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Abstract

Social cognition plays a crucial role in primate survival. A key facet of social cognition
is the recognition of others’ emotions, which facilitates social interactions by providing insights
into others’ mental states and enabling us to adjust our behaviors accordingly.

This dissertation focuses on understanding emotional processing deficits associated
with alexithymia - a personality trait characterized by difficulties identifying and describing
emotions - in a neurotypical population. To achieve this goal, we designed two experiments to
investigate whether the emotional processing deficits associated with alexithymia extend to
neutral expressions (Experiment I) and to explore their possible connection to altered holistic
processing (Experiment II). In both experiments, perceptual difficulty was increased by adding
visual noise, known to exacerbate alexithymia-related deficits. Alexithymia traits were
independently measured using the Toronto Alexithymia Scale (TAS-20).

In the first experiment, 35 university students were presented with 30 images of fearful
faces, neutral faces, and objects, which they were asked to categorize. Results showed lower
accuracy across all categories associated with increasing alexithymia scores. In the second
experiment, 90 upright and inverted faces (displaying fear, happiness, and neutral expressions)
were presented to 49 university students in a similar design to Experiment I. Participants with
higher alexithymia scores performed worse when holistic processing was disrupted by image
inversion, compared to upright presentation.

Our analysis suggests that individuals with higher levels of alexithymia exhibit a general
impairment in perceptual categorization, contrasting with the anticipated emotion-specific

deficits (Experiment I) and rely on holistic processing (Experiment II).

Keywords: Emotional facial expressions, Emotional processing, Alexithymia, Neutral

faces, Holistic processing.
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Resumo

A cognicdo social ¢ essencial para todos os primatas. Uma dimensdo essencial da
cogni¢do social ¢ o reconhecimento das expressdes faciais de emocdo. Esta caracteristica
permite aceder indiretamente aos estados mentais de outros individuos, permitindo ajustar o

nosso comportamento em conformidade.

Este estudo analisou o processamento emocional associados a alexitimia, condigdo
caracterizada pela dificuldade em identificar e descrever emog¢des — numa populagdo
neurotipica. Foram desenhadas duas experi€ncias para averiguar se possiveis défices associados
a tracos de alexitimia se estendem ao processamento de faces neutras (Experiéncia I) e se este
efeito esta associado a alteragdes no processamento holistico (Experiéncia II). Em ambas as
experiéncias, os estimulos foram apresentados sob condigdes percetuais taxativas que acentuam
os défices presentes na alexitimia. Os tracos da alexitimia foram medidos através do

questionario Toronto Alexithymia Scale (TAS-20).

Na primeira experiéncia apresentamos, 30 faces neutras, 30 faces de medo e 30 objetos
a 35 estudantes universitarios para estes as categorizarem. Os resultados demonstraram um
decréscimo na capacidade de categorizagdo com o aumento do nivel de alexitimia. Na segunda
experiéncia foram apresentadas a 49 estudantes universitarios, 90 faces direitas e invertidas
(medo, felicidade e neutras) em condi¢des semelhantes a Experiéncia I. Foi verificada uma pior
performance na capacidade de categorizagdo quando comprometemos o processamento

holistico associado a mais tragos de alexitimia.

A nossa analise sugere que individuos com mais tragos associados a alexitimia exibem
alteragdes percetivas generalizadas, ao invés dos esperados déficits em emogdes especificas
(Experiéncia I) e que dependem do processamento holistico para o processamento emocional

(Experiéncia II).

Palavras-chave: Expressdes emocionais faciais, Processamento emocional, Alexitimia,

Faces neutras, Processamento holistico
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1. Introduction

Faces have a distinct biological and social significance, allowing for the extraction of a
wealth of information about someone else, ranging from their identity to an inference of their
traits. An important aspect of face processing is the recognition of others’ emotions, as this
allows to indirectly tap into another's state of mind (Palermo & Rhodes, 2007).

The importance of understanding others’ emotions from their facial expression is
apparent from its processing speed, only tanking 33 ms for a decision to be made regarding the
recognition of a particular emotion (Prkachin, 2003a). In line with this, emotional facial
expressions are known to increase attention engagement comparatively with neutral faces
(Vuilleumier & Schwartz, 2001). Highlighting the importance of studying emotional
processing, deficits in emotion recognition are considered altered or a potential risk for various
psychiatric and neurological conditions, including depression (Honkalampi, Hintikka, et al.,
2001a), anxiety disorders (Oathes et al., 2008), eating disorders (Nowakowski et al., 2013),
schizophrenia (Kohler et al., 2000), parkinson (Gray & Tickle-Degnen, 2010), and autism
(Yeung, 2022).

This thesis will focus on understanding the mechanisms that underpin the deficits in
emotional processing found in alexithymia, a disorder characterized by impaired emotional
processing, particularly, negative emotional signals (Prkachin et al., 2009). Alexithymia is
associated with a stimulus-bound, externally oriented cognitive style revealing difficulties in
identifying feelings, distinguishing between feelings and bodily sensations of emotional
arousal, describing feelings to others, and constrictive imaginative processes (Goerlich, 2018).
At aneural level it has been associated with reduced neural responses to emotional stimuli from
the external environment, as well as with reduced neural activity during imagery in the limbic
and paralimbic areas; i.e., amygdala (Kugel et al., 2008), insula (Bird et al., 2010a) both anterior
(Heinzel et al., 2010) and posterior (Mantani et al., 2005), and cingulate cortex (Kano &
Fukudo, 2013).

Here we will investigate if deficits in emotion recognition present in alexithymia extend
to the absence of emotion (neutral faces). Furthermore, we will investigate if a potential
alteration in the holistic processing of emotion can underpin the deficits observed in
alexithymia. This question arises from the well-known reliance on holistic/configural processes

for face processing (Yin, 1969).



With these two goals in mind, we designed two categorization experiments in which
visual stimuli were presented under different levels of ambiguity by adding visual noise using
the RISE technique. This algorithm allows for the creation of varying levels of taxing perceptual
conditions in the images by adding visual noise while maintaining important factors for face
perception, such as contrast, luminosity, and spatial frequency (Sadr & Sinha, 2004). Increasing
taxing perceptual conditions is known to exacerbate deficits in emotion recognition seen in
alexithymia, which will allow us to experimentally mimic a disruption of social stimuli that can
occur in environmental conditions in a more ecological setting.

In the first study, we will analyse emotional processing deficits of the absence of
emotion (neutral face), reported as being disrupted (Peasley-Miklus et al., 2016). To our
knowledge, the specificity of these effects has not been investigated using non-human stimuli
as a control condition. We included a high arousal negative valence emotion (fear face) known
to be impaired in alexithymia (Rosenberg et al., 2020) across five levels of perceptual difficulty.
For the control variable, we included an object condition (e.g. flowers, fruits, leaves, or
mushrooms), to ascertain if any perceptual deficits observed in alexithymia are emotion specific
or generalisable to any visual stimuli. We expect individuals with higher levels of alexithymia
to be increasingly impaired in the categorization of emotion and the absence of it, particularly
with increasingly taxing visual conditions.

