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ABSTRACT

Individuals with schizophrenia demonstrate atypical facial emotion recognition. However, inconsistent findings
in the literature highlight the limitations of standard paradigms that rely on fixed, stereotypical facial config-
urations. The present study employed a novel computational tool to examine internal representations of facial
emotions — defined as individual expectations of how emotions appear on the face. Twenty-eight patients with
schizophrenia and 25 healthy controls generated facial expressions of happiness, fear, and anger on a photo-
realistic avatar through an iterative selection process, converging on ideal expressions for each target emotion
across 8 iterations of 10 samples per iteration. Individualised models capturing the range of facial configurations
associated with each emotion category were constructed from the selected expressions. No significant group
differences were observed in the number of expressions selected, the breadth of expressions deemed represen-
tative of each emotion (spread), or the discriminability of emotion categories (d-prime). Both groups demon-
strated greater difficulty distinguishing fearful from angry expressions relative to distinguishing either from
happy expressions. Notably, patients exhibited significantly greater within-group centroid dispersion, indicating
that their internal representations were more variable and less similar compared to controls. This suggests that
patients' internal representations of facial emotions are more heterogeneous, potentially reflecting less shared
understanding of facial features that define each emotion category. These findings offer a novel, representation-
based account of emotion recognition in schizophrenia. Rather than a uniform perceptual deficit, the results
indicate greater variability in internal representations of facial expressions, which may disrupt emotion recog-
nition and contribute to social communication difficulties.

1. Introduction

Together, these findings suggest that emotion recognition is shaped
not only by visual input but also by a person's internal representation of

Traditional theories of emotion recognition propose that a small set
of basic emotions—happiness, anger, sadness, fear, disgust, and sur-
prise—are biologically determined and universally expressed because of
their importance for social communication (Darwin, 1872; Ekman,
1992). However, this view has been challenged. Cross-cultural research
has shown variability in how emotions are expressed and recognised
(Elfenbein and Ambady, 2002; Jack et al., 2012), and neuroimaging
studies suggest that brain activity during emotion perception aligns
more strongly with conceptual knowledge about emotions than with
specific visual features of faces (Brooks et al., 2019).

how an emotion should look. We use the term internal representation to
refer to an individual's mental model or expectation of the facial features
associated with a particular emotion. According to theories of concep-
tual alignment, successful communication depends on people sharing
sufficiently similar mappings between signals (e.g., facial expressions)
and their meanings (Stolk et al., 2016). If individuals differ in their in-
ternal representations of emotions, this misalignment may lead to
misunderstanding during social interactions. Therefore, studies that rely
only on fixed, stereotypical facial expressions may overlook meaningful
individual and group differences in how emotions are mentally
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represented and interpreted (Barrett et al., 2019).

Patients with schizophrenia show well-documented difficulties in
recognising facial emotions, which may contribute to social functioning
impairments. A review found that patients perform worse than controls
when identifying basic emotions, particularly negative emotions such as
fear and anger (Kohler et al., 2010). Differences have also been observed
in electrophysiological responses during multiple stages of facial
emotion processing (Gao et al., 2021). However, most studies use highly
stereotypical, posed expressions. This approach does not capture indi-
vidual differences in how emotions are internally represented. Notably,
David and Gibson (Davis and Gibson, 2000) found that when more
natural (“genuine”) expressions were used, patients with paranoid
schizophrenia performed better than controls, reversing the typical
impairment. This finding suggests that difficulties may partly reflect a
mismatch between patients' internal representations and the stereotyp-
ical expressions typically used in experiments. Such mismatches may
contribute to social miscommunication and reduced social reciprocity.

