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Abstract

Emotional stimuli such as images, words, or video clips are often used in studies
researching emotion. These stimuli are provided to the research community in sets accompanied
by normative rating data indicating the emotional value of each stimulus. With emotional
stimuli sets continuously being published, an immense number of available sets are
complicating the task for researchers looking for suitable stimuli. Therefore, a systematic
review was conducted to find all existing emotional stimuli sets that are freely available or
available upon request. The result was the creation of the KAPODI-database containing 364
sets and presenting a comprehensive list of set characteristics. A searchable online version
allows researchers to find and compare individual sets, as well as to add new published sets.
Previous research has shown that factors such as assessors’ age, gender, or ethnicity, influence
stimulus perception. Nevertheless, researchers often rely on the provided normative rating data
without verifying its validity for their own participant sample. Additionally, findings regarding
the effect of emotions onto memory are inconsistent, with sometimes enhancing, and sometimes
detrimental effects. A possible reason for these contradictory results could be factors
influencing stimulus validity that have yet not been investigated. Therefore, two additional
studies were conducted. A first study sought to analyse these possible factors by investigating
validity of stimuli in relation to assessed dimension, namely valence (negative to positive),
arousal (calming to exciting), and dominance (no dominance to high dominance), as well as
different dimension categories (e.g., low/medium/high valence, arousal, and dominance,
respectively), and standard deviation (SD) categories (low/medium/high) both for images and
words. In the second study, the factor of sensory processing sensitivity (SPS) that is known to
positively correlate with the depth of processing of emotional content was investigated. In this
latter experiment perception as well as episodic recognition of emotional image stimuli were
assessed and analysed in relation to level of SPS. The two experimental studies suggest that
solely valence seem reliable for both image and word stimuli, while arousal, dominance,
dimension, and SD category are not reliable. Moreover, perception of emotional stimuli differs
between individuals of low vs. high SPS regarding low-valence stimuli only, with high SPS
individuals perceiving these stimuli as more negative. Finally, recognition of stimuli increased
with increasing arousal, and decreased with increasing valence. Together, these results urge
researchers to validate arousal and dominance ratings of selected stimuli for their participant
sample prior to study conduction, as well as to consider the participants’ sensitivity if the study

uses negative (low-valenced) stimuli.
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Chapter One — Introduction
Background

Emotions play a central role in human decision-making processes and hence affect
behaviour. That is, in a situation of direct physical danger (e.g., fire), an individual may
perceive fear and thus run away aiming to minimize the threat of the danger. The feeling of
deep love that a parent perceives towards a newborn, assures caring behaviour such as
providing protection and feeding. Nevertheless, trying to find a satisfying definition of the
term emotion has turned out difficult, and until today, no generally and scientifically
accepted definition has been made (Izard, 2007). Additionally, the question arises
regarding how many emotions there are and how these can be differentiated.

Paul Ekman for example, who has done extensive research on facial emotion
expression, concluded that there are six basic emotions given to the humans by evolution:
anger, fear, sadness, enjoyment, disgust and surprise (1999). This means, that under
normal circumstances these emotions can be expressed and understood throughout
different cultures that had no prior contact, thus could not have learned from each other
through experience. There is no doubt that Ekman’s classification has been a valuable
contribution to the psychology of emotions, but other researchers, such as Sabini and
Silver criticized his list of “basic emotions™ as being incomplete and added the two
emotions jealousy and parental love (2005).

Other researchers rather emphasize the distinction of emotions from other similar
categories, with the three main categories affect, mood, and emotion being formed
(Ekkekakis, 2012): Affect, describes a neurophysiological state consciously accessible and
most evident in mood and emotion (Russell & Feldman Barrett, 2009, p. 104) that is
constantly experienced in varying intensity, for example energy and tiredness, pleasure and
displeasure. Mood is more global, rather than specific, and mostly temporally remote from
its cause (Morris, 1992), such as anxious or depressive mood. Emotion can be seen as
triggered by a “complex set of interrelated sub-events concerned with a specific object”
(Russell and Feldman Barrett, 1999, p. 806), and the cognitive appraisal that is involved is
crucial. Examples are pride, jealousy and love. Further, Greenberg (2002) proposed a
classification by differentiating between primary and secondary emotions. The primary
emotion follows the situation directly; the secondary emotion implies an evaluation of the
primary emotion.

Many differentiations have been made over the course of research on this subject,

nevertheless, naming them all would go beyond the scope of this work. The meta-analysis
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made by Kleinginna and Kleinginna (1981) where a classification into eleven categories
has been proposed, can be consulted for more information and a broad representation. The
authors concluded that “Emotion is a complex set of interactions among subjective and
objective factors, mediated by neural/hormonal systems, which can (a) give rise to
affective experiences such as feelings of arousal, pleasure/displeasure; (b) generate
cognitive processes such as emotionally relevant perceptual effects, appraisals, labeling
processes; (c) activate widespread physiological adjustments to the arousing conditions;
and (d) lead to behavior that is often, but not always, expressive, goal-directed, and
adaptive” (p. 355). This conclusion is partly overlapping with the biological viewpoint,
stating that an emotion is characterized by three aspects: (1) a specific functional state of
the brain, (2) a typical subjective state, and (3) characteristic processes on somatic level
(Schandry, 2011). Taken together, these definitions suggests that emotions are reactions on
physiological, psychological, as well as behavioral levels.

With regard to the causes, effects, and the purpose of emotions, various theoretical
positions exist among scientists. These are (a) physiological, (b) neurological, as well as (c)
cognitive theories. The physiological theories suggest that emotions are caused following a
response felt in the body: the James-Lange-theory for instance posits that in order to feel an
emotion, a response from the peripheral expression of emotion back to the central nervous
system is necessary (James & Lange , 1922); the Cannon-Bard theory states that physiological
response to emotions can only form after stimulus perception and evaluation have taken place
and that physiological arousal and emotional experience occur simultaneously, yet
independently (Cannon, 1927). In contrast, the neurological theories suggest that emotional
response is cause by activity within the brain, with unique neural circuits for distinct emotions
(e.g., Moors, 2009), as well as specific neurons involved in the emotional response to faces
(Rolls, 1990). Finally, the cognitive theories suggest that emotions are formed under the
influence of thoughts and other mental activities. In this line, the Schachter-Singer theory for
instance posits that a felt physiological state is cognitively interpreted and subsequently labeled
as a distinct emotion (Singer & Schachter, 1962).

Within research, one of the main ways to investigate emotions is by using emotional
stimuli (ES). These are for example images, words, or audio and video clips with a distinct
emotional value that is assessed for each individual stimulus through a rating population.
Against this background, the present work was conducted taking the position of cognitive
theories of emotion, acknowledging that individual past experiences cognitively influence

interpretation and hence perception of emotions elicited by emotional stimuli. While image and
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video stimuli may for instance display content on a variety of subjects such as facial
expressions, beverages and food, natural scenes, threat and crime, as well as social contexts,
word stimuli range from individual words, to sentences or text passages. Audio stimuli include
spoken individual words, sentences, pseudo language/gibberish, as well as sound and music.
ES are often used to elicit emotions, support diagnostic processes, or train emotion expression
and recognition. Word and speech stimuli for instance, may be used as an aid for diagnoses in
a medical context (Haro et al., 2017; Nieuwenhuis-Mark et al., 2009), and video or image
stimuli are applied within the frame of therapy for alcohol addiction (Pronk et al., 2015), or
eating disorders/obesity (Miccoli et al., 2014; Miccoli et al., 2016). Furthermore, speech or
music stimuli may be used for advertisements (Zander, 2006), learning contexts (Schon et al.,
2008), or political and linguistic research (Cullen & Harte, 2018; Edelman et al., 1992), while
images of facial expressions are useful for emotion recognition and emotion expression training
for instance in children (Cardos et al., 2016), individuals with autism (Wingenbach et al., 2016),
or schizophrenia (Gutiérrez-Maldonado et al., 2014). These stimuli can enhance intercultural
understanding (Sacco et al., 2016), human-machine interaction (Battocchi et al., 2005), or also
machine learning (Zafeiriou et al., 2016) within artificial intelligence (AI). Moreover, automatic
recognition of anger in speech (Neiberg & Elenius, 2008) for example, is used in some systems
of telephone services to indicate the customers’ emotion to the staff. Within texts, emotion
detection can be used as an indicator of the general population’s mood, if applied to online
messages, comments on websites, or blog entries (e.g., Ramalingam et al., 2018). Another
example is using automatic emotion recognition in human movement (Crane & Gross, 2007)
such as detecting aggression, which can be applied within video surveillance of prisons or
public spaces for security reasons. The ability to automatically detect emotions is thus of great
interest to many organizations, including private business and the government. The ground truth
used for creating the algorithms training machines are ES. In other words: The range of
applications for ES is wide.

Although all these above-mentioned examples provide only a small insight into the
possible use of ES, they certainly reflect the important role of ES within emotion research, and
hence the necessity of the availability of validated sets not only for the scientific community,
but also for other contexts where eliciting and reacting to emotions plays a central role.
Moreover, they urge for a profound understanding of set characteristics to ensure a suitable use

of the stimuli.



The Large Number of Emotional Stimuli

Both, a growing interest in emotion research in humans, as well as a technological
development pushing forward research within automatic emotion detection through Al and
within human-machine interaction, have fuelled the creation of new stimuli sets. Numerous sets
have been published and presented to the research community throughout past decades. While
some sets were created specifically for the purpose of providing stimuli to the research
community, others were originally created for use in a particular study. A large pool of available
stimuli can facilitate research and the use of standardized ES can allow comparison of findings
across laboratory settings. Nevertheless, it is difficult for researchers to compare a large number
of sets across multiple characteristics when searching suitable stimuli for their own study
construction. Additionally, some of the sets may be outdated, difficult to access, or unavailable.
Moreover, stimuli sets may have been assessed in and/or validated for a specific language,
ethnicity, age, or medical background of participants. Therefore, sets may not always be
suitable for all research objectives or for particular populations. The selection of suitable ES for
the research goals can thus become one of the most challenging aspects of designing a study
involving emotions.

As aresult, researchers may feel encouraged to use stimuli that have been used in many
previous studies. A few well-known stimuli sets such as the Affective Norms for English Words
(ANEW; Bradley & Lang, 1999a), the International Affective Picture System (IAPS; Lang et
al., 1997), the NimStim Set of Facial Expressions (NimStim; Tottenham et al., 2009), or the
film set by Gross and Levenson (1995), have established research credentials having been
widely used in emotion-related studies. On the one hand this may help researchers to compare
their own results to previous research that has used the same stimuli, on the other hand, the set’s
renown often overshadows smaller, recently published, or lesser-known sets and their repetitive
use amplifies the gap between small, unknown, and well-known sets, reinforcing the
overshadowing effect. Additionally, the use of stimuli from only a few well-known sets
increases the possibility that individuals participating in numerous studies become familiar with
stimuli. However, research has shown increased liking of stimuli due to repeated exposure
(mere-exposure effect) (Palumbo et al., 2021; Zajonc, 1968), and thus an increased familiarity
may affect stimulus validity.

A possible solution to the amplified use of only a small selection of stimuli sets could
be the creation of an openly accessible database listing all ES sets published to this date. Next
to facilitating access to as well as easing comparison across different sets, such an overview

would narrow, even close the gap between well-known and less-known sets. An easier access
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to the central set characteristic such as the type and number of stimuli, displayed content,
included emotion(s), as well as aspect of the participant sample (e.g., age, gender, ethnicity)
used for validation, or also applied assessment scales could help researchers, therapists or
businesses in their search process when seeking specific emotional stimuli. This would not only
considerably accelerate the research process, however, also allow a comprehensive
consideration of all sets when selecting stimuli.

Reliability of Emotional Stimuli

Besides the difficulty of a time-consuming task when searching for suitable stimuli
among all existing sets, another difficulty exists in relation to the use of ES, that is, the assured
reliability of the stimuli. The specific emotional charge or value of stimuli is usually assessed
regarding distinct emotions (e.g., happiness, sadness) or dimensions (e.g., valence, arousal) by
numerous participants. The resulting rating data, also called normative data, is then provided to
the research community along with the stimuli. Using the rating data as an indicator of the
emotional value of stimuli allows fellow researchers to select stimuli for their specific research
goal (e.g., emotion induction). In doing so, researchers rely on reliability and validity of the
data from the norming sample. Nevertheless, various factors such as participants’ age
(Isaacowitz et al., 2007), gender (Lithari et al., 2010; Nater et al., 2006), ethnicity (DeBusk &
Austin, 2011), or social and cultural background (Boiger et al., 2018; Matsumoto et al., 2008)
are known to influence the perception of ES. Therefore, these factors regarding the rating
population are usually mentioned in the study description or highlighted in relation to the
normative rating data provided along with a stimulus set.

Yet, further factors may affect stimulus perception: In that regard research has for
instance shown that rating results may differ depending on the implemented assessment scale
(Bolton & Wilkinson, 1998; Brunier & Graydon, 1996; Hasson & Arnetz, 2005), as well as that
stimulus presentation duration influences perceived pleasantness (Marin & Leder, 2016; Reber
et al., 1998). Moreover, interpretation of symbol stimuli is influenced by context (Cabhill, 1975;
Wolff & Wogalter, 1998). That is, the symbol of a key for example, could indicate the location
of a key-cutting store in a shopping mall, whereas in a computer it may indicate the need for a
password. In a similar vein, some emotional stimuli may capture content that can be related
back to a specific point in time such as a specific fashion/hair style, or type of technology in
image stimuli, or outdated content such as archaic words in word and/or audio stimuli. These
examples raise the concern that when stimuli are assessed today, the resulting rating data may
not be equivalent to the normative rating data reported in the original study. In other words, the

disparity in time between assessment of normative data and the use of stimuli today, may cause
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changes in stimulus perception. Moreover, with increasing disparity in time, the risk of changes
in emotion perception of stimuli also increases, hence reducing or even erasing stimulus
reliability.

Among existing sets are stimuli that were created as long as 60 years ago (e.g.,
Barrington, 1963). Consequentially, if researchers are relying on normative data without
verification of the validity of stimuli for their study sample, expected effects (e.g., specific
emotion induction) may not result. This could lead to distorted study results and wrong
conclusions drawn from these results. To give an example, a researcher aiming to investigate
the facial expression in response to highly arousing image stimuli would for instance select
existing stimuli based on the provided normative data indicating their high arousal value. If,
however, — due to disparity in time — these stimuli are not perceived as highly arousing when
used today, the facial expression of participants made in response to the presented stimuli does
not reflect a response to highly arousing content.

Yet, it is common practice among researchers to use ES and rely on the normative data
provided along with the set without verifying the validity of the stimuli for their study. That is,
many researchers use available ES for their studies without questioning stimulus validity.
However, this may have outreaching consequences: The wrong calibration of Al for example
to automatically detect aggression in a public space for crime prevention purposes may cause
erroneous detection but also overlook alarming signs. A teacher relying on emotion detection
in class settings — as frequently applied in China — may for instance miss students’
incomprehension of a subject. Finally, regarding research this may lead to the creation of
inconclusive study results.

To ensure high standard research, as well as high accuracy in practice, it is therefore
crucial to verify reliability of stimuli for today’s use. Moreover, it seems central to understand
the role of influencing factors (e.g., participants’ gender, assessment scale) that have been
shown to affect stimulus perception (see above). Therefore, it is important to identify distinct
factors and to assess the magnitude of their influence onto emotion perception to help evaluating
the reliability of stimuli in relation to these factors. Consequentially, this will help researchers
to estimate the necessity of stimulus verification for their study sample depending on their own
research aims in comparison to the original study construction.

Testing the Application of Emotional Stimuli on Memory

Of particular interest among emotion research has been the relation and dependence of

cognition and emotion (see Barkus et al., 2010) and more specifically investigating the effect

of emotion on memory. Previous research has shown that two brain areas, the hippocampus and
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the amygdala, are key areas for regulation and production of emotion (e.g., Cahill & McGaugh,
1998; Deacon et al., 2002; Glascher & Adolphs, 2003; Gray, 1982; McGaugh, 2000). These
areas are also associated with memory processes, consolidation of memory, and learning as
well as spatial orientation (Scoville & Milner, 1957; Kliiver & Bucy, 1937). In other words, the
hippocampus and the amygdala, both, represent a linkage between emotion and memory as they
associate memory content with emotional assessments when transferring temporary memories
to other brain areas to form long-term memories (e.g., McGaugh et al., 2002; Nalloor et al.,
2012).

Studies conducted to investigate the effect of emotions on memory mostly use ES
conveying different emotions (e.g., sadness vs. happiness) or of varying emotion intensity (e.g.,
neutral, positive, highly positive) to compare the effect of distinct emotions/ emotion intensities.
It is therefore a research area in which assurance of stimulus reliability is particularly important,
as study results may otherwise lead to erroneous conclusions.

For example, Kensinger et al., (2004), used word stimuli to investigate the role of
valence and arousal on memory. Results showed that distinct cognitive and neural processes
contribute to emotional memory enhancement for arousing information (depending on an
amygdalar— hippocampal network) compared to valenced, nonarousing information (supported
by a prefrontal cortex— hippocampal network). Nevertheless, in their study, stimuli were
selected based on the provided normative rating data, without being reassessed prior to study
conduction. If, however, participants’ perception of stimuli differs from the normative rating
(in the provided example this would mean perceiving stimuli as arousing although originally
categorized as nonarousing), the resulting measured effect (here, of valenced, nonarousing
content) onto memory is at high risk of being misinterpreted.

In a similar vein, Libkuman et al., (2004) used image stimuli to investigate the role of
valence and arousal in relation to memory for central and background details. The authors found
that distraction after stimulus presentation decreases memory for negative stimuli compared to
positive and is independent of arousal. Moreover, arousal increases memory for central details
for positive and negative stimuli, and memory for background detail solely for positive stimuli.
In this study, stimuli were reassessed prior to study conduction and the authors found
differences regarding emotion perception between their assessment and the normative data.
They justified the use of stimuli based on significant rating differences between low and high
arousal as well as negative and positive stimuli. The authors conclude with the suggestion to
also consider image detail when conducting research investigating the relation between emotion

and memory. This study is an example highlighting the importance to verify stimulus validity
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prior to study conduction as not all studies may in fact compare extreme rating categories (low
to high valence /arousal) however, compare less extreme stimuli groups (e.g., low to medium
valence/ arousal), for which in turn rating differences may not be significant anymore.
Moreover, considering image detail may have a great impact on the procedure of future study
conductions especially when using available ES, as stimuli are rarely assessed for contained
detail.

Although a few meta-analyses regarding the relation between emotion and memory
have been conducted, these are often very specific to a certain research area within this field.
For example, Murphy and Issacowitz (2008) focussed on age and conducted a meta-analysis
regarding memory and attention tasks comparing older and younger adults. The authors
concluded that age significantly affected the effects for emotion salience, and that the
measurement type appeared to influence the magnitude of effect. Similarly, Mather (2007)
acknowledges the presence of contradictory research findings regarding the relation between
arousal and memory binding within the field of emotion and memory. In conclusion the author
therefore proposes an object-based framework, that is, the attention-grabbing nature of an object
in visual stimuli is interfering with the working memory, to explain existing contradictory
findings.

Moreover, on the one hand, research investigating the effect of stress (e.g., Kirschbaum
et al., 1996; Schwabe & Wolf, 2010), anxiety (Harris, 1999; Harris & Cumming, 2003), sadness
(Chepenik et al., 2007), happiness (Storbeck & Clore, 2005) and boredom (Goldberg &
Todman, 2018), has shown an impairing effect onto memory. On the other hand, other existing
research results display an improved memory for emotional content when learning is directly
followed by stress (e.g., Cahill et al., 2003; Wolf, 2008). To summarize, contradictory research
findings concerning the relation between memory and emotion exist and seem often highly
dependent on study construction (e.g., the use of real-life events as material being retrieved,
sample size, or participants’ age) (Ucros, 1989).

As mentioned earlier, a possible reason for inconsistent research findings could be that
researchers rely on stimuli without verifying validity for their participant sample. In fact, Quas
and Lench (2007), conducted a study investigating the role of physiological arousal at encoding
and retrieval of video content and found that memory was more accurate for individuals with
increased arousal during encoding and less accurate for individuals with increase arousal at
retrieval. These results show that physiological arousal in response to ES varies among
participants and hence suggest a differing emotion perception of presented stimuli between

individuals. This in turn suggests that next to known factors such as age, gender, or social
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background (Boiger et al., 2018; Isaacowitz et al., 2007; Lithari et al., 2010; Matsumoto et al.,
2008; Nater et al., 2006), the reason for a differing perception of emotional content could hence
lay within personality differences such as trait sensitivity. High sensitivity for instance,
describes the ability to process stimuli and information more strongly and deeply than others
(Aron 1996¢; Aron & Aron, 1997; Aron et al., 2010; Aron et al., 2012). That is, individuals
with high sensitivity for instance adopt a strategy of pausing to analyse before acting, leading
to increased responsiveness to subtle, environmental, and social stimuli such as loud noise or
changes in temperature (Aron et al., 2012). In that regard, research has shown that individuals
with high (vs. low) sensitivity perceived positive images as more arousing (Jagiellowicz et al.,
2016). Consequentially, if emotion perception in high sensitive individuals differs significantly
from perception in the remaining population, ES that have not been verified for this sample
group may not have the intended effect. Moreover, if trait sensitivity affects emotion perception,
it may also influence memory.

In fact, the lacking verification of personality differences within the participant samples
could be a possible reason for inconclusive results regarding research conducted on emotion
and memory, if not the main reason for existing inconclusive findings within emotion research.
However, to this day, no research has investigated whether the reliability of emotional stimuli
may be affected by trait sensitivity. With high sensitivity concerning approximately one fifth
of the human population (Kagan, 1994), the risk of neglecting a large population percentage is
substantial. Therefore, it seems necessary to verify stimulus validity for this population group.
Additional investigations regarding the effect of emotion perception onto episodic recognition
memory for high (vs. low) sensitive individuals will help to gain insight into possibly existing
differences between these two groups regarding memory.

The Present Research

A large number of ES sets have been published to this date. However, a few sets such
as the I4PS (Lang et al., 1997) or the ANEW (Bradley & Lang, 1999a), have been repeatedly
used, emphasizing their appearance among published research while overshadowing smaller,
less known sets. Additionally, various factors such as age, gender, or cultural background affect
emotion perception of stimuli. Nevertheless, researchers usually select stimuli from existing
sets without verifying the reliability of the normative data for their own participant sample — an
approach that is of high risk of leading to distorted study results.

To ensure high standard research in the future, the central aim of the present research is
to explore the question of stimulus reliability. More specifically, the present research aims to

investigate factors that may affect validity and hence utility of ES within emotion research.
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Prior to investigating possible factors, it was necessary to gain a comprehensive
overview of all available stimuli sets and their key characteristics. Therefore, in a first step, a
comprehensive review of existing stimuli sets was conducted leading to the creation of a
database. In that regard, decisions made by the authors concerning the focus on distinct
emotions (categorical approach) and/or the dimensional approach (emotions regarded for
example in the dimensions valence, arousal, or dominance) were not questioned so that
information could be maintained as provided in the original work. In a second step, a selection
of ES was used to investigate reliability of emotional stimuli with regards to different factors
that may determine stimulus reliability. The prevalence of stimuli found to be reliable when
assessed in the present day was used as an indicator for stimulus reliability in relation to
investigated factors. Finally, next to factors that have been scientifically investigated in the past
and shown to affect stimulus perception (e.g., participant’s age and gender), another factor
influencing stimulus perception (and therefore affecting stimulus reliability) may be related to
personality characteristics, more specifically, trait sensitivity. However, these are not typically
assessed in research concerning ES perception and in consequence, the relation between trait
sensitivity ES perception has not been sufficiently investigated to this day. Therefore, within
the overall aim of the present work to explore validity and utility of ES, an experimental study
was conducted in which participants’ trait sensitivity as well as stimulus rating was assessed to
explore their relationship. Due to the frequent use of ES within research focussing on the
relation between emotion and memory, the conducted study moreover investigated the relation
between emotion perception of individuals scoring high on sensitivity (vs. non-high sensitive),
and episodic recognition for presented stimuli. As these last two steps were conducted partly as
a type of study replication (reassessment of emotional stimuli), these were hence also conducted
in front of the background of the cognitive theories. That is, by asking participants to indicate
their perceived emotion on a virtual scale, the present studies are acknowledging that each
participant may perceive the stimuli differently, and that assessment is influenced by the
memory of past experiences triggered by the stimulus.

Together, the results of these three studies will (a) provide researchers with a
comprehensive overview of existing ES sets, saving researchers time when searching for
specific stimuli and allowing a more elaborate comparison across sets based on specific set
characteristics; (b) assess the validity of normative data and thus stimulus reliability in relation
to specific factors, hence indicate to researchers in which case reassessment of stimuli will be
necessary for their own participant sample; and (c) investigate the aspect of trait sensitivity in

relation to stimulus perception and recognition memory.
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Principal Research Questions

Each of the steps (e.g., systematic review, investigating stimulus reliability in relation
to different factors, investigating the effect of emotion on recognition memory) will be
presented in an individual chapter. For each step (a) principal research question(s) were

formulated. These questions are:

Q1: How many emotional stimuli sets are available to the research community? and What

are the key characteristics of each set?

Q2: Do ratings of emotional image and word stimuli remain generally reliable numerous

years post publication, and what factors related to the stimuli influence their reliability?

Q3: What is the relationship between trait sensitivity, emotion perception of stimuli, and

recognition memory?

Outline of Chapters

The entire research project will be presented and discussed in five chapters: The
introductory chapter (Chapter I), briefly outlines the theoretical background of emotion
research along with the rationale for all three conducted studies. Chapter II will describe the
work of a comprehensive systematic review of existing emotional stimuli sets, leading to the
creation of the searchable online database (KAPODI database) in which stimuli sets can be
searched and filtered according to set characteristics. In Chapter III the experimental study
investigating different factors that may determine stimulus reliability through the example of
image and word stimuli will be described. Chapter IV presents a study investigating the
relationship between person sensitivity and perception of image stimuli along the dimensions
of valence and arousal, as well as the effect onto recognition memory. Finally, research findings

as well as implementations for future research will be discussed in Chapter V.
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Chapter Two — A Systematic Review of Emotional Stimuli Sets

One of the most challenging aspects of designing a study involving emotions can be the
selection of suitable ES for the research goals. Along with a rapidly growing interest in emotion
research throughout the past few decades [e.g., emotion regulation (Gross, 2015) or emotional
development (Pollak et al., 2019)], the need for ES has also increased. This is reflected in the
publication of numerous ES sets. Examples of ES include images, words, music, speech, or
video-clips that can be used in studies aiming to elicit specific emotions.

Following the original aim to investigate possible factors influencing stimulus
reliability, it is crucial to gain an overview of existing ES sets prior to conducting any
experimental study. The first study within the framework of the current research project on ES
therefore aimed to systematically review previously published sets. To understand similarities
and differences between sets it was moreover important to extract key set characteristics.

The three main research questions were formulated as follows:

Q1.1: How many emotional stimuli sets are available to the research community?
Q1.2: What is the prevalence with regards to different types of stimuli?
and

Q1.3: Which are the key characteristics of each set?

Background
The Origins of Normative Data

Various factors may play an important role in influencing perception and emotional
experience in relation to stimuli. Examples are the participants’ age (Isaacowitz et al., 2007),
gender (Lithari et al., 2010; Nater et al., 2006), ethnicity (DeBusk & Austin, 2011), hormone
levels (see Little, 2013 for a review), or social and cultural background (Boiger et al., 2018;
Matsumoto et al., 2008). Therefore, as well as the actual ES themselves, validation data can be
just as important to researchers when planning a study. This assessed rating data provided along
with stimuli is called normative data.

Seeking to quantify subjective perception of ES, two main approaches have developed
over time, namely the dimensional approach and the categorical approach. The former focuses
on the three dimensions valence, arousal and dominance, rooted in research by Osgood and
colleagues (Osgood, 1952; Osgood, Suci, & Tannenbaum, 1957); the latter is based on specific
emotions, most frequently the big six, namely happiness, sadness, anger, fear, disgust, and
surprise (Ekman et al., 1969). However, extensions have been proposed for both approaches,

arguing that they were yet not exhaustive. Stevenson and colleagues for example suggest that
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for the assessment of certain words it is advisable that valence, arousal and dominance are
further distinguished from sexual valence, sexual arousal, and sexual dominance (Stevenson et
al., 2011). The emotion categories have been extended for some studies by adding for instance
moral disgust, joy, amusement, and tenderness (Ge et al., 2019), sarcasm/irony (Esposito et al.,
2009), pride, contempt, embarrassment (Wingenbach et al., 2016), or also guilt, interest, and
affection (Gilman et al., 2017).

As well as the preference for a specific approach to emotional categories, the
measurement of emotional reaction to stimuli also differs across sets. Certain rating scales are
preferred over others, depending on the research aim or participant sample. Lang and colleagues
developed a picture-oriented assessment method, the Self-Assessment Manikin (SAM),
(Bradley & Lang, 1994; Lang, 1980): in a dimensional approach, valence, arousal and
dominance are assessed by displaying three sets of five figures arranged along a continuum.
These SAM-scales have been widely used. Sometimes partially by assessing only one (e.g.,
Katsimerou et al., 2016) or two (e.g., Ferr¢ et al., 2012) of the three dimensions, or extended
by creating figurines for further dimensions for individual research questions such as
significance (high vs. low), source (internal vs. external) (e.g., Imbir, 2015, 2016), or food
craving (Miccoli et al., 2016). However most frequently, they are modified by inserting inter-
pictorial steps without figures, creating 9-point scales with five SAM-figures (e.g., Fairfield et
al., 2017; Goodman et al., 2016; Soares et al., 2012). Researchers have also created additional
SAM-figures to represent each of the 9 points within one scale (Provost et al., 2015). Further
scales that are frequently utilised in the dimensional approach are the Likert-scale (Likert, 1932)
and the visual analogue scale (VAS) (Hayes & Patterson, 1921). Latter are indeed often the
preferred tool in the categorical approach, applied for each specific assessed emotion (Ge et al.,
2019; Stadthagen-Gonzaélez et al., 2018; Wierzba et al., 2015).