In the second study, we will behaviorally assess how the holistic processing of
emotional facial expressions is modulated by higher levels of alexithymia. We will use face
inversion as an experimental manipulation thought to disrupt holistic processing (Yin, 1969).
In this experiment we build from the first study, removing the object control condition and
adding an emotion, happiness. The inclusion of happy facial expressions allows us to probe if
a potential role of holistic processing in alexithymia occurs both for positive and negative
valence emotions. In line with previous research, the effect of alexithymia is expected to be
greater for negative emotions (fear) relative to positive (happiness; Prkachin et al., 2009).
Participants will be presented with upright or inverted images of fearful, neutral, and happy
emotional faces, across three levels of increasing visual perceptual difficulty. As before,
participants with higher alexithymia are expected to show an increased impairment in emotion
recognition, particularly for conditions of increased perceptual difficulty. These effects are
expected to be more pronounced for inverted faces, which would reveal the importance of the
holistic processing of emotional facial expressions.

The following literature review will cover the basic concepts of emotional

communication and its evolution, as well as its importance and impairments. It will further
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cover the neural pathways for emotional processing, with a particular emphasis on alexithymia

development and particular impairments regarding emotional facial processing.

1.1. Emotional Communication

For communication to occur, information must be produced by an organism (a sender)
that causes a change in another organism (an observer/receiver; Dezecache et al., 2013; Scott-
Phillips, 2008). Social information can be considered a signal if results from natural selection,
and the information is designed for the receiver, therefore benefiting the sender (Laidre &
Johnstone, 2013). On the other hand, information is considered a cue if it is not the result of
natural selection. This information still influences the receivers’ behaviour without necessarily
benefiting the sender. In this case, information is captured by bystanders rather than being
directed to a specific observer. Communication is modulated by the observer’s individual
history and characteristics, such as how they perceive the properties of the information e.g.
valence and arousal intrinsic to the information content (Cohen et al., 2011; Lichtenstein-Vidne
et al., 2012; Okon-Singer et al., 2007; Pessoa, 2005; Wiens et al., 2011).

Emotional communication plays an important role in conspecific interactions such as
finding mates, protection, or escaping predators (Tooby & Cosmides, 1990). This type of
stimuli modulates the alertness system of attention. This system, associated with the transition
from rest to a vigilant state, is attuned to the presentation of an alerting emotional cue such as
emotions of fear or anger (Dennis et al., 2008; Dennis & Chen, 2007; Fan et al., 2002).

Emotional states can be expressed and perceived through various sensory modalities,
including visual (Gonzélez-Garrido et al., 2009), auditory (Koelsch et al., 2018), olfactory
(Soudry et al., 2011), and tactile (Ravaja et al., 2017). The need to understand others’ emotions
helped, through evolution to organize physiological, motivational, and cognitive systems,
facilitating adaptative responses for the organism's survival (Parr et al., 2005).

Individuals living in complex social groups require efficient communication about the
environment and internal events. Signals must be easy to recognize and discriminate from
environmental noise, reflecting the general motivation or intent of the organism. Otherwise, the
information value will be lost (Parr et al., 2005). Conversely, individuals' emotional processing
skills must be sufficiently developed to interpret the variety of meanings associated with similar
displays used in different contexts (Ferretti & Papaleo, 2019). Emotional signals did not emerge
with humans, as evidenced by the neural circuit in different species, namely rats (Panksepp &

Burgdorf, 2003) and chimpanzees (Matsusaka, 2004).



In primates, prosimians primarily utilize olfactory cues in social signalling while
anthropoid primates rely primarily on visual cues such as facial expressions. The use of visual
information in anthropoid primates in the diurnal niche (such as humans), may be a reflection
of their enhanced visual acuity associated with structural modifications of the face, such as
convergent and fronted orbits alongside alterations in the nervous system of visual function,
including higher cone density in the central retina, and a magnified representations of the central
visual field within the brain (Ross, 2000). This enhanced visual acuity has allowed some
primates, including humans, to process visual information from faces in a specialised way,
being able to use the information to accurately identify age, sex, identity, and emotional intent
(Parr et al., 2006; Schmidt & Cohn, 2001). Compared to verbal communication, musculature-
based emotional signals have the advantage of being faster and more effective at clarifying
ambiguous information in constrained environments. These benefits may have played a pivotal
role in enhancing species survival and fitness (Dezecache et al., 2013).

The musculature necessary for facial expressions is derived from the second hyoid
pharyngeal arch and is innervated by the seventh cranial nerve (Noden & Francis-West, 2006).
Of particular importance is the orofacial region, this anatomical region is the point of
intersection of respiratory, sensory, feeding, and communication behaviors, therefore is
responsible for coordinating the facial muscles to produce vocalization, facial expressions, or
mastication (Sherwood et al., 2005). They are controlled by two anatomical routes, the first
goes through the facial nucleus in the pons, allowing for the regulation of spontaneous and
emotional movement. The second is dedicated to voluntary movements and is controlled by the
activity the facial representation area in the motor cortex (Parr et al., 2005).

The diverse repertoire of emotional facial expressions varies among primates, with
differences emerging from the combinatory influence of sensory ecology, phylogenetic history,
social organization, and cognitive abilities (Preuschoft & van Hooff, 1995). Primates such as
chimpanzees have been described to display the same emotion with different intensities, and
the same facial muscles seem to be used across different expression categories (Parr et al.,
2005).Comparing emotional displays between different primates, such as apes, chimpanzees,
bonobos, and humans reveals that while the fear facial expression is demonstrated by both
humans and apes through the opening of the mouth, on the other hand, chimpanzees and
bonobos predominantly display fear through bared teeth. Notably, humans possess distinctive
features for displaying fear such as raised eyebrows and widened eyes, features that are in turn

particularly used for fear recognition by the observer (Kret et al., 2020).



1.2. Neural Underpinnings of Face and Emotional Processing

The tendency to orient gaze toward faces is already apparent in humans as early as the
third trimester (Reid et al., 2017). Throughout our development, we acquire expertise in
processing the face's static and changeable aspects. The static features include identity, gender,
and age and the changeable include gaze direction and emotional expressions (Bruce & Young,
1986; Haxby et al., 2000).

Classical models of face processing consider a hierarchical network comprising both a
core and an extended system. In the core system of visual analysis, there is an interaction
between the inferior occipital gyri, the superior temporal sulcus (STS), and the lateral fusiform
gyrus (FFA). The input is received by the occipital gyri, responsible for the early perception of
facial features, coding low-level aspects (Fox et al., 2009). These regions, communicate with
the STS which processes changeable features, such as gaze and emotional expressions, and with
the FFA which processes the invariant aspect of face input, such as identity and gender (Haxby
et al., 2002).

Some studies demonstrated that the FFA also communicates with the STS to retrieve
personal identity information, such as name and biography. Both areas are responsive to
changes in identity and expression, demonstrating a possible overlap of function (Fox et al.,
2009; Ganel et al., 2005).The FFA also seems to play an important role in coding facial
expressions (Harry et al., 2013; Wegrzyn et al.,, 2015), demonstrating sensitivity to
informational expressions (Fox et al., 2009; Ganel et al., 2005; Kawasaki et al., 2012);

The areas of the extended system contribute to further codify the stimuli, by further
processing the input. The STS interacts with the intraparietal sulcus, the auditory cortex, the
amygdala, the insula, and the limbic system with the later structures imprinting the emotional

connotation.