To better understand facial emotion processing in schizophrenia,
research should move beyond forced-choice classification of stand-
ardised expressions and instead examine how individuals internally
represent emotions. Recent studies have used computer-generated ava-
tars to allow participants to iteratively select facial variants from sets of
generated facial expressions, where selected faces were recombined and
slightly modified across trials to converge on each participant's internal
representation of a target emotion (Carlisi et al., 2021; Binetti et al.,
2022). These studies demonstrate substantial variability across healthy
individuals in the types of expressions associated with emotions such as
happiness, anger, fear, and sadness. This variability suggests that dif-
ferences in performance on traditional recognition tasks may reflect
differences in internal representations rather than perceptual or affec-
tive deficits. Murray et al. (Murray et al., 2024) developed a method to
model the distribution of expressions selected by each participant for a
given emotion. This approach estimates (1) the average selected
expression, (2) the spread or breadth of selected expressions, and (3) the
discriminability between emotions. They found marked individual dif-
ferences in these representation profiles. Moreover, individuals with
more similar representation profiles tended to interpret facial expres-
sions in similar ways, highlighting the potential relevance of internal
representations for social communication.

The present study applied this approach to patients with schizo-
phrenia and unaffected controls. Using a computer-generated avatar
task (Binetti et al., 2022), participants selected facial expressions cor-
responding to three target emotions: happiness, anger, and fear. We
estimated each participant's internal representation by modelling the
distribution of expressions they selected for each emotion (Murray et al.,
2024). We compared groups on: the number of expressions selected, the
degree of dispersion in average selected expressions, the spread of
selected expressions within each emotion, and the discriminability be-
tween emotions.

We hypothesised that patients might show differences in the spread
and dispersion of their internal representations. Broader representations
could reduce the specificity needed to distinguish emotions, whereas
overly narrow representations might reduce sensitivity to variation.
Greater dissimilarity between average representations for a given
emotion could also lead to conceptual misalignment and contribute to
communication difficulties. Finally, we explored whether alterations
were more pronounced for negative emotions (anger and fear), given
prior evidence of greater impairment for these emotions (Kohler et al.,
2010). We also examined associations between internal representations
and clinical characteristics, including symptom severity, illness dura-
tion, and antipsychotic medication use.
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2. Methods
2.1. Participants

A total of 53 participants took part in the study, comprising 25
control participants and 28 patients with schizophrenia. Demographic
details and group comparisons are shown in Table 1, and detailed in-
formation on participant ethnicity can be found in Table S1 of the
Supplementary Materials. Compared to controls, patients had signifi-
cantly lower years of education and IQ score, as measured by the
Wechsler Abbreviated Scales of Intelligence II (WASI-II) two-subset form
(Vocabulary and Matrix Reasoning subtests). We controlled for years of
education in group comparisons, as IQ differences may be a core feature
of schizophrenia pathology (McCutcheon et al., 2023).

Patients with schizophrenia were recruited from outpatient services
of South London and Maudsley (SLAM) NHS Foundation Trust, and
control participants were recruited through advertisements in the local
community. All participants were 18-55 years old, right-handed, and
scored less than 20 on the Beck Depression Inventory (Beck et al., 1961).
Individuals with substance or alcohol dependence, systematic or
neurological conditions, or treatment with CNS active medication other
than antipsychotics were excluded from the sample. Control participants
did not have a history of psychiatric illness or a first-degree relative
currently or previously suffering from a psychotic illness. Patients had
an ICD-10 diagnosis of schizophrenia or schizoaffective disorder, were
treated with atypical antipsychotic monotherapy and were stable, with
no worsening of symptoms or hospitalisation for at least 3 months prior
to testing. Recruitment and testing were conducted at the Institute of
Psychiatry, Psychology and Neuroscience, King's College London. All
participants provided written informed consent and were compensated
for their time and travel. Ethical approval was obtained by the London-
Brighton & Sussex NHS National Research Ethics Committee (REC Ref
Number22/L0/0358). The study was compliant with the Declaration of
Helsinki.

2.2. Experimental stimuli

The experiment used a computer-based tool that allowed partici-
pants to gradually shape facial expressions displayed on a realistic 3D
avatar by selecting expressions across iterative samples that match their
idea of a target emotion. Facial expressions were generated by adjusting
the geometry (vertices) of the avatar's face using combinations of higher-
order parameters (blendshapes) (Roubtsova et al., 2021). These blend-
shapes approximate patterns of facial muscle movement, are based on
the Facial Action Coding System (FACS) (Ekman and Friesen, 1978), and
are used to compare performance.