With a value that represents the emotional charge of a stimulus, researchers can select
stimuli according to their research aims. For example, for a study aiming to induce sad emotions
through music, validated music stimuli can be accessed, and their accompanying normative
data used as an indicator for their degree of sadness. In a study that aims to compare the
perception of facial emotion expression across different age groups, stimuli that have been
validated for one specific age group could then easily be accessed, sparing the researcher from
assessing the same age group again. Furthermore, studies focussing on memory in connection
to emotion could benefit from stimuli that have been validated previously in eliciting specific
emotions. Finally, there are stimuli validated for specific uses such as in studies with noisy

backgrounds, for instance fMRI assessments (e.g., Lepping et al., 2016). Pre-validated sets can
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thus save researchers time as they do not need to create and validate their own stimuli
beforehand. Finally, providing the normative rating along with the stimuli enables researchers
to replicate studies or to manipulate (or control for) external factors such as country of the
survey, year of the study, ethnic background of participants etc., but also internal factors such
as luminance, colour, display duration, or video/audio speed of presented stimuli.

However, relying on normative rating data provided along with the stimuli can be a
double-edged sword: while researchers are assured that chosen stimuli will have the intended
effect on most participants, the normative ratings may have been affected by a plethora of
external factors. Hence, a set validated for one population or context, may not have the same
effect, thus not be valid, in another population or context. Research investigating the emotional
perception of images in countries suffering from violence showed that Israeli adults rated
images differently than young adults in the United States (Okon-Singer et al., 2011). Similarly,
in a study investigating the interpretation of symbols, Cahill (1975) was able to show that
context eases interpretability compared to symbols in isolation. Further, the year the survey was
conducted may play an important role: that is, an image of the World Trade Center in New York
City, presented to participants prior to the 11" °f September, 2001, may have elicited different
emotions, compared to after that date, and images or video stimuli may include cues such as
hair style or fashion that can easily be associated with a specific decade and thus seem outdated
when seen today. Unfortunately, not all available stimuli sets record or highlight these factors.

Therefore, it is important to consider the details of ES set construction such as
characteristics of the rating population, date of created stimuli, or country of research, etc.,
when selecting stimuli and/or relying on normative data. Especially regarding research
conducted in relation to automatic emotion detection through Al, a cautious selection of stimuli
based on normative data is particularly important, as a ‘wrong calibration’ of stimuli used to
train the machines may have outreaching consequences (e.g., automatic detection of
aggression).

Research Rationale

For the above reasons, a central database giving an overview of available ES sets and
documenting their central characteristics is needed. Additionally, with every year and every
new ES set that is published, the need for an updated and exhaustive database is increased.
Although previous research reviewing emotional stimuli sets has been conducted by
Krumhuber et al. (2017) specifically for dynamic sets of facial expressions, as well as by Griihn
and Sharifian (2016), these attempts are not comprehensive, as they focus only on specific types

of ES, or have not systematically reviewed existing literature. Some researchers give a short
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overview of existing stimuli sets for context when introducing their own new set, however,
these mostly include sets of similar content such as exclusively words (e.g., Riegel et al., 2015;
Scott et al., 2019) or faces (e.g., Prada et al., 2018; Tu et al., 2018).

With no existing comprehensive review to date, the objective of this study was to
systematically review existing and freely available sets of ES and provide an overview by
documenting the central characteristics of each set. To achieve this, a database was created in
which stimuli sets were listed and coded with respect to specific criteria such as type and
number of stimuli, included emotion(s), number of raters (where applicable), and applied rating
scale(s). Moreover, a searchable online version of the database was created. This online version
may serve as a tool allowing specific set characteristics to be selected, leading to the display of
filtered results. To keep the content updated, newly published sets can be added continuously
by other reserchers. The hope is that the resulting searchable KAthrin POs. DIconne (KAPODI)
database of emotional stimuli will be a useful resource for researchers planning studies
including ES, and possibly be directly beneficial to other contexts such as in a therapeutic
setting, the creation of avatars and cartoon characters, or also human-machine interaction.
Method

The methodological procedure of the current systematic literature review consisted of
three main building stages: first, a systematic literature review was conducted aiming to detect
all existing ES sets; second, information of all included sets was coded; third, set characteristics
were summarised for visualization of the results and a searchable online version of the database
was created. This systematic literature review was hereby conducted largely independently.
That is, while key-word selection was discussed and agreed upon by the study supervisors,
reading, coding, as well as transferring of the data into the online-version of the resulting
database was completed by the author of the present work. Due to the scope of the review, this
was a time-consuming task taking multiple months. Hence, an updated review was necessary
to verify if additional sets had been published in the meantime (see Results, Stage One:
Systematic Literature Review).

Stage One: Systematic Literature Review

In order to capture the greatest possible number of papers proposing ES sets, an
appropriate keyword selection had to be made and inclusion- as well as exclusion criteria,
determined. In two consecutive steps publications not meeting inclusion criteria were excluded.

Information Sources

The keyword search was conducted in April 2019, on Psychinfo, Medline (EBSCOhost),
and Web of Science. The time frame for publication date was set to 1950-2019 for PsychInfo
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and Medline, as well as 1970-2019 for Web of Science, respectively, as the early beginnings of
emotion research and proposal of stimuli sets can be pinpointed approximately to the 1950s
(Osgood, 1952). The reduced time frame for Web of Science was restricted by the database
entry options. Due to a long time-spanning coding process after the first search, the same search
was conducted a second time in June 2020 aiming to detect all studies presenting ES published
between January 2019 and June 2020. Literature search included emotion- and stimuli-related
keywords and were kept limited to the six basic emotions (Ekman et al., 1969). The applied
exact keywords were: “(emotional) OR (emotion) OR (affect) OR (affective) OR (fear) OR
(disgust) OR (happiness) OR (anger) OR (angry) OR (sad) OR (sadness) OR (surprise) [IN all
text] AND (stimulus OR stimuli OR picture$ OR word$ OR video$ OR audio OR film$ OR
sentence$) [IN all text] AND (set OR database OR list OR library OR norms) [IN title] . The
keyword database could only be searched for [IN title], as many search-engine databases
commonly include this term below a paper’s abstract, leading to tens of thousands keyword
search results when searched for [IN all text] or [IN abstract].

Eligibility Criteria

Papers were selected according to the criteria below:

To be included, papers had to (1) be peer-reviewed; (1) be published in English, French,
or German; (11I) be published between 1950 and 2020; (IV) include ES that are either (a)
images; (b) video; (c) audio; or (d) words; and (V) include sets accessible to the research
community. Excluded were all sets containing ES such as heat, pressure, or odour, sets of ES
created for animal studies, as well as sets providing solely physiological data stimuli (e.g., to
train Al).

As discussed earlier, various factors can influence the perception of ES; therefore, in
this systematic literature review, validation of presented stimuli was not considered a
prerequisite. Publication without validation was sometimes the case for studies where models
were asked to express certain emotions, (e.g., Minear & Park, 2004; O’Toole et al., 2005;
Yingliang et al., 2006), or also for word lists created by the researchers themselves (Barrington,
1963).

Study Selection

Literature search results were uploaded to Rayyan Software (Ouzzani et al., 2016), an
internet-based software program that facilitates the study selection process. All search results
were manually and independently screened against inclusion criteria, based on title and abstract.
Uncertainties concerning inclusion were resolved through discussion and consensus of two to

four researchers. When necessary, additional information was sought directly from study
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authors. Concerning inquiries regarding availability, authors were contacted twice via e-mail
within approximately two to three months. If they did not respond after the second enquiry, the
set was considered unavailable.
Stage Two: Data Collection Process and Data Items

Each publication that met inclusion criteria was then read two times independently and
assigned to one of six subfolders: (1) audio, (2) faces, (3) images, (4) video, (5) words, and (6)
mixed, depending on the type of most stimuli included in the presented set. Characteristics (e.g.,
year of the publication, type of stimuli, number of stimuli, resolution, number of raters, or
applied rating scales) were coded. A detailed outline of these characteristics can be found in
Table 1. Whenever information was not provided in the paper, this was noted as not available
(n/a). In case of information inconsistencies within the publication, or to resolve any
uncertainties, study authors were contacted.

Table 1
Coded Characteristics for Each Subfolder

Coded characteristics Subfolder

Audio Faces Images Video Words Mixed
Title of publication yes yes yes yes yes yes
Authors yes yes yes yes yes yes
Year of publication yes yes yes yes yes yes
APA citation yes yes yes yes yes yes
University affiliation yes yes yes yes yes yes
Stimuli set name yes yes yes yes yes yes
Type of stimuli yes yes yes yes yes yes
Resolution yes yes yes yes - yes
Content yes yes yes yes yes yes
Expression yes yes - - - yes
authenticity
Ethnicity - yes yes yes - yes
Number of stimuli yes yes yes yes yes yes
Stimuli length yes yes - yes yes yes
Number of models yes yes - yes - yes
Sex of models yes yes - - - yes
Age of models yes yes - - - yes
Specific number of yes yes yes yes yes yes
emotions
Colour / hue - yes yes yes - yes
Language yes - - yes yes yes
Categorical approach yes yes yes yes yes yes
Dimensional yes yes yes yes yes yes
approach
Categorisation yes yes yes yes yes yes
Rating scale(s) yes yes yes yes yes yes
Additional yes yes yes yes yes yes
Information
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Included specific yes yes yes yes yes yes
emotions

Number of included yes yes yes yes yes yes
specific emotions

Validation for yes yes yes yes yes yes
subgroup

Rating by yes yes yes yes yes yes
Student/non-student yes yes yes yes yes yes
raters

Country of study yes yes yes yes yes yes
Continent of study yes yes yes yes yes yes
Number of raters yes yes yes yes yes yes
Number of raters per yes yes yes yes yes yes
stimulus

Source access yes yes yes yes yes yes

Note. University affiliation = author-affiliation as indicated in the publication; content = short description of the
database content; expression authenticity = e.g., natural vs. acted or posed, applicable to only emotional
expressions (i.e. vocalisations or faces); categorical approach = stimuli assessed after the categorical approach of
emotion; dimensional approach = stimuli assessed after the dimensional approach of emotion; categorisation =
assessed dimensions; additional information=information that seems important that could not be coded otherwise;
validation for subgroup = sets that have specifically been validated for a subgroup/ information for certain research
fields are proposed by authors; rating by = characteristics of stimuli raters; student/non-student raters = coded

whether raters were university/college students.

Stage Three: Summarization and Visualization of Results

All extracted information was coded in an Excel sheet. An online version of the database
was created. It serves as a search tool in which specific criteria such as type of stimuli, models’
age, rating scales, included emotions, etc. can be selected, leading to the display of solely sets
containing these characteristics. The searchable database can be found online.
Results
Stage One: Systematic Literature Review

The first keyword search yielded 1,877 pieces of published work (443 in PsychInfo, 393
in Medline, and 1,041 in Web of Science). Duplicates (n = 616) were removed, 1,261 search
results remained for manual scanning. This manual scanning was conducted in two subsequent
steps: first, a coarse selection based on title and abstract, then thorough reading of the full
publication. Based on title and abstract, n = 951 results were excluded due to unrelated content
(e.g., studies on animals, publications originating from chemistry or physics), leaving 310
publications for thorough reading. In this second step, another 73 publications were excluded
because (a) their content was not relevant to the systematic review (n = 56), or (b) the described

set was not available to the research community/authors did not respond to e-mail requests
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concerning availability of the set (n = 17). A more detailed overview of the individual steps can

be found in the PRISMA flow diagram (Moher et al., 2009) in Figure 1.

First search Second (updated) search
Medline Psychinfo Web of Science Medline Psychinfo Web of Science
(EBSCOhost) n=443 n=1,041 (EBSCOhost) n=34 n=162
n=393 =72
‘ Duplicates
i o - n=616 _ ‘
First skim Duplicates within these
» (title & abstract) ——-n=78
-n=951
Second skim Duplicates to previous
*| (reading text) »| (first) search
-n=56 Requested access not -n=36
ft;lie;idfrom fables N — * given /no response First skim
-n=17 » (title & abstract)

-n=106

Second skim
— | (reading text)
-n=15

Requested access not
*! given /no response
-n=1

Added from tables
¢ +n=21
(+n=53)

v
Total Papers coded
N=364

Figure 1. PRISMA flow diagram of the research procedure. Note. Research procedure conducted applying key
words in three databases (PsychInfo, Web of Science, and Medline (EBSCOhost)). First search conducted in April
2019, and the second (updated) search conducted in June 2020.

A few publications mentioned further stimuli sets that were not detected by the initial
key word search. Therefore, the availability of all sets presented in tables within the publications
that were already part of the database (extended table-search) was further verified. All
additional sets conforming to the inclusion criteria as mentioned above were included: Another
n =74 publications were added. At this point, a total of 311 publications had been included and
coded. The same search and selection process were conducted for the second updated search
covering all studies published between January 2019 and June 2020.

This updated keyword search yielded another N = 268 results (34 in PsychInfo, 162 in
Medline, and 72 in Web of Science). Duplicates within these three search databases (n = 78),
as well as duplicates of results from the first search (n =36) were removed; 154 papers remained
for manual scanning. A further n = 106 publications were removed based on title and abstract;
a further n = 15 papers were removed after thorough reading. One paper was excluded, as
authors did not respond to the request regarding set availability. A total of N = 53 publications
were added through this second updated search: an initial » = 32 publications, and an additional
n =21 publications from the extended table-search.

With 311 publications from the first search and 53 publications from the updated search,

at the point of creation the database contains a total of N = 364 publications. Each publication
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presents at least one set of ES and/or new assessed rating data. All publications and their
extracted main criteria are listed in an Excel spreadsheet available as Supplementary Material
(Study 1), and an online version of the database is also available. Note that the supplementary
material contains information only up to 2020, while the online version of the database will
keep being updated.

In the following section, analyses of main extracted aspects are presented:

Number of Publications

Publication dates span from 1963 to 2020. Separation by decades clearly indicates a
steep increase in publications throughout the last two decades (see Table 2). Note, that the final
keyword search in this study was conducted in June 2020, therefore the reported number for
the last decade (2011 - 2020) may be underestimated if additional stimuli sets are published
before the end of this year.

Table 2
Number of Publications and Percentage per Decade From 1961-2020 in Total and per Subfolder

Subfolder 1961-1970  1971-1980 1981-1990 1991-2000 2001-2010  2011-2020
n n (%) n (%) n (%) n (%) n (%) n (%)

Audio 35 - - - 3(857)  9(25.71) 23 (65.71)
Faces 117 - - - 5(427)  32(27.35) 80 (68.38)
Images 35 - - - - 3(8.75) 32 (91.43)
Mixed 45 - - - - 10 (22.22) 35 (77.78)
Video 43 - - - 2(4.65)  6(13.95) 35 (81.40)
Words 89 1(1.12) 2(2.25) 3(3.37) 6(6.74)  19(21.35) 58 (65.17)
Y 364 1(0.27) 2(0.55) 3(0.82)  16(4.40) 79 (21.70) 263 (72.25)

Note. N =364 publications. Percentages calculated horizontally.

Stimuli Subfolders

For easier comparison across stimuli, each publication was allocated to one of six
subfolders describing the type of stimuli: (/) audio (N = 35), (2) faces (N =117), (3) images (N
= 35), (4) video (N =43), (5) words (N = 89), and (6) mixed (N = 45). Note, that the number of
publications is named, as some publications present more than one set (e.g., FEEDBver.1 and
FEEDB, Szwoch, 2014; ATAL and ETAL, Torkamani-Azar et al., 2019). Furthermore,
publications were allocated to the best fitting subfolder which means that included stimuli types
are not exclusive: the folder faces for instance, contains sets of images as well as video stimuli,
which are not separately named in the images or video folder. It is also important to mention
that some sets (partially or in their entirety) have been translated into another language,
validated in another country, or validated for a different age group, and thus do not contain new

stimuli. However, they present new normative rating data. Such examples are the translation of
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the ANEW set (Bradley & Lang, 1999a) into Italian (Montefinese et al., 2014) or Portuguese
(Soares et al., 2012); the validation of the IAPS (Lang et al., 1997) for a Brazilian population
(Ribeiro et al., 2005), a population of countries suffering from violence (Okon-Singer et al.,
2011), or the creation of a subset relevant for Borderline Personality Disorder (Sloan et al.,
2010); the creation of an audio version of an existing word set for cross-modal validation
(Kanske & Kotz, 2011) or clinical subsamples (Kanske & Kotz, 2012); the validation for
different age groups as can be found with the Besancon Affective Picture Set (BAPS) (BAPS-
Ado, Szymanska et al., 2015; BAPS-Adult, Szymanska et al., 2019) or also the modification of
stimuli for example by morphing existing face images and creating dynamic stimuli as can be
found with the FACES set (Ebner et al., 2010) modified into DynamicFACES (Holland et al.,
2019), and the KDEF set (Bartlett et al., 1999) modified into KDEF-dyn (Calvo et al., 2018). A
short description of results per subfolder follows:

Audio

Audio-stimuli contain spoken individual words, sentences, pseudo language/gibberish,
as well as music. The focus of emotion varies between intonation and semantic content of
stimuli. This means that stimuli can be selected with a focus on perception of emotional tone,
or emotional content, or a combination of both for example by using stimuli with emotional
semantic content expressed in various emotional tones. Across all types of stimuli, audio-
stimuli resulted in the fewest number of publications (equal to image-stimuli).

Faces

A specific focus within video and image stimuli are facial expressions. This subfolder
contains the most publications in relation to the other folders and accounts for almost one third
(32.14%) of all sets. A growing interest in automatic emotion detection within Al and progress
in human-machine interaction are pushing researchers to continuously adjust and improve
algorithms that strongly depend on standardised and/or validated sets of face-stimuli. Proposed
sets contain both grey-scale stimuli and colour-stimuli, in 2D as well as 3D. Furthermore, still-
image stimuli, as well as video and dynamic stimuli are included. Dynamic stimuli can be
constructed artificially based on individual images. Similarly, this folder also includes sets with
morphed stimuli which are stimuli that are created by superimposing multiple images or video
frames. In some cases, researchers provide video streams, as well as individual frames (image-
stimuli) of the recorded videos. Standardisation such as fixed pupil position across all models
from one set, or removal of potentially distracting information (e.g., jewellery, hair, makeup,
clothes) is coded. Both posed, as well as natural/spontaneous emotion expressions are included.

Sets also vary in the degree of homogeneity regarding models’ gender, age, and ethnicity.
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Images

Image-stimuli in this database cover a variety of subjects. Examples are beverage and
food images, natural scenes, threat and crime stimuli, as well as line drawings of social contexts.
Image sets were often created for research in specific subgroups such as alcohol addiction,
eating disorders, or phobia.

Video

Video-stimuli are one of the most effective type of stimuli for emotion elicitation (Gross
& Levenson, 1995; Westermann et al., 1996) and thus are often used in studies aiming to induce
a specific emotion in participants. Stimuli vary from video-only, to audio-visual stimuli that are
accompanied by speech or music. Included are sets that present video clips extracted from
movies and TV-shows, clips recorded specifically for the study, as well as motion-capture data
where only point-lights representing body-part position in space are visible. Especially when
stimuli are extracted from movies or TV-shows, quality and camera angle as well as
microphone sources can vary widely within one set.

Words

Word-stimuli are stimuli that range from written individual words, to sentences or text
passages. Similar to audio-stimuli, sets include real words in various languages, as well as
gibberish speech. Multiple studies report extracting a selection or using all words from an
already existing set such as the ANEW (e.g., Nieuwenhuis-Mark et al., 2009; Schmidtke et al.,
2014; Sutton & Altarriba, 2016).

Mixed

The mixed subfolder was created to list all stimuli sets that cannot clearly be allocated
to any of the other subfolders. Often, these sets contain a combination of types of stimuli or
additionally provide physiological data such as for example of respiration, heart rate, skin
conductance, or temperature. Physiological data recordings can be extremely valuable to
research focussing on emotion recognition through Al, or also the understanding of
physiological processes during the experience of different emotions. This sort of data may for
instance be useful for the investigation of emotion regulation or understanding of disabilities in
relation to emotion such as anxiety, apathy, or psychopathology.
Stage Two: Data Collection Process and Data Items

Number of Stimuli

Depending on the aim of research, sets were either created for a specific study (e.g.,
Belhumeur et al., 1997) and then made available or, in most cases, created specifically with the

aim to be presented to the research community as a stimulus set. Further, sets vary between
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presenting stimuli specifically for emotion elicitation (e.g., Lepping et al., 2016; Maffei &
Angrilli, 2019; Samson et al., 2016), and stimuli that rather ‘represent’ specific emotions (e.g.,
Likforman-Sulem et al., 2017; Song et al., 2019).

Influenced by the research aim, the number of stimuli included in sets widely varies
(Table 3): audio-stimuli sets contain 5 to over 14,900 stimuli (mean: appr. 1,404.89; SD:
2,864.04), and face-stimuli sets contain 42 to 1,503,495 stimuli (mean: > 37,674.15; SD:
201,855.25). Image-stimuli sets contain 15 to 2,941 stimuli (mean: 535.29; SD: 601.11), video-
stimuli sets contain 14 to 9,800 stimuli (mean: 964.88; SD: 2,189.52), word-stimuli sets contain
24 to 23,475 stimuli (mean: > 1,708.79; SD: 3,386.95), and mixed-stimuli sets contain 10 to
22,326 stimuli (mean: > 1,975.77; SD: 4,066.04). Four publications could not be included as
information was not available or, as in one case, stimuli were reported in available recorded

minutes (e.g., 374 13m) rather than a number (Nazareth et al., 2019).

Table 3
Mean, Median and SD for Number of Stimuli per Publication for Each of the Six Subfolders

Subfolder n

M median SD
Audio > 1,405 240 2,864
Faces > 37,674 535 201,855
Images 535 276 601
Video 965 147 2,190
Words > 1,709 718 3,387
Mixed > 1,976 450 4,066

Note. N =360 publications. > = over (exact number cannot be calculated); M = mean; SD = standard deviation.

Naming and comparing the exact mean number of stimuli across sets therefore remains
impossible. Furthermore, authors use different ways of reporting the number of stimuli,
impeding comparison between studies: while some authors may report a certain number of
available stimuli (e.g., videos) and may mention that individual frames are also available
separately, others may report number of videos and frames available together, inflating the
number of available stimuli reported. An example is the publication by Lubis et al. (2018), in
which the number of recorded sessions (n = 60) is reported and manually refined transcriptions
of the conversations are provided, however not counted as stimuli. The PersianESD (Keshtiari
et al., 2015) in contrast, reports a total number of N = 558 stimuli, which are divided into n =

90 sentences in text format plus » = 468 vocal recordings thereof.
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Assessment Approach

As previously discussed, quantification of the subjective perception of ES has typically
taken either a dimensional or categorical approach. When assessing stimuli through at least one
approach, categorical (55.22 %) and dimensional approach (56.59 %) have been used to an
equal amount. Seventy-seven publications (20.88 %) assessed stimuli using both approaches.
Separated by subfolder, the decision for either the categorical approach or the dimensional
approach was taken approximately equally as often in publications presenting audio (71.43 %
and 68.57 %), video (69.77 % and 55.81 %), and mixed stimuli (60 % and 55.56 %). The gap
between both approaches in the remaining subfolders was more pronounced: face stimuli were
more often assessed using the categorical approach (80.34 %), while image and word stimuli
were mainly assessed using the dimensional approach (images: 100 %; words: 82.02 %). A total
number of 35 publications (9.62 %) did not assess their stimuli using either of the two
approaches. However, the number remained below 16 % for each of the subfolders (see Table
4). For these cases, other evaluation methods were for example coding of action units (AUs) in
faces (e.g., Cosker et al., 2011; Mavadati et al., 2013; Savran et al., 2008), free recall of words
(e.g., Nieuwenhuis-Mark et al., 2009), or rating of technical correctness, expressivity and

beauty of dance movements (Christensen et al., 2019).

Table 4
Number of Publications per Subfolder Assessing Stimuli After Categorical and Dimensional Approach

Subfolder n

N Categorical Dimensional Both None %
Audio 35 25 24 15 1
Faces 117 94 25 20 18 100
Images 35 10 35 9 0 75
Video 43 30 24 12 1 50
Words 89 15 74 7 9 25
Mixed 45 27 25 13 6 0
3 364 201 206 76 35

Note. YN = 364 publications. Both = stimuli assessed with both, categorical and dimensional approach; none =
stimuli not assessed through categorical or dimensional approach; note: read colours of heatmap in table

horizontally.

Dimensional Approach

Rooted in research by Osgood and colleagues (Osgood, 1952; Osgood et al., 1957), the
dimensional approach focuses on the three dimensions valence, arousal and dominance. For all
206 publications assessing emotional stimuli using the dimensional approach, valence was

always of highest interest (97.09 %), followed by arousal (79.61 %) and dominance (24.76 %)
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(see Table 5). This order of preference was also maintained when regarding the subfolders
individually (valence: 88 % to 100 %; arousal: 64 % to 95.83 %; dominance: 12 % to 40 %).
The only exception can be found for video stimuli where valence and arousal were assessed

equally as often (95.83 %).

Table 5

Number of Publications per Subfolder Assessing Stimuli on Valence, Arousal, and Dominance

Subfolder n (%)

N Valence Arousal Dominance %
Audio 24 24 (100) 19 (79.17) 5(20.83)
Faces 25 22 (88.00) 16 (64.00) 3 (12.00) 100
Images 35 33(94.29) 32(91.43) 7 (20.00) 75
Video 24 23 (95.83) 23 (95.83) 8(33.33) 50
Words 74 73 (98.65) 52 (70.27) 18 (24.32) 25
Mixed 25 25 (100) 22 (88.00) 10 (40.00) 0
3 206 200 (97.09) 164 (79.61) = 51 (24.76)

Note. YN =206 publications. Read colours of heatmap in table horizontally.

Categorical Approach

Based on specific emotions, the categorical approach most frequently relies on the big
six, namely happiness, sadness, anger, fear, disgust, and surprise (Ekman et al., 1969). As
explained earlier, extensions have been proposed (e.g., Esposito et al., 2009; Ge et al., 2019;
Gilman et al.,, 2017; Stevenson et al., 2011; Wingenbach et al., 2016). Throughout all
publications including emotions, between 1 and 93 distinct emotions have been assessed (Table
6). While images were assessed on a maximum of 6 different emotions, faces were assessed on
up to 93 different emotions (Schmidtmann et al., 2020). However, this study reporting such a
great number of emotions was an exception, as the mean number of assessed emotions (mean:
> 7.09; SD: 9.47) remained relatively similar to that of audio stimuli (mean: 6.12; SD: 4.39),
mixed stimuli (mean: 6.43; SD: 4.69), and video stimuli (mean: 8.23; SD: 7.67). For a
comparison, word stimuli were assessed on a mean of 4.56 emotions (SD: 2.26), while image

stimuli were assessed on a mean of 2.90 emotions (SD: 1.91).
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Table 6
Mean, Median, and SD for Number of Emotions Assessed per Publication for Each of the Six Subfolders

Subfolder n

M median SD
Audio 6.12 5.50 4.39
Faces >7.09 6.00 9.47
Images 2.90 2.50 1.91
Video 8.23 6.00 7.67
Words 4.56 5.00 2.26
Mixed 6.43 6.00 4.69

Note. N = 226 publications. > = over (one study did not mention exact number); M = mean; SD = standard

deviation.

Assessment Scales

An aspect that is often relevant for research including ES is the measurement scale used
for stimulus validation. Although not all publications present stimuli sets validated through
participant assessment (e.g., validation via algorithms), those that did used various different
scales. In three cases, information regarding the scale was not accessible. Therefore, the
following calculations are based on N = 361 publications:

Overall, the Likert scale was the most applied scale (55.68 %), followed by forced-
choice answer option (36.84 %), SAM-scale (21.05 %), and visual analogue scale (9.70 %).
Other forms of assessment for example though free answers or assessment tools such as
FeelTrace (Cowie et al., 2000), G-trace (Cowie et al., 2013), joysticks, or 2D spaces, were used
in 20.78 %. Exact numbers of scale applications along with percentages can be found in Table
7. These percentages can exceed 100, as many studies assessed stimuli ratings on multiple
scales.

Generally, apart from face-stimuli that were mostly assessed through the forced-choice
method (52.17 %), assessment using the Likert scale was applied more often than any other

scale within the remaining 5 subfolders.
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Table 7
Number of Publications and Percentage per Subfolder and in Total Applying Forced Choice, Likert-Scales,
SAM-Scales, VAS-Scales, and Other Scales

Subfolder n (%)
N Forced choice Likert SAM VAS Other
Audio 35 19 (54.29) 21 (60.00) 8 (22.86) 5(14.29) 7 (20.00)
Faces 115 60 (52.17) 46 (40.00) 2(1.74) 9(7.83) 21 (18.26)
Images 35 9 (25.71) 22 (62.86) 15 (42.86) 8 (22.86) 1(2.86)
Mixed 44 20 (45.45) 25 (56.82) 15 (34.09) 6 (13.64) 13 (29.55)
Video 43 16 (37.21) 26 (60.47) 8 (18.60) 2 (4.65) 16 (37.21)
Words 89 9 (10.11) 61 (68.54) 28 (31.46) 5(5.62) 17 (19.10)
> 361 133 (36.84) 201 (55.68) 76 (21.05) 35(9.70) 75 (20.78)

Note. YN = 361 publications. VAS = Visual Analogue Scale; other = includes tools such as FeelTrace, G-trace,
joysticks, or 2D spaces; percentages calculated horizontally and can exceed 100, given that many studies used

multiple scales.