1.3.  Holistic Processing of Faces and Emotions

For humans, faces are a unique category, which drive attention even before birth (Reid
et al., 2017). Faces are holistically processed, meaning that it is processed as a whole and not
only as the sum of its parts (Craig et al., 2022). This reliance on holistic processing, is especially
evident when comparing face and non-face stimuli, such as objects or houses. Among these,
faces are most affected by paradigms that disrupt holistic processing (Farah et al., 1998). The
importance of holistic processing for expert face understanding is particularly clear when

considering that individuals with prosopagnosia, a deficit that impairs the ability to recognize



faces, do not show increased deficits under paradigms that disrupt holistic processing (Avidan
et al., 2011). This is suggestive that these deficits might be derived from an inability to process
faces holistically in these individuals.

There are different paradigms to assess holistic face processing, such as tasks studying
the composite effect, part-whole effects, and the inversion effect. The composite effect occurs
when a face is created by combining the upper half of one individual’s face with the lower half
of another’s. This blending typically impairs the ability to discriminate or recognize the
individuals represented in each half. However, this effect is diminished or eliminated when the
two halves are misaligned (Young et al., 2013). In the part-whole task, the face is shown to the
participant either as isolated parts (e.g. eyes and mouth; leading to featural processing) or as a
whole face (Tanaka & Farah, 1993a). For the inversion effect the face is presented with a
rotation of 180°. This presentation disproportionally impairs recognition of faces compared with
non-face stimuli (Tanaka & Farah, 1993b; Yin, 1969), an impairment that is resistant to training
(Robbins & McKone, 2003) and that compromises the identification of own-face, familiar, and
unfamiliar faces (Lee et al., 2022).

Fewer studies have tried to clarify the impact of holistic processes in the categorization
of emotional facial expressions. Some studies have suggested that the inversion effect is
reduced for neutral faces (Veres-Injac & Schwaninger, 2009), while on the contrary, the
emotional expressions of happiness, sad, fear, disgust, and anger seem more impaired (Derntl
et al., 2009). It has also been stated that emotions that are harder to identify in an upright

orientation are the most impaired under the inversion paradigm (Prkachin, 2003b).

1.4. Impaired processing of expressions of emotion: Alexithymia

Alexithymia was initially described during clinical observations of patients with
psychosomatic disorders, commonly regarded as unsuitable for dynamic therapeutic
approaches (Sifneos, 1973). They were characterized by having a deficit in emotional function,
evident by a struggle from the individual to articulate their emotions adequately as well as a
poverty of fantasy life.

Three years later at the 11th European Conference on Psychosomatic Research (1976),
where alexithymia was the main theme, individuals with this profile were further characterized
by having difficulties identifying feelings (DIF), difficulties in distinguishing between feelings

and bodily sensations of emotional arousal; difficulty describing feelings (DDF) to others;



constricted imaginal processes, as evidenced by a few fantasy descriptions; and a stimulus-
bound, externally oriented cognitive style (Goerlich, 2018; Krystal, 1979).

Alexithymia constraints appear associated with deficits in automatic (Vermeulen et al.,
2006) and emotional processing (Wang et al., 2022a), evident in both behavioral (Luminet et
al., 2021) and neurobiological levels (Ihme et al., 2014a). These alterations seem associated
with a lack of interoceptive awareness (Brewer et al., 2016; Donges & Suslow, 2017).

These types of impairments are presented through all sensory modalities, for instance,
in the auditory modality, atypical processing has been observed for music and speech (Goerlich
et al., 2011), as well as for vocalizations (Bayot et al., 2014; Heaton et al., 2012). Alexithymia
has also been associated with general deficits in olfactory processing (Ozsoy-iiniibol et al.,
2020), as well as in the identification of pleasantness in olfactory stimuli (Cecchetto et al.,
2017). Gustatory ability is also impaired in alexithymia (Ozsoy-iiniibol et al., 2020), with
deficits in identifying food preferences (Ozsoy-iiniibol et al., 2020; Robino et al., 2016). Finally,
temperature sensitivity (Borhani et al., 2017) and texture identification are also altered (Borhani
et al., 2017; losifyan & Korolkova, 2019). Alexithymia has been recognized as a potential risk
to various psychiatric and neurological conditions, including depression (Honkalampi,
Hintikka, et al., 2001b), anxiety disorders (Fietz et al., 2018), and ecating disorders
(Nowakowski et al., 2013; Speranza et al., 2007).

1.5.  Etiology of Alexithymia

In its etiology, alexithymia has been associated with both genetic and environmental
factors. Serotonin (5-HT) is a neurotransmitter that has been linked to the regulation of pain
and emotional aversion processing (Cools et al., 2008), and in humans, there are different
configurations of its transporter (5-HT transporter-linked promoter region, S-HTTLPR) that
differentially influence serotonin levels. The variations associated with 5-HTTLPR are the short
(S) and long (L) polymorphism, creating the genotypes S/S, S/L, or L/L. Individuals who scored
higher in an alexithymia scale tend to have the L/L genotype leading to higher concentrations
of serotonin levels in the synaptic cleft compared to individuals with the L/S or S/S genotype
(Kano et al., 2012).

From a development perspective, it has been suggested that childhood trauma would be
an important factor when assessing a patient's history (Krystal, 1979), and when evaluating
their attachment style, both forms of insecure attachment (anxious and avoidant) are more

common in individuals who have higher scores in alexithymia (Wearden et al., 2003).



Regarding neuronal activity, individuals with high alexithymia scores exhibit reduced
brain activity in response to emotional stimuli in regions responsible for appraisal and encoding
of affective responses, namely the amygdala, occipitotemporal areas (fusiform gyrus), and
insula (Bird et al., 2010b; Donges & Suslow, 2017; Moriguchi & Komaki, 2013; Reker et al.,
2010).

Although contentious, research increasingly converges towards acknowledging
alexithymia as a personality trait prevalent across the general population (Salminen et al., 2006).
In a further attempt to understand its distribution in the general population, (Honkalampi,
Koivumaa-Honkanen, et al., 2001) study the Finnish population which had an alexithymia
prevalence of approximately 10%. In a Danish twin study, it was estimated heritability of 30%-

33% (Jergensen et al., 2007).

1.6. Deficits in facial emotional processing in alexithymia

Although there is a generalized agreement that individuals with higher alexithymia
scores have deficits in emotion recognition, the literature still conveys mixed results regarding
which expressions are mostly impaired (Montebarocci et al., 2011).

Individuals with high alexithymia show a significantly diminished sensibility for
emotional negative expressions, such as anger, sadness, and in particular fear. Despite the
diminishing display of sensitivity to this signal, they attribute higher intensity to the facial
expression of fear (Prkachin et al., 2009). Fear and anger facial expressions have been reported
to be the two emotions most difficult to recognize, when compared to happy and neutral
expression (Ihme et al., 2014b; but see Pandey & Mandal, 1997 for no effect of alexithymia on
emotion processing).

Regarding intrinsic factors of alexithymia, Difficulty in Identifying Feelings (DDF)
significantly correlates with poorer performance in labelling all emotions (Ihme et al., 2014b;

Prkachin et al., 2009).

1.7. Present study

The evolutionary trajectory of primates highlights social cognition as essential for
individual survival. Primates share specific neural structures, muscular systems, and brain
organization that support the expression and recognition of emotions. Deficits in emotional
recognition are recognized as risk factors for various psychiatric and neurological disorders,

underscoring the need to study these impairments closely. However, there is still a gap in the



literature on the nuances of alexithymia. On one hand it is not fully clear the specificity of
alexithymia’s deficits for emotion processing, or if these deficits extend to the ability to detect
the absence of emotion. On the other hand, it is not clear how individuals with this condition
utilize holistic processing for emotion categorization. This work aims to address these gaps

across two separate experiments.



