

alexithymia (8=-0.250, SE=.092, p=.007) and
higher IU (8 =0.264, SE =.100, p =.008), and increased
with age (8=0.206, SE=.032, p<.001). Attention
Regulation showed a marginal negative association
(B=-0.199, SE=.106, p =.061); the other MAIA sub-
scales were n.s. (ps>.31). Regarding indirect paths,
we observed a positive indirect effect of Trust via alex-
ithymia on accuracy (8=0.081, SE=.040, p =.043). In
contrast, Not-Worrying (b=-0.076, SE=.034, p
=.024) and Trust each showed negative indirect
effects via IU (8=-0.087, SE=.039, p =.027).

Model 3b (emotion recognition - drift rate)

A similar exploratory approach was adopted here, as,
among the 4 DDM parameters, only the drift rate for
positive stimuli had a small correlation with the
mediators. Thus, we built a model similar to model
3a with drift-pos as DV.

The model showed excellent fit (x*(5)=5.23, p
=.394, CFI=.999, RMSEA =.019). Higher Attention
Regulation (8=.23, p=.023) and IU (8=.26, p=.023)
were significantly associated with increased drift
rate, whereas higher Alexithymia (8=-.22, p=.029)
and older age (3=-.17, p=.047) were associated
with lower drift rate. Indirect effects indicated a



10 V. KOTSARIS AND R. T. AZEVEDO

Model 2 — Personal Distress

Not Worrying |=

Self-
Regulation

Attention
Regulation

Body
Listening

Trust

direct effects

---- :non-significant effects

— : significant positive effects
* : significant negative effects

Personal
Distress

significant indirect effects
Trust - Alex-PD (B=-0.30%)
NotWor - IU-PD (B=-0.51*%)
Trust-IU-PD (B=-0.44**)
Trust-Alex-IU-PD (B=-0.17%)

Figure 3. Path Analysis Results for Personal Distress Model 2. This figure presents the path analysis examining the direct and indirect effects on
Personal Distress subscale of IRI. Model predictors are 5 dimensions of MAIA (Not-Worrying, Self-Regulation, Attention Regulation, Body Listen-
ing, Trust), Alexithymia and Intolerance of Uncertainty. The negative and positive direct and indirect effects are accompanied by regression
coefficients (B), with asterisks denoting the significance level (*p<0.05, **p<0.01, ***p<0.001).

small but significant negative indirect path via U
linking Not-Worrying to drift rate (8=—.08, p =.046),
and a trend-level negative indirect path through IU
for Trust (8=-.09, p=.054). Overall, the model
explained 12.8% of variance in drift rate, suggesting
that higher body-related attention regulation, higher
uncertainty intolerance, and lower alexithymia were
associated with more efficient evidence accumulation
when identifying positive emotions.

Discussion

Interoceptive processing and bodily appraisal are key
factors in the processing of affective information,
related either to the self or others, and have been
implicated in clinical conditions like anxiety (Quadt
et al, 2018). This may be particularly important
under uncertainty, when understanding one’s bodily
and affective responses may provide cues for
dealing with ambiguity. However, given that intero-
ceptive states themselves may often feel elusive and
ambiguous, incorrect or insecure appraisal of bodily
reactions can, in fact, be relevant to increased percep-
tions of uncertainty and anxiety-related feelings. Yet,
few studies have examined how interoceptive and

emotional processing are related to perceptions of,
and attitudes towards, uncertain conditions.

The main aim of the present study was to examine
how IU and alexithymia mediate the relationship
between different facets of interoceptive sensibility
and trait anxiety (Study 1) or social cognition (Study
2). Our findings expand previous studies associating
different aspects of interoceptive processing with
anxiety (e.g. Palser et al., 2018; Slotta et al., 2021) by
revealing the mediating role of alexithymia and IU.
Interestingly, we found that these two traits also
accounted for indirect associations between intero-
ception and socio-emotional outcomes, measured
through self-reported measures of empathy and, to
a lesser extent, the recognition of ambiguous facial
expressions in a behavioural task. Although the
broader pattern of associations was theory-guided,
the specific MAIA dimensions entering each model
were selected based on the observed correlation
structure, and consequently the resulting subscale-
specific patterns should be considered exploratory.

