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Abstract 1

1 Abstract
1.1 English
Within the realm of gperimental psychmathology, experiments constitute the main method
of conducting researcln this line of researclexternal validityhasbeenfrequentlysacrificed
in favor of internal validity.Historically, these two concepts hawdten been vieweds
opposing forcesand it has been argued thmatreasingexternal validity is not feasible when
also aiming fossufficientinternal validity This resuledin issues regarding the generalizability
of experimental psychopathological studies to-fiéaltherapeutic scenariofs translational
science experienced a new surge of interest in clinical psychology in recent years, these

concerns have received more attention again.

One potential solution for thegwattersis the use of modern technology in experimental
designs, as it offers the possibility to develop experimental desighsncreased external
validity while keepinginternal validityhigh,enabling robusscientific conclusionslhe overall
aimof this dissertatiomvas touse modern technology in scenarios where virtual environments,
following the systematic representative design approach, cap@iedto fill research gaps
and offer innovative ways to investigateesearch questions within experimental
psychopathologyThe studies in this dissertation all had different research scoffesng
insights into howdifferent areas oexperimental psychopathologyan profit from modern

technology

Study 1 experimentally investigated disordpecific etiological and maintaining
influences of spider movement patterns on aversive responding as well as the role of intolerance
of uncertainty(IU) in spider fear 3D-animated spiders were developed to achieve realistic
PRYHPHQW ZKLOH PDLQWDLQLQJ SUHFLVH H[SHULPHQWDO |
study found that spideearful individuals perceive spiders as moving disproportionately

unpredictable andngontrollable They furtherresponeéd with more fear and disgust when
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spiders move more randomly. Additionally, spifiearful individuals displayed highdd than
nonfearful ones. This study provided first experimental evidence of the effects of spider

movement on cognition and emotion in spider fear.

In study 2,we developed a softwatesed, openly accessible alternative to -liéal
behavioral avoidance tests (BATs) called vBATon. In BATs for spider fear, individuals are
tasked with approaching a spider as closely as possible, but can chose to aboratteniest
time, i.e. display avoidance. vBATon was evaluated in regards to whether it Guld
discriminate between spidé&rarful and norfearful individuals, (b) induced avoidance
behavior equally well as the rel#e BAT and (c) displayed conveent validity. vBATon
managed to successfully discriminate between syp@aful and norfearful individuals and
also performed equally well in inducing avoidance behavior. Additionally, vBATon displayed
good convergent validity. Thus, vBATon can be regarded as aricasy, efficient alternative

to reatlife BATS.

Study 3theninvestigated learning patterns in extinction learpumng a virtual reality
conditioning paradigmwith improved generalizabilitya spideifearful sample and 3D
animated spiders as the unconditioned stimulus.(8f¥cifically,it was testedvhether trial
by-trial extinction learningcould be better explained by a nlimear thana linear statistical
model and ithigh IU negatively influencetrial-by-trial extinction learning. US expectancies
servedas thanain outcomeThey are regardeddhe laboratory analogue to threat expectancies
in reatlife exposureAdditionally, the association of IU withlS expectancies extinctionstill
needs more clarificatiotdS expectancies in extinctiomerebetter explained bg nonlinear
thana linear statistical modesuggesting that fear extinction might happen-ioearly and
that nonlinear models are more appropriate when analyzing-ligidtial extinction data.
However, IU did not meaningfully influence US expectancies in fear extinctionyinvag

leaving the question of its influence on overt measures of fear extinction open
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In sum, this dissertatioprovidesnew insights in different areas relevant to experimental
psychopathologshrough the use ahodern technology to create more externally valid research

designs.

1.2German

Im Bereich experimenteller Psychopathologie stellt das Experiment die Hauptmethode zur
Durchfiihrung von Forschung dar. Dabei wurde haufig eieérige externe Validitat
zugunsten einer hohen internen Validitat in Kauf genommen. Historisch betrachtet
argumentiee man dass diese Konzepte sich gegenseitig ausschlieRen und eine hohe externe
Validitat bei gleichzeitigeBeibehaltung hohdnterne Validitat nicht machbar ist. Dies
fuhrte zu Problemen hinsichtlich der Ubertragbarkeit experimentell psychopathologischer
Studien auf therapeutische Kontexte auf3erhalb des Labors. Im Zuge einer vermehrten
Aufmerksamkeit der translationalen Forschung inkiiaischen Psychologie in den letzten

Jahren bekamen diese Probleme wieder vermehrte Aufmerksamkeit.

Eine mdgliche Losung hierfur besteht in der Verwendung moderner Technologien in
experimentellen Designs, da dadurch die Mdglichkeit gegeben ist, Experimente mit erhéhter
externer Validitat zu entwickeln, wahrend die interne Validitat hoch bleibt und eobust
wissenschaftliche Schlussfolgerungen ermdglicht. Das lUibergeordnete Ziel dieser Dissertation
war es moderne Technologie in Szenarien einzusetzen, in denen virtuelle Umgebungen
EDVLHUHQG DXI| GHP $QVDW] GHV A6\VWHPDWEkFNEHSUHVHQV
um Forschungsliicken zu schliefierdinnovativeMoglichkeiten zur Untersuchung von
Forschungsfragen in der experimentellen PsychopathatogeeplorierenDie Studien in
dieser Dissertation fokussierten sich dabei auf verschiedene Gebiete der experimentellen
Psychopathologie und lieferten Einblicke, wie diese Gebiete von moderner Technologie

profitieren kénnen.
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Studie 1 stellte eine experimentelle Untersuchung stérungsspezifischer atiologischer und
aufrechterhaltender Einflisse von Bewegungsmustern von Spinnen auf aversive Reaktionen
sowie der Rolle von Unsicherheitsintoleranz (IU) bei Spinnenangst dar. Es valden
animierte Spinnen entwickelt, um realistische Bewegungsdarstellungen zu erméglichen und
gleichzeitig prazise experimentelle Kontrolle Uber die Bewegungen zu behalten. Die Studie
zeigte, dass spinnenéangstliche Personen Spinnen als Uberproportionaétsetdrar und
unkontrollierbar wahrnahmen sowie mit mehr Angst und Ekel reagierten, wenn sich Spinnen
vermeintlich zufélliger bewegen. Dartber hinaus zeigten spinnenangstliche Personen eine
héhere U als nichéingstliche PersoneBiese Studie lieferte erste experimentelle Hinweise
zu denAuswirkungen der Bewegung von Spinnen auf Kognition und Emotion bei

Spinnenangst.

In Studie 2 wurde eine softwarebasierte, frei zugangliche Alternative zu realen
Vermeidungstests (BATs) namens vBATon entwickalBATs zur Messung von
Spinnenangst sollen sich Personen einer Spinne so nah wie moglich annéhern, kdnnen de
Test jedoch jederzeit abbrechen, d.h. Vermeidungsverhalten zeigen. vBATon wurde daraufhin
evaluiert, ob efa) zwischen spinnenéngstlichen und niéhgstlichen Personen
unterscheiden kan(h) Vermeidungsverhalten vergleichbar gut hervorruft wie der BAT im
realenLebenund(c) konvergente Validitat aufweist. vBATon konnte erfolgreich zwischen
spinnenangstlichen und niehgstlichen Personen unterscheiden. Ebenfalls konnte er
vergleichbares Vermeidungsverhalten wie der BATrealenLeben hervorrufen. Zudem wies
vBAToON eine gute konvergente Validitat auf. Somit kann vBATon als eine

benutzelinnerfreundliche, effiziente Alternative zu realen BATs betrachtet werden.

Studie 3 untersuchte Lernmuster im Extinktionslernen mittels eines Viegllty
Konditionierungsparadigmas mit verbesserter Generalisierbarkeit, einer spinnenéngstlichen

Stichprobe und einer 3Bnimierten Spinne als unkonditioniert8timulus (US). Konkret
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wurde getestet, ob das triay-trial Extinktionslernen besser durch ein nichtlineares als durch
ein lineares statistisches Modell erklart werden kann und ob hohe 1U ddmyttiell
Extinktionslernen negativ beeinflusst. Die {EBvartungsratings dienteais

Hauptergebnismal3, da sie als das Laboraquivalent zu Bedrohungserwartung in Expositionen
in echtenTherapielntexterbetrachtet werderZudem istZusammenhang von U mit US
Erwartungsratings ist nach wie vor nicht vollstandig geklart. Dielbyetial US-
Erwartungsratings in der Extinktion konnten in dieser Studie besser durch ein nichtlineares als
durch ein lineares statistisches Modell vorhergesagt werden. Dies deutet darauf hin, dass
Extinktion moglicherweise nichtlinear erfolgt und nichtlinearedelite besser geeignet sind,
wenn triatby-trial Extinktionsdaten untersucht werdédlerdingszeigte sich kein Einfluss

von U auf diedie USErwartungratingsin der Extinktion, was die Frage nach den

spezifischen Einflissen von U auf beobachtbare MiB&xtinktionoffenlasst.

Zusammenfassend liefatiese Dissertation neue Erkenntnisse in verschiedéneine
experimentelle Psychopathologie relevarBeneichenHierzu wurdemoderne Technologie

eingesetzt, um extern valide Forschungsdesigns zu schaffen.
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2 Introduction
2.1 Experiments and Causality in Experimental Psychopathology

In psychology, generating insights and gaining knowledge about human experience and
behavior via the experiment has a long and successful trad@amziger, 2002) Through
experimental methods, researchers have systematically investigated and understood various
aspects of human psychologsgstly contributing to the advancement of the field. As such,
experimental designs have been employed both in the realm of clinical psychology and
experimental psychopathology. In clinical psychology, the experimental metlawduably
most frequently used when designing randomized controlled trials (RCTs), which are
considered the gold standard to establish causation in clinalalesigngZabor et al., 2020)
Experimental psychopathology on the other hand usually takes place in highly controlled
laboratory settings and concerns itself with the research of etiological and maintaining factors
of psychopathology, systematically evaluating psychological procesdedying pathological
behavior and investigating individual differences involved in these types of bel\ataters
et al., 2016)Experimental psychopathology is therefore often seen as bridging the gap between
basic experimental psychological research and applied clinical work and has led to several
highly important discoveries regarding mechanisms involved in the etiology, mactand
treatment of mental disorders. Famous examples for this, among many otheeskand 963)
investigations on systematic thinking errors in individuals suffering from depression or, more
recently, the inhibitory learning model, whibhs beentilized todeviseoptimization strategies

for exposure treatmen(s.g.Craske et al., 2014)

Historically, one defining feature of experimental psychopathological research derived
IURP 3FODVVLFDO®™ H[SHULPHQWDO SV\FKRORJLFDO UHVHD
experimental designs frequently present in both these lines of regeanctien Hout, 1999)

Empirical reductionism can be described as the process of simplifying the complexities of
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psychological processes under investigation in studies as much as possible via the experimental
setupallowing UHVHDUFKHUV WR JHW WKH 3SXUHVW" PHDVXUHPHC
while controlling for unwanted influencégan den Hout et al., 2017; van den Hout, 1999)

other words, the experimental design of the shidys tominimize the chances that researchers
gather data that are systematically biased in any(sesCipriani et al., 200%or an overview

of such biases)/Vhat this means for experimental psychopathology is that the complexities of
reaklife psychopathology are simplified and frequently represented via mechanistic models of
the components thought to be relevant to the disorder or mechanism under ingegtigage

et al., 2021; Vervliet & Raes, 2013mportantly, this also encompasses that the stimulus
material used in experimental psychopathological studies is also often reduced in its complexity
until researches are satisfied that it will only affect the dependent variable under investigation
The goal is that theesponses of participants only differ depending on the manipulation of the
independent variable(s). In general, this approach can be considered as a major strength of
experimental psychopathological research, enabling reliable causainicésrabout relevant
aspects of psychopathology in the laboratory and making the experimental designs-as error

proof as possiblée.g.Scheveneels et al., 2016)

Although the advancements in treating mental disorders and gaining new insights
through this approach in experimental psychopathology are highly pertinent, there remains
room for improvement in the experimental design choices made in experimental
psychopdtological research. Agan den Hout et al. (201ppint out, many studies in this line
of reearch havdéimitations in terms of the generalizability of their results to-té@alscenarios.

The authors make the case that this is due to (1) the reductiahisg¢ of the experiments, (2)

the sampling choices made (i.e. mostly recruiting healthy samples of student populations) and
(3) the subjectivity inherent in saléports of individuals participating in such studies. In other
words, while the classical ppach taken in the design of experimental psychopathological

research has mostly focused on maximizing the internal validity of study results (i.e.
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minimizing systematic biases and ensuring the validity of the causal inferences of study results),

their external validity (i.e. generalizability to rddé scenarios) has in turn suffered.

