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1 Abstract 

1.1 English 

Within the realm of experimental psychopathology, experiments constitute the main method 

of conducting research. In this line of research, external validity has been frequently sacrificed 

in favor of internal validity. Historically, these two concepts have often been viewed as 

opposing forces, and it has been argued that increasing external validity is not feasible when 

also aiming for sufficient internal validity. This resulted in issues regarding the generalizability 

of experimental psychopathological studies to real-life therapeutic scenarios. As 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 these matters is the use of modern technology in experimental 

designs, as it offers the possibility to develop experimental designs with increased external 

validity while keeping internal validity high, enabling robust scientific conclusions. The overall 

aim of this dissertation was to use modern technology in scenarios where virtual environments, 

following the systematic representative design approach, can be applied to fill research gaps 

and offer innovative ways to investigate research questions within experimental 

psychopathology. The studies in this dissertation all had different research scopes, offering 

insights into how different areas of experimental psychopathology can profit from modern 

technology.  

Study 1 experimentally investigated disorder-specific 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 

�P�R�Y�H�P�H�Q�W���Z�K�L�O�H���P�D�L�Q�W�D�L�Q�L�Q�J���S�U�H�F�L�V�H���H�[�S�H�U�L�P�H�Q�W�D�O���F�R�Q�W�U�R�O���R�Y�H�U���W�K�H���V�S�L�G�H�U�¶�V���P�R�Y�H�P�H�Q�W�V�����7�K�H��

study found that spider-fearful individuals perceive spiders as moving disproportionately 

unpredictable and uncontrollable. They further responded with more fear and disgust when 
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spiders move more randomly. Additionally, spider-fearful individuals displayed higher IU than 

non-fearful 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 software-based, openly accessible alternative to real-life 

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 abort the test at any 

time, i.e. display avoidance. vBATon was evaluated in regards to whether it could (a) 

discriminate between spider-fearful and non-fearful individuals, (b) induced avoidance 

behavior equally well as the real-life BAT and (c) displayed convergent validity. vBATon 

managed to successfully discriminate between spider-fearful and non-fearful individuals and 

also performed equally well in inducing avoidance behavior. Additionally, vBATon displayed 

good convergent validity. Thus, vBATon can be regarded as an easy-to-use, efficient alternative 

to real-life BATs. 

 Study 3 then investigated learning patterns in extinction learning, using a virtual reality 

conditioning paradigm with improved generalizability, a spider-fearful sample and 3D-

animated spiders as the unconditioned stimulus (US). Specifically, it was tested whether trial-

by-trial extinction learning could be better explained by a non-linear than a linear statistical 

model and if high IU negatively influences trial-by-trial extinction learning. US expectancies 

served as the main outcome. They are regarded as the laboratory analogue to threat expectancies 

in real-life exposure. Additionally, the association of IU with US expectancies in extinction still 

needs more clarification. US expectancies in extinction were better explained by a non-linear 

than a linear statistical model, suggesting that fear extinction might happen non-linearly and 

that non-linear models are more appropriate when analyzing trial-by-trial extinction data. 

However, IU did not meaningfully influence US expectancies in fear extinction in any way, 

leaving the question of its influence on overt measures of fear extinction open.  
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In sum, this dissertation provides new insights in different areas relevant to experimental 

psychopathology through the use of modern technology to create more externally valid research 

designs.  

1.2 German 

Im Bereich experimenteller Psychopathologie stellt das Experiment die Hauptmethode zur 

Durchführung von Forschung dar. Dabei wurde häufig eine niedrige externe Validität 

zugunsten einer hohen internen Validität in Kauf genommen. Historisch betrachtet 

argumentierte man, dass diese Konzepte sich gegenseitig ausschließen und eine hohe externe 

Validität bei gleichzeitiger Beibehaltung hoher interner Validität nicht machbar ist. Dies 

führte zu Problemen hinsichtlich der Übertragbarkeit experimentell psychopathologischer 

Studien auf therapeutische Kontexte außerhalb des Labors. Im Zuge einer vermehrten 

Aufmerksamkeit der translationalen Forschung in der klinischen Psychologie in den letzten 

Jahren bekamen diese Probleme wieder vermehrte Aufmerksamkeit. 

Eine mögliche Lösung hierfür besteht in der Verwendung moderner Technologien in 

experimentellen Designs, da dadurch die Möglichkeit gegeben ist, Experimente mit erhöhter 

externer Validität zu entwickeln, während die interne Validität hoch bleibt und robuste 

wissenschaftliche Schlussfolgerungen ermöglicht. Das übergeordnete Ziel dieser Dissertation 

war es, moderne Technologie in Szenarien einzusetzen, in denen virtuelle Umgebungen 

�E�D�V�L�H�U�H�Q�G���D�X�I���G�H�P���$�Q�V�D�W�]���G�H�V���Ä�6�\�V�W�H�P�D�W�L�F���5�H�S�U�H�V�H�Q�W�D�W�L�Y�H���'�H�V�L�J�Q�³���J�H�Q�X�W�]�W���Z�H�U�G�H�Q können, 

um Forschungslücken zu schließen und innovative Möglichkeiten zur Untersuchung von 