Anxiety
The observed subscale-level pattern was broadly con-
sistent with previous studies using the MAIA
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Figure 4. Path Analysis Results for the Emotion Recognition Models. (A) Path analysis examining the direct and indirect effects on emotion
recognition accuracy for positive stimuli. (B) Path analysis examining the direct and indirect effects on the drift rate for positive stimuli. In
both models, predictors included five dimensions of the MAIA (Not-Worrying, Attention Regulation, Emotional Awareness, Body Listening,
and Trust), Alexithymia, and Intolerance of Uncertainty. Positive and negative standardised regression coefficients (B) are displayed along
each path, with asterisks denoting significance levels (*p<0.05, **p<0.01, ***p<0.001).

questionnaire to probe the link between adaptive
processing of interoceptive sensations and anxiety
(Lee et al, 2024; Paulus & Stein, 2010; Slotta et al.,
2021). Here, we found that the MAIA dimensions
reflecting less worrying and more trust in bodily

sensations, as well as the ability to regulate emotions
via intentional attention to the body, are associated
with reduced anxiety. Conversely, greater noticing of
bodily sensations and greater reported awareness of
body-emotion relations were associated with higher
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anxiety levels. Although the specific subscale-level
pattern was data-informed and should therefore be
considered exploratory, it was broadly consistent
with our expectation that anxiety would show stron-
ger and more consistent associations with dimensions
concerning the appraisal and regulation of bodily sen-
sations than with bodily awareness alone. The associ-
ations involving bodily trust and regulatory
dimensions also broadly converge with previous
MAIA-based findings, while the positive association
with awareness-oriented dimensions is consistent
with evidence that greater bodily noticing is not
necessarily associated with lower anxiety (Lee et al.,
2024; Slotta et al., 2021). These findings highlight
the importance of aspects of interoceptive processing
beyond bodily awareness, particularly the appraisal
and regulation of bodily sensations, in relation to
anxiety. While increased perception of bodily
signals, especially in negative contexts, can enhance
anxiety-related sensations (Paulus & Stein, 2010) —
possibly due to maladaptive focus and interpretations
of bodily signals — being able to attend to, and experi-
ence, one’s body as safe and trustworthy can help
reduce the ambiguity inherent in many affective and
social situations and promote a coherent understand-
ing of one’s affective responses.

This idea is supported by the observed roles of U
and alexithymia in the mediation between interocep-
tive processing and anxiety. Firstly, across both
studies, we demonstrate that individuals reporting
higher trait anxiety also tend to exhibit lower
emotional awareness and tolerance of uncertainty.
Our results also confirm and extend previous
findings, using different measures of interoception,
showing that alexithymia mediates the relationship
between interoceptive processing and anxiety
(Palser et al., 2018). Specifically, an indirect association
between trust in bodily sensations and anxiety was
observed through alexithymia, suggesting that
difficulties in experiencing one’s body as trustworthy
might form part of a broader pattern linking difficul-
ties in understanding one’s emotions with greater
anxiety.

Regarding IU, our findings are largely in line with a
recent study examining the moderating role of 1U in
the relationship between MAIA dimensions and
body dissatisfaction (Bijsterbosch et al., 2023). In par-
ticular, while initial results showed several MAIA sub-
scales to be correlated with both IU and anxiety, the
path analysis model revealed that IU statistically
mediated the relationship between anxiety and the

dimensions Not-Worrying and Trust. The Not Worry-
ing subscale assesses aversive emotional reactions
to detected bodily signals because of their negative
interpretation, while the Trust subscale assesses the
meta-awareness of bodily feelings, specifically, the
sense of trust in one’s body (Mehling et al., 2018). It
is thus easy to consider how these may resonate
with U which is characterised by negative interpret-
ations of the unknown and feelings of worry about
the future (Carleton, 2016). Individuals with high U
may also worry excessively about ambiguous bodily
sensations, interpreting them as signs of potential
threats or health issues, which can in turn fuel feelings
of anxiety. This aligns with recent accounts framing U
as emerging from interoceptive “somatic errors,”
whereby ambiguous bodily signals are experienced
as unsafe and thus amplify distress (Freeston &
Komes, 2023). Therefore, our findings highlight
specific affective and likely metacognitive paths by
which IU and alexithymia mediate facets of interocep-
tive processing associated with trait anxiety.