2.2Internal vs. External Validity of Research Paradigms in Experimental
Psychopathology

Internal and external validity are, nextdonstruct and statisticabnclusion validity
frequently deemed crucial when determining the overall quality of psychological research
(Kenny, 2019; Shadish et al., 2002)I of thesewithout doubt play essential roles when
developing methodologically sound experimental desigit®wvever,internal and external
validity aremorefrequently disassed in relation to each othHeFcause they have often been
VHHQ DV 3QDW XdpgBoprignses &. VA00®HI et al., 2001)The assumption was
thatincreasing the internal validity of a study by necesdédgreasess external validity and
vice versgTrafimow, 2023) Examining the definitions of these validities and what threatens
internal and external validity can shed light on why this assumption has been so prominent.
Vazire et al(2022) GHILQH LQWHUQDO YDOLGLW\ DV WKH 3YDOLGLW
HIWHUQDO YDOLGLW\ DV WKH 3YDOLGLW\ RI LQIHUHQFHV D
EH\RQG WKH VSHFLILF FRQGLWLRQV RI WKH WWw@the S )
results of a experimentastudy to be considered internally valid, differences in any outcome
variable(s) have to be attributable solely to the manipulations of the independent variable(s).
To achieve external validity, the results of any gigeudy should be observable not only in the
specific conditions in which the study was conducted, but should generalize to other ones as
well, such as different samples, stimulus sets, laboratories or, indsesscenarios, to rddke

conditions.

Both internal and external validity can be threatened, and therein lies the crux of why
internal and external validity have frequently been seen as opposing forces. Internal validity is

threatened by all influences on the outcome variable(s) that cowddtiadly undermine the
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causal inferences drawn from the resulsstly, experimental designs generally provide a
robust protection against these unwanted influences by random assignment of participants to
e.g. a treatment and a control grq@pewer & Crano, 2014)Consequently, missing a control

group and nomandomized assignment can constitute threats to internal validity. However,
experimental designs by themselves do metessarilyguarantee optimal internal validity.
Several systematic biases, such as selection bias (lsasguling of participants or biased
allocation of participants tconditiong, performance bias (unequal treatment of participants in
groups other than the treatment group), detection bias (biased assessment of the outcome) or
attrition bias (biases in attrition across groups during the course of a study) can threaten internal
validity despite an experimental desiggee Cipriani et al., 2009 or Juni et al., 2001 for more

details)

While minimizing the chances of falling prey to these biases is crucial in conducting
sound experimental psychopathological studies, these aspects are not the ones primarily
responsible for internal and external validity having been seen as opposingastheather,
the population from which the study sample is recruited and the operationalization of the
construct under investigation are potential threats to internal validity more closely linked to the
tradeoff with external validity (note that the a=p of operationalization of the construct is
usually formally regarded as a part of construct validity, but still has decidedly relevant
implications for internal validity; e.gChester & Lasko, 2021)For example, highly
heterogeneous samples can negatively impact internal validity even in randomly assigned
groups because they can introduce variance in the outcome measure that is potentially not due
to either the manipulation of the independent véemtor the theorized construct under
investigation(Trafimow, 2023) In experimental psychopathological research (and also clinical
trials), this threat is frequently minimized by recruiting highly homogeneous samples, e.g.
excluding subjects with comorbidisorders not under investigation or who exhibit suicidal

symptomatology(see e.g.GoldsteinPiekarski et al., 2016)As another examp]einternal
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validity can be also threatened through theperationalization of the construct under
investigation Any FKRVHQ VWLPXOXV PDWHULDO QHHGV WR DGHT
responses that are theorized to be relevant for the construct under investigation. Otiierwise,
becomes unclear whether changes in the chosen outcome measurement were due to the
theorized or a different constructhis results in the outcome measurement not being
representative of the underlying construct of interest, which hampersahvalidity(Brewer

& Crano, 2014; Miller et al., 2019)As a result,the stimulus sets used in experimental
psychopathological paradignase frequently very simple (e.g. words, geometrical shapes,
pictures), but therefore highly controllable, allowing for easy experimental manipulation while
minimizing the risk of confounding influencéseeBarry et al., 2014r Kredlow et al., 2022

for exemplary overviews)

Contrastingly, while the sampling from homogenous populations and usage of simple
stimulus sets optimizes internal validity, it is exactly these two aspects that constitute potential
threats to external validity in experimental psychopathology. Firseratin realife scenarios
frequently have comorbid disorders and do not suffer from a single, isolated mental disorder
(Jacobi et al., 2004; Kessler et al., 2008)us, the restrictive eligibility criteria often used in
experimetal psychopathological researbamper the generalizability of the results to more
realistic patient populations. Moreover, recruiting healthy analogue samples in experimental
psychopathological research can be problematic for similar reasbasesults most likely do
not generalizevell to patient populationé&Ehring et al., 2022)Notably though, this should not
be held asan argument against healthy analogue samples in experimental psychopathology.
Depending on the research questions and goals, healthy analogue samples constitute a vital part
in this line of researcifvan den Hout et al., 20175till, when the question about the
generalizability of study results to patient populations is raised, these samples are likely not
representative. Samples with subclinical symptoms of the disorder of interest are potentially

more representative for patit populations and are arguably easier to recruit than clinical
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populations. Yet the issue of a noptimal representation of relifle patients also remains in

this case.

Additionally, the simplification of stimulus sets can threaten external validity since such
stimuli do not represent relfe disorderrelevant scenarios well. In these cases, the
applicability of study results to rete scenarios likely suffers. Thessumption is supported
by a relevant body of literature. Fear conditioning paradigms, which are widely used as
laboratory models to study anxiety disorders, often use e.g. geometrical shapes or still faces as
conditioned stimuli (CS;.onsdorf et al., 2017)n contrastfearevoking stimuli in realife are
decidedly more complex than e.g. the aforementioned geometrical shapes. Although fear
conditioning paradigms have been paramount in the advancement of our understanding of
anxiety disorders, investigationstwow well fear conditioning performance predicts exposure
based treatment outcome produced mixed results, where some studies did find predictive value

of fear conditioning performance whereas others dig®teveneels et al., 20&1r a review)

Moreover, one series of experiments investigated differences irepelfted valence,
anxiety, disgust and arousal in response to static images versus videos depicting different
animals, and found that the overall responses were more intense when thés avivere
depicted in video$Schmidt et al., 2022)urther support for the notion that simple, arbitrary
stimulus sets do not generalize well to ##fal scenarios has come from neuroscience.
Traditionally, neuroscientific studies also employed paradigms using simple stimulus sets
consisting of picturesr text, devoid of a narrative structure or cont&aarimaki, 2021)
Recent studies have shown, however, that naturalistic stimuli (i.e. ones that more closely
resemble redife scenarios and include a narrative structure or more context, such as movies
or games) evoke differentnore complexneural responses than static vis{@bldberg et al.,

2014; Shamaysoory & Mendelsohn, 2019%everal authors argue that such stimuli evoke
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neural responses more akin to responses present Hifeeatenarios(Saariméki, 2021;

ShamayTsoory & Mendelsohn, 2019; Sonkusare et al., 2019)

Why are these questions about internal versus external validity particularly important in
experimental psychopathology? And why could one potentially fruitful avenue for research be
to focus on the issues related to sampling and stimulus materials? Bspeakng, the answer
potentiallylies in the conceptualization of experimental psychopathasdiie line of research
bridging the gap between basic and applied clinical scie®oe. aim of experimental
psychopathology should be to provide study resutth translate well to redife scenarios,
ZKHUH WKH SKHQRPHQD XQGHU LQYHVWLIJDWLRQ RSHUDWE
experimental psychopathology might enable researchers to better understand maintaining
factors of pathological behavionvestigate potential moderators of such behavior in a more
realistic manner and more easily devise new, optimized or individualized interventions for

mental disorders. All of these aspects can be subsumed under the goals of translational science.

2.3 Translational Science and Systematic Representative Design

In recent years, the topic of translational science has seen a new surge of interest in the
general field of psychopatholodg.g.van den Hout et al., 20lof Waters et al., 20)6While
it is difficult to find a precise definition of what constitutes translational science in the realm of
experimental psychopathology and clinical psychology, there is general agreement that this
field, broadly speaking, concerns itself with how fesérom laboratory based experimental
research can be used to inform the development of novel treatments for mental disorders or
optimize existing ones. This process is not a trivial one and benefits from being broken down
into several steps. There anenmerous studies necessary, all with different requirements and
potential pitfalls, when going from the first experimental study of any phenomelated to
mental disorders and the treatment thereof to a clinical trial investigating a novel intervention

or adaptingan existing treatment prograidlackwell & Woud, 2022)
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Recently Ehring et al(2022)described a valuable framework for translational science
in clinical psychologghat FDQ EH UHIHUUHG WR DV D 3WUIDQtieSDWLRQELC
the steps needed to go from fioktservations of phenomena relevant to mental disoadlehse
way to the dissemination and implementation of newly developed or adapted interventions. In
brief, the steps they describe are (1) identifying processes involved in the development and
maintenance of psychopathology using correlational desighss{@blshing causality of the
newly found processes via experimental psychopathological research, (3) developing and
refining intervention strategies once the investigated processes have been identified as
promising treatment targets, (4) conducting clinicalldr@n the newly developed or refined
intervention, conducting RCTs to evaluate the efficacy of the intervention and identifying
potential mediators of the treatment effects as well as which treatment works best for whom,
(5) developing clinical guidelindsr the new or refined intervention and (6) disseminating the

guidelines to clinicians and implementing them in clinical practice.

Importantly, the authors also acknowledge several current challenges relevant to
conducting translational research in accordance with their framework. These challenges span
DFURVVY DOO WKH VWHSV LQ WKH 3WUDQVOustheRxaue ©f SLSHO
limited external validity in experimental psychopathological studies (step 2) consistent with the
issues described above (i.e. choices of samples and reductionist features of research designs).
More general issues described by the authtss relevant to the present work are that many
studies in psychological research are underpowered and that there is a lack of basic studies
establishing causality and investigating mechanisms of change. The issue of the samples used
in experimental psychoathological research, as describedray den Hout (1999ndvan den
Hout et al. (2017)is largely related to the research questions and goals of studies, making
healthy analogue, subclinical or clinical samples the respectively optimal choice ierdiffer
scenarios. The issue of the reductionist nature of many research paradigms employed in

experimental psychopathology, however, potentially plays a broader role regarding the external
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validity of experimental psychopathological research, making the transition from step 2 to step
3 or 4 within the translational framework of Ehring et al. (2022) more difficult. Using
reductionist research paradigms in experimental psychopathology that deneralize well

to reallife scenarios may play a role as to why the replicability and stability of research findings
in clinical psychology have been deemed lacKifackett et al., 2019)mportantly, it needs to

be stressed that this is not the sole reason for this finding, as Ehring et al. (2022) describe several
other important factors in this regafebr examplethe poor reliability of measures used in
basic research, the undeoswered nature of studies or the use of questionable research
practices. Nor should reductionist paradigms be genahtilishedthey are invaluable tools

in psychological science as a wholdne question is more whether certain aspects of these
designs can be adaptedhen appropriatgo establish paradigms that make the translation of

basic research findings to applied fields easier.

One potential solution for this problem is the concept of systematic representative
design, recently described iller et al. (2019) Systematic representative design seeks to
integrate and advance the concepts of systematic (i.e. study designs high in internal validity,
experiments) and representative (i.e. study designs high in external vAludiservational
studies) designs in research in order to ensure the validity of causal inferences of study results
while also improving their generalizability to everyday life. Whiles thenerakoncept is not
new (Cronbach, 1957)early publications have argued that creating experimental research
paradigms high in both internal and external validity is not feagttempting to create more
realistic scenarios while maintainingorousexperimental contrakas seen as too challengjng
and since internal validity was regarded as more important than external validity, it was

frequently prioritizedBerkowitz & Donnerstein, 1982; Calder et al., 1983; Mook, 1983)

What has changed since then? In short: technology. In the last decades, there have been

massive advances in both haahd software technologies as computational power, screen
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resolution and hardware availability have skyrocketed, cost for techoalatgvices has
decreased significantly, the internet was invented and the range of offered software
development products as well as their ease of use have increased enofifaighig Ceruzzi,

2021) Miller et al. (2019) argue that these developments void the argument that
representativeness in experimental designs is not feasible. They provide a detailed outline how
research paradigms can be designed within their framework of systematic representative design.
The foundabn of systematic representative designs is what Miller €2@lL9)refer to as the

S'HIDXOW &RQWURO *URXS’

The Default Control Group describes the general setting and design of the experimental
situation, upon which the experimental condition(s) are then built upon. More specifically, the
Default Control Group should provide the basis of the experiment, imatirupthe situation(s)
of interest (including settings, contextual features, narratives, stimuli) for the population of
interest (the group ahdividuals one wishes to generalize to) and leads to the behavior of
interest (representing the dependent variable) as in everyday life. Aspects relevant to the
research question(s) one wishes to investigate are then altered in the Default Control Group to
create tle experimental groups (e.g. by changing certain stimuli), where the behavior of interest
in the experimental group can then be systematically compared to the behavior of interest in the
Default Control Group. This is where the importance of utilizing modechnologyis
emphasized enabling researchers to create such scenarios in the laboratory. Virtual
environments, for example created with video game development softwargiaes e.g.

Unity; https://unity.com/products/unitgnging can accommodate all the necessary features of
the Default Control Group and experimental group(s) while still offering the experimental

control necessary to allow for valid causal inferences.