Forschungsfragen in der experimentellen Psychopathologie zu explorieren. Die Studien in 

dieser Dissertation fokussierten sich dabei auf verschiedene Gebiete der experimentellen 

Psychopathologie und lieferten Einblicke, wie diese Gebiete von moderner Technologie 

profitieren können.  
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Studie 1 stellte eine experimentelle Untersuchung störungsspezifischer ätiologischer und 

aufrechterhaltender Einflüsse von Bewegungsmustern von Spinnen auf aversive Reaktionen 

sowie der Rolle von Unsicherheitsintoleranz (IU) bei Spinnenangst dar. Es wurden 3D-

animierte Spinnen entwickelt, um realistische Bewegungsdarstellungen zu ermöglichen und 

gleichzeitig präzise experimentelle Kontrolle über die Bewegungen zu behalten. Die Studie 

zeigte, dass spinnenängstliche Personen Spinnen als überproportional unvorhersehbar und 

unkontrollierbar wahrnahmen sowie mit mehr Angst und Ekel reagierten, wenn sich Spinnen 

vermeintlich zufälliger bewegen. Darüber hinaus zeigten spinnenängstliche Personen eine 

höhere IU als nicht-ängstliche Personen. Diese Studie lieferte erste experimentelle Hinweise 

zu den Auswirkungen der Bewegung von Spinnen auf Kognition und Emotion bei 

Spinnenangst. 

In Studie 2 wurde eine softwarebasierte, frei zugängliche Alternative zu realen 

Vermeidungstests (BATs) namens vBATon entwickelt. In BATs zur Messung von 

Spinnenangst sollen sich Personen einer Spinne so nah wie möglich annähern, können den 

Test jedoch jederzeit abbrechen, d.h. Vermeidungsverhalten zeigen. vBATon wurde daraufhin 

evaluiert, ob er (a) zwischen spinnenängstlichen und nicht-ängstlichen Personen 

unterscheiden kann, (b) Vermeidungsverhalten vergleichbar gut hervorruft wie der BAT im 

realen Leben und (c) konvergente Validität aufweist. vBATon konnte erfolgreich zwischen 

spinnenängstlichen und nicht-ängstlichen Personen unterscheiden. Ebenfalls konnte er 

vergleichbares Vermeidungsverhalten wie der BAT im realen Leben hervorrufen. Zudem wies 

vBATon eine gute konvergente Validität auf. Somit kann vBATon als eine 

benutzer:innenfreundliche, effiziente Alternative zu realen BATs betrachtet werden.  

Studie 3 untersuchte Lernmuster im Extinktionslernen mittels eines Virtual-Reality-

Konditionierungsparadigmas mit verbesserter Generalisierbarkeit, einer spinnenängstlichen 

Stichprobe und einer 3D-animierten Spinne als unkonditionierten Stimulus (US). Konkret 



Abstract  5 
 

wurde getestet, ob das trial-by-trial Extinktionslernen besser durch ein nichtlineares als durch 

ein lineares statistisches Modell erklärt werden kann und ob hohe IU das trial-by-trial 

Extinktionslernen negativ beeinflusst. Die US-Erwartungsratings dienten als 

Hauptergebnismaß, da sie als das Laboräquivalent zu Bedrohungserwartung in Expositionen 

in echten Therapiekontexten betrachtet werden. Zudem ist Zusammenhang von IU mit US-

Erwartungsratings ist nach wie vor nicht vollständig geklärt. Die trial-by-trial 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 möglicherweise nichtlinear erfolgt und nichtlineare Modelle besser geeignet sind, 

wenn trial-by-trial Extinktionsdaten untersucht werden. Allerdings zeigte sich kein Einfluss 

von IU auf die die US-Erwartungsratings in der Extinktion, was die Frage nach den 

spezifischen Einflüssen von IU auf beobachtbare Maße der Extinktion offenlässt.  

Zusammenfassend liefert diese Dissertation neue Erkenntnisse in verschiedenen für die 

experimentelle Psychopathologie relevanten Bereichen. Hierzu wurde moderne 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 tradition (Danziger, 2002). Through 

experimental methods, researchers have systematically investigated and understood various 

aspects of human psychology, vastly 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 method is arguably 

most frequently used when designing randomized controlled trials (RCTs), which are 

considered the gold standard to establish causation in clinical trial designs (Zabor 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 processes underlying pathological 

behavior and investigating individual differences involved in these types of behavior (Waters 

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, maintenance and 

treatment of mental disorders. Famous examples for this, among many others, are Beck's (1963) 

investigations on systematic thinking errors in individuals suffering from depression or, more 

recently, the inhibitory learning model, which has been utilized to devise optimization strategies 

for exposure treatments (e.g. Craske et al., 2014).  