Of all 76 publications applying SAM-scales, 9-point scales were most often used (81.58
%), followed by 5-point scales (17.11 %), and 3- as well as 11-point scales (both 1.32 %). In
one study information concerning the applied SAM-scale was not available (1.32 %).

The overall length of Likert scales ranged from 2-point to 21-point scales: throughout
the 201 publications applying the Likert-scale, 5-point scales were mostly used (36.82 %),
followed by 7- (34.33 %), 9- (26.37 %), 3- (5.97 %), 6- (5.47 %), 10- (4.48 %), and 11-point
scales (3.48 %). Four- and 8-point scales were each applied in 2.49 % of the publications, and
2-, 15- and 21-point scales each below 1 % of the publications. Detailed information can be

found in Table 8.

Table 8
Number of Applied SAM- and Likert-Scales in Total and per Subfolder

Subfolder n-pt. SAM-scale n-pt. Likert-scale

na 3 5 9 11 2 3 4 5 6 7 8 9 10 11 15 21
Audio 1 - -7 - - 10 2 8 1 6 1 1 - 1
Faces - -1 1 - - 6 1 16 5 14 - 6 5 2 2 -
Images - - 2 13 - - - -9 - 7 - 8 - - - -
Mixed - -3 11 1 1 1 2 11 1 5 - 5 1 1 - -
Video - 1 2 6 - - 2 1 12 1 4 1 13 1 - - -
Words - - 5 24 - - 31 16 2 31 3 15 1 3 - -
> 1 1 13 62 1 1 12 5 74 11 69 5 53 9 7 2 1

Note. N =201 publications. N/a = information not provided in publication; n-pt. = n-point scale.

Stimuli containing faces are frequently also annotated regarding facial Action Units

(AUs) following the FACS coding (e.g., Ekman, 1982; Ekman et al., 2002; Ekman & Friesen,
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1978). AUs can occur in more than 7000 complex combinations (Cohn et al., 2007) however,
they can be consulted as objective measure of (emotion) expressions and are reliably
distinguishable from each other (Ekman, 1982). They further enable tracking and detection of
changes in emotion expression over time. In video stimuli for instance, annotation of micro
expressions becomes possible. These are expressions that are subtle and last under
approximately Y4 second (Matsumoto et al., 2000).

Included Emotions

To investigate the frequency of included distinct emotions, a differentiation between the
basic emotions (Ekman et al., 1969) and ‘other’ proposed emotions was implemented (Table
9). However, it is important to highlight that analyses were conducted on included distinct
emotions, which does not necessarily equal assessed distinct emotions. This differentiation is
important, as some sets may include stimuli for example audio recordings of an expressed
distinct emotion, however, these stimuli were not separately assessed for emotion (e.g., LANG-
audition database, Kanske & Kotz, 2012; or the VENEC, Laukka et al., 2010), or on the
contrary, researchers may have originally proposed specific emotions for the validation process,
however, found that certain emotions were not represented by the stimuli and were hence not
kept as an emotion included in the set. Note, therefore that the number of publications including
specific emotions is not congruent with the number of publications assessing stimuli using the
categorical approach (see Table 6 vs. Table 9).

Of 228 publications including distinct emotions, 200 publications (87.72 %) included at
least one of the basic six. A total of 121 publications (53.07 %) included other emotions such
as boredom (e.g., Burkhardt et al., 2005), contempt (e.g., Wingenbach et al., 2016; Yan et al.,
2013), doubt (Xue et al., 2006), guilt (Li et al., 2017), pain (e.g., Frowd et al., 2009), relief
(Yoshie & Sauter, 2019), thoughtfulness (e.g., Schmidtmann et al., 2020), threat and shock
(Bertels et al., 2009), uncertainty (Gunes & Piccardi, 2006), or untrustworthiness (Keefe et al.,
2014). The use of the basic emotions is not exclusive of the use of other emotions and vice
versa. This means that researchers may include or have stimuli assessed on at least one of the
basic emotions, while also including/assessing further emotions (e.g., Lassalle et al., 2019; van

der Schalk et al., 2011; Volkova et al., 2014; Zammuner, 2011; Zhalehpour et al., 2017).
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Table 9
Number of Publications per Subfolder Including Distinct Emotions

Subfolder n (%)
N 1-6 of Basic Six Other
Audio 27 24 (88.89) 13 (48.15)
Faces 106 97 (91.51) 50 (47.17)
Images 10 7 (70.00) 3 (30.00)
Video 32 30 (93.75) 24 (75.00)
Words 18 14 (77.78) 8 (44.44)
Mixed 35 28 (80.00) 23 (65.71)
> 228 200 (87.72) 121 (53.07)

Note. YN = 228 publications. 1-6 of basic six = publication includes at least one of the six basic emotions
(happiness, sadness, anger, fear, disgust, surprise) after Ekman et al., 1969; other = includes any other emotions
as stated by authors in publication such as: boredom, doubt, pain, relief, thinking, threat, triumph, uncertainty,

untrustworthiness, etc.

Investigating the frequency of inclusion for each of the six basic emotions revealed that
happiness was included most frequently, followed by sadness, anger, fear, disgust, and surprise
(see Table 10). Comparison by subfolder showed that the most common emotions of interest
were happiness and sadness (both 91.67 %) for audio stimuli, happiness (90.72 %) for face-
stimuli, fear (85.71 %) for image stimuli, anger (90 %) for video stimuli, happiness, sadness,
and anger (all 100 %) for word stimuli, and sadness (92.86 %) for the mixed stimuli. On
average, each publication included 4.64 of the basic emotions, while 90 publications (45 %)
included all six (see Table 11). Comparison by subfolder showed that publications presenting
audio and word stimuli usually included five basic emotions (33.33 %, and 78.57 %
respectively), while image stimuli referred to solely one of the basic emotions in most cases
(42.86 %).

Note that the number of percentages can quickly rise, when fewer publications are
included per subset (e.g., there are only 7 publications with image stimuli including basic

emotions).
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Table 10
Number of Publications per Subfolder Including Each of the Basic Six Emotions

Subfolder n (%)

N Happiness Sadness Anger Fear Disgust Surprise
Audio 24 22 (91.67) 22 (91.67) 20 (83.33) 18 (75.00) 16 (66.67) 9 (37.50)
Faces 97 88 (90.72) 76 (78.35) 77 (79.38) 78 (80.41) 77 (79.38) 76 (78.35)
Images 7 2 (28.57) 2 (28.57) 3 (42.86) 6 (85.71) 4(57.14) 2 (28.57)
Video 30 23 (76.67) 25 (83.33) 27 (90.00) 23 (76.67) 18 (60.00) 15 (50.00)
Words 14 14 (100) 14 (100) 14 (100) 13 (92.86) 13 (92.86) 2 (14.29)
Mixed 28 25 (89.29) 26 (92.86) 23 (82.14) 21 (75.00) 16 (57.14) 14 (50.00)
> 200 174 (87.00) 165 (82.50) 164 (82.00) 159 (79.50) 144 (72.00) 118 (59.00)

Note. YN = 200 publications. Basic six = six basic emotions (happiness, sadness, anger, fear, disgust, surprise)

after Ekman et al., 1969.

Table 11
Number of Publications per Subfolder Including Specific Number of the Basic Six Emotions

Subfolder Number of emotions included from the basic six
1 2 3 4 5 6
N n (%) n (%) n (%) n (%) n (%) n (%)
Audio 24 - 4(16.67) 3(12.5) 2(8.33) 8 (33.33) 7(29.17)
Faces 97 9 (9.28) 3 (3.09) 9(9.28) 7(7.22) 11(11.34) 58 (59.79)
Images 7 3 (42.86) 2 (28.57) - - - 2 (28.57)
Video 30 3 (10.00) 3 (10.00) 2 (6.67) 5(16.67) 5(16.67) 12 (40.00)
Words 14 - - 1(7.14) - 11 (78.57) 2 (14.29)
Mixed 28 - 2(7.14) 7 (25.00) 3 (10.71) 7 (25.00) 9 (32.14)
> 200 15 (7.50) 14 (7.00) 22 (11.00) 17 (8.50) 42 (21.00) 90 (45.00)

Note. YN = 200 publications. Basic six = six basic emotions (happiness, sadness, anger, fear, disgust, surprise)

after Ekman et al., 1969; percentages are calculated horizontally.

Raters

Research involving humans is often highly dependent on voluntary participation.
However, recruitment among the general population is difficult. Therefore, researchers often
rely on student samples from colleges and universities, as studies can easily be advertised, and
participation rewarded with course credit points. To give an overview of included sets that
relied on student participation for stimuli rating/assessment, this information was also extracted.
Participant information was available for 344 publications (94.51 %). Publications presenting
stimuli sets that were not evaluated by humans were not considered. One hundred and sixty-
eight publications (48.84 %) report evaluation/assessment through a student population, partly
or in entirety. Assessment through crowdsourcing or a platform such as Amazon Mechanical
Turk (MTurk), is reported in 13 publications (3.78 %).
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Table 12
Number of Publications with Stimulus Assessment Through Student Sample and/or Crowdsourcing per Subfolder

Subfolder n (%)
N Student Sample Crowdsourcing
Audio 35 18 (51.53) 1 (2.86)
Faces 101 34 (33.66) 1 (0.99)
Images 35 20 (57.14) 2(5.71)
Video 42 21 (50.00) 4(9.52)
Words 88 59 (67.05) 1(1.14)
Mixed 43 16 (37.21) 4 (9.30)
> 344 168 (48.84) 13 (3.78)

Note. YN = 344 publications.

Additionally, reliability of a stimulus rating increases with increasing number of raters.
The total number of raters throughout the study is often reported. However, these are not easily
comparable across studies, as some studies report rating procedures in which each stimulus has
been rated by each participant in one ‘flow’ (e.g., valence arousal, and dominance rating for
each stimulus) while stimuli in other studies have been rated in a series of sub-experiments
(e.g., for different dimensions), each by a few participants from the entire participant
population. Hence, comparison across sets based on the total number of raters should always
be consulted with caution. Therefore, in the database, the total number of participants reflecting
individual participants, as well as the number of raters per stimulus were coded (note that in the
latter, a stimulus may also have been rated by the same participant on multiple occasions,
increasing the number of ratings per stimulus). Not all publications report numbers in such
detail. However, analysis of all sets including assessed stimuli and reporting this information,
showed that each stimulus in the audio subfolder was rated between 10 and 945 times, face-
stimuli were rated between 1 and 1428 times, image stimuli between 16 and 264 times, video
stimuli 1 to 180 times, word stimuli 10 to 960 times, and stimuli from the mixed folder were
rated 1 to 70 times.

Due to the difficulty of comparing reported numbers across stimuli sets, descriptive
statistics cannot be calculated and reported here. Researchers shall therefore consider the
original publication for additional information when comparing the total number of raters or
number of ratings per stimulus across sets.

Country of Research

To compare possible differences in the focus of research regarding types of stimuli,

country of research was also investigated and a broader classification of research location per
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continent listed (Table 13). In five publications, researchers were affiliated to universities from
different continents, and information concerning where the research was conducted was not
accessible. Therefore, percentage calculations are based on the remaining 359 publications.
Cases where the country of research was not clear, however, in which researchers’ affiliation
was on the same continent as for instance The Netherlands and the United Kingdom (Valstar &
Pantic, 2010), were not excluded from analysis.

Overall, research leading to the presentation of ES sets was mainly conducted in Europe
(56.82 %), followed by North America (24.23 %), Asia (10.58 %), Australia and Oceania (2.79
%), and South America (1.95 %). A few studies (3.62 %) combine research conducted in
multiple continents (e.g., Baveye et al., 2013; McCurrie et al., 2018) and were therefore
allocated to the Multiple column (see Table 12). Separated by subfolders, however, an
accentuated focus on types of ES per continent became visible: Publications from research
conducted in Asia, as well as Australia and Oceania, North America, and South America,
mainly present face-stimuli sets, whereas most publications of research conducted in Europe
present word stimuli. Information concerning the exact country of research can be found in the
Supplementary Material (SM) (Study 1, column “country of study”) for each individual
subfolder.

Table 13

Number and Percentage of the Publication’s Research Location per Continent and Subfolder

Subfolder n (%)
N Asia Australia and Europe North South Multiple
Oceania America America

Audio 34 2 (5.88) 1(2.94) 17 (50.00) 12 (35.29) - 2 (5.88)
Faces 115 25 (21.74) 4 (3.48) 46 (40.00) 33(28.70) 5(4.35) 2(1.74)
Images 35 2(5.71) 1 (2.86) 19 (54.29) 7 (20.00) 2(5.71) 4(11.43)
Mixed 45 2 (4.44) 1(2.22) 33 (73.33) 8 (17.78) - 1(2.22)
Video 42 5(11.90) 2 (4.76) 24 (57.14) 7 (16.67) - 4 (9.52)
Words 88 2(2.27) 1(1.14) 65 (73.86) 20 (22.73) - -
> 359 38 (10.58) 10 (2.79) 204 (56.82) 87 (24.23) 7(1.95) 13(3.62)

Note. YN = 359. Multiple = research conducted on more than one continent; percentages are calculated

horizontally.

Independent from subfolders, the majority of research conducted in Asia has been
conducted in China; in Australia and Oceania in Australia; in Europe in Germany; in North
America in the United States of America; and in South America in Brazil.

In conclusion, the analysis of the individual subfolders revealed differences concerning
number of publications, as well as continent of research, depending on the type of stimuli. Most

studies presenting a set were conducted in Europe as well as North America. Moreover, the
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faces subfolder was the only folder displaying a suddenly increasing interest in emotional face-
stimuli during the past decade in Asia. Here, the number of publications (n = 25) closely follows
that of Europe (n = 46) and the USA (n = 33).
Stage Three: Summarization and Visualization of Results

A spreadsheet containing all extracted and coded information is available in the SM
(Study I). The created searchable online version of the database is publicly available. At the
time of writing, both contain information regarding 364 available emotional stimuli sets.

Navigation of the Database

In addition to listing all ES sets with their key characteristics as presented in the Excel
sheet version, the online version of the KAPODI database includes a search tool allowing the
selection of stimuli sets according to specific criteria. Based on the stimuli type (e.g., audio,
faces, images, video, words, mixed), each set is listed in one of the six subfolders (see Figure
2, [a]). Further, the selection between gallery or grid view presents the stimuli sets in a list (grid
view; Figure 2, [b]), or as individual cards that can be selected for more detailed information
(gallery view; Figure 3, [b]). Within each subfolder (e.g., audio stimuli), (see Figure 3, [a]) the
filter tab [c] allows the selection of stimuli sets based on the specific filter(s) (e.g., language,
[d]) and a refined search (e.g., English and Japanese, [e]). All extracted key characteristics
mentioned in Table 1 can be set as a filter. Moreover, users may search sets by entering key

words in the search bar. Only sets matching the search criteria are displayed to the viewer.

Figure 2. Exemplary view of the KAPODI searchable database I. Note. Stimuli sets are separated by type of stimuli

(a) and can be viewed in a gallery or grid view (b).
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Figure 3. Exemplary view of the KAPODI searchable database II. Nofe. The audio subfolder is selected (a) and
view set to gallery view (b); the filter (c) allows the selection of key set characteristics (d) (e.g., language) with a

refined selection among all available options (e) of the set filter.

Discussion

The searchable KAPODI database was constructed in response to an increasing number
of publications providing ES sets to the research community. The numerous publications reflect
a growing demand for tailored stimuli as well as a growing interest in the field of emotion
research. In the present work, the first comprehensive systematic review of emotional stimuli
sets was conducted, and key set characteristics were coded to allow for comparison between
sets and aid researchers in choosing appropriate sets for their research. The resulting KAPODI
database contains the largest list of available stimuli sets to this date and is therefore a useful
contribution to research on emotion and beyond. In the following section, the database will be
discussed regarding its use and its limitations. Finally, the creation and publication of emotional
stimuli sets will be discussed with recommendations regarding how these should be reported.
Assessment Approach and Emotion Theory

With emotions being the key characteristic of stimuli, the assessment approach, as well
as the theoretical framework used for emotion selection, were aspects of great interest in the
present study. While categorical and dimensional approach were applied approximately equally
as often overall, it was interesting to see that certain types of stimuli focus more on one approach
than another (e.g., dimensional for word stimuli; categorical for face-stimuli). There are various
factors that may influence the choice of assessment approach (e.g., time or financial restrictions,
as well as reasonability of tasks for participants). The findings that audio and face-stimuli are
mainly assessed through the categorical approach, may reflect that these stimuli contain human

emotion expressions that can easily be categorised. Word stimuli that are often context-
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dependent, and image stimuli that contain broader non-human content (e.g., landscapes, food,
or animals) do not express a specific emotion as such. Hence, with no directly expressed
emotion, researchers may instinctively be more inclined in assessing how these stimuli are
perceived (vs. an emotion they may express), which automatically directs the assessment
towards a dimensional approach.

Generally, normative rating data regarding perception may be more valuable for stimuli
created for emotion induction, while stimuli intended for emotion recognition (e.g., in therapy
or for automatic emotion detection), may need normative rating data regarding expression of
emotions in stimuli. However, one fifth of the studies using both approaches (dimensional and
categorical), and coming mainly from the past decade, certainly reflect a growing interest within
emotion research in seeking answers concerning the congruence, compatibility, and
demarcation of these two approaches. Future research could benefit from existing sets that have
been assessed using one approach, to assess them using another approach. The results could be
analysed to find the assessment approach leading to more valuable normative data, potentially
influencing validation procedures for stimuli sets created in the future.

Two hundred twenty-eight publications include distinct emotions. Among these,
emotion selection based on the basic emotion theory (Ekman, 1992), was chosen more often (n
= 200) than an extension thereof (e.g., by adding or selecting other emotions; n = 121).
However, it would be misleading to conclude that the basic emotion theory is the preferred
foundation when selecting emotions for studies, as it is impossible to disentangle one from the
other. That is, ever since the official establishment of the basic six emotions, every published
study that includes any of these emotions (e.g., happiness), will automatically be classified as
a study including a basic emotion.

Using the Database

Researching the availability of different ES sets is a time-consuming task and it often
leads researchers to resort to well-known and widely used stimuli sets such as the /4PS (Lang
etal., 2008) or ANEW (Bradley & Lang, 1999a), despite a wide range of other stimuli sets being
available. This creates a dilemma, comparable to an iceberg: Sets well known within the
research community — analogous to the visible tip of the iceberg — are widely used, therefore
attract more attention, and are hence also selected more frequently again by researchers looking
for stimuli for their own studies. A rapidly growing number of created tailored ES — the hidden
part of the iceberg — remain unseen and unused, often overshadowed by the widely used sets.

At the time of publication, the KAPODI database comprises 364 publications from 1963

to 2020 that cover various types of stimuli such as audio, image, video, and word stimuli, or a
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combination thereof (e.g., audio-visual). Six subfolders were created within the database for
easier comparison of similar stimuli and to facilitate stimuli search for researchers in the future.
Over 25 key characteristics have been coded for find appropriate stimuli (e.g., the characteristic
rating scale with the criteria SAM-scale, Likert scale, visual analogue scale, forced-choice,
other). The database allows researchers to see whether a study has created a new set or has
validated stimuli from a pre-existing set in a new population (e.g., different age group, different
ethnicity, or different country). Set characteristics of interest can easily be compared,
facilitating choice of set, and accelerating the research process.

Information coded about the included emotions may for instance allow researchers to
select stimuli of a distinct emotion, or select stimuli rated as neutral, for comparison.
Researchers may search for stimuli sets based on applied rating scales (e.g., SAM-scale, Likert
scale, visual analogue scale) or length of used scales, which may be important information for
choosing new stimuli for replication studies. Researchers can also select sets that include a
minimum number of stimuli, a minimum number of included models (e.g., within face-stimuli),
or choose stimuli sets that include a specific type of content (e.g., images of food, or fear-
inducing images). Moreover, it is possible to search for stimuli of a specific language or sets
that include an additional type of data (e.g., physiological recordings).

The coded number of raters per stimulus allows researchers to search for stimuli
assessed by a minimum number of raters, which is relevant for discerning the reliability of the
ratings. Additional information regarding the rating population allows selection of stimuli based
on the type of assessors (e.g., sets normed with student populations or via crowdsourcing). For
certain types of stimuli, further information is coded to allow researchers to find exactly what
they are looking for. For example, a researcher may wish to find audio stimuli which include
natural (non-acted) expressions of happiness. The selected filters would be as follows: within
the audio stimuli subfolder, expression authenticity is natural (Filter 1), and all included
emotions, has any of, happiness (Filter 2). The only dataset currently included in the database
and meeting these search criteria is the OxVoc (Oxford Vocal Sounds Database; Parsons et al.,
2014).

Finally, further information is provided regarding the context of creation for each ES
(e.g., researchers’ affiliation and country of study), as this may provide valuable information
for researchers interested in the development of different types of stimuli from a geographical
perspective.

In summary, the database provides the researcher with more flexibility in selecting an

appropriate stimulus set and provides a systematic basis for going beyond classic ES sets (e.g.,
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ANEW). This central database facilitates access to, and eases comparison between stimuli
and/or sets for a wide range of applications and for researchers from a wide range of disciplines.
Strengths and Limitations

Despite its benefits for research, the database described is not without limitations. These,
along with a few examples, are outlined in the following section.

Similar to the Pictures of Facial Affect presented by Ekman (POFA, Ekman, 1976),
some researchers created stimuli for use in their study without consideration of the stimuli being
used in further experiments by different researchers. Without doubt, each of the sets included
in the KAPODI database has distinct strengths and was created for a specific aim, filling the
gap in the availability of standardized stimuli. Nevertheless, depending on the initial research
aim, different key characteristics were regarded important by the authors and therefore reported
along with the stimuli, while others were not. This is a difficulty that is reflected through unclear
or incomplete available information when comparing all included sets.

The root of this difficulty could be due to incompatible theories of emotion. For instance,
there is no agreement on a unitary definition of emotion (Izard, 2007). Therefore, the current
database employed categories that were thought to best represent the various facets of emotional
information and allow comparison between sets without subscribing to a specific overall theory
of emotion categorization. In summary, criteria from different sets were coded according to the
best understanding of set content and study procedure, while also keeping in mind the usability
of the created database (e.g., set search by key words) for interested researchers.

To give an example, some scientists accept only the basic six (Ekman et al., 1969) as
emotions and reject any others. However, in the present work, the different terms named
emotions by fellow researchers, were not judged but rather listed as proposed in the source
article. As an illustration, in two studies, smile was mentioned as an expression (McDuff et al.,
2019), or images have been classified/labelled according to smile (Samaria & Harter, 1994).
These two studies were treated as exceptions and smile was listed as an emotion, so that these
sets are also detected when searching through the database.

Comparably, other terms may have differed in some publications, though these terms
were not modified while coding: despite most publications naming happiness as one of the basic
emotions, in a few cases, happiness was replaced by joy (e.g., Costantini et al., 2014) or
amusement (e.g., Yan et al., 2013). Though this seemed to depend on translation from other
languages (e.g., French or German: Bertels et al., 2014; Hewig et al., 2005), it was necessary to
find a consensus and create categories to facilitate the search within the database without

changing the meaning of terms used in the original study. In this example regarding
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happiness/joy/amusement, the original authors’ decision was accepted during the coding
process. This means that in a few cases, joy may be listed as one of the basic emotions, while
in other cases it was listed as an emotion that differs from happiness (e.g., Soleymani et al.,
2012). The same applies to amusement.

Another example of the variability in usage of terminology is that of the three
dimensions valence, arousal, and dominance, on which stimuli are assessed in many
publications. In a study conducted by Marcell et al. (2000), pleasantness was assessed. This
was coded as the equivalent of valence. In another publication, potency was assessed
(Kleinsmith et al., 2011) with authors mentioning that it is also referred to as dominance.
However, given that the authors decided to use the term potency rather than dominance,
suggests that the term was chosen for a specific reason, and was therefore not coded as
dominance. Additionally, Schmidtke et al. (2014) suggest differentiating between dominance
and potency, as the latter ‘mainly differs in its independence from the raters’ perspective’ (p.
1110).

Recommendations for the Creation and Publication of Stimuli Sets

One of the main difficulties during the coding process was missing or incoherently
reported information. Despite the best effort in contacting authors, not all inconsistencies could
be solved. During this procedure, qualitative differences between publications became
apparent. An example that arose in multiple publications, is the reporting of age and gender
distribution of participants: While authors may initially mention the exact distribution (e.g.,
number of female and male participants; mean age), this number was not always adjusted after
participant exclusion. Although in the present study this was noted while coding, it means that
some data reported in the database can solely be regarded as an estimate due to lacking precision
in the report of the source publication.

Another example and important factor especially concerning image stimuli, is the
stimulus resolution: While resolution of provided stimuli may be reported in the publication, in
some cases stimuli were not presented to raters in this same resolution during the validation
procedure. Stimuli from the Dartmouth Database of Children’s Faces (Dalrymple et al., 2013)
for instance, are provided in a resolution of 900 x 900 pixels (300 dpi), while they were
validated in a version cropped to 300 x 300 pixels (100 dpi). By implication, this means that
the provided stimuli were not really validated, or that the provided normative rating data may
not match with the provided stimuli.

Similarly, the fact that almost half of the included publications mention validation

and/or assessment of stimuli through a student population should not be disregarded. In fact,

38



this proportion can be considered an underestimation due to lacking or unspecified information
in a few cases. As age and education influence perception, there may be differences between
the general and a student population (Henry, 2008). Consequently, stimuli ratings may not be
valid for the general population if assessed through students.

To offer a large applicability of good quality ES, researchers creating and presenting
stimuli in the future should generally consider three aspects: high-quality stimuli, good
validation procedure, and clear reporting. That is, researchers should /) aim to create high-
quality stimuli (e.g., high resolution, or high number of frames per second for video recordings);
2) validate the created stimuli by a large sample size of a well-justified selection of assessors
(e.g., assessors with the same main characteristics as potential target groups) which is especially
important for stimuli created for specific target groups such as individuals with alcohol or food
addiction; and 3) include and clearly communicate detailed technical information (e.g., colour
spectrum or luminance) regarding each stimulus.

The issue of clear reporting is particularly important and will therefore be expanded on.
Especially among video stimuli, information regarding sex and age of models is frequently
missing. Similarly, stimuli sets within the mixed folder frequently did not contain information
regarding the included ethnicities in their video recordings. Furthermore, some sets did not
include information regarding language or colour of stimuli. Though individual sets may have
been created for a specific research aim and therefore may have suited a specific survey design,
missing information may limit the appropriate use of the stimulus set. Moreover, the absence
of detailed information — especially regarding the stimuli and validation characteristics —
complicate the interpretation of study effects.

More recently published stimuli sets are often good examples of comprehensive
reporting and high-quality stimuli, reflecting an increasing understanding of the need for
relevant information to be included, but also of improving technological abilities (e.g., CAFE-
set, LoBue & Thrasher, 2015; EU-Emotion Voice Database, Lassalle et al., 2019; Food-Cal,
Shankland et al., 2019).

A central aim regarding future research conducted in relation to ES sets should be to
improve the uniformity in reporting the characteristics of the set. Hence, it is suggested that
researchers developing stimuli sets in the future should include information regarding all the
key characteristics established through this current systematic review. For guidance,
researchers may use the KAPODI submission form (see the link in the Final Discussion section
of this chapter) as a checklist when reporting information of their stimuli set. It is further

suggested that established terminology is used (e.g., the dimensions valence, arousal,
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dominance), unless authors specifically wish to differentiate and justify their own language and
terms.

Finally, researchers should ensure that their ES sets are made available freely and openly
to other researchers, which will substantially contribute to transparency and reproducibility of
research procedures (see Munafo et al., 2017).

With the central aim of supporting the efficiency of scientific research and knowledge
accumulation, only stimuli sets that are publicly available/ freely available upon request were
included. The information regarding availability of the set was taken from the original source.
Some publications include an internet link, directly leading to the freely accessible set or to a
compliance form for researchers. Others provide an e-mail address through which sets and data
can be requested to the author(s) directly. Nevertheless, links and/or e-mail addresses may have
changed, or sets may no longer be available even if indicated so in the publication. It can
therefore not be guaranteed that sets are truly available at present, even if stated so in the
original source. Rather than relying on requests for access via email, in the future, researchers
should upload their created sets to a website or repository granting availability and easing access
to stimuli to colleagues. An automatic validation system (for instance through a form requiring
assurance regarding the academic purpose of accessing the set) could restrict access to
researchers only. This further ensures access to the stimuli to remain the same, even if the set
creator has changed or left their institution.

Final Discussion

Using a systematic review methodology, the current study aimed to identify as many
available ES sets as possible. The resulting searchable database, which can be found online,
currently contains 364 different stimuli sets. It is available to the research community and all
included stimuli sets are freely available or available upon request. By making all extracted and
listed set key characteristics available in an Excel sheet as well as through the website
Airtable.com, permanent availability is moreover ensured. Researchers who wish to add their

new stimuli set to the searchable KAPODI database can fill out the corresponding set form. The

submitted set will be verified for suitability by one for the authors. Once approved, that is, (a)
the set complies with the requirements of being freely available to the research community, as
well as including stimuli and their accompanying normative rating data, and (b) that the creation
procedure of the stimulus set has been published in a scientific journal, the submitted
information will be uploaded to the database. The long-term aim is to maintain the searchable

online version of the database updated, continuously extending the database content.
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Chapter Three — Investigating the Prevalence of Reliable Emotional Stimuli in a Typical
Psychology Study Sample of Adults

The created KAPODI database contains the largest collection of freely available stimuli
sets to this date and therefore represents a useful resource for researchers aiming to find suitable
stimuli for their study. Nevertheless, various factors such as participants’ age (Isaacowitz et al.,
2007), gender (Lithari et al., 2010; Nater et al., 2006), ethnicity (DeBusk & Austin, 2011), or
social and cultural background (Boiger et al., 2018; Matsumoto et al., 2008) have been shown
to influence emotion perception. In consequence this means that if emotion perception is
affected by certain factors, and studies including ES are conducted without controlling for these
factors, researchers may risk distorting their study results by applying unreliable stimuli.