To ensure that the virtual environments used in systematic representative designs are

appropriately designed, Miller et §2019) DOVR DUJXH LQ IDYRU RI 3YLUWXD
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More specifically, they see it as an important aspect of systematic representative design to
correlate the behavior of participants in systematic representative design research paradigms
with their behavior in the corresponding rifé scenarios. As anxample for how systematic
representative design can be used to improve on translational aspects of already high quality
research paradigms, one might look at the Cyberball pargdiiftrems & Jarvis, 2006)This
paradigm igypically used to investigate the effects of interpersonal ostracism, has been used
in many previous studies and haslpedin furthering our understanding of several relevant
research aregseeHartgerink et al., 201%or a metaanalysis of Cyberball studiesBriefly
summarized, in the original Cyberball paradigm, participants are presented wittorD
serving as fellow players, and the goal is to throw a ball from one player to another, where the
participants is usually ostracized by getting the ball fesguently than the fellow player. A
systematic representative design approach to this paradigm could be to crezdeim&ied

virtual environment resembling a rddé ball-catching scenario, with two threffmensional

avatars as intelligent and animated aganthis environmengserving as the Default Control
Group). The participants (e.g. socially anxious individuals, as the population of interest) are
then tasked to complete the Cyberball paradigm, and in different experimental groups, the
behavior of the avatars could be systtically altered. The behavior of interest (i.e. the
dependent variable) could then be measured and compared across groRpbdsed&lunsch,

2023 for a study that implemented this idea)

The concept of systematic representative design and the incorporation of modern
technology described in this section can serve as a suitabtndddstudies assignable to step
2 (establishing causality of processes found to be relevant for psychopathology via experimental
psychopathological research) of the translational framework of Ehring et al. (2022). Systematic
representative designs couddtl in potentially making the translation of study results from
experimental psychopathology to re@brld appications, such as clinical trials, more

streamlined, since the laboratory setugsstudies following the proposals of systematic
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representative desigwould resemble redife scenarios (i.e. those encountered in clinical
trials) more closely. In sum, systematic representative design, especially with its focus on
modern technology, can provide a valuable building block for designing experimental
psychopatholgical studies when the explicit goal of such studies is to focus on aspects of
translational science, aiming to bridge gaps between basic and applied research and improving

the generalizability of laboratory results to everydsey |

2.4 Tackling Translational Gaps in Experimental Psychopathology with Modern
Technology

Technological devices, especially computers, are nothing novel in experimental
psychopathology and indeed the psychological sciences as a whole. Ever since computers
became small and affordable enough, psychologists have successfully used them to conduct
experimental studies due to their tremendous advantages, including stimulus generation,
experimental control, response collection and data angdiarenson et al., 1976; Cassady et
al., 1976; Leith et al., 1988)oday, computers and their advantages are essential and ubiquitous
tools when conducting experimental studies. Unsurprisingly, this also holdsfdrue
experimental psychopathologyeeOuelletCourtois et al., 20230n Spreckelsen et al., 2022
or Wong & Pittig, 2021for general exampl@sSome more elaborate examples are the use of
the internet to conduatxperimental studies fully onlinand recruit larger, more diverse
samples than the typical undergraduate sanfplgsBellet et al., 2018; Espinosa et al., 2023)
conducting studies using functional magnetic resonance imaging, where the processing power
of modern computers for analyzing the huge amounts of datali¢e.g.Danbdck et al., 2023,
Franke et al., 2022employing machine learning approackesg.Jones, 20219r conducting

studies using virtual reality (VR) headsétsy.Shiban et al., 2015; Summers et al., 2021)

Notably, VR has also been extensively investigated in the context of VR exposure for

mental disordersir{-virtuo exposure) and has also been found to be effective there, further
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supporting the notion that virtual environments are a valuable avenue for improving not only
experimental psychopathological research but also offering new ways of treating mental
disordergCarl et al., 2019)The use of virtual environments in experimental psychopathology
and invirtuo exposure research also showcases the use of modeno@ling and game
development software in the fields of experimental psychopathology and more applied clinical
research,which is well in line with what the systematic representative design approach
proposes. Importantly, previous experimental psychopathological research has already
successfully demonstrated the usefulness of virtual environments (presented with VR headsets
and conventional computer monitors) in this field. One study for example investigated the
emotional responses to an analogue trauma in a healthy sample when the trauma is experienced
in a virtual environment presented with a VR headset compared to adsorgt imagination

of the traumgSchweizer et al., 2018Yhe authors found that, although both scenarios could
induce traumdike symptoms in the sample, the VR setting led to more symptoms than the

imagination.

Another study researched the influence of eating disorders on social contacts and
whether the weight of the interaction partner moderated these potential influences, measured
by the social interaction distance chosen by particip@itdsch et al., 2020)These authors
also presented participants a virtual environment,revitieey could approach 3modeled
interaction partners until a comfortable distance weached. This study demonstrates
advantages of virtual environments in creating realistic experimental scenarios while still
having a high degree of experimental control over the situation (e.g. the pastlieeial
expressiorof the interaction partnezould be kept invariant across all participants, and the

weight, body fat, muscle mass, etc. of the 3D models @stibe precisely controlled).

Lastly, another study used a virtual environment with a VR headset to test whether a

fear conditioning paradigm with spiders serving asUBeould differentiate between spider



Introduction 19

fearful and noffearful individuals(Mertens et al., 20195uch an experiment would be near
impossible to conduct in reality, since ri¢ spiderscannotbe controlled in a manner
consistent with the methodological requirements of a fear conditioning paradigm. Yet, being
able to investigate fear responses to US that are emotionally relevant in specific populations
could likely further our understanding pgychopathology as it would allow to investigate e.g.
disorderspecific maintaining factors. Although these example studies did not explicitly draw
inspiraton from systematic representative design, all threénerh demonstrate how virtual
environments that are more representative ofweald scenarios can help in improving the
generalizability of experimental results to readrld scenarios (i.e. improve the translation of

experimental psychopathological reseathR PRUH DSSOLHG VHWWLQJV LQ WK

It therefore seems pertinent to further harness the potential of systematic representative
design and its suggestions regarding the use of virtual environments in experimental
psychopathology. Demonstrating potential ways of realizing these suggestibiss line of
research, across different research scopes relevant in experimental psychopathology were the
endeavor of the present dissertation. The research scopes within this work encompassed the
investigation of disordespecific mechanisms, the develogmh and testing of a new virtual
diagnostic instrument while ensuring it can be regarded as equal to Hliferealinterpart as

well as researching more transdiagnostic aspects relevant to the treatment of anxiety disorders.
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3 The Present Thesis
3.1 General Aims

One of the central proposals of systematic representative design is the use of modern
technology to increase tlexternal validity of studies while also maintaining a high level of
internal validity. In order to demonstrate how experimental psychopathology can benefit from
this proposain relevant scenarigshe experimental studies presentethis dissertationvere
all based on spider phobia. The main goal of the present work therefore was to use modern
technology to improve the external validity of experimental psychopathological research
involving spider phobia along different relevant scopes and researcBader phobia is well
suited as a foundation for such an agenda, since it is one of the most common anxiety disorders,
with prevalence estimates ranging from 2.(®6sterink et al., 2009)p to almost 10%(Polak

et al., 2022; Zsido, 201&cross Europe, depending on country and method of classification.

Moreover, due to spider phobia being so widespread in nature, it is often investigated as
a prototypical disorder in general anxiety resedect.Cisler et al., 2009; Kleim et al., 2014;
Teng, 2022; Visser et al., 201@&nportantly, a high fear of spiders is also reported by a sizable
number of individuals in the general population, even without necessarily classifying as
clinically spider phobi¢Polék et al., 2020; Seim & Spates, 20@Yidence thasubclinically
spiderfearful individuals display similar anxiety and disgust responses compared to- spider
phobics hence serves as another reason why spider fear is well suited for anxiety research, as
subclinical samples are arguably easier to recruit than clinical(baedova et al., 2021All
studies presented here recruited spfdarful instead of spidgphobic individuals, which is
why the terms spider fear instead of spider phobia and sf@ddul instead of spidgvhobic
individuals will be used to describe the investigated symptaomt and study samples in the
present dissertation. Across all studies, individuals were classified as spider fearful or non

fearful via a widely used seleport measurement for spider fear, the Spider Phobia
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Questionnaire (SPQ; original B$lorman et al., 1974German version used in the presented
studies byHamm, 200% Moreover, to address the issue of studies frequently being
underpowered in clinical psycholo@ighring et al., 2022)an elaborate power analysis via data
simulation was conducted in(R Core Team, 2023)cross all studies to determine appropriate

sample sizes.

The three studies part of the current waltkncorporatenodern technology aralm to
balance internal and external validity more evenly. The research gap investigated\by
relates to the fact that little experimental research has been done on the influence of the unique
movement patterns of spidess aversive responding in spider fearful individuasisispiders
being perceived as highly unpredictable and uncontrollable, despite prelsess/ational
studiessuggesting that spider movement is probably an essential component of why spiders in
particular are so frightenin¢e.g.Lindner et al., 2019)Additionally, this study investigated
how spider fear might be associated with the transdiagnostic risk faxttderance of
Uncertainty(IU; Carleton et al., 2012 his study incorporated modern technology by creating
vivid and realistically moving 3Eanimated spider stimuli, making the paradigm externally
more valid while maintaining a level of experimental control impossible to achieve with live

spiders.

The goal ofstudy 2was to develop a reliable, open access and standardized software
based version of a diagnostic instrument widely used in spider fear research, the behavioral
avoidance tes(BAT; Ost et al., 1991)This test directly measures avoidance behavior by
assessing how closely an individual can approach a spider via a set of standardized steps where
fewer steps indicate more pronounced avoidance behavior. The game development engine
Unity (https://unity.com/products/unignging was used to create a representative digital
alternative to the redife BAT called vBATon girtual behavioralavoidancetestonline). The

FRQFHSW RI 3YLUWXDO YDOLGLW\" DV VXJIJHVWHGIrE\ V\VWFE
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this study by comparing vBAToOn to its rdde counterpart in terms of whether it can measure
avoidance behavior equally well. Another intention of creating vBATon also was to make the
test more suitable for clinical practice, since the-liE@BAT canbe demanding in preparation

and conduction.

In study 3 the general aim was to improve the translatability of laboratory based
conditioning paradigms to relfe scenarios in order to investigate questions related to
exposurebased extinction learning and the influence of IU on threat expectancies in fear
conditioning. This was attempted by, again, following guidelines of systematic representative
design. The conditioning paradigm was developed in VR and sought to provide a more
representative display of an anxiglevant scenario by using a 2Dimated spler as the

unconditional stimulus and recruiting spidearful participants.

3.2Research Questions

Study 1: How dahe movement path and speed of&limatedspiders influence the
selfreported emotional reactions (anxietyisgust, arousal and valencahd them being
perceived as unpredictable and uncontrollablspiderfearful and nonfearful individual®
Are these influences spidspecific, i.e. do they diffewhen compared to 3@nimated
ladybugs™Do spideffearful individuals score higher on IlU measures thanfearful ones, and
are IU levels in spidefearful individuals associated wittmotioral responses as well as

perceived unpredictability and uncontrollability?

Study 2: Do spidefearful individuals complete fewer steps and report higher levels of
subjective anxiety and disgust on both vBATon and thelifeaBAT compared to noifiearful
individuals? Are the differences between the avoidance behavior and sbj@ckiety /
disgust ratings in both BATs small enough in the spidarful and noffearful sample that

they can be considered equal? Does vBATon display convergent validity?
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Study 3: Does the conditioning paradigm in general work as intended (i.e. do
participants learn the expected association of CS and US)? Can the extinction process of threat
expectancies be better explained by alwear statistical model than a linear ded? Does 1U
generally, or inhibitory U in particular, moderate the extinction of threat expectancies? Does

IU influence extinction over and above trait anxiety?
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4 Summaries of Empirical Studies

4.1 Study 1: Out of control: the role of spider movement and intolerance of

uncertainty in spider fear

Grill, M. , & Haberkamp, A. (2023). Out of control: The role of spider movement and
intolerance of uncertainty in spider fedournal of Experimental Psychopatholody(1).

https://doi.org/10.1177/20438087231151502

Background: Spiders are largely harmless to humédauke & Herzig, 2017)yet they are
among the most feared animal species ovétalhdova et al., 2021; Oosterink et al., 2009)
Spider IHDUIXO LQGLYLGXDOV BnipiédictablendGerment pattesris GaddJ V
characteristics agasons why they fear spid€tsndner et al., 2019)Fittingly, one model of
specific phobias includes perceived unpredictability and uncontrollability as important
etiological and maintaining factorArmfield, 2006) Unpredictable and uncontrollable
movements also suggest tiia¢ perceived uncertainty of spider encounters may contribute to
aversive respatingtowards spiders. Uncertainty is more unbearable for individuals high in U
(Carleton, 2016)Hence, IU could also play a role in spider feHnus, in this study, we
hypothesized thanhore random spider movement patterns and higheedncrease aversive
subjective emotional responses, perceived unpredictability and uncontrollability in-spider
fearful individuals. Additionallywe expectedpiderfearful individualsto display higher 1U

than nonrfearful individuals andhatIU is correlated with emotional responses and perceived

unpredictability and uncontrollability.