Historically, one defining feature of experimental psychopathological research derived 

�I�U�R�P�� �³�F�O�D�V�V�L�F�D�O�´�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �S�V�\�F�K�R�O�R�J�L�F�D�O�� �U�H�V�H�D�U�F�K�� �L�V�� �W�K�H�� �H�P�S�L�U�L�F�D�O�� �U�H�G�X�F�W�L�R�Q�L�V�P�� �L�Q�� �W�K�H��

experimental designs frequently present in both these lines of research (van den 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 

setup, allowing �U�H�V�H�D�U�F�K�H�U�V���W�R���J�H�W���W�K�H���³�S�X�U�H�V�W�´���P�H�D�V�X�U�H�P�H�Q�W���R�I���W�K�H���G�H�S�H�Q�G�H�Q�W���Y�D�U�L�D�E�O�H���S�R�V�V�L�E�O�H��

while controlling for unwanted influences (van den Hout et al., 2017; van den Hout, 1999). In 

other words, the experimental design of the study aims to minimize the chances that researchers 

gather data that are systematically biased in any way (see Cipriani et al., 2009 for an overview 

of such biases). What this means for experimental psychopathology is that the complexities of 

real-life psychopathology are simplified and frequently represented via mechanistic models of 

the components thought to be relevant to the disorder or mechanism under investigation (Lange 

et al., 2021; Vervliet & Raes, 2013). Importantly, 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 the responses 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 causal inferences about relevant 

aspects of psychopathology in the laboratory and making the experimental designs as error-

proof as possible (e.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 

psychopathological research. As van den Hout et al. (2017) point out, many studies in this line 

of research have limitations in terms of the generalizability of their results to real-life scenarios. 

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

the sampling choices made (i.e. mostly recruiting healthy samples of student populations) and 

(3) the subjectivity inherent in self-reports of individuals participating in such studies. In other 

words, while the classical approach 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 real-life scenarios) has in turn suffered. 

2.2 Internal vs. External Validity of Research Paradigms in Experimental 

Psychopathology 

Internal and external validity are, next to construct and statistical-conclusion validity, 

frequently deemed crucial when determining the overall quality of psychological research 

(Kenny, 2019; Shadish et al., 2002). All  of these without doubt play essential roles when 

developing methodologically sound experimental designs. However, internal and external 

validity are more frequently discussed in relation to each other because they have often been 

�V�H�H�Q���D�V���³�Q�D�W�X�U�D�O���R�S�S�R�V�L�W�H�V�´ (e.g. Cipriani et al., 2009 or Jüni et al., 2001). The assumption was 

that increasing the internal validity of a study by necessity decreases its external validity and 

vice versa (Trafimow, 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) �G�H�I�L�Q�H���L�Q�W�H�U�Q�D�O���Y�D�O�L�G�L�W�\���D�V���W�K�H���³�Y�D�O�L�G�L�W�\���R�I���F�D�X�V�D�O���L�Q�I�H�U�H�Q�F�H�V�´�����S���������������D�Q�G��

�H�[�W�H�U�Q�D�O���Y�D�O�L�G�L�W�\���D�V���W�K�H���³�Y�D�O�L�G�L�W�\���R�I���L�Q�I�H�U�H�Q�F�H�V�� �D�E�R�X�W���K�R�Z���W�K�H���R�E�V�H�U�Y�H�G���H�I�I�H�F�W���Z�L�O�O���J�H�Q�H�U�D�O�L�]�H��

�E�H�\�R�Q�G���W�K�H���V�S�H�F�L�I�L�F���F�R�Q�G�L�W�L�R�Q�V���R�I���W�K�H���V�W�X�G�\�´�����S���������������)�R�U���W�K�H���F�D�X�V�D�O���L�Q�I�H�U�H�Q�F�H�V���G�U�Dwn from the 

results of an experimental study 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 given study 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, in best-case scenarios, to real-life 

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 could potentially undermine the 
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causal inferences drawn from the results. Mostly, experimental designs generally provide a 

robust protection against these unwanted influences by random assignment of participants to 

e.g. a treatment and a control group (Brewer & Crano, 2014). Consequently, missing a control 

group and non-randomized assignment can constitute threats to internal validity. However, 

experimental designs by themselves do not necessarily guarantee optimal internal validity. 

Several systematic biases, such as selection bias (biased sampling of participants or biased 

allocation of participants to conditions), 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 design (see Cipriani et al., 2009 or Jüni 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 opposing in the past. Rather, 

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 

trade-off with external validity (note that the aspect 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.g. Chester & 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 variables or 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 comorbid disorders not under investigation or who exhibit suicidal 

symptomatology (see e.g. Goldstein-Piekarski et al., 2016). As another example, internal 
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validity can be also threatened through the operationalization of the construct under 

investigation. Any �F�K�R�V�H�Q�� �V�W�L�P�X�O�X�V�� �P�D�W�H�U�L�D�O�� �Q�H�H�G�V�� �W�R�� �D�G�H�T�X�D�W�H�O�\�� �D�Q�G�� �³�F�O�H�D�Q�O�\�´�� �H�Y�R�N�H�� �W�K�H��

responses that are theorized to be relevant for the construct under investigation. Otherwise, it 

becomes unclear whether changes in the chosen outcome measurement were due to the 

theorized or a different construct. This results in the outcome measurement not being 

representative of the underlying construct of interest, which hampers internal validity (Brewer 