Therefore, the second study within the framework of the current research project on ES
aimed to investigate the reliability of a range of emotional stimuli in a typical psychology study
sample, and moreover investigate stimulus related factors that may influence the stimulus’
reliability. The created the KAPODI database from the previous work (see Chapter Two) was
hereby used as a resource of stimuli sets for the selection of stimuli in the present study.

The two main research questions were formulated as follows:

Q2.1: Is emotional stimulus reliability determined by factors associated with assessment of
the stimuli [such as dimension (e.g., valence, arousal, dominance), dimension category and
SD category (e.g., high, medium, low), stimulus type (e.g., images and words), or gender
(e.g., female, male)]?

and

02.2: What is the prevalence of reliable emotional stimuli?

In this context, emotional image and word stimuli published in emotion research were
reassessed, to (1) compare assessed data to normative rating data, (2) identify stimuli that are
rated reliably across different populations to investigate the prevalence, that is proportion of
reliable stimuli among investigated stimuli, and (3) investigate factors associated with the
stimuli that may determine reliability. For this latter aspect, several factors such as stimulus
type (e.g., images and words), assessed dimensions (e.g., valence, arousal, dominance), as well
as normative rating and standard deviation categories (e.g., high, medium, low) were
investigated with respect to gender.

The results aim to help researchers identify suitable stimuli more effectively with

respect to all provided information of set characteristic when using the KAPODI database.
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Introduction

As described in the previous chapter, ES play a central role within the field of emotion
research and numerous sets have been created throughout the past decades. Individual stimuli
as well as entire sets have been used in research, therapeutic contexts, for machine learning,
and other areas.

Creating ES and assessing their emotional value prior to conducting an experiment can
be a very time-consuming task. Therefore, the availability of normatively rated stimuli within
the research community is of great advantage. Since the beginning of research on subjective
perception of ES, various sets have been presented and proposed to the research community.
Among the large number of freely available sets, a few are very well-known and have been
widely cited and used for studies. Examples are the International Affective Picture System
(IAPS; Lang et al., 1997), the NimStim Set of Facial Expressions (NimStim; Tottenham et al.,
2009), Affective Norms for English Words (ANEW; Bradley & Lang, 1999a), International
Affective Digitized Sound (IADS; Bradley & Lang, 1999b), the Oxford Vocal Sounds Database
(OxVoc; Parson et al., 2014), EMDB (Carvalho et al., 2012), or also the Karolinska Direction
Emotional Faces (KDEF; Bartlett et al., 1999) and the FACES database (Ebner, Riediger &
Lindenberger, 2010). The normative rating data accompanying the set provides information
regarding emotional characteristics of each stimulus in relation to assessed dimensions (e.g.,
distinct emotions such as happiness, or dimensions such as valence and arousal).

Examples of Factors That Influence Perception of Emotional Stimuli

When selecting suitable stimuli for their own studies, researchers may thus rely on
reliability and validity of the data from the norming sample. Hence, they do not verify the effect
for their own participant sample prior to study conduction. This is, however, inevitably
associated with risks, as study results have shown that various factors may influence stimuli
perception. These factors may be assessor-related, stimulus-related, or related to study
construction itself:

Assessor-Related Factors

Assessor-related factors are factors that are inherent to the participant who is rating the
stimulus to provide the normative data. Many studies mirror the desire of researchers to
investigate generalizability of ES across different populations by reassessing sets in part or in
their entirety by specific participant (sub)-groups. In that regard, a variety of studies have
displayed the relation of assessor-related factors (e.g., gender, ethnicity, cultural background,

age, language) and the perception of emotion:
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Gender

The most frequently investigated aspect that researchers highlight when reporting
normative rating data is the possible difference between genders (see e.g., Garrido et al., 2017;
Weierich et al., 2019). Research has demonstrated that females respond with greater event
related potentials (Lithari et al., 2010) as well as hightened physiological reactions (e.g., finger
temperature, skind conductance; Nater et al., 2006) to unpleasant and high arousing stimuli
compared to males. Moreover, gender differences in the perception of word stimuli were shown
for taboo words, sexual terms as well as words denoting weapons (Janschewitz, 2008; Warriner
et al., 2013). Therefore today, in most cases, assessed data are reported combined as well as
separately for male and female participants. Examples for such gender-specific reporting can
be found regarding audio stimuli (e.g., Soares et al., 2013), face stimuli (e.g., Garrido et al.,
2017), image stimuli (e.g., Magalhdes et al., 2018), video stimuli (e.g., Petridis et al., 2013),
and word stimuli (e.g., Sianipar et al., 2016).

Ethnicity and Cultural Background

Research investigating the influence of ethnicity on emotion perception (e.g., DeBusk
& Austin, 2011; Meissner & Brigham, 2001; Shapiro & Penrod, 1986) has displayed that
emotion expressions are more correctly identified within one’s own ethnic group (own-ethnicity
bias). Therefore, especially face-stimuli sets have been developed with focus on a variety of
ethnicities (e.g., Zhang et al., 2013; Gur et al., 2002), or solely one ethnicity (e.g., Deng et al.,
2017; Vaiman et al., 2017). A comparison of image perception across ethnic groups revealed
higher arousal ratings by the Brazilian population compared to ratings collected in a U.S.
sample (e.g., Ribeiro et al., 2005). A similar study conducted by Okon-Singer et al., (2011) also
displayed that image stimuli were rated as less positive and less negative by young Israeli
compared to U.S. participants, and Israeli women perceived images as more arousing compared
to American women. Nevertheless, latter findings may be due to an effect of cultural
background (e.g., exposure to violence) rather than solely ethnicity. In fact, research suggests
that people from different cultures may appraise the same event in very different ways
depending on their own culture’s system of meaning (Scherer & Brosh, 2009). An effect of
cultural background onto the experience of emotion (e.g., anger and shame), can moreover be
found in the work conducted by Boiger and colleagues (2018): In their study using situation
vignettes (e.g., text stimuli), authors found that western cultures (e.g., U.S. and Belgian
participats) tend to experience an anger type resulting in blaming close others, while Japanese
experience an anger type resulting in blaming distant others. Experienced shame was more

easily relativized in U.S. and Belgian individuals in relation to public exposure compared to
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when personal flaws were pointed out, which was the opposite for Japanese participants who
were feeling less shame in relation to personal flaws, however more shame when looking bad
in public. Similarly, Davis and colleages (2012) showed that Chinese participants report less
intense negative emotion when viewing negative image stimuli, compared to American
participants. Moreover, a comparison between cultures sharing the same language (e.g.,
Portuguese and Guinea-Bissauan) was conducted by Cosme and colleagues (2021). In their
study, authors used nonverbal vocalizations (e.g., audio stimuli) and displayed an ease of
emotion recognition of sounds from the own (vs. foreign) culture.

Age

Investigations regarding the relation between age and emotion recognition in lexical
stimuli and stimuli of facial emotion expressions has shown that older adults are less accurate
than younger adults in emotion recognition for both types of stimuli (Issacowitz et al., 2007).
More specifically, in the conducted study authors found that differences in recognition accuracy
between both age groups were present for five of the basic six emotions (all except fear) for
lexical stimuli, while recognition accuracy between age groups differed for anger, disgust, fear
and happiness for stimuli of facial expressions. A few examples of sets that were assessed
separately for specific age groups highlight the need for a distinction based on the participant’s
age: Comparisons of stimuli perception among different age groups are for instance available
for the Berlin Affective Word List (BAWL; V0 et al., 2006) (e.g., V9, et al., 2006; Sylvester et
al., 2016), or also the Besangon Affective Picture Set (BAPS) assessed by adolescents in the
BAPS-Ado (Szymanska et al., 2015) and by adults in the BAPS-Adult (Szymanska et al., 2019).

Language

Another assessor-related factor that may influence emotion perception is language:
Perunovic and colleagues (2007) for instance investigated emotion-related language shifts in
multilingualism, displaying a changing pattern of emotion experience dependening on the
language that was spoken (e.g., English-Chinese speakers reporting a Western emotional
pattern after speaking English, however Asian emotional patterns after speaking Chinese). In
their review Chen and colleagues (2012; p. 370) summarize: “Hearing or speaking a particular
language can influence a speaker’s emotional response, and a speaker’s affective state may also
influence his or her choice of language.”. Nevertheless, translations of word stimuli from the
ANEW (Bradley & Lang, 1999a) into Italian or Portuguese (see Montefinese et al., 2014; Soares
et al., 2012) have shown high correlations of stimulus perception between the original and
translated language version, suggesting a same perception across languages in relation to word

stimuli.
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Cognitive Ability

Finally, cognitive ability may influence emotion perception: For instance, evidence
suggests that for individuals diagnosed with autism, responsiveness to others’ emotions
increases with cognitive functioning (Dissanayake et al. 1996). Furthermore, significantly
higher cognitive empathy has been found in psychology students compared to business students
(Litten et al., 2020). As the systematic review (see Chapter Two) has shown, validation of
stimuli is often conducted at universities with university student participants. This means that
for many stimuli sets normative data are based on a participant sample of young psychology
students (see Table 12). Whether psychology students hence perceive emotional stimuli
differently than the general population, however, still needs additional investigation.

Factors Related to Study Construction and Stimulus-Related Factors

In addition to factors related to the assessor, research has also shown that factors
inherent to study construction affect (emotional) perception of stimuli and hence their rating
data. An example is the use of different assessment scales: Hasson and Arnetz (2005) found
that participants respond with an end aversion bias (avoiding the extreme ends of the scale) on
multi-item Likert scales, compared to one-item VAS scales measuring the same construct. A
similar result had been shown by Brunier and Graydon (1996) in a previous study, where the
variance shared between the two scales (single-item VAS and multi-item Likert) was only 64
%. Bolton and Wilkinson (1998) who compared the use of VAS, Likert-type scale, and verbal
rating scale to report about the levels of pain, conclude the Likert-type scale being most
responsive of the measures. Another factor that has been shown to influence perception of
emotional stimuli is contextualization. That is, assessment data of stimuli may vary depending
on the presentation context. Cahill (1975) as well as Wolff and Wogalter, (1998) conducted
studies displaying that symbol stimuli are more accurately identified in context (vs. no-context).
Moreover, stimuli displayed on a large screen (vs. medium and small screen) have been found
to result in greater skin conductance indicating higher arousal (Codispoti & De Cesarei, 2007;
Reeves et al., 1999). Additionally, stimuli that are presented to participants for a longer duration
are liked more and disliked less than stimuli presented for a shorter duration (Reber et al., 1998).
For example, Marin and Leder (2016) showed increasing valence and arousal ratings of stimuli
presented for a duration of 5 seconds compared to 1 second. Particularly these two research
examples suggest that effects caused by differences in study construction may vary across types
of stimuli: while auditory stimuli as well as video clips are usually displayed over a set
continuous timespan, in comparison, the display duration of image or word stimuli is

manipulable to a greater degree (e.g., from a fraction of a second to multiple seconds or longer).
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Moreover, a few examples raise the concern that the content captured in a stimulus itself
may cause a change in emotion perception due to changes in fashion (e.g., hair, fashion, or
makeup style), technical development (e.g., cars, machines, or computers and cell phones),
historical changes (e.g., construction, or demolition of famous buildings such as the World
Trade Center in New York), as well as topics of which general acceptance has changed over
time (e.g., tattoos or homosexual relationships), depending on the disparity in time between
assessment of normative data and use of stimuli in a study. Not limited to solely visual stimuli
such as image or video clips, this effect may also apply to audio, word, and text stimuli.
Examples are the use of archaic words that can render stimuli outdated, as well as the creation
of new words that may cause an increasingly differentiated understanding of former existing
words (e.g., hangry first used by the millennial generation and meaning becoming angry
because of feeling hungry, or the cloud which has become a metaphor for the internet enabling
anyone with an online connection to access data). The word Corona may serve as a recent
example, known as a Mexican beer brand, that may however, elicit different emotions since the
outbreak of the Coronavirus-disease pandemic in 2019.

Although examples exist for different types of stimuli (e.g., images, words, video clips),
to date, it remains unclear whether these changes in emotion perception are equally pronounced
or differ between stimuli types. It could be argued that between word and image stimuli, the
former remain relatively abstract, while the latter displays distinct content. That is, while the
perceiver has to transform a word into a pictorial representation which is distinct and inherent
to every perceiver, an image depicts tangible content and therefore leaves less room to own
imagination. Following this line of argument, individuals viewing an image may tend to
compare its distinct content (e.g., image of house built in classical architecture) with all
previously experienced encounters of similar content (e.g., all previously seen images or real-
life experiences of houses) and therefore make a comparative rating. This, however, may render
the stimulus more prone to changes in perception in relation to the current internal (assessor-
related) and external (e.g., familiar environment; norms of society) state, and hence less reliable.
The nonspecific character of word stimuli in contrast (e.g., the word house), will trigger more
general visual representations within individuals depending on the own background. That is,
this same word (house) will trigger a different image in the inner eye for individuals who for
instance grew up in a big city in Europe (e.g., Paris), compared to a small village in Mexico
(e.g., Las Coloradas). Nevertheless, this inner-eye-representation is constantly adjusted or
“updated” based on experiences (e.g., the word computer is more likely to trigger the image of

a modern computer as it is used today, than an image of a computer as it was in the 1990s). In
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consequence, unless affected by major changes in the language within society (see examples
given above), these stimuli will remain relatively stable regarding their rating data, and thus
reliable.

The Importance of Reliable Emotional Stimuli

Differentiation between, as well as re-assessment of stimuli for specific (sub-)groups
(e.g., gender, age, ethnicity) has allowed researchers to select stimuli more precisely based on
their own participant sample characteristics. A few studies have highlighted the validation or
reassessment of a set through a specific participant sample, emphasizing its usability for a
particular subgroup. Examples are the Military Affective Picture Set (MAPS) (Goodman et al.,
2016) with stimuli assessed for 5 subgroups (female civilians, non-combat-exposed female
military, male civilian, non-combat-exposed male military, and combat exposed male military),
an IAPS-subset assessed by individuals with borderline personality disorder (Eddie & Bates,
2017), or also the The Cambridge Mindreading (CAM) Face-Voice Battery (Golan et al.,
2006a), assessed by individuals with Asperger syndrome.

Nevertheless, considering the many available ES sets (see Chapter Two), validation or
reassessment of ES perception of all published sets for all possibly existing (sub-)groups
remains impossible. While, on the one hand, comparison of ES perception among specific (sub-
)groups may be of interest for certain research questions, other experimental studies using ES
for instance for emotion induction, are often conducted with a ‘typical’ psychology study
sample aiming to represent the general (healthy) population (e.g., Van Dyck et al., 2014;
Vuilleumier et al., 2001; Williams et al., 2005). Such a study could the investigation of emotion
on recall memory as conducted by Kamp et al., (2015) who selected word stimuli from the
ANEW database (Bradley & Lang, 1999a) to compare the effect of emotion valence and
categorized the stimuli as positive, negative, and neutral, based on the normative rating data.

Similar examples can be found in the study conducted by Kensinger et al., (2007) who
used image stimuli to investigate the effect of emotion on memory, or also Noulhiane et al.,
(2007) who investigated the effect of emotion onto the perception of time by using sound
stimuli selected from the /4DS (Bradley & Lang, 1999b). This procedure of selecting stimuli
based on normative data is commonly conducted, however, researchers rarely verify the extent
to which ratings collected in the original work (e.g., by Bradly and Lang in 1999) reflect
emotion perception of their participants (e.g., in 2015 for the study conducted by Kamp and
colleagues, mentioned above). To investigate the effect of different dimension categories (e.g.,
low, medium, high), researchers typically select stimuli that are matched for a dimension

category (e.g., high) of another dimension as the one under investigation. For instance, selecting
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stimuli matched on arousal when assessing differences between stimuli that vary in valence.
This procedure allows researchers to control for the influence of one dimension (e.g., here:
arousal). Study examples where stimuli were selected matching on one dimension can be found
for instance for arousal (e.g., Balzus et al., 2021; Bireta et al., 2021; Kensinger et al., 2006; Tse
et al., 2009), or valence (e.g., Vermeulen et al., 2019).

Reliability of normative data may, however, not always be granted due to assessor-
related or study construction/ stimulus-related factors affecting stimulus perception (see above).
Hence, if researchers rely on unreliable stimuli, the study results and conclusions may be
undermined. This, moreover, threatens generalizability of the study results. Consequentially,
the use of reliable stimuli is vital to the validity of research. As such, researchers need to ensure
the reliability of stimuli for their own participant sample. The verification of the normative data
suggesting the effect of each stimulus can for instance be done through a re-assessment of
stimuli prior to study conduction.

Factor-Related Reliability — Investigating the Interplay of Individual Factors That may
Determine Reliability

Numerous examples support the assumption that various factors may influence the
perception of emotional stimuli. Especially, as some of the available original stimuli were
created as long as 60 years ago (Barrington, 1963), the question arises, whether and to what
extent researchers can indeed rely on the normative rating data. The answer to this question
may impose the need for a re-evaluation of stimuli regarding certain factors. It is conceivable
that if the simple manipulation of contextual information (Cahill, 1975; Prada et al., 2016), as
well as the content inherent to a stimulus (e.g., politically, morally, economically, aesthetically,
etc.) influences stimulus interpretation, the normative rating of (certain) stimuli may not remain
reliable when reassessed today by a typical psychology study sample. Given the possible
questionability regarding the reliability and validity of extant normative rating data, reported
results from previously studies may need re-evaluation, and normative rating data may need
updating.

While the influence of factors such as participant’s age, gender, or ethnicity have been
widely accepted by the research community, the influence of other factors such as assessed
dimension (e.g., valence, arousal), dimension category (e.g., positive/negative/neutral valence;
low/medium/high arousal), or stimulus type have only received little to no attention. This means
that despite the availability of this information (as can be seen in the KAPODI database)
empirical data regarding the relation between these factors and the perception of ES is scarce.

To this date, focus has never been put on stimulus reliability in dependence of individual factors
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as mentioned above, or an interplay of multiple factors (e.g., image compared to word stimuli
assessed by female compared to male participants; comparison of dimension categories for
female and male participants); a factor-related reliability. In fact, this could be one possible
reason for inconclusive findings reported within emotional research (for a comparison, see
Hostler et al., 2018).

If a factor-related reliability exists, a comparison across dimension categories may for
instance suggest that a specific combination of factors (e.g., high-arousal stimuli) are especially
reliable, while other combinations (e.g., low-arousal stimuli) are unreliable. Moreover, this may
be true for one type of stimuli (e.g., images), but not for another (e.g., words). To give an
example, a researcher seeking to investigate the effect of valence onto skin conductance may
select image-stimuli that are matched on low arousal to control for the effect of arousal (see
The Importance of Reliable Emotional Stimuli, above). If, however, low-arousing image-stimuli
are unreliable (which means that perception of these stimuli assessed today significantly differs
from the normative data because a number of participants may perceive the stimuli as medium
arousing), the researcher fails to control for arousal and hence may draw false conclusions from
the measured skin conductance that was — unknowingly — affected by arousal.

Therefore, to determine the parameters of reliability of emotional stimuli, broad
investigations incorporating multiple factors at once are necessary. This will simultaneously
allow for a more specific analysis regarding the interplay of factors, as well as display distinct
combinations of factors that determine data reliability. Rather than denouncing stimuli as
reliable or unreliable in general, the factor-related reliability will help indicating (un)reliability
of stimuli in relation to a specific study construction. Therefore, the present study aims to refine
the determination of stimulus reliability by investigating the effect of various factors that may
influence stimulus reliability (e.g., dimension (valence, arousal, dominance), dimension
category and SD category (high, medium, low), stimulus type (images and words), and gender
(female, male).

Besides containing information regarding many of assessor-related factors (e.g., the
rating population’s age, gender, or ethnicity), the KAPODI database (see Chapter Two)
contains information such as applied type of rating scale and rating scale length, or also year of
set publication. The results of the present study may hence serve as a valuable indicator for
scientists planning to use ES and will allow researchers choose stimuli more effectively from

the database for their study.
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The Current Study

To allow generalizability of results, existing stimuli will be reassessed by a typical
psychology study sample of adults, including both female and male participants from the age
of 18 years onwards. The ratings will be assessed on the commonly used dimensions valence,
arousal, and dominance and will furthermore be separated into three dimension categories (low,
medium, high) for all three dimensions. Additionally, an approach/avoidance tendency will be
assessed allowing a comparison with valence. Among existing types of stimuli (e.g., images,
audio clips, video clips, or words) (image)-frames are the basis of video clips, and words the
basis for phrases, text passages as well as language-based audio clips (sound excluded).
Therefore, word and image stimuli were selected for the current study. Moreover, in
comparison, it would not have been possible to ensure the proper functioning and display of
video stimuli during the study completion, as this study was conducted online. The inclusion of
both, word as well as image stimuli, will allow investigation and comparison across stimuli
types. The prevalence, that is the percentage of reliable stimuli among all included stimuli, will
serve as an indicator for the factor-related reliability.

To calculate the number of participants required in these studies, a power analysis was
conducted based on comparable previously reported effect sizes taken from Hostler et al.,
(2018). To detect the smallest observed effect of e.g., dimension category that is, for example
positive vs. neutral cues (d = 0.32), a sample size of N = 80 is required.

Method
Participants

A total of 142 participants (81 female, 59 male, 1 non-binary; 18-72 years old, mean
age: 31.83 years) completed the survey. Of these, 17 participants were excluded: 16 because
they did not pass at least 50 % of the attention checks, and one participant who took more than
9 hours to complete the survey. All analyses are based on the remaining 125 participants. Of
these, 107 were recruited via the webpage Prolific and 18 were recruited through advertisements
around a university in North West England as well as word-of-mouth. The participation criteria
within Prolific were set through filters; these were: a minimum age of 18 years, no medical
history, normal/corrected-to-normal vision, as well as fluency of the English language. There
were 74 female and 50 male participants as well as 1 of non-binary gender; mean age was 31.88
years (SD = 11.90). Female participants had a mean age of 32.26 years, and male participants
a mean age of 31.10 years. One participant of non-binary gender was 43 years old. Forty-nine
participants were from the United Kingdom, n =27 from South Africa, n =25 from the United

States of America, and n = 24 from Canada. All participants were native English-speaking, at
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least 18 years old and without a history of mental disorders. They had normal or corrected-to
normal vision.
Materials

The complete set of stimuli (z = 100) used in this study, comprised 50 images and 50
words. All stimuli were selected from previously published sets listed in the KAPODI database
(Diconne et al., 2022) which offers comparison of available ES sets across various set
characteristics (see Chapter Two). The 100 stimuli were combined as follows: 25 words from
the Indiana Sexual and Affective Word Set ISAWS; Stevenson et al., 2011); 25 words from the
taboo, emotionally valenced and emotionally neutral word list (Janschewitz, 2008); 25 images
from the DIsgust-RelaTed-Images (DIRTI; Haberkamp et al., 2017); 21 images from the
International Affective Picture System (IAPS; Lang et al., 1997); and 4 images from the
Galician Beverage Picture Set (GBPS; Lopez-Caneda & Carbia, 2018). The sets are referred to
as ISAWS, Janschewitz, DIRTI, IAPS, and GBPS from here on; all included stimuli are listed in
the SM (Study 2, File B).

Normative rating data reported in the original work, had been collected on 9-point scales
for all five included sets. A balanced choice of stimuli was selected based on normative ratings.
Stimuli from the two word sets were selected based on normative values of valence and arousal:
twelve words were selected based on their valence rating (n = 3: highest rating; n = 3: lowest
rating; n = 3: highest standard deviation (SD); n = 3: lowest SD), and thirteen words were
selected based on their arousal rating (n = 3: highest rating; n = 3: lowest rating; n = 3: highest
SD; n = 3: lowest SD; n = 1: with medium SD).

The 25 images taken from the DIRTI, were selected with a similar strategy. Finally, the
21 images selected from the IAPS, were selected based on their classification into high
arousal/low arousal pleasant photographs and high arousal/ low arousal unpleasant
photographs. The remaining 4 images taken from the GBPS were selected as neutral filler
images; they all display beverages with (n = 2) or without (» = 2) human individuals in the
frame.

Procedure

Four blocks were created, each comprising 25 stimuli that were either solely words or
solely images. Each block contained stimuli from only one set, except for one block combining
the 21 images from the IAPS and the 4 images from the GBPS.

In the original studies, the stimuli from the DIRTI and the taboo word list had been rated
on Likert-type scales (Likert, 1932), the other three sets of stimuli had been rated using the Self-
Assessment Manikin (SAM-)scale (Bradley & Lang, 1994; Lang, Bradley, & Cuthbert, 1999).
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In order to keep factors affecting rating results minimal, the same scale and instruction as in the

original work were used introducing each block. For an overview of the study flow, see Figure
4.

General Instruction

.

Instruction Block 1
Block 1 (e.g., 25 words)

+
Instruction Block 2
Block 2 (e.g., 25 words)

Instruction Block 3

Block 3 (e.g., 25 images)

v
Instruction Block 4

Block 4 (e.g., 25 images)

.

Debriefing

Figure 4. Flow of the study procedure. Block order and order of items within each block randomized across

participants.

Prior to commencing the questionnaire, participants were informed about the aim of the
survey. Confidentiality of personal data was assured, and participants were free to quit
participation at any time by closing the web-browser. Names of the researchers including e-
mail contacts as well as contact information in case of distress caused by the content of the
survey were provided. The criteria of the consent form were presented in separate boxes that
participants agreed with, by ticking them. Only upon full approval could participants begin the
survey.

Following a general instruction, the two different types of rating scales (SAM-scale;
Likert scale) were explained. During the rating procedure, each of the four blocks were
introduced with their specific rating instruction accompanied by an example. Participants were
asked to carefully read these instructions, as they slightly varied across blocks. Participants
were introduced to the anchor terms used for the three dimensions (valence, arousal,
dominance) in dependence on the individual applied scales (see Table 14 for comparison

between introductions). Within each block the rating scales remained identical across stimuli.
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Table 14

Introductions to The Anchor Terms Used in The Block-Specific Instructions

General Instruction Set Name Block-specific Instruction
“In the following section you will be Janschewitz | “In the following block, you will be presented with
presented with 4 blocks, each containing words. Please indicate which option best describes
25 items. the word for you. If you don't know the word, select
There will be either words or images "I do not know this word".
displayed individually on your device
screen. On the scales (from 1 - 9), please select the number
Please rate each word and each image that best represents how you perceive the word, and
using the scales below it. how comfortable you feel, using it.
Introducing each block, will be a short Below are examples of the scales:
description of the scales and instructions
on how to use them. How positive or negative is the word?
Give a 1-9 rating:
There is no right or wrong answer. 1: "strongly negative" — 9: "strongly positive"
However, it is important that you select (5 represents "not negative or positive")
the answers according to your very
personal perception of each word or How exciting is the word? Consider how much the
image.” word grabs your attention.
Give a 1-9 rating:
1: "not at all arousing” — 9: "very arousing"
(5 represents "medium arousing")
How dominant is the word?
Give a 1-9 rating:
1: "not at all dominant" — 9: "very dominant"
(5 represents "medium dominant”)
How comfortable do you feel, using this word?
"not at all comfortable" — "very comfortable"”
DIRTI “In this following section you will see photographs.
There will be 9 buttons in each scale. Please answer
each of the questions below the displayed
photograph, by selecting the button that best
represents your feeling.”
(anchors were for
valence: "very negative” — "very positive"
arousal: "none" — "very strong"
dominance: "not dominant" — "very dominant"”
“I would...
...avoid it — ...approach it)”
ISAWS “In this block, you will be presented with words.

For this section you will use the SAM-scale. 3 sets of
5 figures will be presented to you. Each is arranged
along a continuum from 1 - 9. You will be using
these figures to rate how you perceive the displayed
word.
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SAM shows three different kinds of feelings:
"extremely negative" vs. "extremely positive", "not at
all arousing/low energy" vs. "extremely
arousing/high energy", and "not at all dominant" vs.
"extremely dominant".

Select the figure that best represents how you
perceive the word. If your estimation lays between
two figures, select the space in-between them.

Below are examples of the scales.

If you don't know the word, select "l do not know this
word."”

GBPS &
IAPS

“In this block, you will be presented with images.
For this section you will use the SAM-scale. 3 sets of
5 figures will be presented to you. You will be using
these figures to rate how you perceive the displayed
image. SAM shows these three different kinds of
feelings:

"unhappy” vs. "happy", "calm" vs. "excited", and
"controlled" vs. "in-control".

Select the figure that best represents your feeling. If
yvour feeling lays between two figures, select the
space in-between them.

Below you will find a more detailed explanation for
each scale.

"unhappy" vs. "happy":
One extreme of the unhappy vs. happy scale is when

you felt completely unhappy, annoyed, unsatisfied,
melancholic, despaired, bored; at the other end of
the scale, you felt completely happy, pleased,
satisfied, contented, hopeful.

"calm" vs. "excited":

At one extreme of the scale you felt completely
relaxed, calm, sluggish, dull, sleepy, unaroused; at
the other end of the scale you felt completely
stimulated, excited, frenzied, jittery, wide-awake,
aroused.

"controlled" vs. "in-control”:

At one end of the scale you have feelings
characterized as completely controlled, influenced,
cared-for, awed, submissive, guided; at the other
extreme of the scale, you felt completely controlling,
influential, in control, important, dominant,

1l

autonomous.’