Table 1
Participant demographics.
Controls Patients Test p
statistic
Male/Female 11/14 21/7 chi-square 0.06
Age (years) 32.2(11.8) 37.9(8.4) t-test 0.06
Education (years) 16.7(2.2) 14.0(2.9) t-test <0.001
WASI IQ 117.2 93.8(13.8) t-test <0.001
(12.8)
Duration of illness - 10.2(5.9) - -
(years)
CPZ equivalent - 286.3 - -
(105.5)
PANSS Positive - 15.6(5.2) - -
PANSS Negative - 12.3(4.8) - -
PANSS General - 26.1(7.0) - -
PANSS Total - 54.0(14.2) - -
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2.3. Experimental procedure

Participants were instructed to generate facial expressions corre-
sponding to three target emotions (happiness, fear, and anger), each
completed separately using the computer tool. Expressions were dis-
played on a Caucasian male avatar (see Fig. 1).

Each trial began with 10 randomly generated facial expressions
representing a wide range of facial configurations. On each trial, par-
ticipants selected one or more expressions (between 1 and 10) that
resembled the target emotion. Among these selections, they also iden-
tified the single expression that best matched the target emotion (elite
face).

Selections were used to generate the next set of expressions. Features
from the selected expressions were combined and augmented with
random variation in a process that was based on evolutionary principles
(Binetti et al., 2022), and the elite face always appeared in the next set,
allowing efficient sampling of different facial configurations across tri-
als. Over eight trials, this iterative selection procedure progressively
converged toward the participant's preferred expression for the target
emotion. The elite face selected on the final trial was taken as the par-
ticipant's preferred expression for that emotion (final elite).

2.4. Analysis

2.4.1. Modelling expression representations

The output of the expression generation task consisted of weights on
149 blendshapes for each selected face. Of these, 41 core blendshapes
corresponding to plausible FACS-based muscle movements were retained
for analysis. Data were standardised (z-scored) prior to principal com-
ponents analysis (PCA). PCA reduced the dimensionality from 41
blendshapes to 10 principal components, accounting for 36.29% of the
variance. A list of the top 10 blendshapes ranked by PCA loading for the

A C

Preferred facial expression Trials 1-8

149 blendshape

~Inner Brow Raiser
—Upper Lid Raiser
~Upper Lip Stretcher
™~ Jaw Open

Participant selections:
[ Compatible with target expression

[ Best example of target expression

Single tria

Fig. 1. Adapted from Binetti et al., (Binetti et al., 2022). (A) Avatar expressions
were controlled using 149 facial expression parameters. (B) Within each trial,
participants selected faces that matched the target emotion and identified the
best-matching expression. (C) Across trials, new expressions were generated
through an iterative selection procedure with random variation, converging
toward the participant's preferred expression by the eighth trial.
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first two principal components is shown in Table S1 of the Supplementary
Materials. The number of principal components was selected to balance
variance explained and model stability. Models including more than 10
components failed to fit multiple participants' data, whereas using 10
components resulted in a poor fit for only one control participant. For
each participant and each emotion, the distribution of all selected ex-
pressions across trials was estimated using multivariate Gaussian Kernel
Density Estimation (KDE), following Murray et al. (Murray et al., 2024).
This modelling approach provides a quantitative estimate of the partici-
pant's internal representation of the target emotion by characterising the
distribution of selected facial configurations. All selected faces were
weighted equally to avoid assumptions about the relative quality of se-
lections. Scott's factor was used to define kernel bandwidth (Scott, 1992).
Modelling was performed in Python 3.12.1.