& Crano, 2014; Miller et al., 2019). As a result, the stimulus sets used in experimental 

psychopathological paradigms are frequently very simple (e.g. words, geometrical shapes, 

pictures), but therefore highly controllable, allowing for easy experimental manipulation while 

minimizing the risk of confounding influences (see Barry et al., 2014 or 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. First, patients in real-life scenarios 

frequently have comorbid disorders and do not suffer from a single, isolated mental disorder 

(Jacobi et al., 2004; Kessler et al., 2005). Thus, the restrictive eligibility criteria often used in 

experimental psychopathological research hamper the generalizability of the results to more 

realistic patient populations. Moreover, recruiting healthy analogue samples in experimental 

psychopathological research can be problematic for similar reasons �± the results most likely do 

not generalize well to patient populations (Ehring et al., 2022). Notably though, this should not 

be held as an 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 research (van den Hout et al., 2017). Still, 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 patient populations and are arguably easier to recruit than clinical 
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populations. Yet the issue of a non-optimal representation of real-life patients also remains in 

this case.  

Additionally, the simplification of stimulus sets can threaten external validity since such 

stimuli do not represent real-life disorder-relevant scenarios well. In these cases, the 

applicability of study results to real-life scenarios likely suffers. This assumption 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; Lonsdorf et al., 2017). In contrast, fear-evoking stimuli in real-life 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, investigations of how 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 did not (Scheveneels et al., 2021 for a review).  

Moreover, one series of experiments investigated differences in self-reported 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 the animals where 

depicted in videos (Schmidt et al., 2022). Further support for the notion that simple, arbitrary 

stimulus sets do not generalize well to real-life scenarios has come from neuroscience. 

Traditionally, neuroscientific studies also employed paradigms using simple stimulus sets 

consisting of pictures or text, devoid of a narrative structure or context (Saarimäki, 2021). 

Recent studies have shown, however, that naturalistic stimuli (i.e. ones that more closely 

resemble real-life scenarios and include a narrative structure or more context, such as movies 

or games) evoke different, more complex neural responses than static visual (Goldberg et al., 

2014; Shamay-Tsoory & Mendelsohn, 2019). Several authors argue that such stimuli evoke 
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neural responses more akin to responses present in real-life scenarios (Saarimäki, 2021; 

Shamay-Tsoory & 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? Broadly speaking, the answer 

potentially lies in the conceptualization of experimental psychopathology as the line of research 

bridging the gap between basic and applied clinical science. One aim of experimental 

psychopathology should be to provide study results which translate well to real-life scenarios, 

�Z�K�H�U�H�� �W�K�H�� �S�K�H�Q�R�P�H�Q�D�� �X�Q�G�H�U�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �R�S�H�U�D�W�H�� �³�L�Q�� �W�K�H�� �Z�L�O�G�´���� �2�S�W�L�P�L�]�L�Q�J�� �W�K�L�V�� �D�V�S�H�F�W�� �R�I��

experimental psychopathology might enable researchers to better understand maintaining 

factors of pathological behavior, investigate 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 psychopathology (e.g. van den Hout et al., 2017 or Waters et al., 2016). While 

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 results from 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 are numerous studies necessary, all with different requirements and 

potential pitfalls, when going from the first experimental study of any phenomenon related to  

mental disorders and the treatment thereof to a clinical trial investigating a novel intervention 

or adapting an existing treatment program (Blackwell & Woud, 2022).  
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Recently, Ehring et al. (2022) described a valuable framework for translational science 

in clinical psychology that �F�D�Q���E�H���U�H�I�H�U�U�H�G���W�R���D�V���D���³�W�U�D�Q�V�O�D�W�L�R�Q�D�O���S�L�S�H�O�L�Q�H�´���R�I���V�R�U�W�V. It identifies 

the steps needed to go from first observations of phenomena relevant to mental disorders all the 

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 designs, (2) establishing 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 clinical trials on 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 guidelines for 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 

�D�F�U�R�V�V���D�O�O���W�K�H���V�W�H�S�V���L�Q���W�K�H���³�W�U�D�Q�V�O�D�W�L�R�Q�D�O���S�L�S�H�O�L�Q�H�´�����D�Q�G���F�U�X�F�L�D�O�O�\�����W�K�H�\���D�O�V�R���L�Q�F�Oude the issue of 

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 authors also 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 psychopathological research, as described by van den Hout (1999) and van 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 in different 