Note. Visual examples of the scales with anchors followed the set-specific instruction. Janschewitz =

Janschewitz, 2008; DIRTI = Haberkamp et al., 2017; ISAWS = Stevenson et al., 2011; GBPS = Lopez-Caneda

& Carbia, 2018; TAPS = Lang et al., 1997.
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Stimuli were individually presented on the centre top of the device screen, with the 9-
point rating scales below. Each stimulus was assessed on four dimensions: (/) valence (1 =
“very/extremely/strongly negative, unhappy” to 9 = “very/extremely/strongly positive; happy”,
(2) arousal (1 = “not at all arousing/low energy/none; calm” to 9 = “very arousing/extremely
arousing/high energy/very strong; excited”); (3) dominance (1 = “not at all dominant/ not
dominant; controlled” to 9 = “extremely/very dominant,; in control”); (4) approach/avoidance
tendency (images: 1 = “I would avoid it” to 9 = “I would approach it’; words: “How
comfortable do you feel using this word?” from 1 = “not comfortable at all” to 9 = “very
comfortable™).

To prevent missing values, scales were set to forced response. To verify that participants
were reading instructions carefully four quality check questions (one for each block) were
included prompting participants to select a specific response, instead of freely rating the
stimulus (“Please select ‘7’ for valence arousal and dominance here”, and for
approach/avoidance tendency: “On this scale from 1-9, please select the equivalent position to
‘7" here”). The indicated number to be selected varied across the four quality check questions.
Only the data of participants who passed at least two (50 %) of the quality checks were included.

Finally, participants were debriefed and given the choice to receive information about
study results as well as to enter a prize draw for a £ 20 shopping voucher. Students from
Manchester Metropolitan University received participation points; participants from Prolific
were compensated with an average of £ 4.30 for their participation. The study received ethical
approval from the Manchester Metropolitan University faculty ethics committee, and data were
collected between December 2019 and June 2020.

Study Design

To answer the above-mentioned research questions, n = 100 stimuli (50 images; 50
words) were assessed on valence, arousal, dominance, as well as approach-avoidance tendency
on 9-point scales (either SAM-scales, or Likert-tape scales) by up to 125 participants. Each
participant rated each stimulus on all four dimensions in a one-point data collection study. The
effects of the individual factors for two genders (females, males), two types of stimuli (images,
words), and three dimensions (valence, arousal, dominance) were investigated ina 2 x 2 x 3
(gender x stimulus type x dimension) factorial design; as well as extended by dimension and
SD category (low medium, high) ina 2 x 2 x 3 x 3 (gender X stimulus type X dimension x SD
category) factorial design. While these factors were the independent variables, the assessed

stimulus rating represented the dependent variable.
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Results
Sample Characteristics

In the present study, 124 to 125 participants between the age of 18 and 72 years rated
each of the 100 stimuli. Due to technical difficulties, 11 stimuli were rated by solely 124
participants instead of all 125 participants. Completion of the survey took participants between
15 and 128 minutes (mean: 38.8 minutes; SD = 18 minutes). Raw rating data per participant
can be found in the SM (Study 2, File A).

For comparison, number, age, and cultural background of participants of the original

studies as well as the present study are listed in Table 15, below.

Table 15
Age, Gender, Ethnicity and Number of Participants Assessing Emotional Stimuli in Original Study and Present
Study

Original Study Present Study
Janschewitz - N =78 participants

N raters per stimulus: n/a
native-English-speaking college
students, (USA)
age: n/a

DIRTI - N =200 participants
N =200 raters per stimulus
(DE)
18-75 years old

ISAWS - N=1099 participants
N = 62 raters per stimulus

N = 125 participants

N =124 - 125 raters per stimulus
(UK: n=49; SA: n=27; USA n=25;
CANn=24)

native English-speaking 1872
age: 18 - 72 years

undergraduate students, (USA)
age: 18 - 50 years

GBPS - N =201 participants
N raters per stimulus: n/a
college students, (ES)
age: 17 - 28 years

IAPS - N participants: n/a
N =100 raters per stimulus
college students, (USA)

- age:n/a
Note. CAN = Canada; DE = Germany; ES = Spain; SA = South Africa; UK = United Kingdom; USA = United

States of America; n/a = information not provided. Janschewitz = Janschewitz, 2008; DIRTI = Haberkamp et al.,

2017; ISAWS = Stevenson et al., 2011; GBPS = Lopez-Caneda & Carbia, 2018; IAPS = Lang et al., 1997.

Analytical Approach
The overall analytical approach was designed to explore patterns of reliability of
specific groups of stimulus characteristics (e.g., dimension: valence, arousal, dominance;
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assessors gender: female, male). This was conducted by correlating the collected idiographic
rating to the available normative rating data. The results aimed to indicate patterns regarding
which stimuli groups displayed similarity (or diversity) of stimulus ratings.

First, means and standard deviations were calculated from participant ratings for each
stimulus on each dimension (valence, arousal, dominance, approach/avoidance). As previous
research has displayed gender differences regarding emotion perception of stimuli (e.g., Kemp
et al., 2004; Kuypers, 2017; Memon et al., 2019), means and standard deviations were
calculated for all (see SM: Study 2, File B), female (File C), and male participants (File D)
separately. A correlation between female and male ratings was calculated regarding each
dimension (valence arousal, dominance, approach/avoidance) separately for image and word
stimuli. This means that a bivariate correlation was calculated for example between female
valence ratings and male valence ratings for image stimuli. An independent sample t-test was
conducted to calculate a gender mean difference score for each stimulus and to investigate the
prevalence of stimuli with significant gender differences (File E).

Second, to investigate the role of factors in relation to stimulus reliability in a typical
psychology study sample, three blocks were formed changing in focus regarding the factors
dimension (e.g., valence, arousal, dominance, approach-avoidance), dimension categories and
standard deviation categories (e.g., high, medium, low), stimulus type (e.g., images and words),
as well as gender (e.g., female, male).

First, a bivariate correlation between valence ratings obtained in the present study and
the normative valence ratings of the same gender group was conducted for each participant
separately and with regards to stimulus set (e.g., Janschewitz, DIRTI, ISAWS, GBPS, TAPS)
as well as stimulus type (images, words). That is, for example valence rating data of each of the
ISAWS stimuli from a female participant in the present study were correlated with normative
valence rating data from females in the original ISAWS study; the same applied to male rating
data respectively. This was repeated for the other two dimensions arousal and dominance. The
calculated individual correlation coefficients can be found in the SM (Study 2, File F). Note that
approach/avoidance was not included, as stimuli sets were not assessed on this dimension in
the original studies.

In other words: 7 + 7 + 2 = 16 correlation coefficients (valence for Janschewitz, DIRTI,
ISAWS, GBPS, TAPS, only images, only words, + arousal for Janschewitz, DIRTI, ISAWS,
GBPS, IAPS, only images, only words, + dominance for ISAWS, and IAPS) were calculated
for each participant. This information was used for comparison between idiographic and

normative data regarding the factors stimulus set, dimension, gender, and stimulus type. The
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reliability of ES in dependence of the included factors is represented by the percentage of
participants displaying a significant correlation (p < .05 as well as p <.01) between idiographic
and normative rating data — with increasing percentages indicating increasing reliability.

Second, correlations as described above were repeated, however, instead of calculating
correlations from data for a particular stimulus set, they were calculated for stimuli across three
dimension categories: that is, based on the mean normative rating data, stimuli (from all sets)
were allocated to one of the three categories low, medium, or high regarding valence, arousal,
and dominance. For an equal width of the three categories, cut-off points for the 9-point rating
scale were 1 — 3.66 for low, 3.67 — 6.33 for medium, and 6.34 — 9 for high. This way, (3 + 3 +
3) x 2 = 18 correlation coefficients [(low/medium/high valence + low/medium/high arousal +
low/medium/high dominance) x 2 (images, words)] were calculated for each participant
(stimulus allocation can be found in File G, the calculated individual correlation coefficients in
File J). This information was used for comparison between idiographic and normative data
based on dimension, dimension category, gender, and stimulus type.

Third, correlations as described above were repeated, however, instead of calculating
correlations from the means of normative rating data categories (e.g., low, medium, high), three
categories were created from the SD of stimulus ratings. This was done to explore differences
regarding stimulus reliability in dependence of rating dispersion. That is, stimuli ratings with a
small SD reflect a relatively higher agreement regarding stimulus perception compared to
stimuli ratings with a high SD. It will be expected that stimuli with a low SD in the normative
rating data also display a low SD when assessed today and hence are more reliable stimuli with
regards to that categorization.

As stimulus SD ranged from 0 (e.g., valence rating for basket) to 3.6 (e.g., male arousal
ratings for kike), selected cut-off points for the three categories were: low =0 — 1, medium =>
1 —2, and high => 2. The exact stimulus allocation can be found in File H. This way, (3 +3 +
3) x 2 = 18 correlation coefficients [(low/medium/high SD for valence + low/medium/high SD
for arousal + low/medium/high SD for dominance) x 2 (images, words)] were calculated for
each participant. SD for 4 images (GBPS) were not available, hence calculations include 96
stimuli. This information was used for comparison between idiographic and normative data
based on SD category, dimension, gender, and stimulus type.

Finally, familiarity of word stimuli that was assessed through the answer option “/ do
not know this word”, was calculated in relation to the number of raters and is available in the

SM (Study 2, File K).
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In the following two sections, results will be presented in the same order as described
above. This means that results regarding the analysis of gender differences will be presented
first, followed by the comparison of idiographic to normative rating data. The results of the
comparison between idiographic and normative data will be presented in individual blocks in
relation to the focus on the specific investigated factors: (/) results of analyses conducted with
focus on the stimuli sets as well as the factors dimension, gender, and stimulus type; (2) results
of the analyses conducted with focus on the factors dimension, gender, stimulus type, and
dimension category; and (3) results of the analyses conducted with focus on the factors
dimension, gender, stimulus type, and SD category.

Gender Differences

Mean correlations between female and male ratings were high for all four dimensions
for image stimuli (valence: » = .99; arousal: r = .91; dominance: r = .92; and
approach/avoidance: » = .99), as well as word stimuli (valence: » = .98; arousal: » = .94;
dominance: » = .92; and approach/avoidance: » = .96). The only non-binary participant
completed the survey and was separated from female and male participant analyses. This
participant had the same strength of correlation with both, female and male mean ratings on all
dimensions: the correlation was the same to both genders for valence (» = .88), slightly higher
with the female compared to male mean ratings for arousal (» = .71 vs. r = .72) and approach-
avoidance (» = .77 vs. r =.76), and slightly higher with male compared to female mean ratings
for dominance (» = .32 vs. » = .31). Differences in strength of correlations are negligible.
Necessity of inclusion of non-binary gender participants for future research will be discussed
in Chapter 5.

A significant gender difference was found in 4 % (image stimuli assessed on
dominance) to 30 % (image stimuli assessed on valence) of the stimuli, depending on assessed
dimension and stimulus type (see Table 16). Significant differences were more often found for
image compared to word stimuli on the dimensions valence, arousal, and approach/avoidance.
On the dimension dominance, not only were significant gender differences overall less frequent
than in the other three dimensions, but also were differences more frequently for word

compared to image stimuli.

59



Table 16
Percentages of Stimuli with Significant Gender Differences Separated by Type of Stimuli and Assessed

Dimension
Stimulus type Dimension
valence arousal dominance  approach/ mean all
avoidance
images 30 % 28 % 4% 20 % 20.5 %
words 20 % 16 % 10 % 12 % 14.5%
Note. P < .05.

Despite an overall high correlation between female and male ratings of ES, the present
findings support previous research results displaying significant gender differences. Moreover,
these results suggest that the factor gender may play a more important role regarding emotion
perception of image stimuli compared to word stimuli.

Given the extensive number of stimuli displaying differences in perception between
both genders, all following analyses were conducted for female and male participants
separately.

Comparison of Idiographic to Normative Rating Data

Focus on the Factors: Stimulus Set, Dimension, Gender, and Stimulus Type

Results regarding the factor dimension, display the highest mean correlation for valence,
followed by arousal and dominance (see Table 17 /Figure 5).

Investigations of the factor gender displayed similarly strong mean correlations for
female and male participants. However, these were in a slightly different order when comparing
the individual sets: on the dimension valence female participants showed the highest correlation
for DIRTI (r = .86), followed by Janschewitz (» = .80), IAPS (» = .80), ISAWS (» =.75), and
GBPS (» =.02). Correlation scores for the dimension arousal were highest for I[SAWS, with a
medium correlation of » = .53, followed by IAPS (» = .5), Janschewitz (» = .4), DIRTI (» = -
.24), and a low correlation for GBPS (» = .07). Only two sets, the IAPS and ISAWS had
normative data for the dimension dominance. Correlations were equally low for both sets with
r=.33. For male participants mean correlation on the dimension valence was strong and highest
for the DIRTI (» = .83), followed by IAPS (r = .82), ISAWS (r = .81), Janschewitz (r = .77),
and a low negative correlation for the GBPS (» = -.02). Correlation scores for the dimension
arousal were highest and of medium strength for ISAWS (r = .58), followed by IAPS (r = .47)
and Janschwitz (r = .42), as well as DIRTI (» =-.34), and GBPS (» =.10) with a low correlation,
that was additionally negative for the DIRTI. Correlations for the dimension dominance were

equally low for both ISAWS (r =.32) and IAPS (r =.30). Note that the analyses conducted
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regarding the individual stimuli sets are presented to provide additional information regarding
the means for word and image stimuli provided in the table. This is particularly relevant, as
there were for instance only 4 images included from the GBPS.

Regarding the factor stimulus type, solely on the dimension valence, both, image as well
as word stimuli, displayed a significant correlation (p <.01) between idiographic and normative
rating for all (n = 125) participants independent of gender. On the dimension arousal, there
were more participants with a significant correlation for word stimuli compared to image
stimuli, and on the dimension dominance there were more participants with significant

correlations for image stimuli than word stimuli. This tendency was the same for both genders.

Table 17
Mean Participants’ Correlation Coefficient per Dimension for Stimuli Sets and Types of Stimuli — Separated by
Gender, and for two Alpha Levels

Stimulus Set Stimulus Type
Janschewitz DIRTI ISAWS GBPS IAPS images words
Females
valence 0.795 0.860 0.752 0.017 0.790 0.800 0.772
*p<.05 [ 100 %J [100 %J [98.65 %] [0 %] [98.65 %] [100 % [100 %]
** p < 01 95.95 % 100 % 95.95 % 0%J) 195.95% 100 % 100 %
arousal 0.393 -0.244 0.525 0.067 0.500 0.353 0.422
*p<.05 [56.76 %J [71.83 %J 432% [1.37 %] [68.92 ‘V] [64.86 % [78.38 %
** p < 01 43.24 % 60.56 % 4.86 % 0% ) 48.65%) (43.24%) (68.92 %
dominance - - 0.326 - 0.328 0.328 0.326
*p<.05 ) ) [39.19 %J ) [51.35°/(j [51.35 %J 69.19 %]
#k p < 01 22.97 % 33.78 %) (33.78 %) (22.97 %
Males
valence 0.769 0.827 0.806 -0.024  0.815 0.805 0.777
*p<.05 [98% [100% [100 %ﬂ 6.17% [96 %] {100% [100<ﬂ
** p < 01 96 % 100 % 96 % 17 % 90 % 100 % 100 %
arousal 0.418 -0.341 0.584 0.099 0.466 0.471 0.494
*p<.05 [58% 60 % [82 %J [0%] Gzoﬂ [2602] [SSO/ﬂ
3k p < 01 40 % 50 % 66 % 0% 6 % 6° 80 %
dominance - - 0.322 - 0.301 0.301 0.322
*p<.05 [36.73 %J [57.14 %] 57.14 % [36.73 O/(j
**p<.01 - - 24.49%, - 44.90 %) |44.90 %) (24.49 %

Note. Females: n =71 to 74, males: n =48 to 50; correlations were calculated using same-gender normative rating
data means; correlation scores rounded to third decimal; % = percentage of participants with a significant
correlation to normative rating data. Janschewitz = Janschewitz, 2008; DIRTI = Haberkamp et al., 2017; ISAWS
= Stevenson et al., 2011; GBPS = Lopez-Caneda & Carbia, 2018; IAPS = Lang et al., 1997. Note that only four

stimuli were included from the GBPS.
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Figure 5. Percentages of participants with significant correlations (p < .05; p < .01) between idiographic and
normative ratings. Janschewitz = Janschewitz, 2008; DIRTI = Haberkamp et al., 2017; ISAWS = Stevenson et al.,
2011; GBPS = Lopez-Caneda & Carbia, 2018; IAPS = Lang et al., 1997; f = females; m = males.

Focus on the Factors: Dimension, Dimension Category, Gender, and Stimulus

Type

The distribution of stimuli across the three rating categories and separated by gender
and dimension based on the normative rating can be found in Table 18 below.

Table 18

Number of Stimuli Across the Dimension Categories and Separated by Gender and Dimension

Dimension Valence Arousal Dominance
Category
female male female male female male
low 34 32 48 48 9 5
images 14 13 27 29 4 3
words 20 19 21 19 5 2
medium 39 32 40 32 24 29
images 15 11 17 14 9 13
words 24 21 23 18 15 16
high 27 36 12 20 13 12
images 21 25 6 7 8 5
words 6 11 6 13 5 7

Note. N =100 stimuli.
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Results regarding the factor dimension, display the highest mean correlation between
normative and idiographic rating data for valence, followed by arousal and dominance (see
Table 19 /Figure 6). Overall, correlation scores remain low to medium (r <.5) irrespective of
assessed dimension, rating category, gender, and stimulus type. Separated by gender, stimulus
type and dimension category, for image stimuli and on the dimension valence female
participants showed the highest correlation for stimuli falling into the medium rating category
(r = .34), followed by low (r = .23), and high (r = .19). This same order was maintained for
arousal: medium (r = .24), low (r = -.10), and high (r = -.03). Correlation scores on the
dimension dominance were similarly low for the rating categories medium (r = .05) and high (r
=.02); there were not enough stimuli falling into the /ow category on this dimension. For word
stimuli assessed for valence, the highest correlation was found regarding stimuli falling into the
low category (r = .42), followed by high (r = .33), and medium (r = .30). For arousal the order
was high (r = 48), low (r = .13), medium (r = .05). There were not enough stimuli falling into
the high or low category for dominance; the correlation regarding stimuli falling into the
dimension category medium remained low with » = .07.

Correlation scores for male participants for image stimuli were similar to that of females
(medium: r=.34; low: r = .24; high: r = .16); the same dimension category order was maintained
for the arousal (medium: r =.15; low: r = -.01; high: r = -.01). There were not enough image
stimuli falling into the dimension categories /low and high for dominance; the correlation for
medium was low with » = .17. Correlations for word stimuli assessed on valence were highest
for the dimension category low (r =.29), followed by medium (r = .02) and high (r = 0). There
were not enough word stimuli falling into the category /ow for dominance; correlations were
similarly low for medium (r = .06) and high (r = .08).

With respect to the percentage of participants displaying a significant correlation (p <
.05) of their idiographic rating to the normative rating, solely word stimuli assessed by female
participants on valence and falling into the dimension category low reached above 50% with
67.57 %. Comparison between dimensions display the greatest number of participants with a
significant correlation to normative rating for valence, followed by arousal and dominance.
Separation into dimension categories showed that among the stimuli falling into the category
low, a greater percentage of participants displayed significant correlations with normative rating
data, compared to the dimension categories medium and high. This was especially true for
valence and arousal. Nevertheless, depending on selected factors exceptions were visible (e.g.,

word stimuli assessed for arousal).
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Table 19

Mean Participants’ Correlation Coefficient per Dimension for Dimension Categories and Stimuli Types —

Separated by Gender, and for two Alpha Levels

Females
valence
*p<.05
** p<.01

arousal
*p<.05
** p<.01

dominance
*p<.05
** p<.01

Males

valence
*p<.05
** p<.01

arousal
*p<.05
** p<.01

dominance
*p<.05
** p<.01

Dimension Category (images) Dimension Category (words)

low medium high low medium high
0.233 0.342 0.192 0.423 0.295 0.331
{23.53 %] [35.14 ‘Vﬂ [14.86 %] [67.57 %J [4214.59 (@ [9.52 %
5.88 % 8.12 % 4.05 % 50 % 0.27 % 1.59 %
-0.095 0.240 -0.031 0.130 0.048 0.482
[4210.54 %J [25.68 %] [2.82 %J (34.25 ‘Vﬂ [6.76 %] [16.67 %]
1.62 % 8.11 % 0% 1233 %) U.35% 0%
- 0.045 0.024 - 0.067 -
[ 0 % ] [5.56 %] [2.70 %J
- 0% 0% - 0% -
0.241 0.341 0.156 0.290 0.156 0.000
[26.53 Of] [ 22 %} {12 %,] [34 % ] [14.29 %] [2.08 %]
2.04 % 6 % 2% 8 % 2.04 % 0%
-0.032 0.147 -0.012 0.170 0.019 0.120
[36 %J [6 %] [2 %] [38 %] [2 %] [14 %J
26 % 0% 0% 16 % 0% 4%
- 0.173 - - 0.060 0.078
[10.20 %] [12.24 %] [2.08 %J
- 4.08 % - - 0 % 0 %

Note. Females: n = 71 to 74, males: n = 48 to 50; correlations were calculated using same-gender normative rating

data means; correlation scores rounded to third decimal; % = percentage of participants with a significant

correlation to normative rating data, rounded to second decimal. Rating category low = 1 to 3.66, medium = 3.67

to 6.33, high = 6.34 to 9 (on a 9-pt. rating scale); blank cases indicate that there were 5 or less stimuli falling into

that category, therefore a correlation score could not be calculated.
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Figure 6. Percentages of participants with significant correlations between idiographic and normative ratings
separated by rating category (low, medium, high), assessed dimension (valence, arousal, dominance), stimulus

type (images, words), and gender (female, male).

Focus on the Factors: Standard Deviation Category, Dimension, Gender, and
Stimulus Type
The distribution of stimuli across the three SD categories and separated by gender and

dimension based on the normative rating can be found in Table 20 below.

Table 20
Number of Stimuli Across the SD Categories and Separated by Gender and Dimension

SD Category Valence Arousal Dominance
female male female male female male
low 17 15 12 14 0 0
images 7 2 4 6 0 0
words 10 13 8 8 0 0
medium 62 66 16 28 10 16
images 37 43 14 12 6 12
words 25 23 6 16 4 4
high 17 15 64 54 36 30
images 2 1 28 28 15 9
words 15 14 36 26 21 21

Note. N =96 stimuli: valence = 96, arousal = 96, dominance = 46.
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Results regarding the factor dimension, display the highest mean correlation between
normative and idiographic rating data for valence, followed by arousal and dominance (see
Table 21 /Figure 7). Overall, correlation scores varied between low (e.g., » = .02 for male
arousal rating of word stimuli falling into the low normative SD category) and high (e.g., r =
.80 for female valence rating of image stimuli falling into the low normative SD category), and
were similar for both genders on the dimensions valence and arousal.

Regarding valence, female participants showed a higher correlation for image stimuli
falling into the low (» = .80) than the medium SD category (» = .63). A higher correlation for
image stimuli falling into the high (r = .36) than the medium SD category (r = .24) was visible
for arousal. On the dimension dominance the correlation was slightly stronger for stimuli falling
into the medium SD category (r = .30) than the high SD category (» = .13). For word stimuli
correlation was highest for stimuli falling into the medium SD category (valence and arousal).
Nevertheless, comparisons cannot be made across all categories equally as there were not
enough stimuli falling into certain SD categories, thus not allowing calculation of a correlation
(e.g., dominance ratings of image stimuli of /ow SD, or dominance ratings of word stimuli with
low and medium SD).

For male participants the correlation for word stimuli on the dimension valence was
highest for stimuli falling into the SD category medium (r = .60), followed by high (r = .54),
and low (r = .48). The order was the same for arousal ratings (medium: r = .50; high: r = .29;
low: r=.02).

The percentage of participants with a significant correlation (p < .05) between their
idiographic rating and the normative rating, was highest regarding stimuli falling into the
medium SD category on the dimension valence for both genders and both types of stimuli (e.g.,
98 - 100%). Comparison across dimensions showed that valence displayed the highest number
of participants with significant correlations to normative rating data, followed by arousal and
dominance. This order was identical for both genders. Exact percentages can be found in Table

21.
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Table 21
Mean Participants’ Correlation Coefficient per Standard Deviation (SD) Category and Stimuli Types —
Separated by Gender, and for two Alpha Levels

SD Category (images) SD Category (words)
low medium high low medium high
Females
valence 0.803 0.634 - 0.071 0.691 0.411
*p<.05 [87.84‘%j [100%J [7.27 %] [100 %J [54.050/3
#k p < 01 47.3 % 100 % - 0% 100 %) (29.73 %
arousal - 0.242 0.356 0.044 0.486 0.282
*p<.05 82.43 ‘Vj [70.27 ‘Vﬂ [3.57 %] [24.66 %ﬂ [62.16 (ﬁ
*k p < 01 - 027 % (63.51% 0% 137%) (44.59 %
dominance - 0.296 0.129 - - 0.189
*p<.05 [20.27 Oﬁ [9.46 %] [25.68 %]
*k p < 01 - 4.05 % 2.70 % - - 6.76
Males
valence - 0.630 - 0.482 0.596 0.541
* p<.05 [100% {62%] [98%] [78%}
#k p < 01 - 100 % - 18 % 92 % 50 %
arousal 0.221 0.320 0.459 0.019 0.500 0.289
*p < .05 [4.76%] [32 %J [82 %J [4.65 % J [74 ‘Vj [54 %]
*k p < 01 0% 18 % 74 % 0% 549 34 %
dominance - -0.044 0.353 - - 0.234
*p<.05 [421.08 % ] [38.78 %] [32.65 (ﬂ
**p<.01 - .04 % 8.16 % - - 14.29 %

Note. Females: n = 55 to 74, males: n = 42 to 50; correlations were calculated using same-gender normative rating

data means; correlation scores rounded to third decimal; % = percentage of participants with a significant

correlation to normative rating data, rounded to second decimal. SD category low =0 to 1, medium => 1 to 2, high

= > 2; blank cases indicate that there were 5 or less stimuli falling into that category, therefore a correlation score

could not be calculated.
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Figure 7. Percentages of participants with significant correlations between idiographic and normative ratings
separated by SD category (low, medium, high), assessed dimension (valence, arousal, dominance), stimulus type

(images, words), and gender (female, male).

Discussion

The present study investigated the prevalence of reliable ES in relation to various factors
and in a typical psychology sample of adult participants. An analysis investigating the role of
factors such as dimension (e.g., valence, arousal, dominance), dimension category and SD
category (e.g., high, medium, low), stimulus type (e.g., images and words), as well as gender
(e.g., female, male) was conducted. Results confirmed that rather than considering normative
rating of emotional image and word stimuli generally (un)reliable, the degree of reliability
varies with and therefore is dependent on individual factors.
Reliability of Normative Rating Data

Normative rating data from selected sets were originally assessed in the years 2018
(GBPS), 2017 (DIRTI), 2011 (ISAWS), 2008 (Janschewitz), and 1997 to 2008 (IAPS). This
means that the normative rating data included in the present study has been assessed at various
time points in the past between 2 to and up to 22 years ago. The separation into and comparison
of dimensions suggests a greater reliability of valence ratings (e.g., higher correlation between

idiographic and normative rating data and greater percentage of participants showing significant
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correlations between idiographic and normative rating), compared to arousal and dominance.
The latter dimensions correlating with low to medium strength with the normative rating data.
Hence, results suggest that the perception of valence remains highly stable within 22 years. This
order of dimensions (valence > arousal > dominance) with regard to the strength of correlation
between normative and idiographic rating was visible for both types of stimuli, as well as for
both genders. Moreover, it remained present when regrouping stimuli based on normative rating
SD category. In a general tendency, findings were similar when regrouping stimuli based on
normative dimension category, however there were exceptions (e.g., low-valanced image
stimuli). The low to medium strength of correlations between idiographic and normative rating
data based on the factor dimension category suggests this factor being the less adequate for
stimulus selection among all factors investigated in the present study. In other words,
researchers should refrain from selecting stimuli categorized into low/medium/high (valence,
arousal, dominance) based on the normative data, as the current findings show that only a few
participants show significant correlations between their perception and the normative data.
Instead, if they wish to conduct research with ES categorized as low/medium/high on valence,
arousal, or dominance, it is highly advised that researchers reassess stimuli for their participant
group and categorize stimuli based on the idiographic data.

Separated by type of stimuli, the lower correlation between idiographic and normative
valence data for word compared to image stimuli may indicate the tendency that on this
dimension word stimuli may be slightly less stable and hence reliable over time, compared to
image stimuli. Nevertheless, in the current survey, image stimuli displayed content that was not
specifically related to an identifiable point in time, therefore, further research investigating
stimuli with iconic content such as the intact Twin Towers or specific fashion is necessary to
verify current findings.

Although the strength of correlation between idiographic and normative rating data for
arousal was of low to medium strength, stimuli were perceived as more arousing assessed today
compared to original assessment. This result seems especially surprising considering the ease
of access as well as frequency of exposure of content similar to stimuli included in the current
survey. That is, as images displaying death, violence, nudity, or diseases are frequently
broadcasted on media (e.g., television, newspaper/magazines, billboards) and easily accessible
online, one would expect stimuli to be perceived as less arousing due to affective habituation
(e.g., Dijksterhuis & Smith, 2002; Ferrari et al., 2020). Nevertheless, this may indeed be an
explanation valid for the dimension dominance, on which idiographic and normative ratings

also correlated with solely medium strength, however, displaying decreased perception of
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stimulus’ dominance in idiographic rating. In other words, stimuli were perceived as less
dominant today compared to the original (normative) assessment. Yet, considering the small
number of stimuli that were available for the calculations for dominance (n = 25 words, and n
= 25 images), further research is necessary to investigate the described effect.