2.4.2. Representation metrics

We derived several metrics from the task to characterise performance
and internal representations. First, the total number of expressions
selected across all trials for a given emotion was compared across
groups. Then, for each participant and emotion, centroid was calculated
as the average of the blendshape weights across all selected faces, rep-
resenting the expression characteristics of a participant's average rep-
resentation of that emotion. Spread was calculated as the trace (sum of
diagonal elements) of the covariance matrix for each multivariate
Gaussian KDE model, representing the breadth of facial configurations
considered representative of a given emotion for an individual. Higher
spread indicates a wider range of expressions considered representative
of a given emotion. Fig. 2 shows a schematic illustration of centroid and
spread. D-prime (d') was operationalised as [d-prime = abs(distance
between centroids)/sqrt(mean(spreads))], representing the discrimina-
bility or separation between representations of different emotions. This
was calculated for each pair of emotions (happy/fear, happy/anger,
fear/anger). Lower d' values indicate greater overlap and reduced
distinctiveness between emotion representations.

Centroid dispersion was defined as the average pairwise Euclidean
distance between an individual's centroid and the centroids of other
participants, representing the degree of dissimilarity between the in-
dividual's average representation and others' average representations.
Within-group centroid dispersion refers to the centroid dispersion between
a given participant and all other participants in the same group, and
between-group centroid dispersion refers to the centroid dispersion be-
tween a given participant and all participants in the other group. Higher
centroid dispersion suggests greater interindividual variability in
average representations at the group level. Group differences in within-
group centroid dispersion were examined. Between-group centroid
dispersion was compared to within-group centroid dispersion separately
for patients and controls to assess overlap in average representations at
the group level.

Individual participant
o fe/a? centroid
~— _t >

Angry
Fear

Happy

Fig. 2. Adapted from Murray et al., (Murray et al., 2024). Schematic illustra-
tion of an individual's emotion representations in the reduced feature space
(from PCA), depicting centroid and spread. The separation between represen-
tations determines d-prime. Actual centroid locations are depicted in Fig. 5A in
the results.
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2.5. Statistics

Generalized Estimating Equations (GEE) were used to examine the
main effects of group (patients, controls), emotion (happy, fearful,
angry), and their interaction on each task metric, while adjusting for
years of education:

metric ~ group x emotion + education

where the interaction term was not significant, results from the main-
effects model are reported. An exchangeable working correlation
structure was used to account for within-subject clustering (52 clusters;
three observations per cluster). Analyses were implemented using the
geeglm function from the geepack library (Halekoh et al., 2006). Omnibus
effects were evaluated using Type III Wald tests. False discovery rate was
controlled at 0.05 using the Benjamini-Hochberg procedure across four
primary group comparisons (number of selections, within-group
centroid dispersion, spread, and d-prime). GEE was also used to
examine centroid dispersion as a function of distance type (within-
group, between-group) and emotion for each group (patients and
controls):

centroid dispersion ~ distance type x emotion

Post-hoc comparisons were conducted using estimated marginal
means (EMMs) from the emmeans package (Lenth, 2023), with Tukey
HSD adjustment. Associations between internal representation metrics
and clinical measures (symptom severity, duration of illness, antipsy-
chotic medication, and cognitive flexibility) were examined using mul-
tiple regression models in R (e.g., symptom severity ~ angry centroid
dispersion + fearful centroid dispersion + happy centroid dispersion)
(Chambers, 1992). All statistical analyses were conducted in R version
4.5.2.

3. Results

Participants used a computational tool to iteratively generate facial
expressions corresponding to their internal representations of anger,
fear, and happiness. On each trial, they selected up to 10 expressions
that reflected the target emotion, across a total of eight trials. A multi-
variate Gaussian Kernel Density Estimation (gKDE) model was fit to all
faces selected by each individual for a given emotion. This model esti-
mates the distribution of selected expressions and provides a quantita-
tive characterisation of each participant's internal representation—that
is, the range of facial configurations they considered representative of
the target emotion. We were unable to fit the model to one participant's
data; this participant was excluded from further analyses, resulting in a
final sample of N = 52 (24 controls, 28 patients). Fig. 3 illustrates the

HC

Average elite

Fearful

PT

Average elite

Fearful

Angry Happy

Fig. 3. Averaged final elites of each target emotion for controls (top) and pa-
tients (bottom), rendered onto the same Caucasian male avatar that was used
during the experiment.
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within-group average of the best-matching expression selected on the
final trial, taken as the participant's ideal expression for that emotion.