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 do not generalize well 

to real-life scenarios may play a role as to why the replicability and stability of research findings 

in clinical psychology have been deemed lacking (Tackett et al., 2019). Importantly, 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 regard. For example, the poor reliability of measures used in 

basic research, the under-powered nature of studies or the use of questionable research 

practices. Nor should reductionist paradigms be generally abolished; they are invaluable tools 

in psychological science as a whole. The question is more whether certain aspects of these 

designs can be adapted, when appropriate, to 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 by Miller 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 validity / observational 

studies) designs in research in order to ensure the validity of causal inferences of study results 

while also improving their generalizability to everyday life. While this general concept is not 

new (Cronbach, 1957), early publications have argued that creating experimental research 

paradigms high in both internal and external validity is not feasible. Attempting to create more 

realistic scenarios while maintaining rigorous experimental control was seen as too challenging, 

and since internal validity was regarded as more important than external validity, it was 

frequently prioritized (Berkowitz & 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 hard- and software technologies as computational power, screen 
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resolution and hardware availability have skyrocketed, cost for technological devices has 

decreased significantly, the internet was invented and the range of offered software 

development products as well as their ease of use have increased enormously (Haigh & 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 foundation of systematic representative designs is what Miller et al. (2019) refer to as the 

�³�'�H�I�D�X�O�W���&�R�Q�W�U�R�O���*�U�R�X�S�´�� 

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, incorporating the situation(s) 

of interest (including settings, contextual features, narratives, stimuli) for the population of 

interest (the group of individuals 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 the 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 modern technology is 

emphasized, enabling researchers to create such scenarios in the laboratory. Virtual 

environments, for example created with video game development software (or engines, e.g. 

Unity; https://unity.com/products/unity-engine) 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 al. (2019) �D�O�V�R�� �D�U�J�X�H�� �L�Q�� �I�D�Y�R�U�� �R�I�� �³�Y�L�U�W�X�D�O�� �Y�D�O�L�G�L�W�\�´�� �F�K�H�F�N�V����
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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 real-life scenarios. As an example 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 paradigm (Williams & Jarvis, 2006). This 

paradigm is typically used to investigate the effects of interpersonal ostracism, has been used 

in many previous studies and has helped in furthering our understanding of several relevant 

research areas (see Hartgerink et al., 2015 for a meta-analysis of Cyberball studies). Briefly 

summarized, in the original Cyberball paradigm, participants are presented with 2D-icons 

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 less frequently than the fellow player. A 

systematic representative design approach to this paradigm could be to create a 3D-animated 

virtual environment resembling a real-life ball-catching scenario, with two three-dimensional 

avatars as intelligent and animated agents in this environment (serving 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 systematically altered. The behavior of interest (i.e. the 

dependent variable) could then be measured and compared across groups (see Rubo & Munsch, 

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 suitable add-on for studies 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 could aid in potentially making the translation of study results from 

experimental psychopathology to real-world applications, such as clinical trials, more 

streamlined, since the laboratory setups of studies following the proposals of systematic 



Introduction  17 
 

representative design would resemble real-life 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 

psychopathological 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 everyday life.  

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 analysis (Aaronson et al., 1976; Cassady et 

al., 1976; Leith et al., 1988). Today, computers and their advantages are essential and ubiquitous 

tools when conducting experimental studies. Unsurprisingly, this also holds true for 

experimental psychopathology (see Ouellet-Courtois et al., 2021, von Spreckelsen et al., 2022 

or Wong & Pittig, 2021 for general examples). Some more elaborate examples are the use of 

the internet to conduct experimental studies fully online and recruit larger, more diverse 

samples than the typical undergraduate samples (e.g. Bellet 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 data is vital (e.g. Danböck et al., 2023; 

Franke et al., 2022), employing machine learning approaches (e.g. Jones, 2021) or conducting 

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

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

mental disorders (in-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 

disorders (Carl et al., 2019). The use of virtual environments in experimental psychopathology 

and in-virtuo exposure research also showcases the use of modern 3D-modelling 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 a script-driven imagination 

of the trauma (Schweizer et al., 2018). The authors found that, although both scenarios could 

induce trauma-like 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 participants (Welsch et al., 2020). These authors 

also presented participants a virtual environment, where they could approach 3D-modelled 

interaction partners until a comfortable distance was reached. 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 posture and facial 

expression of the interaction partner could be kept invariant across all participants, and the 

weight, body fat, muscle mass, etc. of the 3D models could also be precisely controlled).  

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

fear conditioning paradigm with spiders serving as the US could differentiate between spider-
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fearful and non-fearful individuals (Mertens et al., 2019). Such an experiment would be near 

impossible to conduct in reality, since real-life spiders cannot be 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 of psychopathology as it would allow to investigate e.g. 

disorder-specific maintaining factors. Although these example studies did not explicitly draw 

inspiration from systematic representative design, all three of them demonstrate how virtual 

environments that are more representative of real-world scenarios can help in improving the 

generalizability of experimental results to real-world scenarios (i.e. improve the translation of 

experimental psychopathological research �W�R���P�R�U�H���D�S�S�O�L�H�G���V�H�W�W�L�Q�J�V���L�Q���W�K�H���³�U�H�D�O���Z�R�U�O�G�´������ 