2. Experiment I

Although alexithymia is mainly associated with a deficit in emotion recognition,
particularly negative valence emotions (Wang et al., 2022b), several studies have also reported
deficits in recognising the absence of emotion (neutral face; Peasley-Miklus et al., 2016).
Therefore, in this experiment, to further explore the later effect we will use fearful and neutral
faces, as well as an object category as a control condition, which to our present knowledge has
not been done before. We expect individuals with higher scores of alexithymia to present
increased deficits in categorizing human emotion or lack of it (neutral faces) and an absence of
similar effects for the control condition. We also expect the potential deficits to increase under
taxing visual conditions as observed in previous literature (Cook et al., 2013; Suslow et al.,
2024). Contrary to previous studies we used the RISE technique to increase the perceptual
difficulty, in alternative to morph faces (Bird & Cook, 2013), covered faces (Reker et al., 2010)
or high and low pass filtering (Kétsyri et al., 2008). This allowed us to control important factors

for face perception, such as contrast, luminosity, and spatial frequency.

2.1. Method

2.1.1. Participants.

Sample size was determined with the use of G-power 3.1, considering a correlation of
p = .58, based on the study of Kétsyri and collegues (2008), leading to an estimated sample
size of 20 participants (1- = .80, o =.05).

We recruited 40 university students from ISPA — Instituto Universitario. The inclusion
criteria were, an age over 18 years, biologically male or female, with normal or corrected to
normal vision. Five participants were excluded for not completing the full experiment. The final
sample was comprised of thirty-five participants, aged 19-31 (M= 20.5 £ 2.34; 30 female and
5 male). This experiment was approved by the ethical committee of ISPA- Instituto
Universitario de Ciéncias Psicologicas, Sociais e da Vida. Written informed consent was
obtained from all participants prior to the start of the experiment. Participants were

compensated for their time with course credits or a 10€ voucher.
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2.2. Material
2.2.1. Stimuli

Six face identities (3 male and 3 female) were selected from the FACES database (Ebner
et al. 2010). Models were presented with both neutral and fearful emotional facial expressions.
Additionally, six control stimuli were selected OBNIS database (6 exemplars of plant/fungi,
hereby described as object category for simplicity, Gomes et al., 2024). These stimuli were
selected to provide a control category, to ascertain that any potential findings associated with
alexithymia traits are selective for face processing, and not due to general perceptual deficits.
This led to a total of 18 unique stimuli. Each image was presented in grayscale, cropped into an
oval shape, ensuring they occupy the same visual field area (500 x 348 pixels). Low level visual
proprieties of the stimuli, namely luminosity and effective contrast were equalised using the
SHINE toolbox (Willenbockel et al., 2010) powered by MATLAB.

Image visual noise was manipulated using the RISE toolbox (Ales et al., 2012; Sadr &
Sinha, 2004). This technique performs an analysis of the frequency spectrum of the source
image and then manipulates the spatial structure of the image without altering the original
power spectrum. It enables the generation of image sequences from a single image, introducing
varying levels of visual noise while keeping the low-level visual properties known to influence
affective processing (spatial frequencies, luminance, and contrast). This approach offers an
advantage over more traditional scrambling techniques, which cannot maintain these properties
intact.

Two pilot experiments, whose data collection was conducted within the scope of this
thesis, were ran to obtain levels of visual noise corresponding to a categorization accuracy of
0%, 25%, 50%, 75%, and 100% per stimuli. In the first pilot study participants (N = 79) were
asked to categorise images as emotional faces, neutral faces, and objects in a similar paradigm
as the current experiment (see procedure section below). In this study we used 21 visual noise
levels, ranging from 100 to 0% in steps of 5%. This first pilot study was not fine grained enough
with the presented visual noise levels to obtain the desired behavioural accuracies.

To obtain the desired levels of accuracy, we conducted a second pilot study (N = 60),
where we increased the levels of visual noise to 41, ranging from 100 to 5% in steps of 2.5.
Based on the results of this second study, we selected the specific levels of image noise per
stimuli leading to 5 levels of perceptual difficulty as measured by average accuracy (0%, 25%,

50%, 75%, and 100%).
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The final dataset comprised 90 images (18 unique exemplars in 5 levels of perceptual

difficulty).

2.2.2. Questionnaires and tests

The Toronto Alexithymia Scale (TAS-20), developed by Michael Bagby and colleagues
(1994), was designed to assess individuals’ level of Alexithymia traits. In this study, we used a
version translated and adapted for the Portuguese population (Praceres et al., 2000). This self-
report scale measures alexithymia traits with 20 items divided into a three-factor structure
(Bagby et al., 1994) comprising of 1) Difficulty Identifying Feelings (ability to distinguish
between feelings and bodily sensations associated with emotional arousal), 2) Difficulties
Describing Feelings (ability to describe feelings to others), 3) External-Oriented Thinking
(cognitive style reflects in part impoverished inner fantasy life). Items are rated using a Likert
Scale with five points 1: Strongly disagree; 2: Disagree; 3: Neither agree nor disagree; 4: Agree;
5: Strongly agree. The total score was calculated by the sum of all items, ranging from 20 to
100. Items 4,5, 10,18, and 19 had inverted scores. In the present study, the scale revealed an
appropriate internal consistency (Cronbach’s coefficient a= .81; data collapsed across all
subjects).

Participants also completed the Beck Depression Inventory (BDI-II; Beck et al., 1996;
Campos & Gongalves, 2011), the State-Trait Inventory for Cognitive and Somatic Anxiety
(STICSA; Ree et al., 2008), and the Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001).
These questionnaires measure variables that are not under the scope of this thesis and, therefore

the results will not be analysed.

2.3. Procedure

Participants were seated in a quiet room and asked to use a chin rest to maintain a fixed
distance from the screen (50 cm). Participants first completed a categorization task where trials
started with a fixation cross (displayed for 750 -1200 ms), followed by a screen where the
stimulus was presented (e.g. neutral, fearful face or object) for 500 ms. Participants had a 1000
ms window to press the space bar if they were able to identify the stimulus category. If
participants did not respond the next trial started, otherwise, a second screen with labels
appeared, allowing participants to use the mouse cursor to select the label corresponding to the

category they saw. Positions of the labels were counterbalanced between participants. 360 trials
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were presented, representing the 6 stimuli per condition (three categories) in 5 levels of
perceptual difficulty repeated four times. The task started with a training block with feedback
(containing 34 trials) followed by three experimental blocks (splits of 120 trials) to allow for
breaks.

Following the experimental task, participants completed all the questionnaires (TAS-20,

AQ, BDL STICSA).

2.3.1. Statistical analysis

All statistical analyses were performed using the GAMLj module (Gallucci, 2019)
powered by jamovi (The jamovi project 2022). Generalized Linear Mixed-Effects models
were conducted by employing a Binomial Distribution with a Logit Link Function (logistic
mixed-effects model). This model predicts the probability of correct categorization of the
facial expressions, considering correct categorization as 1 and wrong categorization as 0, in
terms of log odds. Multiple comparisons were corrected using the Bonferroni method. This
model was applied to address the non-normal distribution of the data and to control for

random effects.