3.1. Number of selections

We compared the total number of selections made by patients and
controls across all trials for each emotion (happy, angry, fearful,
Fig. 4A). The group x emotion interaction was not statistically signifi-
cant (p = .64). The main effect of group on the total number of faces
selected was not significant (F(1) = 3.05, psgj = 0.16). There was a
significant main effect of target emotion on the number of selections (F
(2) = 8.75, pagj < 0.001). Across groups, the effect of emotion on the
number of selections was driven by fewer selections for fearful faces
compared to angry faces (p < .001). Other pairwise comparisons be-
tween emotions were nonsignificant (p > .1).

The effect of group on the number of selections was also not signif-
icant when controlling for trial number (F(1) = 3.1, p = .08). Both
groups made fewer selections during earlier trials than later trials, as
expected when using the iterative procedure (Fig. 4B). We also calcu-
lated the distance between selected faces and the centroid, and found
that it decreased across trials, while the distance between nonselected
faces and the centroid was consistently higher across trials (Fig. S1 in the
Supplementary Materials). We found the same pattern for controls,
which suggests that patients engaged with the experimental tool in a
consistent and goal-directed manner (similar to controls), converging on
an ideal expression by the final trial.

3.2. Within-group and between-group variability

Centroids representing the average of all selected faces for each
emotion are shown in Fig. 5A. To characterise variability in the position
of these average expressions, we calculated two centroid dispersion
measures for each participant: (1) the average pairwise Euclidean dis-
tance between their centroid and the centroids of all other participants
in the same group (within-group dispersion; Fig. 5B), and (2) the
average pairwise Euclidean distance between their centroid and the
centroids of participants in the other group (between-group dispersion).

First, we examined the effects of group (patients vs. controls) and
emotion (happy, angry, fearful) on within-group dispersion. The group
x emotion interaction was not significant (p = .15). There was a sig-
nificant main effect of group on within-group dispersion (F(1) = 19.7,
Padj < 0.001), with patients showing higher within-group dispersion
than controls. Emotion also had a significant main effect (F(2) = 25.85,
Dadj < 0.001). Across groups, within-group dispersion was greatest for
fear, followed by anger, and was lowest for happiness. All pairwise
comparisons between emotions were significant (all p's < 0.001).

Next, we examined the effects of distance type (within-group vs.
between-group) and emotion on centroid dispersion. For controls, there
was a significant interaction between distance type and emotion (F(2) =
13.2, p < .001). Within-group dispersion was consistently lower than
between-group dispersion across all three emotions (all p's < 0.001),
indicating that controls' average representations were more similar to
one another than to those of patients. In patients, the interaction was
also significant (F(2) = 16.1, p < .001), but the pattern differed: within-
group dispersion was higher than between-group dispersion across all
emotions (all p's < 0.01). This indicates that patients showed greater
variability among themselves than relative to controls. Overall, centroid
dispersion was greatest within the patient group, intermediate between
patients and controls, and lowest within the control group (Table 2).

3.3. Spread and discriminability in emotion representations

The spread of an individual's internal representation was defined as
the sum of the diagonal elements of the covariance matrix of the fitted
gKDE for each emotion (Fig. 6A). Spread therefore reflects the range of
facial expressions an individual considered representative of a given
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B Average number of faces selected per trial
All emotions
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Fig. 4. The number of faces selected by each participant in the experimental task. (A) Total number of selections for each emotion category, averaged across patients
(dotted line), and controls (solid line). (B) Average number of selections by patients (yellow) compared to controls (grey) in each trial (1-8), across all emotions

(angry, fearful, happy). Error bars represent 95% confidence intervals.
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Fig. 5. Variability in participants' internal representations across groups. (A) Position of centroids (average selected expressions) plotted along the first two principal
components of the reduced feature space. Each point represents an individual participant's centroid for a given emotion. (B) Within-group centroid dispersion. For
each participant, the average pairwise Euclidean distance between their centroid and those of other participants in the same group was calculated for each emotion.
Patients showed significantly greater within-group centroid dispersion than controls (p = .001).