Methods: Onehundredandtwenty participants (55 spidéearful) viewed videos of realistic
3D-animated spiders and ladybugs (as fear irrelevant control stimuli) in an online experiment
conducted via SoS@&urvey (Leiner, 2021) The animals could move on two different

movement paths (straight vs. curvy) and with three different speeds (slow vs. medium vs. fast).
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This led to an overall Z3roup spiderfearful vs. norfearful) x 2 @nimat spider vs. ladybug)

x 2 (Movement Pathcurvy vs. straight) x 3ovement Speedlow vs. medium vs. fast) mixed
design, withGroupas a betweenand the others as withiiactors. Participants viewed 12
videos per animal and provided subjective ratings ofpaift Likert scale for each video on

the outcome variables anxiety, disgust, arousal, valepeeceived unpredictability and
uncontrollability. Influences oGroup, Animal,Movement Pattand Movement Speeoh the
outcome variables were analyzed via linear mixed effects models. Correlations of U scores

with outcome variables were calculated via Pearson correlations.

Results: As expected,spiders were generally ratea@ls moving more uncontrollably and
unpredictably thatadybugs by spideiearful individuals, but not by nefearful onesSpider
fearful individuals perceived spiders as particularly uncontrollable and unpredictable when they
moved on a curvy path, but to a lesser extent also when they moved on a strgighbwme
by significant threeway interactios of Groupx Animalx Path(|B|s > .05, ps < .03R In line
with our expectations,pgders moving on a curvy path led increased subjective fear and
disgustcompared tdhose moving on a straight path in spifarful, but notin nonfearful
individuals, whereas no such effect was observedaftybugs (again reflected Isygnificant
Groupx Animalx Pathinteractiors; |B|s > .03, ps < .03} Surprisingly, o significant spider
specific effects of movement speackre found. Piderfearful individuals displayedhe
expectedhigher IU scores than nedearful ones (= 4.64,p < .001,d = 0.90) and IU was
correlated with ausal (but no other) ratings in spidearful individuals when they observed

spiders moving on a curvy path<.31,p < .05), but not when they moved on a straight path.

Discussion: 7KLV VWXG\ SURYLGHG ¢UVW H[SHULPHQWDO HYLGHC(
on emotional responding, perceived unpredictability and uncontrollability in spider fear,
expanding the current knowledge about fedated triggers. It also showed that Ibkgntially

also contributes to spider fear. The use of realisticaBnated stimuli ensured high
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experimental control while enabling the externally valid research of spider movements. Spiders
were rated as more disgusting and{i@eaucing by spidefearful individuals when they moved

on a seemingly more random, curvy path. In combination with spalessbeing rated as
disproportionately more unpredictable und uncontrollable by sfédefuls, this study
supports previous results, suggesting that spider movement is indeed an important fear trigger
(Lindner et al., 2019)Interestingly, spider fearfuls also perceived spiders moving straight as
more unpredictable and uncontrollable than ladybugs and théeadnl group. Spiders seem

to be internally represented as highly unpredictable and uncontrollable beings ifespidés,

even in light of objectively contradicting evidence, potentially increasing the subjective
likelihood of being e.g. attacked by a spidarmfield, 2006)or coming into contact with it
(Knowles et al., 2019nd thereby limiting safety learnirf@uits et al., 2015)The higher U

levels in spider fearfuls may have additionally rendered the subjectively unpredictable and
uncontrollable spiders in our study more aversive for them, although this is somewhat
speculative, and more studies are needed to clarify this aldo holds true for our surprising
finding that movement speed didot influence emotional responses or perceived
unpredictability and uncontrollability in any way specific to spiders or syebeful

individuals.
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4.2 Study 2: Development and validation of an opeiaccess online Behavioral

Avoidance Test (BAT) for spider fear

Grill, M., Heller, M., & Haberkamp, A. (284). Development andhitial validation of an
openaccess online Behavioral Avoidance Test (BAT) for spider fesychological

AssessmenBa(5), 3518864. https://doi.org/10.1037/pas0001305

Background: The Behavioral Avoidance Test (BAT) is a wktlown diagnostic tool
specifically developed to assess fear by directly measuring avoidance behavior, providing a
valuable fear measure not relying on verbal symptom reports. BATs were created for several
disorders (e.g. snake phobkmdersson et al., 20k8 acrophobiaBentz et al., 2021 but have

been particularly prominent in the research of spider(fesret al., 1991)in BATs forspider

fear, participants or patients gradually approach a live spider until they feel too uncomfortable
to continue. However, the use of different BAT protocols in various st(elig<Cochrane et

al., 2008; Ost et al., 1991; Shiban et al., 208 three different protocolshampers the
comparability of results. Moreover, conducting the test requires considerable preparation by
researchers and practitionessit requires a suitable container, a sufficiently spacious room and

a live spider To improve on these limitations, we have develogedperaccesssoftware
basedonline BAT @BATon) We investigated if (1) vBATon successfulljifferentiates
between spidefearful and norfearful individuals, (2) vBATon elicits emotional responses and
avoidance behavior that can be considered equal to thifeeBAT and (3) whether vBATon

displays convergent validity.

Methods: The efficacy of vBATon in measuring avoidance behavior and eliciting feelings of
anxiety and disgustas tested@omparing it to a redlfe BAT. vBATon was developed using
the Unity Game Enginghttps://unity.com/de/products/unignging and based on the protocol

by Ost et al(1991) Spiderfearful (1 = 31) and nosfearful (h = 31) individuals completed a



28 Summaries oEmpirical Studies

reatlife BAT and vBATon on two separate dates within a -oreek interval.Outcome
measures included avoidance behavior, scored on a standardized scale of completed steps
towards the spider from D1 points where higher scores indicate less avoidance, and subjective
anxiety and disgust ratings from10Q collected several times mug BAT completion.
Differentiation between spiddearful and noffearful individuals was tested using ANOVA
models includingGroup (spiderfearful vs. norfearful) andBAT-Type(vBATon vs. reallife

BAT) as factors, equality between outcomes within of BATs within each gandor each
outcomewith the twaonetailedsignificancetest (TOST) procedurgakens et al., 201&nd
convergent validity by computing Pearson correlation between vBATon, thifeddAT and
selfreport spider fear questionnairg3PQ;Hamm, 2006 FSQ; Rinck et al., 200R For the

TOST procedure, we considered +2 points of difference between outcome measures as the
equivalence boundseeHaberkamp et al., 2021; Jacobson et al., 1984; Ost et al.,, 1998)
differences smaller than that were considered too small to be of practical relevance and

therefore equal.

Results: Both tests successfully distinguished between sgeteful and norfearful
individualson all outcome measures, indicated by a main effe@rotip (Fs > 70.93ps <

.001, p’s> 0.55) for avoidance, average anxiety and average didtyiestlso found a main

effect of BAT-Typefor average anxiety and disgust ratifs > 70.93ps< .001, p’s> 0.55),
indicating that participants in both groups reported higher average anxiety and disgust when
completing the redife BAT compared to vBATon. Crucially, equivalence tests confirthedl
VvBAToOnN captures avoidance behavior, anxiety and disgusilg to the realife BAT (jt|s>

2.29 ps < .015, unstandardized mean differences < 6+H,G J HK\0$H4J This indicates that,
although the ANOVA models showed statistically significant differences between both BATs
on anxiety and disgust ratings, these differences were well within our equivalence bounds and

therefore small enough to be considered practicadyevant. Assessing validity, we found
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moderate to high correlations between vBATon and (1) thelifed AT and (2) seHreport

measurements of spidégar (SPQ, FSQ(Ir|s between .65 and .87 < .001)

Discussion: The main goal of this study was to develop a software based;agpess
alternative to the redife BAT, called vBATon, which is able to capture avoidance behavior

and emotional responding equally well as its-féalcounterpart. The focus very muchsvan
userfriendliness and accessibility. The idea of a digital BAT is not entirely new. However,
previous studies either failed to evoke avoidance behavior with their(Bl&mg et al., 2004)

or used a VR headsg@liuhlberger et al., 2008yvhich doubtlessly is a valuable tool, but limits

ease of use and accessibility due to hardi software requirements. Crucially, when aiming to
GHPRQVWUDWH WKH DEVHQFH RI DQ HIITHFW H[SOLFLWO\ WF
absenceoHYLGHQFH LV QRW HAln&aR &Bahd RIOIB)OVrHeQUR$Hrobustly
suggested equivalence between outcome measure of both BATs, demonstrating that statistical
(as found by the ANOVA models) and practical significance are not the (akens, 2017)

The present study also demonstrated good initial convergent validity of vBATon, indexed by
moderate to strong correlations, in the expected directions, between vBATon,ife Bxal

and relevant selfeport measures of spidfrar. In sum, vBATon agars to be a valid, easy

to-use and efficient alternative to rddé BATS. It provides a standardized protocol and
automated scoring, increasing the comparability of results across studies. More, its preparatory
demands are lower than for a rééd BAT, also making its use in clinical practice more
feasible. Lastly, due to being runnable online, participants or patients can potentially complete
vBATonN at home, without supervision, making its use even more efficient. Notably, the present
study has not eticitly tested for this use case, which warrants added caution when interpreting

the results of vBATon in these scenarios.
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4.3Study 3: Evidence for nontlinear extinction learning and no influence of
intolerance of uncertainty: investigating US expectancies in a VR conditioning

paradigm

Grill, M., Kloft, M., Anhauser, S., & Haberkamp, A. (submitteldyidence for notdinear
extinction learningandno influence of intolerance of uncertainty: investigating US

expectancies in a VR conditioning paradidgehavior Research and Therapy.

Background: Although highly effective for treating anxiety disordé@arpenter et al., 2013)

a considerable number of patients do not benefit from exposure thergplyoerinc et al.,
2015) The inhibitory learning model provides a theoretical account for the treatment
mechanism of exposure and has its roots in Pavlovian conditi¢@iragke et al., 2014)
Expectancy violations (i.e. the naccurrence of an expected feared outcome during exposure)
are viewed as vital for successful extinction learning within this mgialske et al., 2018)
However, thedegree to which patients learn from their expectancy violations (i.e. how well
they perform in extinction learning) shows higker-individual variability (Pittig et al., 2023)
Importantly, learning in conditioning might follow a ndineartrajectory(Tzovara et al., 2018)
potentially leading to low power or missing relevant effects when using linear niBdels &
Melinscak, 202Q)More, ntolerance of uncertainty ()andits subfactor inhibitory U @IU;
Carleton, 2016jnight moderate how well individuals can learn from expectancy violasisns

it has been previously showa negatively impact extinction, measured by skin conductance
response$SCRs;Morriss et al., 2021We hypothesized in this study thaxtinction learning,
indexed by US expectancy ratings as the main outcome, can be better explained-liyesanon
model than a linear model and that ddd HU negatively impacextinction learningn this

domain
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Methods: This studyuseda virtual reality conditioning paradigm based on previous work by
Mertens et al(2019)and aimed to increase its external validity by adaptitg more closely
resemble redife exposure settingdollandt et al., 2020)We recruited\ = 71 spidetfearful
individuals.In our paradigmdifferently colored desk lamps served asG@lSand spiders as the

US in the virtual environment. The acquisition and extinction phases of the experiment took
place on two separate days. Participants were informed prior to the start of the experiment which
desk lamp color could be accompanied by a spider (G#¥reaghe other color was never
followed by one (CS. They provided ratings of their US expectanoya scale from @&100%

prior to each trikin acquisition and extinctiarThe CS+, CSand the spider were also raied

terms ofanxiety, disgust and valence ¢10). We analyzed our data in a Bayesian estimation
framework. Specifically, we used the ordered beta m@€ebinec, 2022)as our nofinear
statistical model, which is designed to model 0 and 1 responses as well as continuous responses
between 0 and 1, fitting the data structure of US expectancy ratings optimally. Fheeaon

model was compared to a standard linear regyasnodel also fit in a Bayesian framework to
determine which model provided a better fit. Predictold ®fExpectancin our models were,

the progressing trial numbéFrfal; 0-10 in acquisition, €0 in extinction), theCSType(CS+

vs. CS), the IU scoes (U) and the 41U scores [-1U).

Results: A manipulation check showed tharticipants successfully learned the association of
the CS+ with the USndexed by £STypex Trial interaction(logit scaleb = 0.10, 95%CI =

> '@ DQG Vtest€Qadf tHeFdaQdgust and valence ratings of CS+ vsaiGBe

end of acquisitiont§ > 8.87,ps < .001,ds > 1.07). Comparing the ndmear with the linear
statistical model with onlyfrial as predictors of US expectancy in response to CS+ trials in
extinction, we foundhe expected resuthat the nodinear model provided a substantially
better fit to the course of US expectancy ratings in extinction (Bayes factor in favor of the non
linear model > 5000, additionRPof the nonlinear model 14%). Contrary to our expectations,

thelU x Trial (logit scalepp=0.01,95%CI =} ) @ndl-1U x Trial (logit scalep=0.02,
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95%CI =} " @teractionssuggested thateither IUnor I-IU influenced US expectancy

ratings across extinction in a meaningful way.

Discussion:As expected, the ndimear model did provide a considerably better fit than the
linear model. This suggests that learning in extinction seems to indeed hapgereaidy,

such that individuals hold on to their previously acquired expectancy that th@rédiets

threat tountil they become confident of it predicting safe8ince extinction learning is a
complex process, subject to many interindividual differengemsdorf & Merz, 2017)
choosing the appropriate statistical model when analyzing conditioning data is impitant.

not onlyincreass statistical powe(Bach & Melinscak, 202Q)ut alsoallows researchers to
detect effects that might otherwise be missed. In general, effects of IU on extinction have been
found to be most robust in tIBCRdomain(Morriss et al., 20213nd only found in somge.g.