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 suggestions in this 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 disorder-specific mechanisms, the development and testing of a new virtual 

diagnostic instrument while ensuring it can be regarded as equal to its real-life counterpart 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 the external validity of studies while also maintaining a high level of 

internal validity. In order to demonstrate how experimental psychopathology can benefit from 

this proposal in relevant scenarios, the experimental studies presented in this dissertation were 

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 research foci. Spider 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 2.7% (Oosterink et al., 2009) up to almost 10%, (Polák 

et al., 2022; Zsido, 2017) across 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 research (e.g. Cisler et al., 2009; Kleim et al., 2014; 

Teng, 2022; Visser et al., 2016). Importantly, 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 phobic (Polák et al., 2020; Seim & Spates, 2009). Evidence that subclinically 

spider-fearful 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 ones (Landová et al., 2021). All 

studies presented here recruited spider-fearful instead of spider-phobic individuals, which is 

why the terms spider fear instead of spider phobia and spider-fearful instead of spider-phobic 

individuals will be used to describe the investigated symptomatology and study samples in the 

present dissertation. Across all studies, individuals were classified as spider fearful or non-

fearful via a widely used self-report measurement for spider fear, the Spider Phobia 
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Questionnaire (SPQ; original by Klorman et al., 1974, German version used in the presented 

studies by Hamm, 2006). Moreover, to address the issue of studies frequently being 

underpowered in clinical psychology (Ehring et al., 2022), an elaborate power analysis via data 

simulation was conducted in R (R Core Team, 2023) across all studies to determine appropriate 

sample sizes.  

The three studies part of the current work all incorporate modern technology and aim to 

balance internal and external validity more evenly. The research gap investigated by study 1 

relates to the fact that little experimental research has been done on the influence of the unique 

movement patterns of spiders on aversive responding in spider fearful individuals and spiders 

being perceived as highly unpredictable and uncontrollable, despite previous observational 

studies suggesting that spider movement is probably an essential component of why spiders in 

particular are so frightening (e.g. Lindner et al., 2019). Additionally, this study investigated 

how spider fear might be associated with the transdiagnostic risk factor Intolerance of 

Uncertainty (IU; Carleton et al., 2012). This study incorporated modern technology by creating 

vivid and realistically moving 3D-animated spider stimuli, making the paradigm externally 

more valid while maintaining a level of experimental control impossible to achieve with live 

spiders.  

The goal of study 2 was to develop a reliable, open access and standardized software-

based version of a diagnostic instrument widely used in spider fear research, the behavioral 

avoidance test (BAT; Öst 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/unity-engine) was used to create a representative digital 

alternative to the real-life BAT called vBATon (virtual behavioral avoidance test online). The 

�F�R�Q�F�H�S�W���R�I���³�Y�L�U�W�X�D�O���Y�D�O�L�G�L�W�\�´�����D�V���V�X�J�J�H�V�W�H�G���E�\���V�\�V�W�H�P�D�W�L�F���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���G�H�V�L�J�Q�����Z�D�V���U�H�D�O�L�]�Hd in 
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this study by comparing vBATon to its real-life 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 real-life BAT can be demanding in preparation 

and conduction.  

In study 3, the general aim was to improve the translatability of laboratory based 

conditioning paradigms to real-life scenarios in order to investigate questions related to 

exposure-based 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 anxiety-relevant scenario by using a 3D-animated spider as the 

unconditional stimulus and recruiting spider-fearful participants.  

3.2 Research Questions 

Study 1: How do the movement path and speed of 3D-animated spiders influence the 

self-reported emotional reactions (anxiety, disgust, arousal and valence) and them being 

perceived as unpredictable and uncontrollable in spider-fearful and non-fearful individuals? 

Are these influences spider-specific, i.e. do they differ when compared to 3D-animated 

ladybugs? Do spider-fearful individuals score higher on IU measures than non-fearful ones, and 

are IU levels in spider-fearful individuals associated with emotional responses as well as 

perceived unpredictability and uncontrollability? 

Study 2: Do spider-fearful individuals complete fewer steps and report higher levels of 

subjective anxiety and disgust on both vBATon and the real-life BAT compared to non-fearful 

individuals? Are the differences between the avoidance behavior and subjective anxiety / 

disgust ratings in both BATs small enough in the spider-fearful and non-fearful 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 a non-linear statistical model than a linear model? Does IU 

generally, or inhibitory IU 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 

 

Background: Spiders are largely harmless to humans (Hauke & Herzig, 2017), yet they are 

among the most feared animal species overall (Landová et al., 2021; Oosterink et al., 2009). 