Table 2
Average EMM of within- and between-group centroid dispersion across
emotions.

Within-group Between-group

Controls
Patients

3.25 (0.07)
3.82(0.08)

3.54 (0.07)
3.54 (0.10)

emotion. The group x emotion interaction was not statistically signifi-
cant (p = .93). There was no main effect of group on spread (F(1) = 0.19,
Pagj = 0.66), indicating that patients and controls did not differ in the
overall size of their internal representations. There was a significant
main effect of emotion (F(2) = 23.25, pag; < 0.001). Across groups,
spread was significantly lower for happiness compared to both anger
and fear (all p's < 0.001), while anger and fear did not differ from one
another (p = .59).

To assess the discriminability between emotions, we calculated d-

prime (d") for each pairwise combination of representations (fearful/
happy, angry/happy, angry/fearful; Fig. 6B). The group x emotion
interaction was not statistically significant (p = .86). There was no main
effect of group on d' (F(1) = 0.98, pygj = 0.32), indicating comparable
emotion discriminability in patients and controls. There was a signifi-
cant main effect of emotion pair (F(2) = 6.21, psgj = 0.003) on dis-
criminability. The angry/fearful comparison yielded significantly lower
d' values than both angry/happy and fearful/happy (all p's < 0.05),
while angry/happy did not differ from fearful/happy (p = .86). A
summary of the results from group comparisons models are provided in
Table 3, and post-hoc estimated marginal means are reported in Table 4.

3.4. Associations with schizophrenia-related characteristics

We selectively explored the relationship between within-group
centroid dispersion and schizophrenia-related variables in the patient
group, to examine if they vary across pathological profiles given the



A. Song et al.

A

Comparison of Spread

—— HC (N=24)
---- PT (N=28)

-
-
-

Angry ===,

o P =

Fearful

Spread

Schizophrenia Research: Cognition 45 (2026) 100431

Comparison of d prime

— HC (N=24)
---= PT (N=28)

Angry/Happy

Angry/Fearful

d prime

Fig. 6. We also looked for group differences in spread and discriminability of internal emotion representations. (A) Distribution of spreads for patients and controls
(i.e. perceptive field size). (B) Distribution of d-primes for patients and controls for each emotion pair (fearful vs happy, angry vs happy, angry vs fearful).

Table 3
Summary of GEE results.
df F p Dadj
Number of selections Group 1 3.05 0.083 0.16
Emotion 2 8.75 <0.001 <0.001
Within-group centroid Group 1 19.69  <0.001  <0.001"
dispersion Emotion 2 25.85 <0.001 <0.001
Spread Group 1 0.19 0.66 0.66
Emotion 2 23.25 <0.001 <0.001
D-prime Group 1 0.98 0.32 0.43
Emotion 2 6.21 0.003 0.003

@ Statistically significant group difference after adjusting for multiple
comparisons.

Table 4
Summary of post-hoc EMM results.

Patients Controls Emotions

N selections 29.6 (1.50) 33.2(1.37) Fearful: 29.5 (1.08)
Angry: 33.3 (1.30)
Happy: 31.4 (1.11)
Fearful: 4.06 (0.11)
Angry: 3.52 (0.09)
Happy: 3.03 (0.08)
Happy: 2.93 (0.18)
Angry: 4.33 (0.23)
Fearful: 4.69 (0.35)
Angry/happy: 2.33
(0.09)
Fearful/happy: 2.27
(0.11)
Angry/fearful: 2.01

(0.10)

Within-group centroid 3.83 3.24
dispersion (0.09)" (0.09)°

Spread 4.07 (0.28)  3.89(0.28)

D-prime 2.3(0.14) 2.11 (0.11)