Chen & Lovibond, 2016)out not other studiege.g. Wroblewski et al., 2022¥or US
expectanciesThis study aimed to eliminate methodological reasons for these discrepant
findings by using VR and a scenario that generalizes better thfeedet, U or U still did

not influence US expectancies in our stuidgtead,]U may be more influential on avoidance
behavior as an overt measifFdores et al., 2018; Hunt et al., 2019)S expectancies would
therefore be indirectly influenced by 10y prevents the formation of new inhibitory @85
associationghrough avoidancegPittig et al., 2018) Lastly, using more externally valid
paradigmssuch as ouri conditioning research, can lead to more realistic participant behavior
(Miller et al., 2019; Slater et al., 2022Ylore realistic participant behavior can potentially
generate a more fireined understanding of what leads to successful or unsuccessful extinction
processes and therefore support the ongoing quest of improving the therapeutic efficacy of

exposure treatant.
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5 General Discussion

The present dissertation comprises investigations of disorder specific etiological and
PDLQWDLQLQJ PHFKDQLVPV RI VSLGHU IHDU VWXG\ 32 XW
DQG LQWROHUDQFH RI XQ F Hlewldpimenv\ahdle@aliaton @fthSoftibeU ~ W |
EDVHG YHUVLRQ RI D ZLGHO\ XVHG GLDJQ h&dldpfedl &R O WR D
initial validation of an opeiaccess online Behavioral Avoidance Test (BAT) for spiderfear
and research on learning patterns and moderators of extinction leédshovgng a more
transdiagnostiapproach V W X GExtinctibn learning in a translational VR conditioning
paradigm: NoHdinear US expectancy courses and the role of intolerance of unceflaiuty
overarching goal of this dissertation was to more heavily leverage the possibilities of modern
technology in experimental psychopathological research. This was done in order to increase the
external validity of the experimental studies contained within this digsertwhile still

ensuring a high degree of experimental cor{tvbller et al., 2019)

One major overall strength of this dissertation is the rigorous power anadgsis
suggested by Ehring et al. (2028pne via data simulation in each study. The traditional way
of doing power analyses in studies usually involves the estimation of necessary sample sizes
based on standardized effect sizes and approximate algebraic fofdwdad & Schéfer,
2019) In cases of simple statistical analyses (etgsts or onavay ANOVA), this approach is
often sufficient, but in more complebesignst suffers from significant drawbacks. Pdefined
approximategformulas mostly only work well for specific models, which means sbétivare
implementing such formulas (e.g. G*Powéraul et al., 2007)s only appropriate if the
experimental design of a study parallels the ones implemented in the software. Thus, pre
defined formulas are somewhat inflexibl®oreover, real psychological data never perfectly
conforms to the assumptions implicitly taken when using formulasgaoa estimating effect
sizes and powdDeBruine & Barr, 2021)In brief, psychological data is always noisgelf

report measures do not perfectly measure the underlying construct of interest,
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psychophysiological indices are complex and influenced by factors other than the manipulated
independent variables, response patterns of individuals do not perfectly match predictions, etc.
In contrast, simulating data and doing power analysis on these data is more flexible since it can
accommodate any design and statistical analysis method with the necessary knowledge in
programming and simulated data can easily incorporate noise, prowddingre realistic

approximation of redlife data(Arend & Schéafer, 2019; DeBruine & Barr, 2021)

The present dissertation employed somgsuch moreeomplex statistical analyses (e.g.
mixed effects modelsSnijders & Bosker, 2011)ordered beta regression a Bayesian
estimation frameworkKubinec, 2022 or methods for which no g software solution for
power analysis exists yet.0. TOST procedurd;akens, 2017)The aim of using these methods
was to arrive at more precise and robust conclusions that could be drawn from the collected
data. Doing the power analyses for the studies presentedihatata simulatiorllowed for
the use of arguably more appropriate statistical models that better fit the collected data while

also ensuring that the studies were adequately powered.

Modern technology was incorporated into the experimental designs of the studies
contained in this dissertation with different goals in mind, but always focusedreasing the
external validity of the study resulighile keeping internal validity intacs proposed by the
systematic representative design approach of Miller et al. (201&udy 1, the main goal was
to investigate the influences of spider movement patterns on aversive emotional responding and
cognitive processing in spidéearful indvidualsas well as investigate potential influences of
IU on spider fear Without the use of modern 3i@ndering and animation
(https://www.blender.org/ investigatingthese research questiofespecially those directly
related to moving spidersiould have simply not been possible. Previous experimental
research investigating spider movement primarily used static image gtBashnovic et al.,

2019; Vrijsen et al., 2009had participants imagine spidéfgmfield, 2007; De Jong & Muris,



General Discussion 35

2002)or used fake, nemoving spider modelgArmfield, 2008) All of these studies provided
valuable insights into the mechanisms at play in spider fear, but could by design not assess the
specific influences of actual spider movement on responses in their participants. In contrast to
this, study 1 furthered the kntadge about fear related triggers in spider fear by showing that
spiders are perceived as behaving disproportionately more unpredictable and uncontrollable by
spiderspider fearful individuals and that those individuals respond more negatively to
seemindy more random movement patterns of spiders. This provides experimental support for
the notion that spider movement is an important trigger of fear in the $patéul population.

More, study 1 also showed increased IU levels in sg&kful compareda nonfearful

individuals, further supporting the role of IU as a transdiagnostic risk f@@amketon, 2012)

In study 2, the video game developmengine Unity (ittps://unity.com/products/unity
enging was used to develop a software basgmenly accessible alternative to the BAT for
spider fear which we called vBATorCrucially, vBATon managed to induce avoidance
behavior in spidefearful individuals which was comparable to that of a-léal BAT.
&RPELQHG ZLWK Y%3$7RQYV DELOLW\ -\aRul GhdvioddafPul QDWH E
individuals as well as the high celations of outcomes in vBATon with outcesiin the real
life BAT and selfreport spider fear measures, this study suggests that vBATon is indeed a
viable alternative to the reife BAT. 6 WXG\ DOVR WRXFKHG XSRQ WKH WR
mentioned byMiller et al. (2019) We directly compared the behavior of participants during
vBATon with their behavior in redife, and our results suggest that our design choices for
vBAToN supported not onlyts face validity (i.e. the surface similarity between vBATon and
the reallife BAT; Scheveneels et al., 201@)ut also predictivgperformance in vBATon
predicted performance in the rddé BAT; Scheveneels et al., 20183 well as diagnostic
validity (participant behavior differed between spifiearful and norfearful individuals in

VBATON; Vervliet & Raes, 2013)
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In study 3, we againsed Unity to develop the virtual environment employed in the
study, but this time also extended it by MIRing spiders as the US and a spiéarful sample
(Mertens et al., 201900 further increase the external validity of our study. In addition, we also
based the study onanditioning paradigm which incorporates important aspects ofifeal
exposure sessions to more closely mimic the properties of extinction learning-lifiereal
(Hollandt et al., 2020)The aim was to investigatearning patters of trial-by-trial extinction
learning indexed by US expectancies, due to learning from expectancy violations being crucial
for successful extinction learnir{gittig et al., 2023)Moreover, we also investigatadether
IU influences extinction learninglThe study found that triddy-trial learning in extinction
appears to happen ndinearly, and that IU did not influence this learning substantially in any
manner.The main goal of using VR and an adapted conditioning paradigm was to induce
participant blaavior (in this case, learning) that resembled theirlifeabehavior as closely as
possible and to minimize the possibility of methodologieakons fothe pattern of our results
(i.e. alack in external validity, due to e.g. syfiimal context or stimulus materialhis seems
especially important since research on how well extinction learning performance in the lab
predicts extinction learning during exposure produced only mixed réSaheveneels et al.,

2021)

5.1 Limitations

This dissertation also has some noteworthy limitatioRsst, it needs to be
acknowledged that almost all individuals recruited for the studies in this dissertdtiast
unanimously fell into the WEIRD categorWesten, Industrialized, Rich, and Democratic;
Henrich et al., 2010)Importantly, Henrich et alconcludedin their metaanalysis that
individuals within that category aoftennot representative f@ll of humanity.Thus, although
we arguably increasleand optimized the external validity of our studies by making certain
choices in their design, an argument can be made that our results still lack in generalizability

when it comes to individuals that are not WEIREr example, it is entirely feasible that the
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emotional, cognitive and behavioral responses to spidersswstantially differentin
individuals from different originge.g.Frynta et al., 2028r Prokop et al., 201€or different

responses in african individugls

Second, aother issue related to our samples was that the problem of comorbidity was
not tackled.In reallife scenarios, patients mostly present with multiple disor@&oddstein
Piekarski et al., 2016Although studied and 2 investigated issues specific to spider fear, we
can still not conclude from our data whether individuals comorbidly suffering from e.g. other
specific phobiagSeim & Spates, 2009)ould have responded differently in these studies.
Moreover, this issue becomes even more impomastudy 3, since the aim of this study was
to investigatd@ransdiagnostic learning mechanisms in anxig$prders The last issue related
to the samples used in this dissertation is related to the fact that we recruited samples with sub
clinical spideffear. Our samples did report substantial fear of spiders, but the majority of our
participants did not classify as mitally spiderphobic in accordance with the DSM V
(American Psychiatric Association, 2018though similarities between highly spictarful
and spidephobic individuals have been proclaim@idandova et al., 2021)spider phobic
individuals might still have responded somewhat differently in the studies presenteth here.
sum, future research should aim to recruit, depending on the research aims, more representative

samples, as pointed out by Ehring et al. (2022).

Third, there is also an important limitati@oncerninghe externabalidity of the studies
within this dissertationEhring et al. (2022) usefully point out that questions related to external
validity in experimental psychopathological research often tend to focus on face validity (i.e.
how closely do the procedures, stimuli, instructions, etc. used in the laboratmpleshose
in realtlife clinical scenarios on a surface levdlhis issue is particularly important for studies
1 and 3, as in theseuslies, it is possible that what was mostly achieved in the experimental

designs of these studies was an increase in face vafidihsequently, these studies might have
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failed to increase construct (i.e. the extent to which changes in participant responding in the
experimental studies are due to the same psychological mechanisms that are responsible for the
changes in real life) or predictive (i.e. the extent to which chamgearticipant responding in

the experimental studies predict rifd behavior in similar relevargcenarios validity. The

issue albeit to a lesser exters,still relevant for study 2 as vBATon was compared to its real

life counterpart and theath suggested that both worked equally well in terms of inducing
avoidance behavior. Notably though, due to vBATon being a digital likendabe oéallife

BAT, it is still possible that changes in participant behavior in vBATon might have been driven

by other psychological mechanisms than in the liEsaBAT.

Fourth, all studies in this dissertation usedly subjective selfeport measures as their
main outcome measurésxcept for the avoidance behavior measured in the course of study 2)
While these measurements do offer valuable contributions, there are several othef types
measures that would providemore complete picture in regaroanswering the research
guestions in the present dissertatidsychophysiological measurements sucts@Rs for
examplecould have helped to shed more light on important mechanisms at play in the studies
presented her SCRshave been robustly associated with IU previously, especially in the
context of extinction learninfMorriss et al., 2021)Since U was part of the investigation in
studies 1 and 3, using this measurement could have provided more insights into the role of 1U
in these contexts$zor example, the correlation of subjective arousal ratings with IU in spider
fearful individuals in study 1 could have been corroborated $@R data, or the nofinear
course of trialby-trial extinction learning in study 3 could have also been investigated in the
SCRdomain, providing an added gain of knowledigegeneral, previous research has show
that selfreport measurements and psychophysiological measurements in fear conditioning
studies are moderately correla{@bnstantinou et al., 2021yVhile this suggests a substantial
overlap between these measurements, it also suggests a relevant disparity betweerthiyem

of closer examinatian
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5.2 Implications for Future Research

There are several implications for future research that can be derived from the results
and limitations of the present dissertatiOm a general note, one implication for future research
that this dissertation was never intended to arrive at, and which should be kept in mind is that
by no means should classical reductionist studies now be treated as a thing of the past. These
studies 8ll remain hugely important and influential. Rather, the effort taken in designing the
studies presented here shouldaifything, offer some novel ways to increase the external
validity and also improve the stability and replicability of experimental psychopathological
studiesEhring et al. (2022) argue that there is a lack of basic experimental psychopathological
studies establishing causality of processes after they have been found to be associated with
psychopathology in correlational studies. In this regard, what can be askasy from this
dissertation is that to combat these issues, modern technology can be ussatetanare
externally valid research designs that, in optimal scenarios, offer results that can be more easily
translated to potential new interventioAs.previous research has stated, the leap of going from
laboratory results to testing new interventions in the field can be daunting and potentially
associated with riskéBlackwell & Woud, 2022) By achieving more realistic participant

behavior in the laboratory due to increased external validity, this task may become less risky

Another general implication for future research is that power analysis via data
simulation can be a valuable addition to determining the necessary sample size for any given
study. As outlined above, the approach is exceedingly flexible and can accommaodate
statistical models within one unified workflow. Due to introducing noise into the power
calculations, power analysis via data simulatian lead to more realistic sample size estimates
(Arend & Schéfer, 2019; DeBruine & Barr, 202This can be hgiful in dealing with the issue

of underpowered studies in clinical psycholdgyring et al., 2022)
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Regarding studies 1 and 3, future research could use more objective measures, such as
SCRs, to corroborate and extend the results found in these s®@iRs.seem to be a prime
candidate here since U has been robustly associated with this measuidoreiss et al.,
2021) Moreover as an autonomic response to str@stchley et al.,, 2000)it is widely
regarded as a reliable index of anxiétyg. Constantinou et al., 2021Additionally, IU has
also been associated with other objective measures, such as fMRI, EEG, startle reflex and heart
rate variability(Tanovic et al., 2018With the exception ofMRI for the design oftudy 3 (a
VR setup in an MRI context can currently not be achieved), these measures could also be used
to extend the results atudies 1 and.INext to using objective measures due to IU having
shown associations with them, the results of studies 1 and 3 could also be extended by objective
measures in relatioto the results not involving 1UThis would also help in gaining a more
complete understanding of the role of movement in spider fear (study 1) amddgaatterns

in extinction learning (study 3).