2.4. Results

Participants accuracy was measured to test if perceptual deficits observed in alexithymia
are specific to processing emotions (fearful faces) or extend to the lack of emotion (neutral
faces), assuming an absence of an effect of alexithymia for non-face objects. We further predict
that individuals with higher levels of alexithymia will be increasingly impaired in categorizing
emotion (and its absence) with increasingly taxing visual conditions (Kitsyri et al., 2008).

A GLMM was ran with stimuli category (i.e., fearful faces, neutral faces, and objects),
perceptual difficulty (0%, 25%, 50%, 75%, and 100% of expected accuracy), and TAS-20 score
(continuous variable) as predictors in the model. These variables and their interactions were
entered as fixed effects. Participants' ID was used as a clustering variable. Random intercepts
were included for Participant ID to account for individual differences. Unfortunately, with the
number of participants tested, this model did not converge leading to the removal of the easiest
and hardest perceptual difficulties, deemed to be less informative (for ease of reading, they will

be referred as hard, mid, and easy perceptual difficulty corresponding to 25%, 50%, and 75%
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expected accuracy). This simplified model converged showing an R’ margina of 0.12, and a R’
conditional OF 0.41.

A main effect of the category was observed (y? (2) = 92.96, p < .001) characterized by
a worse accuracy for fearful faces compared to the object category (z = -8.28, p <.001) and
neutral faces (z = -8.49, p <.001) with no difference between the later categories (z = 0.229, p
>0.999). As expected, there was also a main effect of perceptual difficulty (x* (2) = 578.51, p
<.001), characterized by a decrease in accuracy with increasing perceptual difficulty (meaning
from the easy to the hard perceptual difficulty; z> 11.7, p <.001; Figure 1 Top Left panel).

There was an interaction between these two variables, category and perceptual difficulty
(x> (4) =10.67, p = .031). In the two hardest conditions (Hard [effect of emotion, x> (2) = 32.1,
p <0.01]; and Mid [3* (2) = 59.2, p < 0.01]) there was a lower accuracy for the fearful face
compared with the object category (z > -4.75, p <.001), and neutral faces (z > -5.16, p <.001),
with no difference for neutral faces compared to the object category (z < 1.22, p > .999; see
right panel on Figure 1). For the easiest condition ( ¥* (2) = 13.8, p = 0.001) only the fearful
face showed a significant decrease in accuracy compared to the neutral face (z = 3.62, p =
0.011), while the remaining conditions did not differ from each other (z < 2.49, p > 0.452),
Table 1.
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Table 1 — Experiment I, estimated means for the interaction of perceptual difficulty and
category

959% Confidence

Interval
Perceptual Categor Prob SE Lower Upper
Difficulty gory ' PP
Hard Fearful 0208 0.0374 0144 0.201
Face
Mid Fearful = 338 00502 0248 0443
Face
Fearful
Easy Face  0.615 00532 0507 0.712
Hard Neutral 300 00492 0236 0427
Face
Mid Neutral 199 00550 0391  0.607
Face
Easy Neutral 708 00467 0609  0.790
Face
Hard Object 0.314 0.0484 0.228 0.416
Mid Object 0.532 0.0557 0.423 0.638
Easy Object 0.680 0.0490 0.577 0.767
Note. Estimated means are estimated keeping constant other effects in the model to the
mean

There was a marginal effect of TAS-20 (y* (1) = 3.32, p = .068), suggestive of a general
decrease in accuracy with increasing TAS-20 score. Importantly this marginal effect did not
interact with stimulus’ category (¥* (2) = 0.895, p = .639; Figure 1 Top Right panel).
Nonetheless, there was a marginal interaction between TAS-20 and perceptual difficulty (3* (2)
=5.18, p =.075).
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Accuracy

Given the relevance of this question for the present works we did an exploratory analysis

of this marginal interaction. This interaction was characterized by an effect of TAS-20 in the

easiest condition (y* (1) = 4.81, p = .03) which progressively disappeared with more taxing

perceptual conditions; mid y? (1) = 2.90, p = .088; hard, y*> (1) = 2.19, p = .139; Figure 1 bottom

panel).
-'1:1 - 100 q
Category
(95%) CI
0.50 050 Fear face
Neutral face
Object
0.00 0.00 1
Hard Mid Easy 20 10 0 10 20
Perceptual Difficulty Tas-20
1.00 4
Perceptual Difficulty
0.75 1
(95%) CI
)
T 050 1 Hard perceptual
2 Mid perceptual difficulty
3 Easy perceptual difficulty
0.25 A
0.00 A
=20 -10 0 10 20
Tas-20

Figure 1 - On the top left panel, accuracy on the task per perceptual difficulty. On the top right
panel, accuracy on the task per different TAS-20 scores. At the bottom panel, perceptual
accuracy influenced by TAS-20. TAS-20 scores are presented centred.
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2.5. Discussion

Although alexithymia is characterized by a deficit in recognizing emotional faces, the
literature also suggests a deficit in processing neutral faces (absence of emotional information,
Peasley-Miklus et al., 2016). To better grasp this phenomenon, we decided to compare neutral
and fearful faces (an emotion that has been shown to be impaired in alexithymia; Prkachin et
al., 2009; Rosenberg et al., 2020) to an object category. We hypothesized that individuals with
higher alexithymia scores would experience greater impairments in identifying both fear and
neutral facial categories compared to those with lower scores, an effect that we thought would

be heightened, under increased perceptual difficulty (Reker et al., 2010).

Unexpectedly, alexithymia traits were generally associated with poorer categorization
accuracy, as there was no specific category that was more impaired. These findings are
suggestive of a more generalised perceptual impairment, not specific to negative valence
emotions or their absence (neutral faces). A general impairment of emotion processing has
already been suggested in the work of Lane and colleagues (1996), where alexithymic
individuals had poorer performances with different types of visual stimuli, including matching
emotional faces with the emotional word. Kano and colleagues, (2003) also reported that higher
levels of alexithymia modulated neutral, negative, and positive valence emotions. Surprisingly,
our results expand previous findings to include a perceptual decrease in performance extended

to a non-emotional control condition — an object category.

Our results were also suggestive of an interaction between perceptual difficulty and
alexithymia level. Participants who scored higher on the alexithymia scale (TAS-20), had their
categorization abilities diminish significantly in the easiest level of perceptual difficulty when
compared with other levels of difficulty. It is possible that harder levels of difficulty led to a
reduced variability in our population, and thus we do not have the required sensibility to find
possible effects of alexithymia. The interpretation of this exploratory analysis must be done
with care, given that results were only marginally significant, and it requires further replication.