# Adjusted mean of patient group for metric that differed significantly between
groups.

b Adjusted mean of control group for mnetric that differed significantly be-
tween groups.

significant difference between patients and controls. Using the PANSS
total score as a measure of symptom severity, we found no relationship
between symptom severity and within-group centroid dispersion (R? =
0.02, p = .34). Relationships to PANSS positive and negative subscales

were also examined, revealing no significant associations. Duration of
illness did not relate to within-group centroid dispersion (R? = —0.005,
p = .43). Finally, we examined the medication use, estimated as the
Chlorpromazine equivalent dosage. We found no association between
medication use and within-group centroid dispersion R? = —0.06, p=
.70).

4. Discussion

This study examined internal representations of facial expressions in
patients with schizophrenia and controls using participant-generated
facial expressions corresponding to three target emotions (happy,
angry, fearful). A computational modelling approach was used to esti-
mate, for each participant and emotion, the central tendency (centroid),
spread (within-individual range), and discriminability between emotion
categories.

We found significantly greater centroid dispersion in patients than in
controls. In contrast, groups did not differ in the number of selections,
spread or discriminability between emotions. Moreover, representation
metrics were not associated with symptom severity, illness duration, or
antipsychotic medication dose.

4.1. Spread and discriminability of emotion representations

Patients did not differ from controls in the spread of their internal
representations. That is, the range of facial expressions each individual
considered representative of a given emotion was comparable across
groups. Across both groups, spread was larger for angry and fearful
expressions than for happy expressions. One interpretation is that
negative emotions may be represented with broader acceptable varia-
tion, possibly reflecting heightened sensitivity to threat-related signals
(Green and Phillips, 2004).

Similarly, patients and controls did not differ in discriminability
between emotion categories. For both groups, angry and fearful repre-
sentations were less discriminable from one another than either was
from happy. This pattern is consistent with prior work in non-clinical
samples using similar generative methods, suggesting that happiness is
represented more distinctly from negative emotions (Binetti et al.,
2022).

The absence of group differences in spread or discriminability was
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somewhat unexpected given consistent reports of impaired recognition
of negative emotions in schizophrenia (Kohler et al., 2010). However,
emotion recognition deficits are heterogeneous and may vary across
clinical subgroups (Fusar-Poli et al., 2022). The present findings suggest
that, at least at the level of representational range and category sepa-
ration, patients do not exhibit a uniformly broader or more overlapping
internal structure of emotion categories.

4.2. Interindividual variability of emotion representations

In contrast to spread and discriminability, we observed robust group
differences in centroid dispersion. Patients showed significantly greater
within-group centroid dispersion than controls, indicating less
consensus about the central features of each emotion category. Notably,
centroid dispersion within patients exceeded both the centroid disper-
sion observed within controls and the centroid dispersion between pa-
tients and controls. This pattern suggests that disagreement in category-
specific expression traits is especially pronounced within the patient
group itself.

Importantly, this effect reflects between-person differences in where
internal representations are centred, rather than broader representa-
tions within individuals. Because spread did not differ between groups,
patients were not defining emotions more loosely or tightly; rather, they
differed from one another more strongly in which expression features
categorised each emotion. One possible account concerns altered face-
processing strategies in schizophrenia. Previous research has reported
reduced configural processing and greater reliance on individual facial
features during emotion perception (Joshua and Rossell, 2009). If pa-
tients differentially weight specific facial features when constructing
internal representations (e.g., focusing on the mouth versus the eyes),
this could shift the location of their centroids without expanding
representational spread. Although facial feature weighting was not
directly investigated here, this mechanism provides a plausible expla-
nation for increased centroid dispersion without changes in spread.

An alternative account is that centroid dispersion reflects greater
heterogeneity in experience-dependent priors across patients. From a
predictive processing perspective, internal representations are shaped
by accumulated social experience (Goel and Gendron, 2025). Greater
variability in social environments, symptom profiles, or socio-cognitive
functioning could lead to more idiosyncratic expectations about how
emotions are expressed.