On furtherimplication of study 1 for future research is that research on spider fear
should incorporate moving stimuli. In combination with other existing evidéngelLindner
et al., 2019; Schmidt et al., 2022he results of study 1 make the case that important fear

relevant influences might be lost if static stimuli are used.

The results of study 2 should also be extended by future research. Although a thorough
power analysis was conducted to ensure an adequate sample size for the study, tiveasample
likely too small for vBATon to be declared fully validatediditionally, vBATon should also
be tested in other settings where it might be used. As such, conducting a study including pre
and postreatment assessments using vBATon would further support the assumption that
VBAToOnN can effectively capture avoidanocehlawvior and islao sensitive to symptom changes.
Moreover,one major advantage of vBATon is its principal capability to be cadexblat

SDWLHQWTV $homs withowt dirdctSDp@rVision. However, the reliability and validity
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of remote use of vBATon should also be tested in future studies to ensure that it works as
intended in these settings or to adapt it accordimATon could also be adapted for different
disorders, since BATs have also been developed ififedbr e.g. snake phobigAndersson

et al., 2013)dental phobidArias & McNeil, 2020) acrophobigBentz et al., 2021and even
chronic lowerback pain(Holzapfel et al., 2016) astly, vBATon could generally be used in
future studies to achieve a potentially more efficient and standardized way of assessing spider

fear, which can improve the comparability of study result

The results of study 3 suggest, generally, that usingdinear modelling in the analysis
of trial-by-trial US expectancies in extinction is more appropriate than linear modelling and
should therefore be considered when collecting such Matably, these statistical models can
be substantially more complex to understand and use than more traditional linear models, which
is why their limited use is understandafileBruine & Barr, 2021)However, future research
may capture relevant effects in extinction learning that would otherwise have been missed.
Conducting more firduned and appropriate analyses of extinction data can provide one piece
of the puzzle in further improving fear conditioning research. Predicting the success of exposure
interventions from performance in fear extinction, for examglene important aspect where
conditioning paradigms could be improved since research on this topic has produced mixed
results so fa(Scheveneels et al., 202Here, using more appropriate statistical models may be
of help since they can provide a more realistic statistical approximation of participant patient
responses. Furthermore, future studies should more closely investigate the behavioral
manifestations oigh U in fear extinction. As study 3 failed to show meaningful associations
of IU with US expectancy trajectories in extinction, other outcomes such as avoidance behavior

(Flores et al., 2018)ould be analyzed in a VR conditioning paradigm.
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5.3 Implications for Clinical Practice

There are also implications of the present dissertation relevant to clinical prattide.1
experimentally showcased the role of spider movement patterns in aversive responding. Spider
fearful individuals might have a rigid, resistdaotchange belief that spiders move (and
generally) behave in a highly erratic manner. This could be fuluseatment target in
exposure: It could be explored in detail whether such beliefs about spider behavior exist in
patients and these beliefs could then be directly targeted during exposure. Therapists could seek
to generate expectancy violations in tiela to those beliefs by designing the exposure session
in a way that makes patients experience that spider behavior is not unpredictable or
uncontrollable to the extent they previously assumed (e.g. showing the patient that he/she will
always be fast englh to remove the spider from his/her body before it can crawl under
clothing). To further counteract a potentially negative impact of IU sfpedar a focus on self
efficacy(e.g.Gallagher et al., 2018)puld be particularly beneficial since sefficacy has been
previously discussed as a potential counter tQJties et al., 2023; KestiBeleg et al., 2023)
Notably, these ideas do remain somewhat speculative, since they have not been directly

addressed by this dissertation.

In terms of tudy 2,one implication for clinical practice is that vBATon is freely available
online and can thus be easily accessed. It offers an efficient way to more directly assess
avoidance behavior in spider fear to clinicians. The design of vBATon should make it
compardévely easy to incorporate it into diagnostic routines. Adding an additional, objective
diagnostic tool to the assessment of spider fear can increase the diagnostic precision and
alleviate some of the limitations of seH#fport measumein assessing avoidance behavior.
Clinicians are often pressed for time, which is why the predominant use of highly efficient self
report measures is understandable and frequently necessary. vBATon is not only highly
efficient by itself, it can also be in principal be conducted by pat@rtiome (although further

evaluation of this usease is necessary). As such, using vBATon in clinical practice can help
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to acquire a more wetbunded diagnostic assessment of patists prone to errofd/leyer et

al., 2001) The successful development and evaluation of vBATon also shows that popular
video game development engines, suclyasgy (https://unity.com/products/unignging or

the Unreal Engine Bhftps://www.unrealengine.com/&#iS/unrealengineb), are feasible for
WKH GHYHORSPHQW R 3V HgdrmdlXe/apphcBtidns that atd not prignBriiy
designed for entertainment but for learning, behavior change or assesSomamijly et al.,

2012) which can also be important in clinical practice

The most direct implication of study 3 for clinical practice is one that clinical experience
perhapsalready suggest.he US expectancy adjustments in extinction learning were non
linear in nature. In the first few trials, participants in the study hetd treir previously learned
belief thatthe US would potentially follow the CStndicated by the US expectancies in these
trials not decreasing. Translated to i@l exposure settings, this suggests that patients need
more than one exposure trialgoccessfully adjust their threat expectancy. This is well in line
with the inhibitory learning modelsince more exposure trials (maybe even of the same
situation) promote inhibitory learning by leading to more inhibitory associations of the feared

situation with safetyCraske et al., 2014At least from the perspective of US expectancy

ratings (which translate to threat expectancies in exposure sessions), study 3 suggests that

exposure can be an effective intervention overall irrespective of IU levdisugh this

assumption should be treated with caution.

5.4 Conclusion
The present dissertation investigated several research questions within the realm of
experimental psychopathology, with the overarching goal of using modern technology to
create novel, externally valid experimental designs that still maintain a higlotevtdrnal
validity. Furthermorejn all threestudies gpriori power analyses via data simulatieere

conductedto determine adequate sample sizes, showcasing the flexible nature of this
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approach, how it can accommodate most statistical models in a unified framework and how

it can lead to perhaps more appropriate sample size estimations.

All studies were done on spid&garful individuals, but with differing research scopes
and goals.These scopes and goals stretched from (a) experimentally investigating the
disorderspecific etiological and maintaining factor of spider movement as well as the role
of U in spider fear, (b) developing and evaluating an externally valid, openly aceessibl
softwarebased version of the BAT called vBATon, and (c) investigating transdiagnostic
extinction learning patterns and the potential involvement of Iethen an externally
valid VR conditioning paradigm using spider fear asaqiypical anxiety disorder. It was
shown that spider movement seems to indeed play an important role in spider fear as a
trigger of fear and that spidézarful individuals might have rigid, resistant to change beliefs
that spiders generally behave ewaliy. More, vBATon displayed comparable qualities in
being able to induce avoidance behavior in spidarful individuals than the redéife BAT.
Thus, this tool can is an extally valid digital diagnostic instrument that can be efficiently
used in experimental psychopathological studies and beyond. Lastly, it was shawalthat
by-trial extinction learning, indexed by US expectancies (the laboratory analogue of threat
expectancies)follows a nonlinear trajectory. Thissuggest that nonlinear statistical
models ardetter suitedor analyzing such data. In addition, IU did not directly influence
these learning patterns, leaving the question of how IU specifically inflsenoee overt
measures of extinction learning somewhat o@@verall, the present dissertation showed
some scenarios where modern technology can be effectively used to help extend and

enhance experimental psychopathology.
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Abstract
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Introduction (an estimated 0.5% of known spider species; Hauke &
Herzig, 2017). Also, the probability of contracting seri-
ous diseases from a spider bite is very low (Vetter et al.,
2015). Furthermore, being based on classical conditioning,
preparedness theory implies the occurrence of initial
aversive encounters (i.e. conditioning events) with spiders
to acquire phobic reactions. Yet only a minority of spider-
phobic individuals report such initial aversive encounters
(<10%, Davey, 1991). A more recent, non-associative ac-
count of fear acquisition states that certain innate,

Spider fear is commonly regarded as a prototypical form of
animal phobia, not least due to its high prevalence in the
general population (Becker et al., 2007; Jacobi et al., 2004).
A classical associative account to explain the acquisition
and maintenance of animal phobias is preparedness theory
(Seligman, 1971). With respect to spider phobia, pre-
paredness theory states that (a) fear reactions help to avoid
bodily harm (e.g., envenomation) and (b) disgust reactions
help to avoid diseases carried by spiders (Rozin & Fallon,
1987). From this view, it is evolutionarily reasonable for
human beings to quickly learn aversive emotional reactions
to spiders. Indeed, spiders have been shown to evoke higher ~ Corresponding author: o
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compared to other small animals (Gerdes et al., 2009).  Germany.
However, only very few spiders pose a real threat to humans  Email: markus.grill@staff.uni-maburg.de
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evolutionary-relevant fears can also emerge without any
conditioning events (Poulton & Menzies, 2002). Impor-
tantly though, this account still cannot sufficiently explain
why spiders as a largely harmless species are so frequently
feared compared to other small animals (see Armfield, 2006,
for more details). Therefore, additional aspects, such as
cognitive factors, have to be considered to explain the
acquisition and maintenance of spider phobia.

Cognitive Factors: Uncontrollability, Unpredictability,
and Biased Perceptions

Armfield (2006) proposed a model of cognitive vulnera-
bility to explain the etiology and characteristics of specific
phobias which relies on four cognitive factors: perceived
dangerousness, disgustingness, uncontrollability and un-
predictability. In the model, both perceived uncontrolla-
bility and unpredictability are inherently linked to the
movement of spiders. This is the case because the model
states that spider-phobic individuals develop cognitive
vulnerability schemas that lead them to perceive spider
movements as highly (a) unpredictable (i.e. they feel in-
capable of predicting where a spider might move to), and (b)
uncontrollable (i.e. they feel a lack of agency over the
spider’s behaviour). Indeed, individuals who were informed
that a spider might behave in an uncontrollable und un-
predictable manner reported higher fear ratings before and
during an encounter with a fake spider (Armfield, 2008;
note though that this was a non-phobic sample). Impor-
tantly, these perceptions of spider movements as highly
uncontrollable und unpredictable are thought to be dis-
torted, such that spider-phobic individuals perceive them
(and, consequently, the behaviour of the spider in general)
as more uncontrollable und unpredictable than is the case in
reality. This may in turn lead to an overestimation of the
probability of a negative outcome when encountering a
spider (e.g. being suddenly attacked by the spider or in-
voluntarily coming into contact with it). Such an overes-
timation of negative outcome probabilities in fear-relevant
encounters has been previously referred to as consequence
expectancy bias and previous research found compelling
evidence for its presence in spider-phobic individuals (see
Hengen & Alpers, 2019 for a recent study or Aue & Okon-
Singer, 2015 for a review). Additionally, spider-phobic
individuals also tend to overestimate the probability of
encountering spiders in general (= encounter expectancy
bias, e.g. Aue & Hoeppli, 2012; De Jong & Muris, 2002).
Moreover, when faced with ambiguous images varying in
their degrees of similarity to spiders, spider-fearful indi-
viduals were more likely to perceive such images as spiders
compared to non-fearful individuals (= interpretation bias;
Haberkamp et al., 2019). Lastly, evidence also points to-
wards attentional biases in spider phobia which modulate

perceptions. Spider-phobic individuals display an initial
bias towards threatening stimuli (i.e. spiders), have diffi-
culties in disengaging attention from these stimuli and avoid
these stimuli more in later stages of visual processing (see
Aue & Okon-Singer, 2015 for more details). In sum, evi-
dence strongly suggests that several biases in perception
exist in spider phobia and that they are relevant to the
acquisition and maintenance of the disorder.

However, the specific movement characteristics of spi-
ders and their relations to biased perceptions were hardly
investigated in clinical research. This is somewhat sur-
prising given that spider-phobic individuals report spider-
specific movements as an important trigger of their fear
(Mcnally & Steketee, 1985). Also, in a more recent study,
spider-phobic individuals related their fear largely to the
unique movement characteristics of spiders and provided
mostly movement-related answers in free text questions
such as ‘fast’, ‘legs’ and ‘move’ (Lindner et al., 2019).
Again, this suggests that movement-related aspects of
spiders (i.e. movement pattern and speed) might play an
important role in the acquisition and maintenance of animal
phobias.