Gender Differences

An overall strong correlation between the ratings of female and male participants
collected in the present study (= .91 to » =.99), support findings of Haberkamp and colleagues
(2017) reporting a high correlation between genders for valence and arousal ratings ranging
from » = .96 (valence) and » = .91 (arousal) for disgust eliciting pictures, to » = .96 (valence)
and » = .68 (arousal) for neutral pictures of the DIRTI set. Yet, numerous included stimuli
displayed significant rating differences based on assessed dimension. More detailed analysis
revealed that differences between genders were significant for approximately one fourth or less
of the stimuli, and more pronounced for image compared to word stimuli. A possible
explanation for these findings may be gender differences in brain activity when processing for
instance emotional image stimuli (e.g., Kemp et al., 2004; Wrase et al., 2003). Results of a
study conducted by Kim and colleagues for instance suggest greater cortical processing of
subliminally presented threat-related stimuli compared to male participants (Kim et al., 2013).
With regards to previous findings concerning gender-specific use of language displaying
females to be using more polite forms, apologies and being more emotional and evaluative
compared to males (e.g., Haas, 1979; Mulac et al., 2001) as well as to give more extreme
valence ratings than males (Bellezza et al., 1986), the current results seem surprising, especially
as a large number of included word stimuli were sexual and taboo words such as insults or
abusive language. Nevertheless, these gender differences may vary depending on culture. That
is, while in western societies women are believed to be more emotional than men especially
regarding emotion expression, differences between the two genders may be more pronounced
compared to gender differences in non-Western countries. These gender differences are
believed to stem from the culture’s sex-specific division of labour as well as associated sex-
role ideology (for a review, see Fisher & Manstead, 2000; Fischer et al., 2004).

Taken together, these results suggest that despite overall strong correlations between
female and male ratings, emotion perception significantly diverges between genders for specific
stimuli. This highlights the need for separate investigations and analyses of female and male
participant data. To deepen the understanding in gender differences regarding emotion
perception, however, further research is needed to investigate these very specific characteristics

of stimuli that are perceived differently by both genders.
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Understanding of Dimensions

One aspect that became salient during analyses was the use of scales across dimensions:
while valence as well as approach-avoidance ratings had more variability and span across the
entire length of the scale, arousal and dominance ratings remained towards the centre of the
scale. As this tendency was visible for solely arousal and dominance ratings, rather than
indicating the presence of a certain response style among participants (Paulhus, 1991), it may
reflect an impeded understanding of these dimensions leading to an indecision due to
uncertainty about one’s position (see Baumgartner & Steenkamp, 2001). That is, while one is
frequently confronted with how positive or negative something is in daily life situations and
thus has to decide whether to approach or rather avoid it, the understanding of the concept of
valence and approach/avoidance may be good, and ratings in a survey may be provided more
easily by using the entire length of a scale. The concepts of arousal and dominance in contrast
may be more abstract and less frequently encountered in daily life situations and hence make
judgements on these scales more difficult, resulting in a response tendency toward the centre
of the scale.
Limitations

Although providing valuable insight into the prevalence of reliable word and image
stimuli ratings and highlighting factors that may determine reliability, the current study
possessed some limitations: First, participants were recruited online through a crowdsourcing
platform (prolific). As participants are financially remunerated after study completion and
platform guidelines are comparably strict (e.g., completion of a study that is too fast may
indicate the participant’s inattention; attention check questions), it is fair to assume that high
quality data were collected for the current study. Nevertheless, as data were collected online,
there was no option to verify accuracy of demographic data, especially as data was collected
during the time of the covid-19 pandemic which may have increasingly driven participants
towards this platform. An issue related to this platform is that depending on the participants’
profile, available studies are displayed only to the matching participant population. participation
through this platform offers financial compensation, participants may be tempted to change
their profile information allowing them to receive additional study options. Moreover, with
online data collection, participant’s attention to the questionnaire without distraction throughout
the experimental procedure cannot be assured entirely.

Second, chosen stimuli are solely a small selection from individual sets, which may
restrict generalizability of the current findings. As context has been shown to influence

interpretation (Cahill, 1975; Prada et al., 2016), individually extracting stimuli from different
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sets and reorganizing them, hence creating a new context among stimuli, may have impacted
the results. As instructions were kept the same as original instructions, it was impossible to
randomize all included stimuli regardless of their set-blocks. If rearrangement and mixing of
stimuli from various sets indeed changes the assessment context through changed comparability
among stimuli, however, generalizability of normative data may be limited whenever published
sets are not used in their entirety and/or displayed among stimuli from other sets. In the present
study stimuli sets were selected based on their original assessment scale (all stimuli had been
assessed on 9-point scales). This was done to allow comparability of the idiographic to the
normative rating data. Additionally, the choice of individual stimuli was based on the provided
normative rating data (high/low valence; high/low arousal; high/low SD; see Materials). As the
images from the images from the IAPS had been classified into high arousal/low arousal
pleasant photographs and high arousal/ low arousal unpleasant photographs, neutral images
were necessary to allow equal distribution across the four blocks of included stimuli (word
stimuli assessed on a 9-point Likert scale; word stimuli assessed on a 9-point SAM scale; image
stimuli assessed on a 9-point Likert scale; image stimuli assessed on a 9-point SAM scale).
Therefore, the remaining 4 images taken from the GBPS were selected as neutral filler images.
A replication of study with for instance only high valence or arousal stimuli could help gain
additional insight into the question if the selection of stimuli (across the dimension span) may
affect the participants’ rating in a distinct way.

In a similar vein, despite an overall large sample size the availability of participants was
nevertheless restricted by financial resource constrains as well as the accessibility of
participants during the covid-19 pandemic. Separating the collected data points for comparison
for example across genders automatically reduced the number of data points for individual
analyses and hence affected statistical power of the results. In that regards, generalizability of
the findings is restricted and replication with a larger participant sample suggested.

Third, previous research has shown that the duration of stimulus presentation influences
liking (Marin & Leder, 2016; Reber et al., 1998). In the conducted study, viewing of stimuli
was self-paced and hence varied between participants. Therefore, the collected rating data was
susceptible to variation caused by differences in duration of stimulus presentation. Additional
research is needed to investigate whether stimulus assessment data may differ in dependence
of display duration as well as whether differences may vary along with stimulus type beyond
the differences between words and images assessed in the current study.

Fourth, inclusion of potentially offensive stimuli remains challenging: while extreme

stimuli are of great interest to researchers, ethical guidelines may narrow the range of chosen
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stimuli. In this context, tabooing distinct words not only limits generalizability of findings, but
also causes a serious threat to the objectivity and exhaustiveness of research and may therefore
undermine the original purpose and thus value of research in general.

Final Discussion

The present study sought to answer the two leading questions Q2.1: Is emotional
stimulus reliability determined by factors associated with assessment of the stimuli [such as
dimension (e.g., valence, arousal, dominance), dimension category and SD category (e.g., high,
medium, low), stimulus type (e.g., images and words), or gender (e.g., female, male)]? and
02.2: What is the prevalence of reliable emotional stimuli?. It was the first study to this day
aiming to investigate and untangle the influence of various factors (e.g., dimension,
dimension/SD category, stimulus type) determining stimulus reliability in a typical psychology
study of adults, and hence aimed to provide useful data to researchers choosing stimuli from
existing sets.

The results suggest several points. Firstly, in relation to the factor dimension, valence
ratings seem to remain similar to the original published normative ratings throughout a time
span of up to 22 years, while arousal and dominance ratings are less reliable. The observed
effects were similar for female and male participants. In other words, reliability of arousal and
dominance ratings may reduce over time, putting any results of studies relying on these
normative ratings at stake of being misinterpreted. Second, a separation into low, medium, and
high SD categories appears helpful for the selection of stimuli today, however only in relation
to valence. That is, for valence, the SD of stimuli assessed today correlates with medium to high
strength with the normative SD and researchers may therefore rely on the normative SD
category (low, medium, high) when selecting stimuli. The separation of stimuli based on
dimension category, however, seems redundant. That is, stimuli allocated to the individual
categories (e.g., low, medium, high) based on the normative rating display a weak to medium
mean correlation between normative and idiographic rating, with only a low percentage of
stimuli displaying significant correlations to normative rating when assessed today. This does
not mean that researchers should refrain from allocating stimuli into low/medium/high
dimension categories, however, that the selection of stimuli from existing sets based on these
dimension categories may lead to a selection of unreliable stimuli, as when assessed today
stimuli may not fall into the same dimension category. This may be particularly important for
researchers who aim to use stimuli of low arousal in order to avoid any physiological effects

caused by arousing content (e.g., heart rate, skin temperature, skin conductance amplitude).
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Comparison of stimulus types revealed a slightly greater reliability of image compared
to word stimuli for valence, while correlations of idiographic to normative ratings were slightly
lower for image compared to word stimuli on dominance and arousal (except female dominance
ratings), indicating, despite a generally low correlation, a (slightly) greater stability of word
compared to image stimuli on latter two dimensions. These results could therefore support the
line of argument mentioned earlier, that word stimuli are less distinct in their content compared
to image stimuli and that a constant “update” of the inner-eye-representation within each
individual may hence represent less contrast to the surrounding (e.g., culture, technological
development, or societal norms). Finally, the possibility that the recombination of stimuli
selected from various individual stimuli sets could have affected stimulus perception, highlights
the complexity of the factors that can influence ES perception. Additional research is needed
investigating if present findings are also applicable to other stimulus types (e.g., video or audio
clips), as well as assessed dimensions (e.g., concreteness, emotion intensity) or specific
emotions (e.g., happiness, sadness, anger).

In conclusion, the present results displayed an influence of several factors onto the
reliability of stimulus ratings. Hence, the two principal questions can be answered as follows:
“Various factors such as dimension, dimension category, SD category, stimulus type, as well
as gender, all influence the reliability of stimuli. The prevalence of reliable stimuli varies along
with the sub-category of factors (e.g., low, medium, high for dimension category or SD
category; valence, arousal, dominance for dimension).” Unless researchers are using stimuli in
relation to valence ratings as well as stimuli rated for valence with medium SD, researchers are
highly advised to always reassess stimuli prior to study conduction to ensure reliability of

stimuli for their study.
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Chapter Four — The Effect of Emotional Stimuli on Recognition Memory in Dependence
of Personal Sensitivity

The previous study described in Chapter Three has shown that the validity of the rating
data provided along with the stimuli may vary in relation to factors such as assessed dimension
or dimension category (e.g., low/medium/high). Additionally, previous research suggests that
characteristics that are distinct to the assessor (e.g., age, or ethnicity) affect emotion perception.
Simultaneously, a large area of research within the field of emotion, regards the relationship
between emotion and memory, with numerous study findings suggesting an effect of emotion
on memory. If emotion perception is affected by assessor characteristics, while both emotion
and memory play an important role in our everyday life, it is important to understand the relation
between these three factors (e.g., assessor’s characteristic, emotion perception, memory), as
additional insight would be able to be directly implemented in learning contexts such schools,
or also therapeutic contexts (e.g., trauma therapy). Therefore, the third and final study
investigated the influence of an assessor’s characteristic (the perceiver’s emotional sensitivity)
onto the perception of ES as well as recognition memory. An experimental study was
conducted, seeking to gain insight into the final research question that was formulated as

follows:

Q3: What is the relationship between trait sensitivity, emotion perception of stimuli, and

recognition memory?

First, a brief overview will be provided regarding sensory processing sensitivity (SPS),
its relation to emotion perception, and recognition memory with involved brain areas, followed

by the description and discussion of the conducted study.

Introduction

As described in Chapter Three, many factors may affect perception of ES. Among these
are perceiver’s characteristics such as age (Isaacowitz et al., 2007), gender (Lithari et al., 2010;
Nater et al., 2006), and ethnicity (DeBusk & Austin, 2011). Next to these demographic
characteristics, however, various researchers have investigated the relationship between
emotion perception and personality traits (e.g., Druschel & Sherman, 1999; Vuoskoski &
Eerola, 2011; Galea & Lindell, 2016). Rather than being stable, trait personality has been found
to change throughout an individual’s life (Roberts, 2009) and may be affected by culture
(Roberts & Helson, 1997), age (Costa & McCrae, 2006; Roberts et al., 2006), adverse life

events such as job loss (Anger et al., 2017), or intentional intervention (Costa & McCrae, 2006).
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Personality and Emotion Processing

Usually applied within therapeutic settings but also used by employers (e.g., assessment
centers), numerous tests have been created for the assessment of personality traits: examples
are the HEXACO Personality Inventory (Lee & Ashton, 2004), the Myers-Briggs Type
Indicator (Myers, 1962), the Minnesota Multiphasic Personality Inventory (Graham, 1987), or
the Revised NEO Personality Inventory (Costa & McCrae, 1992). The latter — also well-known
as the Big Five Inventory (NEO-FFI or NEO-PI-R) — is a frequently applied test measuring
extraversion, agreeableness, conscientiousness, neuroticism, and openness (Costa and McCrae,
1989; 1992). In that regard, research has shown a strong relation between the neuroticism trait
and negative affect, as well as extraversion traits and positive affect (Costa & McCrae, 1980;
Eaton & Funder, 2001; Hermes et al., 2011; Markon et al., 2005; Tamir & Robinson, 2004).
Individuals high in extraversion are characterized by activity, friendliness, warmth, and positive
emotions; agreeableness refers to altruism, trustworthiness, and modesty; individuals scoring
high on conscientiousness are reliable, hard-working, and deliberate; neuroticism is
characterized by vulnerability, anxiousness, and impulsivity; and individuals with high
openness have vivid imagination, prefer variety, and love art (McCrae & Costa, 1989).

Individuals who are high in emotional intelligence are skilled at expressing and
regulating their emotions (Salovey, 2001), and although the ability to perceive emotions in
others can be trained, hence improving emotional intelligence (e.g., Nelis et al., 2009), the
effectiveness of training is moderated by personality traits (Herpertz et al., 2016): For example,
individuals who are high in agreeableness or conscientiousness benefit more from a training
intervention than individuals who are low on these personality traits. Research investigating
emotion perception and personality traits has shown a relation between higher accuracy in facial
emotion recognition and high scores on extraversion (e.g., Li et al., 2010), conscientiousness,
and openness (e.g., Matsumoto et al., 2000). While the score of agreeableness does not seem to
have an effect onto accuracy of facial and vocal emotion recognition (e.g., Mill et al., 2009), a
high score of neuroticism is related to the difficulty in correctly identifying happy faces (e.g.,
Andric et al., 2016). Perlman et al., (2009), additionally displayed a significant positive
correlation between the level of neuroticism and fixation duration of eyes and mouth of fearful,
happy, and sad faces, with moreover, significantly higher correlations for fearful faces
compared to happy and sad. Moreover, Vuoskoski and Eerola (2011) displayed correlations
between personality traits and distinct emotion perception of musical stimuli: results of their
study showed a positive correlation between neuroticism and sadness ratings, as well as a

negative correlation between sadness ratings and extraversion. Similarly, Nater et al., (2005)
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display a relationship between sensation seeking personality (Zuckerman, 1979) with higher
sensation seeking scores being related to a higher state of arousal in response to slow and
peaceful music and higher calmness after exposure to fast and arousing (heavy metal) music
stimuli. Additionally, a study conducted by Segerstrom (2001), found slower skin conductance
latency in highly optimistic people compared to pessimistic participants in response to negative
word stimuli. In summary, there is a wealth of evidence that personality characteristics
influence how individuals attend to and perceive ES.

Sensory Processing Sensitivity

Pertinent to the research of personality is the construct of sensory processing sensitivity,
as measured by the 27-item Highly Sensitive Person Scale (HSPS) (Aron, 1996b; Aron & Aron,
1997). Early studies estimated that approximately one fifth of the human population can be
characterised as highly sensitive persons (Kagan, 1994). However, distinct from established
personality factors such as neuroticism or introversion, it describes the ability to process stimuli
and information more strongly and deeply than others (Aron 1996c; Aron & Aron, 1997; Aron
et al., 2010; Aron et al., 2012). That is, individuals with high (vs. low) sensitivity for instance
adopt a strategy of pausing to analyse before acting, leading to increased responsiveness to
subtle, environmental, and social stimuli (e.g., loud noise, changes in temperature) compared
to non-HPSs (Aron et al., 2012). In other words, individuals with higher sensory processing
sensitivity perceive stimuli of lower intensity more easily than individuals that are non-highly
sensitive. Research evidence has displayed a relation between high sensitivity and health,
romantic relationships/sexual behaviour, or also parenting: For example, HSPs have been found
to reporting more self-perceived stress and more frequently reporting symptoms of ill health
(Benham, 2006; Evers et al., 2008); being more prone to experiencing psychological distress
(Liss et al., 2006) and stress (Gerstenberg, 2012); being less interested in variety and with fewer
bad experiences regarding sexual behaviour (Aron, 2001); and mothers have been found to
perceiving home as more chaotic (Wachs, 2013), and parenting as more difficult (Aron et al.,
2019).

In line with former research results displaying differences in personality with regards to
emotion perception, Jagiellowicz and colleagues (2016) investigated the relation between SPS
and emotion perception. In their study, individuals scoring high (vs. low) on SPS perceived
positive images as more arousing. Evidence of neural differences associated with high sensory
processing sensitivity has shown heightened activation of specific brain areas during change-
detection (high-order visual processing) (Jagiellowicz et al., 2011), viewing of positive and

negative images (Jagiellowicz et al., 2016), as well as to both, sad and happy emotional states

77



of others (Acevedo et al., 2014). Surprisingly, however, despite almost 20 % of the population
being highly sensitive (Kagan, 1994), the only existing study investigating the relation between
assessed emotional stimulus rating and person sensitivity has been conducted by Jagiellowicz
et al., (2016) (see above). A recent study conducted by Williams and colleagues (2021) was
able to display an association between SPS and the recognition of degraded words (presented
in audio), however, used stimuli had not been categorized for emotional value. In conclusion,
this means that if indeed emotion perception of stimuli significantly varies in dependence of
SPS (e.g., high SPS vs. low SPS), however, researchers do not differentiate between these two
groups in their study (e.g., by adjusting the choice of stimuli to the groups, or reassessing stimuli
prior to study conduction), researchers risk basing to base their study on (partially) unreliable

stimuli and hence creating misleading study results.

The Relation Between Emotion and Memory

Besides an interest in emotion processing in relation to personality characteristics, a
large field of interest within the area of emotion research regards the relation between emotion
and memory: Research evidence suggests that rather than being a single construct, memory
constitutes a number of systems (e.g., Cohen, 1984; Tulving, 1972; Squire, 1992) with different
neural substrates (Wood et al., 1980). That is, distinct brain areas are involved for different
types of memories: hippocampus, neocortex and amygdala are for instance three areas of the
brain involved in declarative memory (Eichenbaum, 2001; Squire & Zola, 1996; Adolphs et al.,
2001); the basal ganglia and the cerebellum are involved in procedural memory (Fabbro, 1999);
and the prefrontal cortex is involved in complex cognitive functions necessary for the working
memory (Curtis & D’Esposito, 2003). Brain areas involved in the process of memory formation
through long-term potentiation are among others based on the hippocampal formation (Scoville
& Milner, 1957; Penfield & Milner, 1958), but also the amygdala (Maren, 1999).
Simultaneously, the amygdala also plays a central role in the processing of emotional memory
content, by modulating the influence of stress on memory processes (Roozendaal, 2002, 2003;
Ferry & McGaugh, 2000). This may occur in processing of social and emotional stimuli such
as pictures and scenes (Hariri et al., 2002; Norris et al., 2004), or the recognition of emotional
facial expressions (Adolphs et al., 1998). Similarly, next to its role regarding cognitive
functions, parts of the hippocampus have been shown to also relate to stress, emotion, and affect
(Fanselow & Dong, 2010).

As multiple brain structures such as the hippocampus or the amygdala are implicated in
both cognition and emotion, the relation and interdependence of both, has been of great interest

to researchers (see Barkus et al., 2010). Prima facie, events associated to stronger emotions
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seem to be more easily remembered: For example, Brown and Kulik (1977), demonstrated that
emotionally arousing events (such as the assassination of J. F. Kennedy) resulted in lively and
detailed memory (flashbulb memories) for one’s own circumstances at the time individuals had
learned about the event. This type of memory, however, may be confined to negative, rather
than highly positive events (Kraha et al., 2014), and, shaped by evolution. The ability to
remember negative stimuli may enhance their recognition and hence their avoidance in the
future, which in turn promotes survival. An enhanced as well as more detailed memory for
negative compared to neutral word stimuli was displayed by a series of experiments conducted
by Kensinger and Corkin (2003). The authors additionally found a relative contribution of both
valence and arousal increasing memory vividness (with a greater effect for arousal). Moreover,
Christianson and Loftus (1991) were able to show that memory for emotional events is much
better regarding central compared to peripheral details. This finding is in agreement with the
Easterbrook hypothesis (Easterbrook, 1959) proposing a narrowing of attention range with
increasing arousal. In turn, this suggests that emotional events automatically attract attention
and are hence processed more elaborately which improves memory for central information.
Various types of stimuli such as audio stimuli (see Eerola & Vuoskoski, (2012) for
review), images (e.g., Pollatos et al., 2007), and video stimuli (e.g., Schaefer et al., 2010) have
been shown to successfully induce emotions. This in turn suggests that emotions triggered
through ES may also affect memory. Yet, overall, research findings concerning the relation
between memory and emotion are inconclusive. Some research investigating the effect of stress
on memory has for instance shown that induced stress impairs declarative memory (Kirschbaum
et al., 1996; Schwabe & Wolf, 2010), while other studies have shown that stress immediately
after learning improved memory for emotional content (Cahill et al., 2003; Wolf, 2008).
Moreover, individual studies have shown a negative effect of emotions on memory for negative
emotions such anxiety (Harris, 1999; Harris & Cumming, 2003), or sadness (Chepenik et al.,
2007), relatively neutral emotions such as boredom (Goldberg & Todman, 2018), or also
positive emotions such as happiness (Storebeck & Clore, 2005). In this regard, the
neurobiological perspective suggests that mood valence and arousal, both independently of one
another, may modulate memory performance with independent neural areas supporting the
influence of arousal and emotional valence on memory. Particularly, memory for valenced
information may be supported by a prefrontal-hippocampal network, while memory for
arousing items may rely on a neural network involving the amygdala and the hippocampus (Isen
et al., 1985; Kensinger & Corkin, 2004). Moreover, Gray (2001) was able to show that spacial

and verbal performance are influenced oppositely by emotional states of approach (e.g.,
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amusement) and withdrawal (e.g., anxiety): The conducted study displayed an approach state
impairing spacial, however, improving verbal performance, and a withdrawal state improving
spatial, however, impairing verbal performance. These results suggest a selective modulation
of emotion on components of cognitive control. As a fact, the latter findings could indeed
provide an explanation for inconclusive or even contradictory study results among existing
research.

Aiming to gain a more comprehensive understanding, several meta-analyses
investigating the relationship between emotion and memory have been conducted.
Nevertheless, these are often very specific within this research area. For example, Murphy and
Issacowitz (2008) conducted a meta-analysis regarding memory and attention tasks comparing
older and younger adults, concluding that age significantly affected the effects for emotion
salience, and that the measurement type appeared to influence the magnitude of effect.
Similarly, Mather (2007) acknowledges the presence of contradictory research findings
regarding the relation between arousal and memory binding within the field of emotion and
memory. Concluding her meta-analysis the author therefore proposes an object-based
framework to explain existing contradictory findings. According to this framework, the
attention-grabbing nature of an object in visual stimuli is interfering with the working memory
and make hence make it more difficult to remember other bound representations.

In conclusion, contradictory research findings concerning the relation between memory
and emotion exist and could be highly dependent on the design of the study (e.g., cognitive
task, the use of real-life events as material being retrieved, sample size, or participants’ age)
(Ucros, 1989).

Recognition Memory

One possible way to investigate the relation between emotion and memory is through
the assessment of recognition of stimuli previously displayed to participants. Recognition
Memory hence refers to the process of identifying previously encountered items as studied. This
involves achieving a match between information encoded at the time of learning and the
information available at the time of retrieval (Tulving, 1983), and may encompass recognition
of instances as from a particular class or category (e.g., recognition of a face as a face) as well
as episodic recognition (e.g., recognition of a face previously encountered in a crowd). In
experimental psychology, recognition may be assessed through response accuracy and/or
latency in tasks that require subjects to discriminate items encountered in a study phase from
new items. Examples are recognition of words from a word-list (e.g., Ratcliff & Murdock, 1976;

Kinsbourne & George, 1974), faces (e.g., Harmon, 1973; Fagan, 1972), auditory stimuli (Cohen
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et al., 2009) or images (Wichmann et al., 2002). Manipulation of memory load (e.g., number of
displayed stimuli), time interval between encoding and repeated exposure, participant
concentration (e.g., distraction through noise or additional visual stimuli), or brain physiology
(e.g., surgical removal of specific brain areas) have helped researchers gain deeper insight into
the episodic recognition memory. Early research conducted by Ratcliff and Murdock (1976) for
example has shown that recognition latency increases with increasing stimulus list length and
that recognition accuracy increases with decreasing stimulus presentation rate. Harmon (1973)
was able to show that visual masking affects stimulus recognition of faces with increased
blurring decreasing recognition. However, this was moderated by low-frequency features such
as head shape, neck and shoulder geometry and gross hair line (achieved through extreme
blurring and removement of facial features) that are sufficient for rather good recognition (e.g.,
recognition rate of almost 60 %). Cohen et al., (2009) compared recognition memory of audio
stimuli and pictures and found auditory recognition memory performance being markedly
inferior to visual recognition performance in short-term recognition. In a series of experiments,
Wichmann et al., (2002) were able to display an advantage of recognition memory for colored
vs. black-and-white image stimuli, as well as an effect of color as a surface property being part
of the memory representation. Moreover, Jonesgotman and Zatorre (1993) tested recognition
for odor in relation to cerebral excision (unilateral cerebral excision from temporal, frontal,
frontotemporal, or centroparietal areas) and showed impaired recognition for individuals with
excision from right temporal or right orbitofrontal cortex, hence suggesting the importance of
these brain areas for odor memory. All these given examples provide yet a small insight into
examples of studies that have investigated recognition memory by using emotional stimuli.
Research Rationale

Emotional stimuli form an important tool within emotion research, and numerous studies
investigating the relation between emotion and memory have been conducted in the past.
However, as mentioned above, findings are inconclusive, with some study results suggesting
memory enhancement and others suggesting memory impediment through emotions (e.g.,
Cahill et al., 2003; Chepenik et al., 2007; Goldberg & Todman, 2018; Harris, 1999; Harris &
Cumming, 2003; Kirschbaum et al., 1996; Schwabe & Wolf, 2010; Storebeck & Clore, 2005;
Wolf, 2008). Simultaneously, Aron et al., (2012) suggest a deeper processing of emotional
information by HSPs compared to non-HSPs. Deeper processing in turn leads to a more
emotional perception of pictures, as well as enhanced concentration and thus promotes long-
term retention of stimuli (Soravia et al., 2016). In conclusion, existing evidence suggests that

emotion perception, may be affected by trait sensitivity (Jagiellowicz, 2012). With regards to
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emotion perception of stimuli between HSPs and non-HSPs, a difference in perception may be
expected leading to more extreme valence and arousal ratings by HSPs (vs. non-HSPs). This
poses a great risk on the validity of the normative rating data of ES, especially when considering
that high sensitivity concerns approximately 20 % of the human population (Kagan, 1994). In
fact, not controlling for trait sensitivity when using ES in a study, may be an important reason
for existing inconclusive findings within the research field of emotion and memory, as existing
normative rating data provided along with ES may not have been valid for studies including

HSPs.

Therefore, it is important to investigate the relation between sensory processing
sensitivity and perception of ES; the investigation of the relation between sensory processing
sensitivity and recognition memory, may help to shed light onto the existing inconclusive
research results. To date, no research has investigated the relation between trait sensitivity,
emotion perception and recognition memory. Therefore, in the present study, two groups
differing in SPS will be compared regarding emotion perception (e.g., valence, arousal) of
emotional image stimuli. Moreover, recognition of stimuli will be assessed and compared
between the two participant groups, as well as compared across stimuli regarding assessed
rating.

Based on previous findings outlined above, the following hypotheses were formulated:
(Hla): Image valence will be perceived as more extreme (more negative for negative stimuli,

and more positive for positive stimuli) by participants of higher, compared to lower sensitivity.

(H1b): Image stimuli will be perceived as more arousing by participants of higher, compared

to lower sensitivity.
and

(H2a): Recognition will significantly differ between stimuli that were perceived as positive and

negative compared neutral stimuli.

(H2b): Recognition will significantly differ between stimuli that were perceived as extremely

arousing compared to stimuli perceived as low arousing.

The Levels of Processing model proposes that memory is dependent on the depth of
processing (Craik & Lockhart, 1972). From this perspective, Aaron and colleagues (2012)
suggested that HSPs process emotional information to a deeper level. However, it is unclear
whether a deeper processing may indeed lead to an overall better memory of stimuli for HSPs
(vs. non-HSPs), or whether an increased perceived emotionality may interact with the effect of

emotion onto memory, which in turn could more strongly enhance memory for positive and
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impeded memory for negative stimuli in HSPs compared to non-HSPs. Due to contradictory
findings suggesting both, enhancement as well as impairment of memory through emotion, no
direction of difference will be formulated regarding recognition memory between participants
of higher compared to lower sensitivity. Therefore, the following hypothesis was formulated:

(H3): Recognition memory will significantly differ between participants of higher compared to

lower sensitivity.

Among existing types of stimuli (e.g., images, audio clips, video clips, or words),
images were chosen to further investigate this type of stimuli and to be consistent with the
previous study (see Chapter 3), as well as to minimize previous contact with stimuli (e.g.,
familiarity of word stimuli). To calculate the number of participants required in these studies,
a power analysis was conducted based on comparable previously reported effect sizes taken
from Hostler et al., (2018). To detect the smallest observed effect of e.g., positive vs. neutral
cues (d = 0.32), a sample size of N = 80 is required.