Importantly, increased representational diversity is not inherently
maladaptive. Greater within-individual breadth could, in principle,
support flexible interpretation. However, the present pattern reflects
disagreement across individuals about category-defining features, rather
than broader representations within individuals. If facial expressions
function as social signals, successful communication may depend partly
on alignment between interlocutors' internal representations. Greater
dispersion across individuals could therefore increase the likelihood that
the same facial configuration is mapped onto different emotion cate-
gories, elevating the potential for miscommunication.

This interpretation aligns with the framework of conceptual align-
ment (Stolk et al., 2016), which proposes that effective social interaction
depends on shared internal models. However, we did not directly
measure communicative alignment or emotion recognition accuracy.
Future studies could test whether dyads with more similar centroids
show greater agreement in emotion judgments or more efficient
communicative coordination, and whether centroid dispersion predicts
real-world social functioning.

4.3. Schizophrenia-related characteristics

We did not observe associations between centroid dispersion and
symptom severity, illness duration, or medication dose. This pattern is
consistent with meta-analytic findings suggesting weak or inconsistent
relationships between positive and negative symptom scales and
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emotion recognition performance (Keefe et al., 2006). One interpreta-
tion is that representational dispersion reflects a relatively trait-like
characteristic rather than a state-dependent effect of symptom
fluctuations.

However, clinical scales vary in their sensitivity to socio-affective
processing, and our sample size may have limited power to detect
small effects. Larger samples, ideally with dimensional assessments of
paranoia, social cognition, and functioning, may clarify whether
representational heterogeneity relates to specific symptom dimensions.

4.4. Limitation and future directions

Several limitations should be considered. First, the sample size was
modest, which may have limited power to detect subtle interactions or
clinical associations. Nonetheless, the observed group difference in
centroid dispersion was statistically robust.

An additional consideration is the potential influence of other-race
effects on emotion perception. Both healthy individuals and patients
with schizophrenia typically recognise emotions more accurately on
same-race faces than on other-race faces, with decreased discrimina-
bility for anger and other expressions when displayed on less familiar
racial groups (Pinkham et al., 2008; Jiang et al., 2023). Using a single
Caucasian male avatar may therefore limit the generalisability of the
findings and could contribute to variability in internal representations if
participants differ in experience with that facial phenotype. We con-
ducted an additional analysis to examine the group difference in within-
group centroid dispersion while controlling for race and sex, and found
that this did not change the observed group effect (details reported in
section 4 of the Supplementary Materials). Nonetheless, future studies
should incorporate multiple avatars varying in race and sex to test
whether internal emotion representations generalise across socially and
culturally diverse faces and to ensure that observed differences are not
confounded by race-related perceptual biases.

Finally, only three basic emotions were examined, and no neutral
condition was included. Future work should test whether dispersion
extends to additional emotion categories and how representations are
positioned relative to neutrality. Fourth, we did not include a standard
emotion recognition task. As such, we cannot directly link representa-
tional metrics to behavioural recognition accuracy. However, by
isolating internal representations from speeded categorisation demands,
the present design reduces confounds related to processing speed,
attentional load, or decision strategies. This allows clearer examination
of representational structure itself.

Future research should combine generative modelling approaches
with behavioural emotion recognition tasks, socio-cognitive measures,
and real-world functioning indices. Such integration would help deter-
mine whether increased interindividual dispersion contributes to
emotion recognition variability and to broader social communication
difficulties.

5. Conclusion

In summary, patients with schizophrenia did not differ from controls
in the spread or discriminability of internal emotion representations.
However, they exhibited greater differences in the central features of
those representations. This pattern suggests not a uniformly broader or
narrower definition of emotions, but reduced consensus about which
facial cues define each emotion category. Such divergence in internal
representations may increase alignment demands during social inter-
action and contribute to communication difficulties. These findings
provide a mechanistic account of how emotion-processing differences in
schizophrenia may arise from variability in representational structure
rather than from global deficits in representational breadth or category
separation.
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