Spider-�I�H�D�U�I�X�O�� �L�Q�G�L�Y�L�G�X�D�O�V�� �R�I�W�H�Q�� �U�H�S�R�U�W�� �V�S�L�G�H�U�V�¶��unpredictable movement patterns and 

characteristics as reasons why they fear spiders (Lindner et al., 2019). Fittingly, one model of 

specific phobias includes perceived unpredictability and uncontrollability as important 

etiological and maintaining factors (Armfield, 2006). Unpredictable and uncontrollable 

movements also suggest that the perceived uncertainty of spider encounters may contribute to 

aversive responding towards spiders. Uncertainty is more unbearable for individuals high in IU 

(Carleton, 2016). Hence, IU could also play a role in spider fear. Thus, in this study, we 

hypothesized that more random spider movement patterns and higher speed increase aversive 

subjective emotional responses, perceived unpredictability and uncontrollability in spider-

fearful individuals. Additionally, we expected spider-fearful individuals to display higher IU 

than non-fearful individuals and that IU is correlated with emotional responses and perceived 

unpredictability and uncontrollability. 

Methods: One-hundred-and-twenty participants (55 spider-fearful) viewed videos of realistic 

3D-animated spiders and ladybugs (as fear irrelevant control stimuli) in an online experiment 

conducted via SoSci-Survey (Leiner, 2021). The animals could move on two different 

movement paths (straight vs. curvy) and with three different speeds (slow vs. medium vs. fast). 

Grill, M. , & Haberkamp, A. (2023). Out of control: The role of spider movement and 

intolerance of uncertainty in spider fear. Journal of Experimental Psychopathology, 14(1). 

https://doi.org/10.1177/20438087231151502 
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This led to an overall 2 (Group: spider-fearful vs. non-fearful) x 2 (Animal: spider vs. ladybug) 

x 2 (Movement Path: curvy vs. straight) x 3 (Movement Speed: slow vs. medium vs. fast) mixed 

design, with Group as a between- and the others as within-factors. Participants viewed 12 

videos per animal and provided subjective ratings on a 7-point Likert scale for each video on 

the outcome variables anxiety, disgust, arousal, valence, perceived unpredictability and 

uncontrollability. Influences of Group, Animal, Movement Path and Movement Speed on the 

outcome variables were analyzed via linear mixed effects models. Correlations of IU scores 

with outcome variables were calculated via Pearson correlations.  

Results: As expected, spiders were generally rated as moving more uncontrollably and 

unpredictably than ladybugs by spider-fearful individuals, but not by non-fearful ones. Spider-

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 straight one, shown 

by significant three-way interactions of Group x Animal x Path (|B|s > .05, ps < .032). In line 

with our expectations, spiders moving on a curvy path led to increased subjective fear and 

disgust compared to those moving on a straight path in spider-fearful, but not in non-fearful 

individuals, whereas no such effect was observed for ladybugs (again reflected by significant 

Group x Animal x Path interactions; |B|s > .03, ps < .034). Surprisingly, no significant spider-

specific effects of movement speed were found. Spider-fearful individuals displayed the 

expected higher IU scores than non-fearful ones (t = 4.64, p < .001, d = 0.90) and IU was 

correlated with arousal (but no other) ratings in spider-fearful individuals when they observed 

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

Discussion: �7�K�L�V���V�W�X�G�\���S�U�R�Y�L�G�H�G���¿�U�V�W���H�[�S�H�U�L�P�H�Q�W�D�O���H�Y�L�G�H�Q�F�H���R�I���W�K�H���H�I�I�H�F�W�V���R�I���V�S�L�G�H�U���P�R�Y�H�P�H�Q�W��

on emotional responding, perceived unpredictability and uncontrollability in spider fear, 

expanding the current knowledge about fear-related triggers. It also showed that IU potentially 

also contributes to spider fear. The use of realistic 3D-animated 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 fear-inducing by spider-fearful individuals when they moved 

on a seemingly more random, curvy path. In combination with spiders also being rated as 

disproportionately more unpredictable und uncontrollable by spider-fearfuls, 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 the non-fearful group. Spiders seem 

to be internally represented as highly unpredictable and uncontrollable beings in spider fearfuls, 

even in light of objectively contradicting evidence, potentially increasing the subjective 

likelihood of being e.g. attacked by a spider (Armfield, 2006) or coming into contact with it 

(Knowles et al., 2019) and thereby limiting safety learning (Duits et al., 2015). The higher IU 

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.  This also holds true for our surprising 

finding that movement speed did not influence emotional responses or perceived 

unpredictability and uncontrollability in any way specific to spiders or spider-fearful 

individuals. 
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4.2 Study 2: Development and validation of an open-access online Behavioral 

Avoidance Test (BAT) for spider fear 

 

Background: The Behavioral Avoidance Test (BAT) is a well-known 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 phobia: Andersson et al., 2013 or acrophobia: Bentz et al., 2021), but have 

been particularly prominent in the research of spider fear (Öst et al., 1991). In BATs for spider 

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 studies (e.g. Cochrane et 

al., 2008; Öst et al., 1991; Shiban et al., 2016, for three different protocols) hampers the 

comparability of results. Moreover, conducting the test requires considerable preparation by 

researchers and practitioners as it requires a suitable container, a sufficiently spacious room and 

a live spider. To improve on these limitations, we have developed an open-access, software-

based online BAT (vBATon). We investigated if (1) vBATon successfully differentiates 

between spider-fearful and non-fearful individuals, (2) vBATon elicits emotional responses and 

avoidance behavior that can be considered equal to the real-life BAT and (3) whether vBATon 

displays convergent validity. 