There appears to be a generalized impairment in the recognition of fearful emotional
expressions compared with objects or neutral faces. Fear is an emotion that signals a possible
threat in the environment (Schindler & Bublatzky, 2020) a highly important signal that can
directly contribute to individual fitness, it also generates in the observer an alteration in the

alertness system (Dennis et al., 2008). Consequently, we were expecting a higher accuracy
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compared with neutral facial expressions that lack relevant emotional signalling. Regarding the
comparison of fearful faces with the object category, it also came as an unexpected result since
humans have particular expertise and dedicated neural structures for faces (Tanaka, 2001) that
allows for their faster recognition (Negrini et al., 2017). Although the work of Dennis and
colleagues, (2008), suggested that while faces are more salient than other stimuli, emotional
expression does not impact stimulus salience (Gray et al., 2013). This is further supported by
studies showing that there is no advantage in the identification of fear faces compared to other

emotions when presented simultaneously (Juth et al., 2005).
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3. Experiment II

In this experiment, we will analyse a potential mechanism that might underpin deficits
in emotion processing in alexithymia. Here we will investigate how alexithymia modulates
holistic processing of emotions. Since holistic processing of faces is disrupted by inversion
(Tanaka & Farah, 1993b), we used this manipulation and presented both upright and inverted
faces. Furthermore, the object category was removed, and happy facial expressions were
introduced. This allowed us to better understand the impact of alexithymia in the processes of
both positive and negative valence emotions. Since in the previous experiment, the levels of
perceptual difficulty did not correspond with the levels of accuracy expected, we selected
specific levels of image noise to obtain 25%, 50%, and 75% accuracy based on a pilot study.
These were 85%, 80%, and 65% of image noise respectively. For ease of readability, we will
remain with the nomenclature of hard, mid, and easy perceptual difficulty to describe images

with 85%, 80%, and 65% of noise.

3.1. Method

3.1.1. Participants

A total 49 students from ISPA — Instituto Universitario, were recruited using the same
inclusion and exclusion criteria as in Experiment 1. This led to the exclusion of three
participants who did not complete the experiment. The final sample consisted of forty-six
participants aged 18-27, M=20.3, SD + 2.29; 37 female and 9 male. As before, written informed
consent was obtained from all participants prior to the start of the experiment. Participants were

compensated for their time with course credits or a 10€ voucher.

3.1.1. Materials

3.1.1.1.  Stimuli.

To increase the generalisability of results, we increased the number of identities used.
Thirty face identities (15 female, 15 male) were selected from the FACES database (Ebner et
al. 2010), Chicago Face Database (Ma et al., 2015), and Radboud Faces Database (Langner et
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al., 2010). Models were selected with neutral, fearful, and happy emotional facial expressions,
leading to a total of 90 unique stimuli.

Low level properties of images were processed as in Experiment 1 (see Materials from
Experiment 1). Since the expected accuracy in the previous experiment did not match the
participants’ actual accuracy, here we opted to use a fixed percentage of visual noise as a metric
of perceptual difficulty. A third pilot experiment (N=17) was conducted with the same
procedure, in order to obtain the noise levels corresponding to a general accuracy of 25%, 50%,
and 75% in line with the data analysed in experiment 1. This led to the inclusion of images with
85%, 80%, and 60% visual noise (hard, mid, and easy perceptual difficulty).

Thus, in this experiment, perceptual difficulty will be defined as a function of visual

noise.

3.1.2. Procedure

Here the same procedure was conducted as in Experiment 1 (see Experiment 1
procedure). Participants were shown 540 trials, representing 90 stimuli per condition (happy,
fearful, and neutral faces) in 3 levels of perceptual difficulty repeated 2 times. The task started
with a training block with feedback (containing 34 trials) followed by three experimental blocks
(splits of 180 trials) to allow for breaks.

As in Experiment 1, following the experimental task, participants completed all the

questionnaires (TAS-20, AQ, BDI, STICSA).

3.1.3. Statistical analysis

Similar statistical analysis to experiment 1 were conducted. All statistical analyses
were performed using the GAMLj module (Gallucci, 2019) powered by jamovi (The jamovi
project 2022). Generalized Linear Mixed-Effects models were conducted by employing a
Binomial Distribution with a Logit Link Function. The model predicts the log odds of
correctly categorizing the facial expression. Multiple comparisons were corrected using

the Bonferroni method.
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3.2. Results

Participants' accuracy was measured to test if individuals with higher levels of
alexithymia would be increasingly impaired in categorizing all emotions when faces are
inverted with a more prominent effect for fearful faces. The inclusion of happy facial
expressions will allow us to test if perceptual deficits observed in alexithymia are limited to a
specific emotional valence (positive or negative).

A GLMM was run with stimuli category (i.e., fearful, neutral, and happy faces),
perceptual difficulty (hard, mid, and easy perceptual difficulty), orientation (i.e., upright, and
inverted), and TAS-20 score (continuous variable) as predictors in the model. These variables
and their interactions were entered as fixed effects. Participants' ID was used as a clustering
variable and included as a random effect. This model showed an R? marginal 0f .33 and R? conditional
of .42.

A main effect was found for category (¥* (2) = 30.48, p < .001) characterized by a
generally higher accuracy for happy and fearful faces when compared with neutral faces
(happy: z=3.78, p <.001; fear: z=5.38, p <.001) while fearful faces did not significantly differ
from happy faces (z = 1.45, p = .438, table 2 for descriptive statistics). A main effect was found
for perceptual difficulty (* (1) = 0.20, p < .001) characterized by a significant increase in
accuracy with easier perceptual difficulty for all pairwise comparisons (z > -25.9, p <.001). A
main effect was also found for orientation (y* (1) = 0.20, p < .001), characterized by a higher
performance for stimuli presented upright compared to inverted.

There was a significant interaction between the level of alexithymia and orientation ()
(1)=23.09, p <.001). While the effect of TAS-20 was not significant for upright (x> (1) = 1.37,
p <.24)or inverted faces (x> (1) = 0.076, p <.78), the slope of this variable differed significantly
between these two conditions (z = 4.81, p < .001, Figure 2). This finding suggests that the
performance for upright orientation was significantly improved over the performance for
inverted faces with increasing alexithymia traits, supporting a reliance in holistic processing

associated with alexithymia.
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Figure 2 - Accuracy for upright and inverted faces by TAS-20 scores (presented centred).

Table 2 - Estimated means per condition

95% ClI
Condition Prob. SE  Lower Upper
Happy 0.367 0.0249 0.320 0.417
Category Fear 0.380 0.0252 0.332 0.430
Neutral 0.333 0.0238 0.289 0.382
Hard 0.126 0.0119 0.104 0.151
Difficulty Mid 0.290 0.0219 0.249 0.334
Easy 0.752 0.0199 0.710 0.788
Orientation Upright 0.424 0.0258 0.374 0.475
Inverted 0.301 0.0223 0.259 0.346

Note. Estimated means are estimated averaging across interacting variables

There was a significant interaction between category and orientation (y* (2) = 12.05, p
<.001), characterized by an advantage in categorization for upright compared to inverted faces
for fear and neutral expressions (z > 11.22, p <.001). There was no inversion effect for happy

faces (z>0.56, p = .58).

22



There was a significant three-way interaction between category, orientation, and
perceptual difficulty (x* (4) = 12.05, p = .017). This was characterized by an advantage for
upright faces for fear and neutral expression across all levels of perceptual difficulty (z > 5.62,
p <.001), while a very different pattern was observed for happy faces. In this later case, there
was an advantage of inverted faces in the hardest perceptual difficulty (z = 0.65, p =.519), an
absence of an effect of orientation in the middle level of difficulty, and an advantage of the
upright orientation for the easiest level (z =2.54, p = .011), table 3, figure 3.