Method
Participants

A total of 101 participants (47 female, 54 male; 18-69 years old, mean age: 29.13 years,
SD =10.73) completed the survey. Of these, 23 participants were excluded: 8 because they did
not pass at least 50% of the attention checks, and 15 because they did not complete the second
part of the survey. All analyses are based on the remaining 78 participants (34 female, 44 male)
who were between 18 and 69 years old (mean age females: 30.94 years, SD = 13.44; mean age
males: 29.07 years, SD = 9.73). Participants were recruited via the webpage Prolific, through
advertisements around university as well as word-of-mouth and were paid, or received
University Credit Points for their participation. The participation criteria within Prolific were
set through filters; these were: a minimum age of 18 years, no medical history,
normal/corrected-to-normal vision, as well as fluency of the English language. Participants
were from Austria (n = 1), Belgium (n = 2), Germany (n = 1), Greece (n = 7), India (n = 1),
Israel (n = 1), Italy (n = 8), Turkey (n = 1), Peru (n = 1), Poland (n = 12), Portugal (n = 11),
Singapore (n = 1), South Africa (n = 2), Spain (n = 4), United Kingdom (n = 20), United States
of America (n = 3), Vietnam (n = 1), and Zimbabwe (n = 1). All participants were fluent in
English, without a history of mental disorders, and had normal or corrected-to normal vision.

Procedure and Materials

Procedure
The current study was set up as a two-part survey taking place online with a one-week

interval between Part 1 and Part 2. Prior to the study, participants were informed about the
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broad aim of the survey. That is, to avoid effects on memory through deliberate memorization
it was not disclosed to participants that the survey would contain a memory task. Confidentiality
of personal data was assured, and participants were free to quit participation at any time by
closing the web-browser. Names and e-mail contacts of the researchers, as well as contact
information in case of distress caused by the content of the survey were provided. After reading
the information sheet, participants were asked to tick checkboxes to indicate their agreement to
the consent form. Only upon full approval, could participants begin the survey. Demographic
data were collected, and participants were asked to carefully read the instructions prior to rating
the stimuli. Participants were then introduced to the terms valence and arousal as well as the
rating scales along with an example (see Appendix A).

Part 1

Part 1 (¢ 1) consisted of two consecutive blocks: Block 1 containing 100 image stimuli
(target stimuli) selected from previously published sets of emotional stimuli (Diconne et al.,
2022), and Block 2 containing the Highly Sensitive Person Scale (HSPS) (Aron & Aron, 1997).
Each image of Block 1 was individually displayed in the top-centre of the computer screen with
the rating scales below. Participants were asked to rate each image on the dimensions valence
(“To me this image is... -4 = strongly negative, to 4 = strongly positive’’) and arousal (“...and...
0 = not at all arousing, to 8 = very arousing”) on 9-point Likert scales (Likert, 1932).!
Subsequently (Block 2), participants completed the HSPS using 7-point Likert scales (/ = not
at all, 4 = moderately, 7 = extremely). The rating procedure was self-paced, and no time limit
was given. To prevent missing values, scales were set to forced response. Four quality check
questions (see similar examples in Chapter Three) and an open question (“In your own words,
briefly describe the difference between ‘valence’ and ‘arousal’.”) were used in to verify that
participants read instructions carefully and paid full attention to the survey.

Following completion of Part 1, participants were informed that an automated message
including the weblink to Part 2 of the survey would be sent to them after seven days. Response
quality check questions were verified and participants who did not pass at least two (50 %) of
the four attention check questions and/or responded incorrectly to the open question were

informed so and did not receive an automated message for participation in Part 2 of the survey.

! The study was pre-tested with both valence and arousal scales ranging from 0 to 8. However rating responses
suggested that participants had difficulties assessing the bidirectional valence (strongly negative — strongly
positive) on a unidirectional scale. Therefore, the valence rating scale was changed (from -4 to +4).
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Part 2

Part 2 consisted of 200 image stimuli, of which 100 images were the target stimuli from
Part 1, and 100 images were distractor stimuli that participants had not seen before. Images
were randomized in order and individually displayed at the centre-top of the computer screen.
Participants were asked to indicate whether they remember the displayed image from Part 1,
completed one week earlier (“/ remember this image from Part I of the survey completed one
week ago.” - yes | no) by selecting the button below the image accordingly. Again, this
procedure was self-paced, and no time limit was given.

An outline of the study procedure can be found in Figure 8, below.

Part 1 Part 2

Block 1 Block 2

n =100 target images
+
n =100 distractor images

100 target images
HSPS

n

7 days

tl 12

Figure 8. Flow of the study procedure. Order of image stimuli randomized across participants. HSPS = Highly
Sensitive Personality Scale (Aron & Aron, 1997).

After completion of the survey, participants were debriefed and given the choice to
receive information about study results as well as to enter into a prize draw for a £20 shopping
voucher. Students from Manchester Metropolitan University received participation points;
participants recruited through Prolific received a participation compensation of £4.30. The
study received ethical approval from the Manchester Metropolitan University faculty ethics
committee, and data was collected between February and June 2021.

Materials

Similar to the previous study (Chapter Three) the included stimuli sets were selected
based on the KAPODI database (Chapter Two). That is, image stimuli sets were compared
regarding their assessment scale, and to ease comparability across sets, only sets originally

assessed on 9-point Likert scales were included. Stimuli were chosen from the Besangon
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Affective Picture Set-Adult (BAPS-Adult; Szymanska et al., 2019), the DlIsgust-RelaTed-
Images (DIRTI; Haberkamp et al., 2017), the Military Affective Picture System (MAPS;
Goodman et al., 2016), and the Nencki Affective Picture Set (NAPS; Marchewka et al., 2014),
which are all freely available emotional image stimuli sets (see Chapter One). They will from
here on be referred to as BAPS, DIRTI, MAPS and NAPS, respectively. N = 25 target stimuli
were selected from each set based on normative rating values of valence and arousal provided
in the original source: 12 images were selected based on their valence rating (n = 3: highest
rating; n = 3: lowest rating; n = 3: highest standard deviation (SD); n = 3: lowest SD), and 13
images were selected based on their arousal rating (n = 3: highest rating; n = 3: lowest rating;
n = 3: highest SD; n = 3: lowest SD; n = 1: with medium SD). For each target image, a distractor
image that matched regarding normative rating (e.g., similar or equivalent valence/arousal
rating), colour (e.g., grey-scale target image was matched with a grey-scale distractor image)
and displayed content (e.g., landscapes were matched with landscapes) was chosen from the
same set.

The HSPS shows good psychometric properties (Aron & Aron, 1997) and was found to
be reliable in a culturally diverse sample (May et al., 2020). The selection of 23 items of the
original 27-item scale was based on Aron (1996a). Items included for example: “Are you easily
overwhelmed by strong sensory input?” or “Are you particularly sensitive to the effects of
caffeine?”. The full list of included stimuli (target and distractor stimuli), can be found in the
SM, (Study 3, File L), the items of the HSPS are included in the Appendix B.

Study Design

To answer the above-mentioned research questions, the study was designed as a two-
point data collection study. That is, rating data of target stimuli, as well as response of the HSPS
was collected first (z 1), and recognition of stimuli was assessed seven days later (¢ 1 + 7 days)
= ¢ 2. Participant’s gender (female vs. male), participant’s sensitivity (high vs. low), as well as
dimension category (low/medium/high) were the independent variables, and both assessed
stimulus rating (¢ 1) as well as assessed recognition (¢ 2) were the dependent variables.

Rating differences regarding the individual stimuli between low and high SPS as well
as between female and male participants were calculated with t-tests; Effects of gender
(female/male), SPS level (low/high SPS) and dimension categories (low/medium/high) onto
valence and arousal ratings were calculated through 2 x 2 x 3 (gender x SPS level x dimension
category) mixed ANOVAs for both dimensions separately. Finally, the effects of gender, SPS
level, and dimension category onto stimulus recognition were calculated through 2 x 2 x 3

(gender x SPS level x dimension category) mixed ANOVAs for valence and arousal separately.
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A Greenhouse-Geisser correction was implemented where the assumption of sphericity was
violated; where effects were significant, post hoc analyses were conducted.
Results

In the current study, 78 participants between the age of 18 and 69 years completed both
parts of this two-part survey. Each participant rated each of the 100 target stimuli, completed
the HSPS (Part 1), and indicated recognition for 200 image stimuli (Part 2). Completion of both
parts of the survey took participants approximately 45 minutes (Part 1 mean: 27.1 minutes, SD
= 10 minutes; Part 2 mean: 15.9 minutes, SD = 5.7 minutes). Raw rating data per participant
can be found in the SM (Study 3, File M). Participants scored between 55 and 158 points on the
HSPS (mean: 104; SD = 19.8) and were separated through median split into two groups (low
sensitive person group: low SPG, and high sensitive person group: high SPG).

Analyses were conducted to investigate the characteristics of the assessed data as well
as the effect of the perceived emotion on recognition memory. Due to previous research
findings indicating gender differences in perception, data will be reported for female, male, as
well as all participants separately. First, the results of the correlations between female and male
ratings for each stimulus, as well as between low and high SPG ratings of each stimulus will be
presented for both genders as well as for all participants combined. Second, analyses concerning
the effects of the factors gender (female/male), SPS level, and dimension category onto stimuli
ratings are presented separately for the dimensions valence and arousal. Finally, recognition
(hit rates) for target stimuli and analyses concerning the effect of the factors gender, SPS level,
and dimension category on hit rates are presented.

Stimulus Rating

Comparison Between Genders

As reported in Chapter Three, previous research has displayed differences between
genders regarding emotion perception of stimuli (e.g., Kemp et al., 2004; Kuypers, 2017,
Memon et al., 2019), therefore, valence and arousal means and SD were calculated for all, as
well as female and male participants separately. The analyses of female compared to male
ratings were conducted for this study again (as in Chapter Three) and included to verify if the
findings in relation to the current stimulus selection would support or contradict previous study
findings reporting gender differences. Moreover, an absolute rating difference score between
female and male participants was calculated indicating the direction of rating difference. For
each stimulus, a correlation between mean female and male valence and arousal ratings was
then calculated indicating stimuli that are perceived significantly differently by both genders

(see Supplementary Material, Study 3, Table N). Stimulus ratings of female and male
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participants strongly correlated on both valence (» = .99; p < .001), and arousal (r = .94; p <
.001); rating differed significantly (p <.05) between both genders for n = 9 stimuli for valence,
and n = 1 stimulus for arousal.

Comparison Between High and Low Sensitive Person Groups

As mentioned previously, two groups (low and high SPG) were created through a
median split based on participants’ HSPS score. Despite the risk of possibly increasing Type 11
errors, creation of groups through median split is a commonly implemented and acceptable
approach (see Iacobucci et al., 2015). Based on gender (female, male, all) x sensitivity (high

and low SPQ), six groups were created (see Table 22).

Table 22
Mean HSPS Score per Group

HSPS Group Mean HSPS Score (SD)

females males all
low SPG 92.06 (12.43) 85.50 (11.00) 88.15 (11.64)
high SPG 125.88 (13.07) 114.82 (9.05) 119.85 (11.92)

Note. HSPS = Highly Sensitive Person Scale; SPG = sensitive person group. Females: n = 17 per group; males: n

= 22 per group; all: n =39 per group.

Means and standard deviations (SD) of stimuli ratings for all six groups were calculated
for each stimulus and for both assessed dimensions (valence, arousal) (see SM, Study 3, File
N).

An independent-samples t-test was conducted to investigate rating differences between
the respective high and low SPGs for each individual stimulus regarding valence and arousal.
A Levenes-test for equality of variances was conducted and Welch-correction implemented for
all stimuli with variance-heterogeneity between groups. Results (z, p, df) for each stimulus and
assessed dimension can be found separately for female, male and all participants in the SM,
Study 3, Table P. Among the 100 assessed stimuli, valence ratings differed significantly (p <
.05), between high and low SPGs for n = 15 (females), n = 9 stimuli (males), and n = 17 (all).
Arousal ratings between these two groups differed significantly for n = 15 (females), n = 1
stimuli (males), and n = 8 (all).

The Effects of the Factors Gender, SPS Level, and Dimension Category on

Stimulus Rating

Valence

To allow more in-depth analyses regarding the valence ratings, this dimension was

separated into three dimension categories, namely low, medium, and high valence. The cut-off
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scores for the categories were: -4 to -1.34 = low, -1.33 to 1.33 = medium, 1.34 to 4 high. There
were n = 30 stimuli of /ow valence, n = 45 stimuli of medium valence, and n = 25 of high
valence. An exact stimulus allocation based on the idiographic mean rating from all participants
can be found in the SM, Study 3, File Q. The mean valence ratings for female and male
participants can be found in Figure 9.

The 2 x 2 x 3 (gender x SPS level x dimension category) mixed ANOVAs revealed that
there was a significant main effect of dimension category (F(2, 148) = 1490.45, p <.001, partial
n? =.95), and SPS level (F(1, 74) = 7.98, p = .01, partial n* =.10), however, no main effect of
gender (F (1, 74) =0.07, p =.79, partial n> = .001) in relation to the valence rating. Interactions
were significant for dimension category x gender (F(2, 148) = 6.17, p = .003, partial n? = .08),
however not for dimension category x SPS level (F(2, 148) = 0.94, p = .39, partial n* =.01).
The 3-way interaction of dimension category x SPS level x gender also remained non-
significant (F(2, 148) = 0.52, p = .60, partial n? = .01).

Further analyses regarding the interaction between gender and dimension category
revealed a significant difference between female and male ratings regarding high-valence
stimuli (F(1,76)=0.51; p=.05; mean difference = 0.34). Differences remained non-significant
for stimuli of low (F(1, 76) = 0.07; p = .06; mean difference = -0.24), as well as medium (F(1,
76) = 0.01; p = .88; mean difference = -0.02) valence.

A pairwise comparison conducted to investigate the main effect of SPS level revealed
lower valence ratings from the 4igh SPG compared to the low SPGs (p =.005), (see Figure 10).
Both negative and positive stimuli were perceived as more negative by high SPGs (vs. low

SPGs).
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Figure 9. Mean valence ratings of females and males for stimuli of low, medium, and high valence. CI = confidence

interval.

Figure 10. Mean valence ratings of low and high sensitive person groups (SPG) for stimuli of low, medium, and

high valence. CI = confidence interval.

Arousal
Like valence, the dimension arousal was also separated into three dimension categories
(low, medium, and high arousal). The cut-off scores for the categories were: 1 to 3.66 = low,
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3.67 to 6.33 = medium, 6,34 to 9 = high arousal. There were n = 55 stimuli of /low arousal, n =
45 stimuli of medium arousal, and no stimuli falling into the high-arousal stimulus group. An
exact stimulus allocation based on the idiographic mean rating from all participants can be
found in the SM, Study 3, File Q. The mean arousal ratings for female and male participants
can be found in Figure 11, below.

The 2 x 2 x 3 (gender x SPS level x dimension category) mixed ANOVAs revealed that
there was a significant main effect of dimension category (F(1, 74) = 564.60, p < .001, partial
n? = .88), however, no main effect of SPS level (F(1, 74) = 2.30, p = .13, partial n?=.03) or
gender (F(1, 74) = 0.25, p = .62, partial n> = .003) in relation to the arousal rating. Interactions
remained non-significant for dimension category x gender (F(1, 74) = 3.63, p = .06, partial
n*>=.05), as well as for dimension category x SPS level (F(1, 74) = 0.24, p = .63, partial
n*>=.003). The 3-way interaction of dimension category x SPS level x gender also remained
non-significant (F(1, 74) = 0.21, p = .65, partial n*> = .003).

Pairwise comparisons regarding the main effect of dimension category revealed that
stimuli of Jow arousal received a significantly lower rating compared to stimuli of medium

arousal (p <.001), (see Figure 12).

Figure 11. Mean arousal ratings of females and males for stimuli of low and medium arousal. CI = confidence
interval. Note that there were no stimuli falling into the high arousal category, as this data is based on the

idiographic rating data.
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Figure 12. Mean arousal ratings of low and high sensitive person groups (SPG) for stimuli of low and medium
arousal. CI = confidence interval. Note that there were no stimuli falling into the 4igh arousal category as this data

is based on the idiographic rating data.

Stimulus Recognition

Prior to analyzing stimulus recognition in relation to stimulus rating, recognition of
target stimuli (hits) as well as recognition of distractor stimuli (false positive) were calculated
for each of the n = 200 stimuli (see SM, Study 3, File R). Target stimuli were recognized by
47.44 % to 97.44 % (mean: 75.19 %) of the participants, while participants recognized between
39-99 % (mean: 75.19 %) of the target stimuli. Separated by high and low SPGs, hit means
were 75.87 % and 74.51 % (all), 73.82 % and 77 % (females), as well as 76.91 % and 73.14 %
for males, respectively.

To investigate the relation between perception (e.g., valence and arousal rating) and
recognition, calculations had to be made for each individual. That is, mean hit rates with respect
to each dimension category (low/medium/high valence/arousal) were calculated for each
participant.

The 2 x 2 x 3 (gender x SPS level x dimension category) ANOVA revealed that there
was a significant main effect of dimension category (F(2, 148) = 13.48, p < .001, partial
n? =.15), however, no main effect of SPS level (F(1, 74) = 0.14, p = .71, partial n* =.002) or
gender (F(1, 74) = 0.09, p = .76, partial n> =.001) regarding hit rates in relation to valence.
Interactions remained non-significant for dimension category x gender (F(2, 148) =0.12, p =
.88, partial n? = .002), as well as for dimension category x SPS level (F(2, 148)=10.36, p =.73,
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partial n? =.005) (for mean hit rates in relation to valence and SPS level, see Figure 16, below).
There was a significant 3-way interaction of dimension category x SPS level x gender (F(2,
148) = 4.60, p = .01, partial n? =.06). Pairwise comparisons regarding this 3-way interaction
revealed that SPS level had a significant effect on this interaction for low-valence stimuli for
females (p =.04) as well as males (p =.03), and regarding stimuli of medium valence for females
(p =.03).

With regards to arousal, there also was a significant main effect of dimension category
(F(2, 144) = 10.31, p < .001, partial n>=.13), however, no main effect of gender (F(1, 72) =
0.005, p = .94, partial n><.001) or SPS level (F(1, 74) = 0.002, p = .97, partial n*> <.001)
regarding hit rates. Interactions remained non-significant for dimension category x gender (F(2,
144)=0.54, p = .59, partial n> = .007), as well as for dimension category x SPS level (F(2, 144)
= 0.15, p = .86, partial n? =.002) (for mean hit rates in relation to arousal and SPS level, see
Figure 17, below). There was no significant 3-way interaction of dimension category x SPS
level x gender (F(2, 148) = 1.30, p = .28, partial n?> =.02). Pairwise comparison regarding the
main effect of dimension category revealed that stimuli of /ow arousal were recognized
significantly less often compared to stimuli of medium arousal (p = .003), and compared to
stimuli of high arousal (p <.001), as well as stimuli of medium arousal compared to stimuli of

high arousal (p = .004), (see Figures 13 and 14, below).

Figure 13. Mean hit rates per valence dimension category (low/medium/high) for females (n = 34) and males (n =

44). CI = confidence interval.
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Figure 14. Mean hit rates per arousal dimension category (low/medium/high) for females (n = 34) and males (n =

44). CI = confidence interval.

The hit rate tendency of valence runs contrasting to the hit rate tendency in relation to
arousal (see Figure 15). That is, while the hit rate decreases with stimulus valence (e.g., lower
hit rates for positive compared to negative stimuli), it increases with stimulus arousal (higher
hit rate for stimuli high in arousal compared to stimuli low in arousal). Note that the valence
scale (strongly negative — strongly positive) is a bidirectional scale, while arousal (not at all —
very arousing) is a one-directional scale. This means that the similar hit rate for the medium
dimension categories (see Figure 15), refers to medium arousing images, as well as neutrally

valent stimuli (the approximate middle between strongly negative and strongly positive).
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Figure 15. Mean hit rates per dimension category separated by valence and arousal. Note that the valence scale
(strongly negative — strongly positive) is a bidirectional scale, while arousal (not at all — very arousing) is a one-

directional scale.

Figure 16. Mean hit rates per valence dimension category (low/medium/high) for low and high sensitive person

groups (SPG). CI = confidence interval.
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Figure 17. Mean hit rates per arousal dimension category (low/medium/high) for low and high sensitive person

groups (SPG). CI = confidence interval.

Despite no significant effect of interaction between the factors gender and rating
dimension, an interesting finding became visible when comparing /ow and high SPG separately
for female and male participants hit rates: that is, in respect to valence, low SPG female
participants display higher hit rates for more negative and more positive stimuli compared to
neutral stimuli (U-shape tendency), while high SPG female participants display a decreasing
hit rate with increasing stimulus valence. These tendencies in hit rates for 4igh and low SPGs
are reversed for male participants (U-shape tendency for high SPG; decreasing hit rate with
increasing stimulus valence for low SPG), see Figure 18, below. Similarly, with regards to
arousal ratings, low SPG females achieved higher hit rates compared to high SPG females,
however, among male participants, individuals from the high SPG achieved higher hit rates

compared to individuals from the /ow SPG.
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Figure 18. Mean hit rates per rating category for low and high sensitive person groups (SPG) in relation to valence

rating (top) and arousal rating (bottom), (left: females; right: males).

Discussion
Results and Hypotheses

Stimulus Perception

The results of the current study indicate that perception significantly differs between all
dimension categories for both valence and arousal (note that based on the idiographic rating
data, there were no stimuli of high-arousal), and therefore justify the separation into these three
dimension categories. Analyses revealed an interaction between the factors gender and
dimension category with respect to the valence rating of stimuli, with female participants giving
stimuli of high valence significantly higher ratings than male participants. In other words,
female participants perceived positive stimuli more positive compared to male participants.

There was a main effect of SPS level regarding valence rating, with individuals of the
high SPG providing lower stimuli ratings. This suggests that this group perceives negative
stimuli as more negative, and positive stimuli as less positive, compared to individuals from the
low SPG. These results, partly support the hypothesis (Hla): “Image valence is perceived as
more extreme, that is more negative for negative stimuli, and more positive for positive stimuli
by participants of higher, compared to lower sensitivity.” In other words, the present findings

suggest that low-valenced stimuli are perceived as more negative by individuals of higher
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sensitivity (compared to lower sensitivity), however, stimuli of high valence are not perceived
as more extreme (more positive) by participants of higher compared to lower sensitivity.

There was no significant effect of SPS level and arousal rating, therefore, the hypothesis
(HI1b): “Image stimuli are be perceived as more arousing by participants of higher, compared
to lower sensitivity.” Was not supported. Nevertheless, it is important to note that there were
no stimuli falling into the Aigh arousal category, which is restricting conclusions that may be
drawn from the present results.

Furthermore, results did not show and significant effect between SPG and dimension
category, nor SPG, dimension category and gender. Therefore, it remains unclear whether male
participants from the Aigh SPG may indeed not perceive stimulus valence and/or arousal
differently compared to males from the low SPG, or whether Zigh SPG males may be more
susceptible to being influenced by social desirability, as suggestible by findings from Kring and
Gordon (1998). In their work, authors report males to be less willing than females to report their
internal emotional state, either verbally or nonverbally. With regards to the present study, this
may be especially true as a large proportion of the presented stimuli included military-related
content that may have triggered perception of masculinity (see e.g., Hinojosa, 2010).
Nevertheless, present results suggest that in order to rely on homogenous effects of stimuli
regarding valence in future studies, particular attention should be granted to participants’
sensitivity.

Emotional Stimuli and Recognition Memory

There was a significant main effect of dimension category on the hit rate with significant
differences between all dimensions (except medium and high valence). Again, these results
support the advantage of separating stimuli into dimension categories. The recognition
tendency was reflected by a hit rate that decreased with increasing stimulus valence and
increased with increasing stimulus arousal. Therefore, the hypothesis (H2a): “Recognition will
significantly differ between stimuli that were perceived as positive and negative compared to
neutral stimuli.” is only partly supported. Regarding valence, these findings support the
assumption that an enhanced recognition for negative stimuli may facilitate avoidance of such
stimuli in the future and hence promote survival. Moreover, these results support previous
findings reporting attention-grabbing properties of negative information in young adults (e.g.,
Bebbington et al., 2017) as well as a general negativity bias in humans (Baumeister et al., 2001).

Additionally, results displayed a significant difference between /ow compared to high
arousal stimuli. Therefore, the hypothesis regarding stimulus recognition in dependence of

perceived arousal (H2b): “Recognition will significantly differ between stimuli that were
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perceived as extremely arousing compared to stimuli perceived as low arousing.” can be
accepted. These results support previous findings suggesting the positive association between
increasing arousal and memory (e.g., Anderson et al., 2006; Bradley et al., 1992; Hamann et
al., 1997; Laney et al., 2004; Marx et al., 2008; Mather & Sutherland, 2009). Sharot and
Yonelinas (2008; pp. 539) moreover state that “Because consolidation of memory occurs over
a period of time, the beneficial effects of arousal on memory should be most apparent following
a delay”. In fact, their study as well as earlier research (e.g., Kleinsmith & Kaplan, 1963;
Kleinsmith et al., 1963) found arousal to improve memory to a greater extent after a delay. A
possible explanation for enhanced memory after delay that is specific to arousing material could
be the mediating effect of cortisol. In that regard, a study conducted by Kuhlmann and Wolf
(2006), displayed a beneficial effect of cortisol for delayed recall (vs. immediate) recall of
emotionally arousing stimuli. Moreover, Nielson and Lorber (2009) found that differences
between individuals that influence arousal responding (e.g., emotional reappraisal) may
interfere with memory modulation. In relation to the present study, additional research is needed
investigating the ideal delay to maximise the effect of arousal on recognition memory, as well
as investigating whether the ideal delay for memory consolidation differs between individuals
of varying trait sensitivity.

Taking into consideration that memory was slightly impaired with increasing stimulus
valence, and improved with increasing stimulus arousal, it is surprising that despite significant
valence rating differences between high and low SPG, no significant main effect of SPS level
was found in relation to recognition rates. In other words, based on the finding that recognition
decreased along with increased stimulus valence, and that individuals from the high SPG (vs.
low SPG) perceived stimuli as significantly less positive, these groups would consequentially
be expected to also display significant differences in recognition rates. A possible explanation
for the absence of a difference in recognition memory could be that an increased emotional
perception of high SPG individuals (compared to low SPG individuals) during the viewing of
the stimuli as well as possibly through stimuli encountered between completion of Part 1 and
Part 2 of this study, triggered different brain paths which in turn impeded memory. Further
research is therefore necessary to investigate neuropsychological differences between
individuals with high compared to /ow processing sensitivity.

Finally, the fact that gender had an effect onto dimension categories for rating but not
for recognition, raises questions regarding the interaction between emotion perception and

gender in relation to recognition memory. In that regard for example Wolf et al., (2001), found
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that an increase in stress-induced cortisol negatively affected memory performance among
male, but not female participants.
Limitations

Although providing valuable insight into differences in perception of emotional image
stimuli between low and high SPG individuals, as well as the relation between recognition
memory and stimulus valence and arousal rating category, the current study is not without
limitations: First, participants were recruited online through a crowdsourcing platform
(Prolific). As participants are financially remunerated after study completion and platform
guidelines are comparably strict (e.g., completion of a study that is too fast may indicate the
participant’s inattention; participant had to pass at least 50% of the attention check questions),
it is fair to assume that high quality data were collected for both parts of the current study.
Nevertheless, as data were collected online, there was no option to verify participant’s full
attention to the questionnaire without distraction throughout the experimental procedure.
Inattention during the rating procedure (survey Part 1), as well as distraction during the test
phase (survey Part 2) may have impaired recognition of target stimuli. Additionally, as
mentioned for the previous study (Chapter Three) data was collected during the time of the
covid-19 pandemic which may have increasingly driven participants towards this platform.
With studies being displayed to members of the platform in accordance to their profile,
participants may be tempted to change their profile information allowing them to receive
additional study options. This may in consequence lead to the inclusion of participants that do
not fit the required inclusion criteria.

Second, a median split technique was implemented based on the HSPS participants
completed in Part I of the survey to create two comparable groups. Due to loss of information
about individual variability (Farewell et al., 2004; Humphreys, 1978; MacCallum et al., 2002;
Neelamegham, 2001), as participants slightly above or below the median were aggregated to
the same group as participants who were farthest above or below the median, the likelihood for
a Type Il error may have been increased. Results of the current study are therefore to be viewed
as preliminary findings regarding this research subject and need validation through experiments
comparing participants based on HSPS scores. In a similar vein, and as mentioned in the
previous study (Chapter Three) the minimum sample size of N = 80 was necessary as calculated
through the power analysis. This was not achieved (there were N = 79 participants) as
availability of participants was restricted by financial resource constrains as well as the
accessibility of participants during the covid-19 pandemic. Therefore, the results are

statistically underpowered. Separating the collected data points for comparison across genders,
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as well as SPGs further reduced the number of data points for individual analyses and hence
additionally affected statistical power of these study results. This highlights the limitation of
generalizability of the present research findings, as well as the need for a study replication with
a larger sample size.

Third, as mentioned in Chapter Three, previous research has shown that the duration of
stimulus presentation influences liking (Marin & Leder, 2016; Reber et al., 1998). In the
conducted study, viewing of stimuli was self-paced and hence varied between participants.
Therefore, the collected rating data was susceptible to variation caused by differences in
duration of stimulus presentation. Additionally, the variation in display duration may have
affected the recognition of target stimuli. Additional research is needed to investigate whether
stimulus assessment data may differ in dependence of display duration as well as the relation
between presentation duration and recognition memory. This may for example be achieved by
displaying a few stimuli (e.g., images) of a set for a short duration (e.g., 1 second) and a few
stimuli for a longer duration (e.g., 5 seconds) and comparing recognition rates across variations
of display duration.

Fourth, because of the construction of the study, only target stimuli were assessed prior
to the memory test, and no analysis of displayed ethnicities was conducted. As aspects such as
own-race bias (for review see Meissner & Brigham, 2001), or stimulus color (Kuhbandner &
Pekrun, 2013), have shown to influence memory, and paired distractor stimuli were matched
on content (e.g., color or greyscale, landscape, included individuals), no conclusion can be
made with regards to the effect of similarity of distractor stimuli on recognition of target
stimuli.