Recent studies have implicated both IU and alex-
ithymia in a range of body-related clinical conditions
or symptoms, suggesting that these constructs may
play a key role in the development or maintenance
of a variety of conditions. For example, IU and alex-
ithymia were associated with somatic symptoms in
autistic and neurotypical individuals (Larkin et al.,
2023), body dissatisfaction (Bijsterbosch et al., 2023),
anorexia nervosa (Abbate-Daga et al., 2015) and exter-
nalizing and internalizing behaviour in autism (Ozsi-
vadjian et al,, 2021). Our findings expand on this by
highlighting the joint involvement of alexithymia
and IU in the indirect association between Trust and
anxiety through the serial alexithymia-IU pathway.
Individuals with alexithymia may struggle with 1U
because difficulties identifying and expressing
emotions can make uncertainty harder to tolerate.
This may create a feedback loop in which reduced
emotional clarity and lower bodily trust heighten
anxiety in ambiguous situations.

Affective empathy

The second objective was to examine how different
aspects of interoceptive processing affect social
skills through feelings about uncertainty and
emotional awareness. For that, we first explored
how these traits are linked to the affective dimensions
of empathy measured through the EC and PD scales
of the IRI. Zero-order correlations showed that EC cor-
related with some MAIA subscales (Noticing, Not



Distracting, Emotional Awareness) but it did not corre-
late with either IU or alexithymia scores, and therefore
was not included in the path analysis. Conversely, PD
showed moderate-to-high positive correlations with
IU, Alexithymia and negative correlations with
several MAIA subscales (Not-Worrying, Self-Regu-
lation, Emotional Awareness, Body Listening, Trust).
However, when modelling all predictors together in
the path analyses, only the Not-Worrying subscale
was a significant direct predictor of PD. These
findings are in line with a previous study regarding
the direction and magnitude of the relationships
between EC/PD and MAIA subscales (Stoica &
Depue, 2020). Additionally, this exploratory pattern
at the subscale level also broadly mirrored the
anxiety models, with appraisal-related dimensions,
particularly Not-Worrying and Trust, again more con-
sistently implicated in direct and/or indirect associ-
ations than awareness-oriented dimensions. It
should be noted that EC, which refers to feelings of
compassion and concern for others, contrasts with
PD, which involves feelings of anxiety and discomfort
in response to others’ distress. Our results thus
suggest that IU and Alexithymia are more related to
(negative) self-focused emotional reactions than
other-oriented responses to others’ distress.

We also found that IU and alexithymia statistically
mediated, separately and serially, the association
between facets of interoceptive sensibility and PD.
Specifically, U accounted for the relationships
between the MAIA dimensions of Not-Worrying and
Trust and PD. In fact, IU and alexithymia were found
to fully mediate the association between Trust and
PD, as Trust did not directly predict PD in the path
model. Lower trust in bodily responses may be par-
ticularly relevant to feelings of distress in empathic
situations among individuals who are more averse
to uncertainty or have greater difficulty identifying
their own emotions. It is worth noting the high con-
sistency across Studies 1 and 2: both PD and trait
anxiety were negatively associated with Not-Worrying
and Trust, and in both studies alexithymia and IU
showed similar mediating roles in these relationships.
This is not surprising as PD refers to feelings of dis-
comfort, and likely anxiety, in response to others’
suffering and has been shown to be heightened in
people with high trait anxiety (Nair et al., 2024). Indi-
viduals who have difficulties in identifying their feel-
ings and worry about bodily sensations tend to
experience more anxiety in social interactions and
empathic personal distress (Cosmoiu & Nedelcea,
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2022). IU could mediate this relationship, as high U
could exacerbate worry and difficulty in understand-
ing and managing bodily sensations and, in turn,
further fuel feelings of discomfort and incompetence
when managing others’ distressing emotions.

Emotion recognition

The two exploratory models predicting the percep-
tion of ambiguous facial expressions, either based
on accuracy or the DDM'’s drift rate, revealed a
similar, but noticeably weaker, pattern of factors
involved. Firstly, we did not find any MAIA dimension
showing a significant association with emotion recog-
nition performance as reported in a previous study
using the MAIA and dynamic emotional facial
expressions (Hibner et al., 2021). On the other hand,
the association between higher alexithymia and
lower emotion-recognition performance is consistent
with previous findings linking difficulties identifying
and understanding one’s own emotions with lower
social-cognitive and emotion-recognition perform-
ance (Cook et al., 2013; Di Tella et al., 2020; Sunahara
et al, 2022). Interestingly, Attention Regulation
(reflecting adaptive control of attention directed
toward internal bodily signals) was also positively
associated with the drift rate for happy stimuli,
suggesting that individuals who can flexibly adjust
attentional focus may process positive social cues
more efficiently. Contrary to expectations, individuals
with higher IU showed better accuracy and better
efficiency in processing happy, but not negative,
facial expressions. That is, given its relationship with
anxiety and negative affect, it could be reasonable
to expect enhanced vigilance and sensitivity
towards threat-signalling stimuli in individuals with
high 1U, but instead we found facilitated identification
of happy expressions. There was, however, no bias
towards positive expressions (as indexed by the
respective  DDM parameter, see Supplementary
Material S2) that could reflect a tendency to identify
or prefer happy emotions. Instead, this pattern may
reflect the involvement of distinct perceptual pro-
cesses beyond preference or avoidance.