A three-way interaction with the level of alexithymia, perceptual difficulty, and category
was found (? (4) = 23.92, p < .001). This revealed a decreased accuracy for happiness (z = -
2.54, p=.011) and fear (z=-2.217, p = .027) facial expressions with increasing scores of TAS-
20, under the hardest level of perceptual difficulty (no effect for neutral faces, z = 0.956, p =
.34). This negative association between emotional recognition and TAS-20 disappeared for the
mid-level perceptual difficulty (z < .93, p > .354). Surprisingly for the easiest perceptual
difficulty the usually observed deficits in emotional recognition associated with increased TAS-
20 were reversed, an effect that was significant for all emotions (z > 8.29, p < .004; table 5,
Figure 3).

Given that we also had a marginal significance for a four-way interaction of these
three variables with orientation (y* (4) = 8.63, p = .071), we decided to explore these effects
both for upright and inverted faces. While this analysis is fully exploratory, we deemed it
important to better compare the findings of Experiment I and Experiment II, given their

apparent contradiction for upright faces (common to both experiments).
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Figure 3 - Left panel, accuracy modulation by scores of Alexithymia on the hardest perceptual difficulty. Middle,
accuracy modulation by scores of Alexithymia on the mid perceptual difficulty . Right panel, accuracy modulation by

scores of Alexithymia on easiest. TAS-20 scores are presented centered.
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Table 3 - Estimated simple effects for the interaction between category, orientation, and

perceptual difficulty.

Moderator levels

95% Exp(B)

Cl
Perceptual
o Category Contrast Estimate SE  exp(B) Lower Upper z p
difficulty
Hard Happy Inv-Up 0.2354 0.1107 1.265 1.018 1572 2125 0.034
Fear Inv-Up -0.6374 0.1071 0529 0.429 0.652 -5.954 <.001
Neutral Inv-Up -0.6183 0.1100 0.539 0.434 0.669 -5.619 <.001
Mid Happy Inv-Up -0.0554 0.0858 0.946 0.800 1.119 -0.645 0.519
Fear Inv-Up -0.7703 0.0797 0.463 0.396 0541 -9.663 <.001
Neutral Inv-Up -1.1323 0.0877 0.322 0.271 0.383 -12.909 <.001
Easy Happy Inv-Up -0.2276 0.0897 0.796 0.668 0.950 -2.536 0.011
Fear Inv-Up -0.5710 0.0802 0.565 0.483 0.661 -7.115 <.001
Neutral Inv-Up -1.0542 0.0824 0.348 0.296 0.410 -12.788 <.001

Note. Simple effects are estimated keeping constant other independent variable(s) in the model; Inv corresponds to

inverted faces and Up corresponds to upright faces.
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Table 4 — Simple effects of alexithymia per perceptual difficulty and category

95% Exp(B)

Moderator levels Confidence
Interval
Psir]f]iiefjll@l Category Estimate SE exp(B) Lower  Upper z p

Hard Happy -0.02567 0.01011  0.975 0.956 0994 -25397 0.011
Fear -0.02218 0.01000  0.978 0.959 0997 -2.2172  0.027
Neutral  -0.00963 0.01007  0.990 0.971 1.010 -0.9560 0.339
Mid Happy -0.00887 0.00956  0.991 0.973 1.010 -0.9276 0.354
Fear 0.00266 0.00943  1.003 0.984 1.021  0.2819 0.778
Neutral -9.47¢—4 0.00958  0.999 0.980 1.018 -0.0988 0.921
Easy Happy  0.04422 0.00959  1.045 1.026 1.065 4.6091 <.001
Fear 0.02714 0.00943 1.028 1.009 1.047 28789  0.004
Neutral ~ 0.02940 0.00946  1.030 1.011 1.049  3.1071  0.002

Note. Simple effects are estimated keeping constant other independent variable(s) in the model
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Figure 4 - Left panel, accuracy modulation by category and the three perceptual difficulties in the upright orientation. Right panel, accuracy
modulation by category and the three perceptual difficulties in the inverted orientation.
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3.2.1.1.  Upright Orientation

Here we performed a similar GLMM model only for upright faces, including as fixed
factors only stimuli category, perceptual difficulty, and TAS-20 score and their interactions.
This model showed an R’ marginai of .34 and R? conditional Of .44. Here we will focus only on the
three-way interaction described above (alexithymia, perceptual difficulty, and category, y* (4)
= 27.49, p < .001). Under the upright orientation, this effect disappeared (> (4) = 4.30, p =
0.368), with only the interaction between the level of alexithymia and perceptual difficulty >
(2) = 125.24, p < .001, showing similar results to the four-way. At the easiest perceptual
difficulty there is an increasing accuracy with higher levels of alexithymia (z=4.17, p <.001).

In the remaining perceptual difficulties, there was no interaction (z < -1.29, p > 0.20).

3.2.1.2. Inverted Orientation

As for the upright condition, we performed a similar GLMM model only for inverted
faces (R? marginal = .30 and R? conditional = .40). Focusing on the three-way interaction (alexithymia,
perceptual difficulty, and category, 3> (4) = 28.00, p <.001).

Here we observed an effect of TAS-20 where increasing scores were associated with a
decrease in emotion recognition for fear (z=-3.24, p =.001) and happiness (z=-2.64, p = .008)
in the hardest level of perceptual difficulty (neutral: z = -0.76, p = .447). As before there was
no effect of TAS-20 for any of the emotions in the middle level of perceptual difficulty (z < -
1.47, p>.141, table 5), while in the easiest level of perceptual difficulty TAS-20 was associated
with an increased recognition ability for happiness (z = 4.26, p < .001) and a marginal effect

for fear (z=2.64, p = .08; neutral, z=1.64, p = .102).
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Table 5 Interaction Alexithymia, perceptual difficulty and category in an inverted presentation

Moderator levels 95% Exp(B) CI

Perceptual )

o Category Estimate SE  exp(B) Lower Upper y p
Difficulty

Hard Happy -0.02978 0.0113 0.971 0.949 0.992 -2.638 0.008
Fear  -0.03803 0.0117 0.963 0.941 00985 -3.241 0.001
Neutral -0.00898 0.0118 0.991 0.968 1.014 -0.760 0.447
Mid Happy -0.01541 0.0105 0.985 0.965 1.005 -1.472 0.141
Fear  -0.00337 0.0103 0.997 0977 1.017 -0.326 0.745
Neutral -0.00813 0.0108 0.992 0971 1.013 -0.751 0.453
Easy Happy 0.04437 00104 1.045 1.024 1067 4.264 <.001
Fear  0.01723 0.0101 1.017 0998 1.038 1712 0.087
Neutral 0.01643 0.0100 1.017 00997 1.037 1.636 0.102

3.3. Discussion

In this experiment, we aimed to identify a possible mechanism, that might modulate
alexithymia-related impairments in emotional processing — holistic processing. To this intend
we presented inverted stimuli, known to disrupt the holistic processing of emotional faces
(Prkachin, 2003a). Furthermore, we introduced only emotional categories to understand if this
impairment was associated with a specific emotional valence (Ihme et al., 2014b). We
hypothesized that individuals with higher alexithymia scores would experience greater
impairments in category identification compared to those with lower scores, particularly under
conditions of increased perceptual difficulty and inverted presentation. Regarding the
categories, we expected fearful faces to be the most difficult to identify, as individuals with
higher alexithymia scores exhibit hypoactivation in brain regions associated with emotional
processing, particularly in response to negative-valence stimuli (Ihme et al., 2014b; Van der
Velde et al., 2013).