In stark contrast to this evidence, hardly any experi-
mental studies that investigated fear-evoking characteristics
of spiders have used moving spiders. For example, the
spider used in the study by Armfield (2008) was fake and
unable to move. Other studies used in sensu encounters (e.g.
Armfield, 2007; De Jong & Muris, 2002) or static images
(e.g. Basanovic et al., 2019; Haberkamp et al., 2018; Vrijsen
et al., 2009), making it hard or even impossible to study the
role of movement-related attributes. Thus, to learn about the
acquisition and maintenance of spider phobia, it is important
to take into account movement characteristics of spiders and
related cognitive factors, like perceived uncontrollability
and unpredictability, for which it is important to use real-
istically moving spiders in the experimental setup.

Trait Factors: Intolerance of Uncertainty

Besides cognitive factors, trait factors related to spider
movements might also influence the acquisition and
maintenance of spider phobia. One such trait is intolerance
of uncertainty (IU; Carleton, 2016), which is defined as ‘an
individual’s dispositional incapacity to endure the aversive
response triggered by the perceived absence of salient, key,
or sufficient information, and sustained by the associated
perception of uncertainty’ (Carleton, 2016, p. 31). TU has
been shown to be a transdiagnostic risk factor for several
anxiety disorders (e.g. generalized anxiety disorder, social
anxiety disorder and panic disorder; Mahoney & McEvoy,
2012; Shihata et al., 2016, but see Rosser, 2019 for a critical
review). In spider phobia, elevated levels of IU may increase
perceived uncontrollability and unpredictability, which in



Grill and Haberkamp

turn may increase phobic reactions. However, to our
knowledge, no study has examined the relationship of
spider phobia and IU yet.

Taken together, even though there is ample evidence that
movement-related factors play an important role in the
acquisition and maintenance of spider phobia, there is little
research to clarify that role. Specifically, previous studies
did not use realistically moving stimuli; did not test how
spider movement patterns or speeds relate to perceived
uncontrollability, unpredictability and phobic reactions; and
did not test the potential relationship of IU and spider fear.

Study and Hypotheses

To address these research gaps, we created novel 3D-
animated videos of realistically moving spiders and lady-
bugs (as a non-aversive control stimulus), and conducted an
online experiment with spider-fearful and non-fearful in-
dividuals. We varied animal movements in terms of their
movement path (straight vs. curvy) and speed (slow vs.
medium vs. fast). The straight path was designed to rep-
resent a predictable and controllable movement pattern
while the curvy path was designed to represent an unpre-
dictable and uncontrollable movement pattern. Participants
responded to each video on self-report scales of perceived
uncontrollability and unpredictability as well as fear, dis-
gust, arousal and valence (cf. Haberkamp et al., 2019). We
tested the following hypotheses:

Emotional Ratings of Animal Movements. H-1: Realistic 3D-
animated spiders will elicit more negative emotions (fear,
disgust, arousal and valence) in spider-fearful individuals
compared to ladybugs and non-fearful controls. Also, the
movement path and speed of realistic 3D-animated spiders
will affect emotional ratings of spiders in spider-fearful
individuals. Specifically, spiders moving on a curvy path
will elicit more negative emotions compared to spiders on a
straight path, and faster spiders will elicit more negative
emotions compared to slower spiders.

Perceived Uncontrollability and Unpredictability of Animal
Movements. H-2: The movement path of realistic 3D-
animated animals will affect perceived uncontrollability
and unpredictability of animal movements in spider-fearful
and non-fearful individuals. Specifically, spiders and
ladybugs moving on a curvy path will be perceived as
more uncontrollable and unpredictable compared to an-
imals on a straight path.

Intolerance of Uncertainty. H-3: Spider-fearful individuals
will score significantly higher on TU measures than non-
fearful individuals. We expect that IU levels in spider-fearful
individuals will be correlated with emotional ratings (i.e. fear,

disgust and arousal ratings) when spiders move on a curvy
path. Also, TU levels will be correlated with perceived un-
predictability and uncontrollability.

Method

The present study was preregistered on OSF (https://osf.io/
czrpn). We provide access to data and analysis code (https://
osf.io/Szwbk/) as well as the stimuli we used in our study
and the script which controlled the procedure of the ex-
periment (https://osf.io/zfj78/). The study was approved by
the Ethical Committee of the Faculty of Psychology
(Philipps-University Marburg, case number 2021-09k) and
carried out in accordance with the provisions of the World
Medical Association Declaration of Helsinki.

Participants

Note that we refer to participants in our study as ‘spider-
fearful’ rather than ‘spider-phobic’ because we also in-
cluded individuals not fulfilling all diagnostic criteria for
specific phobia (APA, 2013). Previous research has shown
that such individuals react similarly to spiders compared to
individuals that fulfill all diagnostic criteria for specific
phobia (Landova et al., 2021).

Before the study, we conducted a power analysis using
data simulation in R. The power analysis incorporated the
factors group (spider-fearful vs. non-fearful) x movement
path (straight vs. curvy) X animal (spider vs. ladybug) x
speed (slow vs. medium vs. fast). We mainly focused on the
three-way interactions of our design in our power analysis.
To the best of our knowledge, no previous study used re-
alistically moving spiders to study movement-related as-
pects of spider phobia. However, studies that manipulated
uncontrollability and unpredictability produced only small
differences in outcome measures (Armfield, 2007, 2008).
Therefore, we assumed small effect sizes of npz >0.01 for
the three-way interactions in accordance with the conven-
tions by Cohen (1988). To detect such effects with a power
of .80 and a-error rate of .05, the power analysis for our
design determined that 110 individuals should participate in
our experiment (55 spider-fearful, 55 non-fearful).

The study was advertised via mailing-lists and the online
research participation platform Sona Systems (https://www.
sona-systems.com). All individuals gave written informed
consent. Individuals were eligible for participation if they
were classified as spider-fearful or non-fearful (determined
by scoring above the 75th percentile to be deemed spider-
fearful or below the 25 percentile to be deemed non-
fearful, using gender specific norm values of the Spider
Phobia Questionnaire, SPQ; Hamm, 2006). Individuals
were excluded if they were (a) undergoing psychothera-
peutic or (b) psychopharmacological treatment or (c) re-
ported elevated psychological distress symptoms
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(determined by exceeding cutoff values of >10 for de-
pressive and stress symptoms and >6 for anxiety symptoms
on the Depression, Anxiety and Stress Scales-21, DASS-21;
Nilges & Essau, 2015). 260 individuals were screened for
cligibility. 56 did not meet the spider-fearful/non-fearful
criterion, 45 quit the screening, 29 reported elevated distress
symptoms, and 10 were currently undergoing psychological
or psychopharmacological treatment. Thus, our final sample
consisted of 120 individuals (55 spider-fearful). They were
reimbursed by course credit or participation in a raffle for
one of 10 gift vouchers worth 30€ each.

Materials

Self-Report Measures

Depression-Anxiety-Stress-Scale-2|. The DASS-211isa21-
item scale measuring depression, anxiety and stress
symptoms during a one-week period (German version by
Nilges & Essau, 2015; original by Lovibond & Lovibond,
1995). Items are rated on a 4-point Likert scale ranging from
0 = ‘Does not apply to me at all’ to 3 = ‘Applies strongly to
me or most of the time’. The DASS showed good sensitivity
and specificity to detect clinically relevant symptoms in a
German sample (Nilges & Essau, 2015). Proposed cutoff
values are /0 for depressive, 6 for anxiety and /0 for stress
symptoms. The overall scale showed good internal con-
sistency in our sample (a = .82).

Spider Phobia Questionnaire. The SPQ is a 31-item scale
measuring spider phobia symptom severity via a dichoto-
mous response format (‘Yes’ vs. ‘No’; German version by
Hamm, 2006; original by Klorman et al., 1974). It is widely
used to measure spider phobia severity and has been shown
to be reliable and valid (Hamm, 2006). The internal con-
sistency in our sample was excellent (a = .94).

Fear of Spiders Questionnaire. FSQ is an 18-item scale
also measuring spider phobia symptom severity (German
version by Rinck et al., 2002; original by Szymanski &
O’Donohue, 1995). Items are rated on a 7-point Likert scale
ranging from 0 = ‘not at all’ to 6 = ‘very much’. Tt is
frequently used to corroborate findings from the SPQ (e.g.
Haberkamp et al., 2019) and has shown good psychometric
qualities (Rinck et al., 2002). The internal consistency in our
sample was excellent (o = .97).

State-Trait-Anxiety-Inventory—State. The STAI-S is a
widely used 20-item scale measuring state anxiety (German
version by Laux et al., 1981; original by Spielberger, 1970).
Responses are given on a 4-point Likert scale ranging from
0= ‘notat all’ to 3 = ‘very much’. Psychometric qualities of
the scale are good (Laux et al., 1981) and the internal
consistency in our sample was excellent (a = .93).

Intolerance of Uncertainty Scale Short Form. TUS-12
measures trait IU via 12 items responded to on a 5-point
Likert scale ranging from 0 = ‘not at all characteristic of me’
to 4 = ‘entirely characteristic of me’ (German version by
Dietmaier et al., 2008; original by Carleton et al., 2007).
Although it contains two subscales, we were interested in
the overall scale. Its psychometrics have been shown to be
adequate (Dietmaier et al., 2008) and the internal consis-
tency in our sample was good (o = .83).

3D-Animated Videos

We created novel 3D-animated videos of spiders and lady-
bugs, as non-aversive control stimuli. This allowed us to keep
the movement characteristics and environment invariant, in
contrast to real-life animal videos where animal behaviour
and environmental contexts might be highly heterogeneous.
Animations were created and rendered using the open-source
software Blender (Community, 2018). The animals entered
the screen from four different entry points (top left, top right,
bottom left and bottom right) and followed a straight or one of
two curvy paths. Animals moved on the straight or curvy
paths with varying speed, that is, slow, medium or fast. The
variation in movement speed was created by altering the
playback speed of the videos (i.e. the videos varied in how
long their overall playback time was). Animals walking on a
curvy path by necessity had to cover a longer distance than
animals walking on a straight path, resulting in overall longer
videos in the curvy compared to the straight path condition.
In the curvy path condition, the video durations were
14 seconds for the slow speed, 11.5 seconds for the medium
speed and 9 seconds for the fast speed. In the straight path
condition, the durations were 12 seconds for the slow speed,
9.5 seconds for the medium speed and 7 seconds for the fast
speed. Initially, the speeds were chosen with the overall
duration of the experiment in mind. When first piloting the
stimuli, participants in this pilot indicated that they perceived
the animals as moving in three distinct speeds. Those vari-
ations resulted in 12 different conditions (2 animals X
2 paths x 3 speeds). Each condition was presented twice
using different entry points, resulting in 24 trials per par-
ticipant. The frequency of each entry point was equal in the
straight and curvy path conditions. All videos are accessible
on OSF (https://osf.io/z{j78/).

Procedure

The experiment was conducted online using SoSci Survey
(Leiner, 2021). First, individuals provided informed consent
and entered demographic data. Then, they indicated
whether they currently receive psychological and/or psy-
chopharmacological treatment and filled out the DASS-21
as well as the SPQ. When meeting the inclusion criteria,
they also filled out the FSQ, the STAI-S and the 1US-12.
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Table 1. Spider-fearful and non-fearful group sample characteristics.

Variable Spider-fearful (n = 55) Non-fearful (n = 65) t (df = 118) p d
Demographics
Age in years 24.75 (6.80) 26.18 (8.89) —0.98 .328 —0.18
Sex, n female 50 45
Geographic background
European 54 65
Asian I 0
Education
Completed apprenticeship 0 |
Secondary school certificate I |
Vocational diploma 4 5
High school 41 38
Academic degree 9 20
Questionnaire scores
SPQ 18.31 (4.24) 3.26 (1.76) 24.60 <.001 48l
FSQ 52.51 (23.01) 3.06 (3.58) 15.78 <.001 3.15
DASS - D 2.78 (2.44) 2.74 (2.20) 0.10 919 0.02
DASS — A 1.45 (1.42) 1.05 (1.32) 1.63 .106 0.30
DASS - S 4.62 (2.76) 2.89 (2.60) 3.52 <.001 0.65
STAI -S 4291 (10.64) 33.86 (6.16) 5.80 <.001 1.07
1US-12 31.15 (7.65) 25.06 (6.52) 4.64 <.001 0.90

Note. DASS — D/A/S = Depression-Anxiety-Stress-Scales—Depression/Anxiety/Stress, SPQ = Spider Phobia Questionnaire, FSQ = Fear of Spiders
Questionnaire, STAI = State-Trait-Anxiety-Inventory — State, IUS- 12 = Intolerance of Uncertainty Scale |12. Parentheses contain standard deviations. Bold

t-values denote results with p < .05.

Influence of Movement Path on Emotional Ratings. We pre-
dicted that the movement path of the animated spiders would
affect the emotional ratings of spider-fearful individuals;
specifically, spiders moving on a curvy path should elicit more
negative emotions in spider-fearful individuals because these
movements might appear more uncontrollable and unpre-
dictable. Indeed, we found a main effect of path on fear,
disgust, arousal and valence ratings (all Bs > 0.07, ps <.001)
and significant two-way interaction effects of group x path on
all emotional ratings (all Bs > 0.04, ps < .035; for detailed
results, see Supplementary Table S1 in the Supplemental
Material available online), indicating that the effect of path on
emotional ratings differed between spider-fearful and non-
fearful participants. Also, we observed significant two-way
interaction effects of animal x path on all emotional ratings (all
Bs > 0.04, ps <.015, see S1), indicating that the effect of path
also differed depending on animal type.