To the best of our knowledge, only one study to
date has examined the association between IU and
emotion recognition ability and found no correlation
between the two (Monferrer et al., 2023). There are,
however, several studies suggesting better emotion
recognition in people with anxiety-related disorders,
at least, under specific conditions. Most often,
anxiety is related to enhanced processing of threat-
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related emotions (e.g. Lazarov et al., 2016; Surcinelli
et al, 2006), while several studies have also found
greater emotion recognition ability irrespective of
emotional valence (e.g. Bui et al., 2017; Kolassa
et al., 2009). For example, Bui et al. (2017) found
enhanced detection of emotional expressions in indi-
viduals with generalised anxiety disorder, compared
to social anxiety and controls. Another study found
stronger responses in the visual cortex in individuals
with higher social anxiety irrespective of stimulus
emotional valence (Kolassa et al., 2009). It may be
that the hypervigilance that characterises anxiety,
and IU, and is typically related only to stimuli with
negative valence, could actually reflect generally
increased attention towards social stimuli, possibly
to resolve ambiguity and/or avoid threat. In
support of this, IU has been associated with atten-
tional processes, suggesting a more active alerting
system, to help deal with ambiguity and uncertainty
(Fergus & Carleton, 2016). Attention, in turn, has
been shown to enhance evidence accumulation
and increase drift rate (Nunez et al., 2017). Interest-
ingly, a recent study using diffusion modelling to
examine the influence of social anxiety disorder on
decision-making in a probabilistic reward task with
social feedback found faster accumulation of infor-
mation for individuals with higher social anxiety, as
reflected by the drift rate parameter (Dillon et al.,
2022).

Another possible explanation could be related to
the known advantage in the recognition of happy
expressions (Nummenmaa & Calvo, 2015), which are
believed to have particularly distinctive features,
making them less ambiguous than other facial
expressions, such as anger and fear (Du & Martinez,
2011; Johnston et al., 2003). Thus, |U-related differ-
ences in emotion recognition may reflect stimulus
ambiguity rather than threat value, although this
interpretation remains tentative. Interestingly, we
found that IU mediated the positive associations
between the interoceptive dimensions of Trust and
Not-Worrying and the outcome variables accuracy
and drift rate for happy expressions. This could
mean that the advantage conferred by these intero-
ceptive styles on emotion recognition (of happy
expressions) could be partially dependent on how
the individuals deal with uncertainty. However, we
note that these interpretations of the associations
between IU and emotion recognition are mostly
speculative, requiring future follow-up studies to
shed further light on this.

Notably, our predictors were not significantly
associated with any other DDM parameters. We
could expect, for example, that individuals with high
IU would show more cautious behaviour and need
to accumulate a larger amount of evidence to make
a perceptual decision, which would be reflected in
larger parameter values of boundary separation (a).
Previous research has indicated more risk-averse
behaviour (e.g. higher avoidance) in individuals with
increased IU in several tasks involving decision-
making under uncertainty (Carleton et al., 2016; Thi-
bodeau et al., 2013). However, several other studies
failed to demonstrate this link (Carleton et al., 2016;
Jacoby et al.,, 2014), suggesting that this relationship
may depend on the task being used and affective
context (Anderson et al., 2019).

Limitations and future steps

There are several limitations in this study. First, the
sample consisted primarily of undergraduate female
students, limiting generalisability. Relatedly, the
emotion-recognition task used only male face
models. Although this reduced stimulus heterogen-
eity and maintained consistency with the adapted
task, future work should include more diverse
samples and both male and female face stimuli to
test whether participant-stimulus gender combi-
nations influence ambiguous emotion recognition
and its associations with IU.