Regarding the interaction of alexithymia level and orientation, our analysis suggests that
higher alexithymia traits are associated with an increase in performance for upright stimuli,

compared to inverted, suggesting a higher dependence on holistic processes to extract facial
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emotional information. As expected, in the hardest perceptual difficulty we saw a decrease in
emotion categorization associated with increased alexithymia, for both emotions (happiness
and fear) but not for the neutral condition. Surprisingly, we found that individuals with higher
alexithymia scores performed better in identifying categories under the easiest perceptual
difficulty. Importantly, this result was not just driven by the inverted faces and, instead it was
also present for upright faces. While this result is contrary to our hypothesis and the literature,
we tentatively suggest that it may be due to these individuals strategically focusing on stimuli
that were easier to perceive.

Overall happy emotional faces were the most accurately identified emotion, under the
easiest perceptual difficulty. We believe that is due to the mouth being visually salient in this
emotional expression compared with the other categories (Calvo et al., 2014).

As in the previous study, these results need to be analysed with caution, as we present a
small sample size compared with other studies (Brewer et al., 2016; Montebarocci et al., 2006;
Parker et al., 2005), and present contradictory results contrasting with Experiment 1. Further

studies must be undertaken to confirm the present findings.
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4. General Discussion

In our study, we aimed to analyse alexithymia-related impairments in emotional
processing, tackling holistic processing as a potential underpinning mechanism.

In the first experiment, we aimed to determine whether alexithymia driven impairments
are specific to the recognition of emotions. To explore this, we presented participants with a
negatively valenced emotion, which previous research has suggested may be particularly
challenging for individuals with alexithymia to categorize accurately. We also presented stimuli
with an absence emotion (neutral faces), given that some studies suggest that the lack of
emotion, leads to an activation of the sympathetic system (increased heart rate) and that this
arousal may lead to an impaired decision process (Peasley-Miklus et al., 2016). An object
category was included to analyse a possible selective impairment of these two categories, which
to our knowledge has not been done before. Furthermore, the categories were presented under
taxing conditions, since individuals with alexithymia exhibit greater impairments under such
conditions (Reker et al., 2010; Sadr & Sinha, 2004).

We were expecting alexithymia related deficits to be specific to emotion processing
impacting only the two facial expressions presented. In contrast, our results suggest a general
impairment associated with increased alexithymia across all conditions including the control
object condition. General impairments in emotion processing including neutral faces, have
already been suggested in the work of Lane and colleagues (1996), where alexithymic
individuals had poorer performances with different types of visual stimuli, including matching
emotional faces with the emotional words. Nonetheless, generalised deficits including for a
category with no emotional content, i.e. objects, was not expected.

Furthermore, we expected fearful faces to be easier to categorise since it suggests the
presence of a potential threat, benefiting the observer to accurately categorize this signal.
Nonetheless, in Experiment I, fearful faces were in general the least accurately categorised in
the higher perceptual difficulty. This may be due to the need to view the entire facial expression,
not occluded by visual noise, in order to accurately categorize it as a fearful face. Some studies
suggest that fear is often confused with disgust, which may further indicate the importance of
seeing the full face to interpret the intended emotional signal (Jack et al., 2009).

Meanwhile, in Experiment II, fear and neutral faces had an advantage over the
categorization of happy faces in the two hardest levels of perceptual difficulty in the upright
orientation. The difference in results between experiments suggests that there might be specific

strategies used by participants depending on the content of the task. A tentative explanation for
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these findings could relate to the difference in conditions used. In Experiment I participants
could be focusing on the categorization of faces vs non-faces due to the presence of an object
condition, with the identification of fearful emotions being a secondary decision leading to an
associated decreased performance. In Experiment II participants no longer had to make a
categorical decision regarding faces vs non-faces leading to different patterns of results in a
purer emotion categorization task.

In Experiment 2, we further tested the role of holistic processing in potential deficits
associated with alexithymia traits necessary to process emotional faces (Prkachin, 2003a), by
taking advantage of the face inversion effect. To our knowledge, this has not been previously
tested. The present findings revealed that higher scores of alexithymia were associated with
increased accuracy for the upright condition compared with the inverted, suggesting a higher
dependence on the holistic process to extract facial emotional information.

In addition, in Experiment II we also tested if there was an emotional valence specific
impairment, whereby we substituted the object category for a positive emotional valence
stimulus (happy face). As before, we expected a disadvantage in the categorization of negative
emotions, in particular fearful faces, associated with increased alexithymia traits since
individuals with alexithymia present a hypoactivation in brain regions associated with negative
valence stimuli (Ihme et al., 2014b; Van der Velde et al., 2013).

The results suggested that individuals with increasing scores of alexithymia had a lower
categorization performance for happy and fearful faces in the hard perceptual difficulty. This
effect disappeared for the mid-level perceptual difficulty, and unexpectedly in the easiest
perceptual difficulty, individuals with higher scores of alexithymia had higher accuracy across
all categories, compared with individuals with lower scores, a result that contrasted with
experiment [.

To further clarify the difference in results between experiments for upright faces, in
Experiment 2, we further examined the marginal effects between alexithymia, perceptual
difficulty, category, and orientation by analyzing the effects separately for upright and inverted
orientations. For upright faces, contrary to Experiment I, there was an increased accuracy with
alexithymia in the easiest perceptual difficulty, mimicking the overall results for Experiment II.
In the inverted orientation, the results suggest a decreased recognition for fear and happy faces
in the hardest perceptual difficulty, whereas on the easiest one higher levels of alexithymia had
better performance in the categorization of all emotion, with marginal significance for fear and

neutral faces.
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This result is contradictory not only to our Experiment 1, which shows a decrease in
accuracy with higher scores of alexithymia but also is incongruent with the literature (Grynberg
etal., 2012; Suslow & Kersting, 2021). Further studies are needed to clarify these results, which
should be analysed with caution, as the present study had a small population of primarily
university students. The limited number of participants due to time constraints, led to a more
restricted analysis only using the participants’ ID as random effect (which could increase the
chance of false positives).

Further studies must be undertaken to confirm the present findings, with a higher
number of participants, we also suggest the use of physiological measurements such as Heart
Rate Variability, and Electroencephaphy (EEG). Regarding assessing the level of alexithymia
we suggest the use of the Toronto Structured Interview for Alexithymia (TSIA), allowing for a

more in depth analysis of the level of alexithymia traits in our participants.
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5. Conclusion

In this study, we observed the importance of some perceptual mechanisms that allow for
the retrieval of emotional content for individuals with higher scores for alexithymia. One of
these was the importance of holistic processing in the retrieval of emotional information from
faces. Regarding specific emotional information, a higher score for alexithymia seemed to be
associated with general effects (impairment in experiment I and both impairment and

improvement in experiment II), with deficits generalizable to non-face objects.

Emotion specific advantages were highly variable depending on task demands, which
shows that participants can develop task specific strategies, which can be different across
experiments. Generally, recognition of fearful emotional faces was poorer when the task
required a non-face categorization (Experiment I), a pattern inverted under mid levels of

perceptual difficulty (Experiment II), and not present in the other perceptual difficulties.

To our knowledge, this was the first study that tried to understand the holistic processing
of emotions in alexithymia and that contrasted emotional faces with non-human stimuli. Further
studies should be performed with a higher number of participants and physiological
measurements to better comprehend the effects of the disruption of holistic processing and

possible generalised perceptual deficits.
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