For arousal and valence, we did not find any significant
three-way interaction effects. Their significant two-way
interaction effects were explained by higher arousal and
valence ratings for curvy paths in spider-fearful (Bs > 0.34,
ps <.001) compared to non-fearful individuals (Bs < 0.22,
ps < .001), and higher ratings when observing spiders
moving on a curvy path (8s > 0.35, ps <.001) compared to
ladybugs (Bs < 0.22, ps < .001). See Supplementary Table
S2 in the Supplemental Material available online for details
of the two-way interactions.

For fear and disgust, we found significant three-way
interaction effects of group x animal % path (B = 0.07 for
fear and B = 0.03 for disgust, both ps < .034); differences in
fear and disgust ratings between spider-fearful and non-
fearful individuals did not only depend on the observed
animal but also on the path it was moving on. Specifically,
spider-fearful individuals reported higher fear and disgust
when observing spiders moving on a curvy compared to a
straight path (both Bs > 0.42, ps <.001). This effect was not
present in non-fearful individuals (|Bs| < 0.09, ps > .145).
Also, movement path did not affect emotional ratings when
observing ladybugs, both in spider-fearful (Bs < 0.07, p >
.530) and non-fearful individuals (Bs < 0.02, p > .802; for
detailed results see Supplementary Table S3 in the Sup-
plemental Material available online, for an illustration, see
Figure 1). This suggests that spider-fearful individuals
experience more fear and disgust when spiders, but not
other non-phobic small animals, move in an apparently
more uncontrollable and unpredictable manner.

Influence of Movement Speed on Emotional Ratings. We pre-
dicted that speed would influence emotional ratings of spider-
fearful participants with more negative responses to faster in
contrast to slower moving spiders, to ladybugs and ratings of
non-fearful participants. In contrast to this hypothesis, we
found no effect of movement speed on emotional ratings.
Rather, we observed a main effect of speed on arousal ratings
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Academic degree 9 20
Questionnaire scores
SPQ 18.31 (4.24) 3.26 (1.76) 24.60 <.001 4.8l
FSQ 52.51 (23.01) 3.06 (3.58) 15.78 <.001 3.15
DASS - D 2.78 (2.44) 2.74 (2.20) 0.10 919 0.02
DASS — A 1.45 (1.42) 1.05 (1.32) 1.63 .106 0.30
DASS - S 4.62 (2.76) 2.89 (2.60) 3.52 <.001 0.65
STAI -S 4291 (10.64) 33.86 (6.16) 5.80 <.001 1.07
1US-12 31.15 (7.65) 25.06 (6.52) 4.64 <.001 0.90

Note. DASS — D/A/S = Depression-Anxiety-Stress-Scales—Depression/Anxiety/Stress, SPQ = Spider Phobia Questionnaire, FSQ = Fear of Spiders
Questionnaire, STAI = State-Trait-Anxiety-Inventory — State, IUS- 12 = Intolerance of Uncertainty Scale |12. Parentheses contain standard deviations. Bold

t-values denote results with p < .05.

Influence of Movement Path on Emotional Ratings. We pre-
dicted that the movement path of the animated spiders would
affect the emotional ratings of spider-fearful individuals;
specifically, spiders moving on a curvy path should elicit more
negative emotions in spider-fearful individuals because these
movements might appear more uncontrollable and unpre-
dictable. Indeed, we found a main effect of path on fear,
disgust, arousal and valence ratings (all Bs > 0.07, ps <.001)
and significant two-way interaction effects of group x path on
all emotional ratings (all Bs > 0.04, ps < .035; for detailed
results, see Supplementary Table S1 in the Supplemental
Material available online), indicating that the effect of path on
emotional ratings differed between spider-fearful and non-
fearful participants. Also, we observed significant two-way
interaction effects of animal % path on all emotional ratings (all
Bs >0.04, ps < .015, see S1), indicating that the effect of path
also differed depending on animal type.

For arousal and valence, we did not find any significant
three-way interaction effects. Their significant two-way
interaction effects were explained by higher arousal and
valence ratings for curvy paths in spider-fearful (Bs > 0.34,
ps <.001) compared to non-fearful individuals (Bs < 0.22,
ps < .001), and higher ratings when observing spiders
moving on a curvy path (Bs > 0.35, ps < .001) compared to
ladybugs (Bs < 0.22, ps < .001). See Supplementary Table
S2 in the Supplemental Material available online for details
of the two-way interactions.

For fear and disgust, we found significant three-way
interaction effects of group % animal x path (B = 0.07 for
fear and B = 0.03 for disgust, both ps < .034); differences in
fear and disgust ratings between spider-fearful and non-
fearful individuals did not only depend on the observed
animal but also on the path it was moving on. Specifically,
spider-fearful individuals reported higher fear and disgust
when observing spiders moving on a curvy compared to a
straight path (both Bs > 0.42, ps <.001). This effect was not
present in non-fearful individuals (|Bs| < 0.09, ps > .145).
Also, movement path did not affect emotional ratings when
observing ladybugs, both in spider-fearful (Bs < 0.07, p >
.530) and non-fearful individuals (Bs < 0.02, p > .802; for
detailed results see Supplementary Table S3 in the Sup-
plemental Material available online, for an illustration, see
Figure 1). This suggests that spider-fearful individuals
experience more fear and disgust when spiders, but not
other non-phobic small animals, move in an apparently
more uncontrollable and unpredictable manner.

Influence of Movement Speed on Emotional Ratings. We pre-
dicted that speed would influence emotional ratings of spider-
fearful participants with more negative responses to faster in
contrast to slower moving spiders, to ladybugs and ratings of
non-fearful participants. In contrast to this hypothesis, we
found no effect of movement speed on emotional ratings.
Rather, we observed a main effect of speed on arousal ratings
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Figure |. Differences in mean fear and disgust ratings between the curvy and straight path condition, separated by animal (spider vs.
ladybug) and group (spider-fearful vs. non-fearful individuals). Note. Error bars represent 95% Cls. *** = p < .001, n.s. = not significant.

(B =0.10, SE = 0.03, CL [0.04; 0.16], 7 (2728.2) =3.39, p <
.001), with increasing arousal with faster movements. All other
analyses were non-significant (cf. Supplementary Table S1 in
the Supplemental Material available online).

Perceived Uncontrollability and Unpredictability of
Animal Movements

We predicted that the movement path of animated spiders
would affect perceived uncontrollability and unpredict-
ability of animal movements in spider-fearful participants.
More specifically, we expected that spiders and ladybugs
moving on a curvy rather than a straight path would be
perceived as more uncontrollable and unpredictable. First,
we observed significant main effects for group on both
perceived uncontrollability (unc) and unpredictability (unp)
(unc: B=0.34, SE=0.1,CI[0.14; 0.54], £ (117)=3.55,p <
.001; unp: B = 0.28, SE = 0.09, CI [0.11; 0.45], £ (117) =
3.16, p = .002), with spider-fearful individuals reporting
higher uncontrollability and unpredictability compared to
non-fearful individuals. We also found a main effect of
animal (unc: B=0.4, SE=0.02, CI[0.35;0.45],¢(2728.1)=
16.57, p <.001; unp: B=0.33, SE =0.02, C1[0.28; 0.38], ¢
(2728.1)=13.37, p <.001), showing that spiders were rated
as moving more uncontrollably and unpredictably com-
pared to ladybugs. Also, main effects of path (unc: B=1.03,
SE=0.02,C1[0.98; 1.08], (2728.1) =42.83, p <.001; unp:
B=1.34,SE=0.02,CI[1.29; 1.39],¢(2728.1) = 54.36, p <
.001) and speed (unc: B=0.17, SE = 0.04, CI [0.09; 0.24],

t(2728.1) = 4.07, p < .001; unp: B = 0.09, SE = 0.04, Cl
[0.01; 0.17], £ (2728.2) = 2.09, p = .037) demonstrated that
animals were rated as more uncontrollable and unpredict-
able when moving on a curvy path or when moving faster,
compared to a straight path or when moving slower.

We also found significant two-way interactions of
group % animal (unc: B=0.25, SE=0.02, C1[0.21; 0.30], ¢
(2728.1) = 10.52, p < .001; unp: B =0.18, SE = 0.02, CI
[0.14; 0.24], t (2728.1) = 7.46, p < .001) and group x path
(unc: B=0.13, SE=0.02, CI[0.08; 0.17], £ (2728.1) = 5.22,
p < .001; unp: B = 0.13, SE = 0.02, CI [0.08; 0.18],
t (2728.1) = 5.14, p < .001), plus significant three-way
interactions of group % animal x path (unc: B=—0.06, SE =
0.02, CI[-0.11; —0.01], £ (2728.1) = —=2.51, p = .012; unp:
B = -0.05, SE = 0.02, CI [-0.10; —0.01],
t (2728.1) = =2.15, p = .032). Thus, the effect of the
movement path on uncontrollability and unpredictability
ratings varied between spider-fearful and non-fearful in-
dividuals and also depended on the observed animal.

This significant interaction revealed a specific pattern of
responses (see Figure 2 for an illustration). Again, spider-
fearful individuals perceived spider movement as more
uncontrollable and unpredictable compared to ladybugs and
non-fearful individuals. However, these evaluations of
spiders as moving uncontrollably and unpredictably were,
to a lesser degree, also present when spiders moved on a
straight path, resulting in a smaller effect of path when
observing spiders (unc: B=2.15,SE=0.1, CI[1.96; 2.35], ¢
(2728)=21.52, p <.001; unp: B=2.78, SE=0.1, CI [2.58;
2.98], t (2728) = 27.11, p < .001) compared to ladybugs
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Figure 2. Differences in mean uncontrollability and unpredictability ratings between the curvy and straight path condition, separated by
animal (spider vs. ladybug) and group (spider-fearful vs. non-fearful individuals). Note. Error bars represent 95% Cls. ** = p < .001.

(unc: B=2.47, SE=0.1, C1[2.27; 2.67], ¢ (2728) = 24.69,
p<.001;unp: B=3.09, SE=0.1, CI [2.89; 3.29], ¢ (2728) =
30.1, p <.001). In contrast, in non-fearful individuals, the
effect of movement path was similar when observing spi-
ders (unc: B =1.89, SE = 0.09, CI [1.71; 2.07], ¢ (2728) =
20.58, p <.001 unp: B =2.49, SE = 0.09, CI [2.3; 2.67], ¢
(2728)=26.36, p <.001) and ladybugs (unc: B=1.73, SE=
0.09, CI[1.55;1.91], ¢ (2728.3) = 18.68, p <.001 unp: B =
2.37,SE=10.09, CI[2.18;2.56], 1 (2728.4) = 25, p < .001).
This suggests a potential perception bias in spider-fearful
individuals which leads to elevated perceived uncontrol-
lability and unpredictability of spider movement compared
to ladybugs, even when spiders moved along a straight,
arguably more controllable and predictable path.

IU in Spider-Fearful and Non-Fearful Individuals and
Associations of IU with Emotional Ratings

In line with our hypothesis, spider-fearful individuals dis-
played higher IU levels compared to non-fearful individuals
(see Table 1). We also expected that IU levels in spider-
fearful individuals would correlate with ratings of fear,
disgust, arousal and valence for spiders moving on a curvy
path. In order to assess the specificity of the effects of IU on
ratings, we conducted partial correlations controlling for the
influence of spider fear (measured via SPQ). We found
mixed evidence for our hypothesis (see Table 2 for the full
correlation matrix): In line with our expectations, we ob-
served significant small to moderate positive correlations of
1U levels with arousal ratings of spiders moving on a curvy

path in spider-fearful individuals after controlling for spider
fear (see Figure 3). Contrary to our expectations, we did not
find any correlations between fear, disgust or valence ratings
and IU levels in the spider-fearful group, and no correlations
between perceived unpredictability or uncontrollability and
TU levels for spider-fearful individuals observing spiders
moving on a curvy path. For spider-fearful individuals
observing spiders on a straight path and for non-fearful
individuals in the curvy and straight path condition, we did
not find significant correlations of any rating with IU
(detailed results for non-fearful individuals are available in
the Supplemental Material, see Supplementary Table S4).

Discussion

The present study investigated the effects of spider move-
ment characteristics (i.e. movement path and speed) on
emotional reactions and perceived uncontrollability and
unpredictability in spider-fearful and non-fearful individuals.
Also, we tested the relationship between these variables and
the transdiagnostic risk factor intolerance of uncertainty (IU).
Spider-fearful individuals rated spiders moving on a curvy
path as more fear inducing and disgusting than when they
moved on a straight path, which was not the case for non-
fearful individuals and also not when a ladybug was ob-
served. Moreover, spider-fearful individuals perceived the
spiders as moving uncontrollably and unpredictably, (1)
especially when they moved on a curvy path, (2) to a lesser
degree also when they moved on a straight path and (3) more
than ladybugs and non-fearful individuals. Lastly, spider-
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