Finally, in the present study only hit rates were analyzed. It cannot be excluded that
recognition was influenced by participants’ recognition sensitivity or response bias. In future
research, consideration of false alarms (e.g., recognition of distractor stimuli) may help gain
additional insight.

Final Discussion

The results of the present study found significant main effects of the dimension
categories regarding stimulus rating as well as stimulus recognition in relation to both, valence
and arousal (except hit rate between medium and high valence). The tendency of decreasing
recognition with increasing stimulus valence and increasing recognition with increasing
stimulus arousal, provide further support to previous findings regarding arousal (e.g., Anderson
et al., 2006; Bradley et al., 1992; Hamann et al., 1997; Laney et al., 2004; Marx et al., 2008;

Mather & Sutherland, 2009) and contradict evidence reporting memory impairment in relation
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to arousing stimuli (e.g., Dolcos & McCarthy, 2006). Additionally, they also run contrary to
findings regarding stimulus valence (e.g., Kensinger & Corkin, 2003) reporting enhanced as
well as more detailed memory for negative compared to neutral word stimuli. In the present
study, however, no analyses were made regarding a valence-arousal interaction (e.g.,
comparisons of low-valence/high-arousal vs. high-valence/high-arousal stimuli).

Nevertheless, the present study sought to answer the question Q3: “What is the
relationship between trait sensitivity, emotion perception of stimuli, and recognition
memory?”. In that regard the results showed, that individuals of high sensitivity perceive
stimuli as less positive compared to individuals of low sensitivity. Nevertheless, no statistically
significant difference was found concerning recognition memory (e.g., hit rate) between low
and high SPG. This in turn may suggest different interactions between emotion and memory
processes in individuals with low compared to high SPS in relation to visual emotional content
(e.g., images). An additional interesting finding was the reversed effect between female and
male participants of low and high sensitivity regarding recognition rates with respect to valence
and arousal. That is, for valence, high SPG males showing higher hit rates compared to low
SPG males, however, low SPG females displaying higher hit rates compared to high SPG
females. This same effect was also visible regarding stimulus arousal, with high SPG males
showing greater hit rates compared to /ow SPG males, and low SPG females displaying higher
hit rates compared to high SPG females. Although this effect became visible in graphical
representations, it remained statistically non-significant. Nevertheless, it may suggest a pattern
of responding in relation to trait sensitivity and gender and needs further investigation.

Regarding the investigated factors (e.g., gender, SPS level, dimension category), an
effect of interaction was visible only for the factors gender and dimension category in relation
to valence ratings of stimuli. In that regard, the analyses showed that female participants gave
significantly higher ratings to high-valence stimuli compared to male participants. Moreover,
there was a significant 3-way interaction reflecting the influence of SPS level onto stimulus
valence rating for low-valence stimuli for both females and males, as well as for stimuli of
medium valence among female participants.

Due to the limited number of participants, the present findings may solely be regarded
as preliminary findings and are in need of replication with a larger participant sample for each
of the groups (e.g., high/low SPG females; high/low SPG males). Finally, it would be necessary
to expand the present research by investigating the role of stimulus type (e.g., words, video/
audio clips) to investigate if the effects found in the present study are replicable across other

types of stimuli.

102



Chapter Five — General Discussion

With emotions playing in central role in everyday life, and ES being one of the main
tool used in emotion-related research, the central aim of the present work was to investigate
factors that may affect validity and hence utility of ES within emotion research. In a first step,
a comprehensive review of all available stimuli sets and their key characteristics was conducted
to gain an overview of existing ES sets. The result of this review is a searchable online database
of ES sets, the KAPODI database (Chapter Two). In a second step, two studies were conducted
to investigate the reliability of ES with regards to different factors that possibly affect stimulus
validity (Chapter Three), as well as to investigate the relation between trait sensitivity and
emotion perception of ES as well as the relation between emotion perception and memory
(Chapter Four).

With the three conducted studies the present research program sought to answer the

following research questions:

Q1: How many emotional stimuli sets are available to the research community? and Which

are the key set characteristics?

Q2: Do ratings of emotional image and word stimuli remain generally reliable numerous

years post publication?

Q3: What is the relationship between trait sensitivity, emotion perception of stimuli, and

recognition memory?

Answering the Principal Research Questions
01

Numerous sets of emotional stimuli have been published throughout the past few
decades, continuously increasing the need for an overview of all existing sets. Although ES sets
have been reviewed by researchers previously (e.g., Grithn & Sharifian, 2016; Krumhuber et
al., 2017), these attempts focus only on specific sorts of stimuli or did not systematically review
existing literature and are hence not comprehensive.

The systematic review conducted within the frame of the present research project is the
first comprehensive collection of stimuli sets that are freely accessible or available upon
request. The KAPODI database created based on the systematic review contains 364 different
publications of ES sets at the time of writing; most of which are presenting new stimuli

(compared to new assessment data of an already existing set). To facilitate comparison when
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using the database, six subfolders were created based on stimulus type, that is audio, faces,
images, video, words, and mixed stimuli.

Despite a careful selection of terms used for the stimuli set search procedure (see
Chapter 2), an extended-table search revealed another n = 74 publications during the first
search, as well as n = 21 publications during the second (updated) search (Figure 1). This is a
highly concerning finding, as it displays the difficulty researchers may have to find emotional
stimuli sets when searching for suitable stimuli for their own study. Moreover, it highlights the
‘iceberg-dilemma’ discussed earlier, reflecting an emphasized use of well-known ES sets such
as the ANEW (Bradley & Lang, 1999a) or the /4PS (Lang et al., 1997).

Central set characteristics were extracted and listed for each set. In total, information
regarding more than 45 aspects including over 25 key set characteristics is available for each
set, based on the information provided in the original publication. Among others, the key set
characteristics are type and number of stimuli; number, gender, age and ethnicity of included
models; language; rating scale; or number, gender, age and ethnicity of assessors. Coded aspects
include information regarding title of publication, authors, assessment approach (e.g.,
dimensional, categorical), rating scale length, or number of included basic emotions; the entire
list can be found in Chapter Two, Table 1.

As aresult, the KAPODI database listing the numerous existing stimuli sets along with
their information regarding stimulus access, helps to significantly shorten the time needed to
search existing sets. The extracted key set characteristics hereby provide a clear overview of
set content (e.g., number of included stimuli, type of stimuli) as well as set validation
procedures (e.g., information regarding rating population) and coded information (e.g.,
dimensions on which stimuli were assessed). This information bundled in one place, thus saves
the researchers’ additional time, as they can easily scan the set characteristics without having
to read the original publication. Finally, by providing set information separated into over 45
aspects, the database also facilitates comparison across sets and hence selection of suitable
sitmuli.

Next to an Excel sheet containing all extracted information (available as Supplementary
Material), an online version of the database additionally allows for an automated search based
on search criteria that can be manually modified. Moreover, if researchers wish, they can add
their newly created set to the online database. Not only will this allow for the set being more
easily found among all other existing sets, but also contribute to the aim of keeping the online

KAPODI database continuously updated. This in turn will allow fellow scientists to conduct
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their researchers as by state-of-the-art through a consideration of a wide choice of existing
stimuli.

As well as presenting a useful tool in itself, the analyses of the existing data within the
KAPODI database provide useful information regarding the state, as well as the growth of
emotion research as a field. That is, analyses of stimuli sets included in the database revealed a
steep increase in set publication throughout the past three decades especially with regards to
face stimuli. This development against the backdrop of improvement of technology surely
reflects a growing interest in artificial intelligence and human-machine interaction, of which
research seems to be predominantly conducted in Asia, followed by Europe. Moreover, the
assessment approach used in individual publications (e.g., categorical vs. dimensional; applied
rating scale) displayed a favoured approach in relation to type of stimulus. That is, while face
stimuli are mostly assessed using a categorical approach as well as using force-choice, word
stimuli for instance are mostly assessed through the dimensional approach and by using a
Likert-type scale. Although the stimulus quality (e.g., available size for images; audio recording
quality) as well as the extensiveness of reported set characteristics (e.g., demographic data of
the rating population; demographic data of included models) in publications has increased,
meaning that newer publications provide stimuli of higher quality as well as more detailed
information, uniformity is still lacking. Therefore, to facilitate the selection process of stimuli
for other researchers, scientists presenting new stimuli are advised to include as detailed
information as possible. All extracted key set characteristics listed in the KAPODI database

could herby serve as a guide.

02

With ES playing a central role within emotion research, the validity and thus reliability
of ES is indispensable to assure intended effects of ES and hence correct interpretation of study
results. Various factors such as gender (e.g., Garrido et al., 2017; Janschewitz, 2008; Warriner
et al., 2013; Weierich et al., 2019), ethnicity (e.g., DeBusk & Austin, 2011; Meissner &
Brigham, 2001), or age (e.g., Issacowitz et al., 2007) have been shown to influence the
perception of emotional stimuli and these aspects of a rating population are hence usually
reported along with the assessed data. Nevertheless, the reported information is usually
restricted to assessor-related factors. However, existing evidence moreover suggests an
influence of stimulus-related factors such as display size (Codispoti & De Cesarei, 2007) or
factors related to study construction such as display duration (e.g., Marin & Leder, 2016),
context (e.g., Wogalter, 1998), or assessment scale (e.g., Hasson & Arnetz, 2005) onto stimulus

perception. Unfortunately, these aspects are not always reported in detail, and researchers often
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use ES without verifying stimulus validity for their own participant sample. This common
procedure poses a high risk of misinterpreting study results, if stimuli do not achieve the
believed effect in participants.

With stimulus validity being a central necessity when conducting a study using ES, the
effect of individual factors on stimulus validity is at great need of investigation. Therefore, the
second study within the research project aimed to verify the reliability of stimuli by
investigating factors that may be prone to changes in stimulus validity [dimension (e.g., valence,
arousal, dominance), dimension category and SD category (e.g., high, medium, low), stimulus
type (e.g., images and words), and gender (e.g., female, male)]. Indeed, results displayed that
regarding dimension, solely valence ratings (vs. arousal and dominance) remain relatively
stable. In other words, with regards to the other two dimensions namely, arousal and dominance,
researchers are highly advised to reassess stimuli prior to study conduction rather than to select
ES based on the normative data. Moreover, the present results reinforce the questioning
regarding reliability of findings resulting from previously conducted studies in which stimuli
had for instance been selected based on or matched for normative data, without reassessment
of stimuli. Examples are studies using stimuli matched on arousal (e.g., Gil & Droit-Volet,
2012), valence (e.g., Bonin et al., 2014), or both (e.g., Noulhiane et al., 2007), as well as distinct
emotion intensity (e.g., Droit-Volet et al., 2011). The assumption that inconsistent findings
within a research area (e.g., memory research in relation to emotion) may be due to lacking
validity of stimuli (e.g., through simple use without reassessment for the study in question) is
therefore maintained and requires more specific investigation, for instance in the form of meta-
analyses. More importantly, however, it highlights the need of careful selection of stimuli
through consideration of the validation procedure in the original study.

In-depth analyses investigating the interplay between dimension and stimulus type, as
well as dimension and dimension/SD category had been conducted to shed light onto the role
of these individual factors. The results of the comparison between stimulus type (images vs.
words) display a high validity of valence for both stimulus types, however, moreover suggest
an overall higher reliability of arousal for word stimuli (vs. images), and a higher reliability of
dominance for images (vs. words). Simultaneously, irrespective of stimulus type, the reliability
of ratings decreasing from valence to arousal to dominance (in that order) may be an indicator
for familiarity with that dimension. That is, as mentioned earlier, participants may be more
familiar with the meaning of valence, than with the meaning of arousal; and finally least familiar
with the significance of dominance. However, not due to a limited understanding, but rather a

less-frequent application of these judgements in everyday life. That is, while individuals
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constantly make valence judgements in everyday life situations (How good or bad /positive or
negative is this?), conscious arousal and dominance evaluations are made far less frequently
and thus be more abstract. In fact, the suggestion made by Stevenson et al., (2011) to further
differentiate sexual arousal from general arousal assessments may reflect that participants are
not always able to grasp the meaning of arousal without confusing it with sexual arousal, if they
are not clearly informed about the differences prior to stimulus assessment. The reliability of
stimulus ratings remained low to medium for both stimulus types when controlling for
dimension category. In other words, stimuli assessed today are unlikely to fall into the same
dimension category as suggested by the normative rating data. Therefore, researchers are
advised to refrain from selecting stimuli based on these dimension categories while relying on
the normative data without reassessing stimuli for their own study. Although reliability was
slightly better in relation to SD category, and more acceptable regarding the dimension valence
compared to arousal or dominance, researchers should also refrain from relying normative data
based on these categories. In conclusion, besides valence ratings, the investigated factors all
seem prone to changes in stimulus validity throughout time, and researchers are hence advised
to reassess stimuli for their participant sample if they are planning to use them in relation to
other dimensions than valence (e.g., arousal).

Finally, a striking finding was revealed when comparing female and male perception of
stimuli: Overall perception of both genders highly correlated. Nevertheless, when investigating
the individual stimuli up to 25 % of the stimuli were perceived significantly differently between
female and male participants. This finding supports previous suggestions to report data
separately for both genders, and to moreover select stimuli separately for female and male
participants when planning a study. However, more importantly, this direct comparison
highlights the misleading character of the assumption that high correlations between rating data
of both genders reflect their strong similarity and therefore justifies the use of the same stimuli
for both genders in one participant sample without differentiation. That is, especially regarding
stimuli sets that contain a large number of stimuli, the correlation between female and male
ratings across all stimuli may be high, however, selecting only a few stimuli from this set
increases the risk reducing this correlation.

03

A large field of research in relations to emotions regards the relation between emotion and
memory. Among existing literature concerning this relation, research findings are contradictory
with some study results displaying a beneficial effect of certain emotions onto memory (e.g.,

Brown & Kulik, 1979; Cahill et al., 2003; Chepenik et al., 2007; Goldberg & Todman, 2018;
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Harris, 1999; Harris & Cumming, 2003; Kensinger & Corkin, 2003; Storbeck & Clore, 2005;
Wolf, 2008), while other studies reveal an impairing effect of emotions onto memory (e.g.,
Kirschbaum et al., 1996; Schwabe & Wolf, 2010; Strange et al., 2010) as well as a channelling
of attentional focus (e.g., Christianson & Loftus, 1991; Easterbrook, 1959; Gray, 2001).
Additionally, Aron and colleagues (2012) suggest a deeper processing of emotional information
by HSPs compared to non-HSPs. These two broad findings together (contradictory findings on
the effect of emotions onto memory, as well as personality influencing the perception of
emotion) have opened the question concerning the relation between sensory processing
sensitivity, perception of emotional stimuli, and memory, which was finally addressed in the
third study of the present research project.

Results displayed an interaction effect of gender and dimension category, showing that
female participants perceive stimuli of 4igh valence as significantly more positive compared to
male participants. Nevertheless, there was no significant difference in recognition rate between
both genders concerning stimuli of this dimension category. It is possible, that the covid-19
pandemic with all related restrictions (e.g., social distancing, covering of the face with a mask
and hence shielding emotion expression and/or perception) has affected the emotion perception
of emotional stimuli. That is, participants may have been inclined to compare the displayed
content (e.g., a group of friends laughing together) to the overall global as well as their personal
situation and provided stimulus ratings against this background. Especially as many positive
image stimuli display social situations (e.g., friends gathering), landscapes, as well as (baby)
animals and children, the participants in the present study may have been confronted to the
importance of social interaction simultaneously as the fact of not being able to leave the house.
This effect may have been more pronounced in women compared to men. Nevertheless, as this
remains speculation, a replication study will be needed investigating aspects such as wealth of
social contacts or freedom of movement onto stimulus perception. In a similar vein, results
showed that the processing sensitivity seems to have an effect onto the valence perception of
stimuli that were as a result perceived more negative by individuals with high SPS (vs. low
SPS). However, despite differences in perception, the recognition memory did not significantly
differ between individuals of differing SPS. This finding could be in line with previous research
that has shown that verbalized perception (rating assessment) and physiological responses to
stimuli are not always consistent. That is, individuals may perceive a stimulus in a way that is
not reflected by their physiological changes in response to the stimulus (Gross & Levenson,
1993). Moreover, voluntary emotion suppression has been shown to influence physiology such

as skin conductance and heart rate (e.g., Reynaud et al., 2012). Concerning the present study,

108



this could indicate that individuals of Aigh SPS are more likely to indicate a more extreme
perception of negative stimuli (conscious perception), however, these individuals then
implement emotion regulation strategies that dampen the effect strong emotions would
otherwise have. Due to lacking scientific evidence within this field of research to this day, the
above-mentioned effect, as yet, is speculation and requires further investigation.

Nevertheless, analyses of stimulus recognition were also conducted separately for
female and male participants. Displayed graphically, this separation revealed an interesting
pattern, suggesting — although without statistically significant differences — inversed
recognition tendencies for female and male participants regarding low and high SPGs. That is,
while among female participants individuals of low SPS achieved overall higher hit rates (vs.
high SPQG), high SPG (vs. low SPG) achieved higher hit rates among male participants. This
pattern was visible in relation to valence as well as arousal rating of stimuli. Nevertheless, these
findings are based on a relatively small participant sample and therefore in need of replication
with a larger sample group. Further investigations could elucidate emotion processing between
genders, and — assuming the above-mentioned speculation — help to shed light onto the effect
of emotion regulation strategies implemented by females compared to males of high SPS.

More broadly, that is independent of SPS level, results showed that recognition (hit rate)
increased with increasing arousal and decreased with increasing valence. These results are in
line with previous evidence regarding arousal ratings (e.g., Anderson et al., 2006; Bradley et
al., 1992; Hamann et al., 1997; Laney et al., 2004; Marx et al., 2008; Mather & Sutherland,
2009), and contradict findings reporting enhanced memory for negative compared to neutrally
valenced stimuli (e.g., Kensinger and Corkin, 2003). Additionally, Libkuman and colleagues
(2004) found that arousal increased central detail memory for positive and negative stimuli, as
well as background detail memory for positive stimuli. Nevertheless, in the present work no
analyses were conducted on the stimulus content to investigate central/background information.
Future Research

Based on the findings and limitations regarding the individual studies of the present
research, suggestions for future research can be given. These will be expanded upon in the
section below.

The KAPODI Database

The creation of a central database of ES certainly facilitates access, comparison and thus
selection of suitable stimuli. Nevertheless, sometimes terms or definitions are non-uniformly
used across research disciplines which means that existing norms within individual research

disciplines can impede collaboration. For example, physiological data (e.g., skin conductance
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response; skin temperature) used to train machines for automatic emotion recognition are called
emotional stimuli within psychology research. Nevertheless, this type of data is more broadly
known as data points within computer engineering. As ES are used across a wide array of
(research) fields (e.g., sociology, anthropology, psychotherapy, computer engineering,
medicine), future research should focus on elaborating a way to equate these terms across
research disciplines. This could for example be done through an extension of the database in
which the certain terms are double-coded and hence displayed in response to more than just one
search term.

Moreover, an addition to the database (external or within the database) in which users
can give feedback on the use of sets (e.g., applicability of specific stimuli for specific research
questions/study constructions), may help fellow researchers te-select suitable stimuli even more
easily. Additionally, this “feedback-section” could be used as a direct reference to improve or

refine the creation of new stimuli according to the needs within research.

Participant Sample

Part of the challenge when conducting a study is the recruitment of a large participant
sample allowing generalizations of the findings. The present studies (Chapter Three; Chapter
Four) were conducted with a limited number of participants (n = 125 and n = 78, respectively).
A replication of the present studies with a larger participant sample is therefore necessary. This
would allow to verify the present results, as well as to improve their representativeness.
Moreover, the present studies were conducted within the context of the Covid-19 pandemic.
Collecting the data online and through the Prolific platform may have influenced the participant
sample. That is, this may on the one hand have helped collecting data more easily due to a great
number of available participants, on the other hand however, this may have automatically
provided a certain selection of participants (e.g., individuals who due to the economic
development throughout the pandemic joined such platforms due to personal financial needs).
The pandemic with its restrictions as implemented in certain countries (e.g., social interactions,
physical activities) may moreover have influenced the participants’ emotional well-being and
hence perception of emotional content of stimuli presented to them.

Additionally, the present studies were conducted using image and word stimuli only.
The analyses of the KAPODI database content, however, have also shown that video and audio
stimuli sets represent 21,48 % of freely existing sets (see Chapter Two, Table 2). Therefore, a
replication of the present studies including for example these stimuli would allow for
comparison of the investigated factors across additional stimuli types and moreover for more

specific assertions depending on the stimulus type.
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Moreover, the present studies were conducted on an English-speaking adult participant
sample. An expansion of research investigating individual factors affecting stimulus reliability
in a different culture could help to shed light onto aspects that may influence changes in
perception. That is, cultures affected by a rapid development (e.g., technology, education,
economy) may be more prone to changes in emotion perception compared to cultures without
or with a slow development. In that same vein, in future research it would be interesting to
investigate whether the strength of the factors influencing stimulus reliability varies in relation
to different age groups (e.g., children, teenagers, young adults, older adults).

Finally, in the second study (see Chapter Three), included a participant of non-binary
gender, who however, was excluded for analyses comparing females to males. Despite the
differences in perception of emotional stimuli based on gender (e.g., Lithari et al., 2010; Nater
et al., 2006), the rating of this subject correlated with similar strength to both, female as well as
male ratings. In fact, among all sets included in the KAPODI database, not a single publication
provides data validated by non-binary participants. Against the background of an increasing
visibility, awareness, and acceptance (e.g., non-binary language) of non-binary genders, as well
as an estimated prevalence of up to 4.6 % (e.g., Ahs et al., 2018; Kuyper & Wijsen, 2014; Van
Caenegem et al., 2015;) with an increasing trend (Twist & de Graaf, 2019), it may become
necessary to extend research analyses by this third group in the future when investigating gender

differences, as well as when for instance creating and validating new ES sets.

Normative Data

As discussed extensively, various assessor- and study construction -related aspects
influence the perception of emotional stimuli and hence the reliability of the normative rating.
Nonetheless, even when controlling for these aspects (e.g., gender, age) the normative data is
usually reported as a calculated mean across participants (mostly accompanied by data
regarding SD). Herein lies an issue that is worth raising awareness for and that has also been
reported by Montefinese et al., (2014), as well as Schneider et al., (2016): While for instance a
mean valence rating of 5 on a 9-pt scale may be considered “neutral” (and hence neither
bad/negative nor good/positive) this stimulus treated as a neutral stimulus has not necessarily
been perceived as neutral by all participants. This means, while a low SD would indicate
consensus across raters for one stimulus, another stimulus can receive a mean rating of 5 (hence
being “neutral”) however, with high and low rating values from individual participants, which
would be reflected in a higher SD value. In other words, the SD can be seen as an indicator for
ambiguity or ambivalence for each stimulus. This is particularly critical, as the experienced

level of ambivalence is for instance predictive of the arousal people report (Nordgren et al.,
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2006; van Harreveld et al., 2009). Therefore, stimuli with a high standard deviation should be
avoided in studies aiming to achieve a standardised effect (e.g., emotion induction) across all
participants (note that this does not refer to the fact that stimuli with high SD in the normative
assessment, may also display high SD in idiographic assessment). It is thus indispensable that
researchers consider the SD beyond a simple source of systematic error when selecting stimuli
based on the normative mean rating data in future studies. Moreover, the SD should always be
reported along with the normative rating data.

Additionally, when normative rating data is assessed, participants are usually asked to
indicate  their perception of a specific stimulus on a dimensional scale
(valence/arousal/dominance) or via indicating a distinct emotion (rating on a scale, or indication
of the emotion through forced choice). This procedure assumes that participants can accurately
describe their emotions. Nevertheless, words labelling emotions are often language-specific and
it is often difficult to translate into one word in another language (Altarriba, 2003). Moreover,
the access to one’s own emotions that is the ease to control expression and perception of
emotions, differs across cultures (Matsumoto, 1989). Due to this influence of culture and/or
language, the question whether individuals can indeed accurately describe their emotions
remains open for discussion. Nevertheless, the normative data is provided along with the stimuli
to give the researcher an idea of the emotional value of each stimulus. To date this is the best
available mean indicator and therefore valuable information — at least by the means of providing
orientation when selecting emotional stimuli.

Finally, an aspect that is worth mentioning is that some stimuli (e.g., an image of a
bungee-jumper) may trigger physiological arousal, while other stimuli may trigger cognitive
arousal (e.g., an image of a decomposed animal). Participants may possibly be confused when
having to compare their cognitive vs. physiological while being asked to provide arousal
ratings. In the present two studies participants were informed about the meaning of the
dimension arousal and it was highlighted that the referred-to arousal was not sexual arousal. In
previous studies instructions may not always have been sufficiently clear to the participants
which may be reflected in the normative data. Therefore, a central advice for future research is
to provide a clear explanation of the assessed dimension and so ensure that participants are
familiar with them.

Conclusion

In conclusion, although ample research has investigated the effect of emotions, and ES

have been used within research for more than 60 years, research investigating the use of ES is

scarce leaving a lot of unanswered questions. For instance, only little is known about the reasons
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for a differing perception of ES across participants, and possibilities for future research seem
sheer endless. One main result of the present research project was the creation of the searchable
KAPODI database resulting from a systematic review. As the database comprises the largest
number of all freely available ES sets to this day, it facilitates access to as well as comparison
between individual stimuli sets and may hence serve as a tool for researchers who are searching
for suitable ES for their study. In that regard, it clearly contributes to solving the ‘iceberg-
dilemma’ (emphasis of well-known ES sets through amplified use within research causing an
overshadowing effect onto smaller, sell-known stimuli sets) and hence allows state-of-the-art
research, by giving researchers the opportunity to comprehensively consider the entire array of
available stimuli sets. The number of views and downloads of the resulting publication (over
1,500 in the 6 months post-publication, [Diconne et al., 2022]) reflect the interest for such a
resource. Moreover, the two conducted studies aimed to identify factors that may affect
stimulus reliability — a possible cause for previous inconclusive study results within emotion
research. Although the generalizability of the findings from the present research is limited due
to a small participant sample, the investigation may make an important contribution to the
understanding of emotional stimulus validity as well as factors affecting validity. They can
therefore certainly be regarded as a sensible start regarding investigations of ES reliability.

As emotional stimuli are used across a wide array of (research) fields (e.g., sociology,
anthropology, psychotherapy, computer engineering, medicine), the strength of the present
research project on factors affecting the utility of emotional stimuli in research lays in its
implications for science beyond the field of psychology, hence promoting interdisciplinarity.

The hope is that together, the three studies helped to shed light onto open questions of
emotion research, and that with previous as well as future research scientific knowledge will

grow and serve to the benefit of humanity.
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Appendix

A. Introduction to the terms “valence” and “arousal” as well as encoding instructions

The part of the survey you complete today consist of two tasks: a rating of images and
a completion of a short questionnaire about yourself.

In this first task you will be presented with different images displayed individually on your
device screen.

Please rate each image using the scales below it.

There will be a short description of the scales and instructions on how to use them.

You will find that you get into a thythm when rating the images, and we find that most people
take just a few seconds to look at and rate each image.

There is no right or wrong answer. However, it is important that you select the answers
according to your very personal perception of each image.

For each image displayed to you, please indicate which option best represents how you
perceive the image by using the scales below it.

One rating will be for the valence (from -4 to +4), this means how negative/unpleasant or
positive/pleasant you found an image to be.

The second rating will be for how activating or arousing you found the image to be (from 0
to 8). This refers to how you feel in your body, when viewing the image. If you feel increased
physiological activation, this is what we mean. However, note, that this does not refer to
sexual arousal.

Please pay attention:

For an image that you find neither positive nor negative, you would select 0 for valence
(which is in the middle of the scale),

and

if you find the content to be neither disturbing nor exciting in any way, you would select 0
for arousal (which is on the far left of the scale).

Here you can see what the scales will look like:

How negative/unpleasant or positive/pleasant is the image to you?
Give a -4 to +4 rating:
(0 represents "not negative or positive")

How exciting is the image to you? Consider how much the image grabs your attention and
increases your physiological activation.
Give a 0-8 rating:
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(4 represents "medium arousing")
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B. HSPS Questionnaire Items

Item 1
Item 2
Item 3
Item 4

Item 5

Item 6

Item 11

Item 12
Item 13
Item 14
Item 15

Item 16
Item 17
Item 18
Item 19
Item 20

Item 21
Item 22
Item 23
Item 24

Item 25
Item 26

Item 27

Are you easily overwhelmed by strong sensory input?

Do you seem to be aware of subtleties in your environment?
Do other people's moods affect you?

Do you tend to be more sensitive to pain?

Do you find yourself needing to withdraw during busy days, into bed or into a darkened
room or any place where you can have some privacy and relief from stimulation?

Are you particularly sensitive to the effects of caffeine?

Does your nervous system sometimes feel so frazzled that you just have to go off by
yourself?

Are you conscientious?
Do you startle easily?
Do you get rattled when you have a lot to do in a short amount of time?

When people are uncomfortable in a physical environment do you tend to know what
needs to be done to make it more comfortable (like changing the lighting or the
seating)?

Are you annoyed when people try to get you to do too many things at once?
Do you try hard to avoid making mistakes or forgetting things?

Do you make a point to avoid violent movies and TV shows?

Do you become unpleasantly aroused when a lot is going on around you?

Does being very hungry create a strong reaction in you, disrupting your concentration or
mood?

Do changes in your life shake you up?
Do you notice and enjoy delicate or fine scents, tastes, sounds, works of art?
Do you find it unpleasant to have a lot going on at once?

Do you make it a high priority to arrange your life to avoid upsetting or overwhelming
situations?

Are you bothered by intense stimuli, like loud noises or chaotic scenes?

When you must compete or be observed while performing a task, do you become so
nervous or shaky that you do much worse than you would otherwise?

When you were a child, did parents or teachers seem to see you as sensitive or shy?
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