Additionally, although the questionnaire-based
path models had sample sizes broadly consistent
with mediation-specific recommendations for detect-
ing indirect effects with at least half-medium com-
ponent paths, they were not designed to provide
high power for indirect effects involving small com-
ponent paths. Fritz and MacKinnon (2007) indicate
that samples of approximately 115-162 participants
are sufficient for indirect effects with half-medium to
medium component paths, whereas substantially
larger samples are required when one or both com-
ponent paths are small. Thus, the Study 1 anxiety
model (N=190) and the Study 2 anxiety and per-
sonal-distress models (N=154) were sufficiently
powered for the main moderate indirect associations
observed. Power was more limited for the exploratory
emotion-recognition/DDM models (N=124), where
the observed associations were weaker and the ana-
lyses were not the primary basis for sample-size plan-
ning. Future studies should use model-specific Monte
Carlo power analyses for similarly complex indirect-
path models (Schoemann et al., 2017).



Third, the number of trials was adequate for DDM
estimation but at the lower end for reliable drift-rate
estimation (Lerche et al., 2017). We used MLE, which
is suitable for relatively low trial numbers and pro-
duced convergent fits for all included participants.
To support participant-level estimation, we modelled
a broad positive-versus-negative categorisation and
collapsed anger- and fear-dominant trials into a nega-
tive-emotion category. This improves estimation but
limits interpretation, as anger and fear differ in
social meaning and differed descriptively in accuracy
(Supplementary Material S4). The emotion-recog-
nition findings should therefore be interpreted as
valence-based categorisation under ambiguity rather
than anger- or fear-specific recognition.

A further limitation concerns the interpretation of
the path models. The cross-sectional design prevents
conclusions about causal or temporal mediation. The
indirect effects should therefore be interpreted as
theory-driven indirect associations, and alternative
models remain possible, including reciprocal relations
or moderation by IU. In addition, although the overall
path structure and broader theoretical expectations
were theory-driven, the inclusion of specific MAIA
subscales was informed by zero-order associations.
Accordingly, the resulting subscale-specific direct
and indirect associations should be considered
exploratory and may be sample-specific. This helped
specify interpretable models for the available
sample size, but the specific indirect paths should
be tested in larger, preregistered samples using fully
prespecified MAIA dimensions, alternative observed-
variable or latent-variable SEM specifications.

While our exploratory analyses showed significant
effects of U in the emotion recognition task, the cor-
relations and regression coefficients observed were
considerably smaller than those observed for the
outcome measures based on self-report and should,
therefore, be interpreted with caution. This may be
related to the somewhat limited statistical power
mentioned above and/or to methodological limit-
ations. Future studies could improve the power and
scope of these effects by increasing the number of
trials and promoting stronger affective engagement
by, for example, creating a social environment
where decisions have emotional implications. Such
modifications could increase the importance of risk
and uncertainty calculations associated with [U
characteristics. In addition, DDM analyses of a wider
range of specific positive and negative emotions
could elucidate emotion processing differences
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related to IU. Lastly, future studies should also
include a non-social perceptual decision-making task
to demonstrate the specificity of 1U effects on social
perception.

Conclusion

This study demonstrated for the first time different
ways in which IU and interoceptive sensibility are
implicated in anxiety and social cognition. Specifically,
we showed that IU, along with alexithymia, was
involved in indirect associations linking specific
facets of interoceptive sensibility to anxiety and
socio-emotional outcomes, particularly those related
to personal distress. We also found that IU was directly
associated with personal distress and, more tenta-
tively, with indices of emotion recognition. Notably,
to the best of our knowledge, this study is the first
to use diffusion modelling to examine associations
between IU and ambiguous emotion recognition,
with exploratory findings suggesting that higher U
may be linked to more efficient processing of positive
emotional expressions. By examining the interplay
between interoceptive sensibility, alexithymia, and
IU, our findings point to potential pathways through
which bodily appraisal, emotional awareness, and
uncertainty sensitivity may relate to emotional well-
being and social functioning. These pathways may
also inform future intervention research targeting
uncertainty tolerance, emotional awareness, and
more flexible or trusting forms of bodily appraisal,
although experimental and longitudinal work is
needed before drawing causal or clinical conclusions.
Future research involving larger and more representa-
tive samples, preregistered analytic plans, and
improved emotion recognition task designs, would
further elucidate how IU relates to social perception
and decision-making under uncertainty.
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