Methods: The efficacy of vBATon in measuring avoidance behavior and eliciting feelings of 

anxiety and disgust was tested comparing it to a real-life BAT. vBATon was developed using 

the Unity Game Engine (https://unity.com/de/products/unity-engine) and based on the protocol 

by Öst et al. (1991). Spider-fearful (n = 31) and non-fearful (n = 31) individuals completed a 

Grill, M.,  Heller, M., & Haberkamp, A. (2024). Development and initial validation of an 

open-access online Behavioral Avoidance Test (BAT) for spider fear. Psychological 

Assessment, 36(5), 351�±364. https://doi.org/10.1037/pas0001305 
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real-life BAT and vBATon on two separate dates within a one-week interval. Outcome 

measures included avoidance behavior, scored on a standardized scale of completed steps 

towards the spider from 0-11 points where higher scores indicate less avoidance, and subjective 

anxiety and disgust ratings from 0-10 collected several times during BAT completion. 

Differentiation between spider-fearful and non-fearful individuals was tested using ANOVA 

models including Group (spider-fearful vs. non-fearful) and BAT-Type (vBATon vs. real-life 

BAT) as factors, equality between outcomes within of BATs within each group and for each 

outcome with the two-one-tailed-significance-test (TOST) procedure (Lakens et al., 2018) and 

convergent validity by computing Pearson correlation between vBATon, the real-life BAT and 

self-report spider fear questionnaires (SPQ; Hamm, 2006, FSQ; Rinck et al., 2002). For the 

TOST procedure, we considered ±2 points of difference between outcome measures as the 

equivalence bounds (see Haberkamp et al., 2021; Jacobson et al., 1984; Öst et al., 1998), i.e. 

differences smaller than that were considered too small to be of practical relevance and 

therefore equal.  

Results: Both tests successfully distinguished between spider-fearful and non-fearful 

individuals on all outcome measures, indicated by a main effect of Group (Fs > 70.93, ps < 

.001, ��p2s > 0.55) for avoidance, average anxiety and average disgust. We also found a main 

effect of BAT-Type for average anxiety and disgust ratings (Fs > 70.93, ps < .001, ��p2s > 0.55), 

indicating that participants in both groups reported higher average anxiety and disgust when 

completing the real-life BAT compared to vBATon. Crucially, equivalence tests confirmed that 

vBATon captures avoidance behavior, anxiety and disgust equally to the real-life BAT (|t|s > 

2.29, ps < .015, unstandardized mean differences < 0.77, �+�H�G�J�H�V�¶���J��< 0.54). 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 practically irrelevant. Assessing validity, we found 
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moderate to high correlations between vBATon and (1) the real-life BAT and (2) self-report 

measurements of spider-fear (SPQ, FSQ) (|r|s between .65 and .87, ps < .001).  

Discussion: The main goal of this study was to develop a software based, open-access 

alternative to the real-life BAT, called vBATon, which is able to capture avoidance behavior 

and emotional responding equally well as its real-life counterpart. The focus very much was on 

user-friendliness and accessibility. The idea of a digital BAT is not entirely new. However, 

previous studies either failed to evoke avoidance behavior with their BAT (Meng et al., 2004) 

or used a VR headset (Mühlberger et al., 2008), which doubtlessly is a valuable tool, but limits 

ease of use and accessibility due to hard- and software requirements. Crucially, when aiming to 

�G�H�P�R�Q�V�W�U�D�W�H���W�K�H���D�E�V�H�Q�F�H���R�I���D�Q���H�I�I�H�F�W�����H�[�S�O�L�F�L�W�O�\���W�H�V�W�L�Q�J���I�R�U���H�T�X�L�Y�D�O�H�Q�F�H���L�V���L�P�S�R�U�W�D�Q�F�H�����V�L�Q�F�H���³�W�K�H��

absence of �H�Y�L�G�H�Q�F�H���L�V���Q�R�W���H�Y�L�G�H�Q�F�H���R�I���D�E�V�H�Q�F�H�´��(Altman & Bland, 1995). Our results robustly 

suggested equivalence between outcome measure of both BATs, demonstrating that statistical 

(as found by the ANOVA models) and practical significance are not the same (Lakens, 2017). 

The present study also demonstrated good initial convergent validity of vBATon, indexed by 

moderate to strong correlations, in the expected directions, between vBATon, the real-life BAT 

and relevant self-report measures of spider-fear. In sum, vBATon appears to be a valid, easy-

to-use and efficient alternative to real-life 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 real-life BAT, also making its use in clinical practice more 

feasible. Lastly, due to being runnable online, participants or patients can potentially complete 

vBATon at home, without supervision, making its use even more efficient. Notably, the present 

study has not explicitly tested for this use case, which warrants added caution when interpreting 

the results of vBATon in these scenarios. 
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4.3 Study 3: Evidence for non-linear extinction learning and no influence of 

intolerance of uncertainty: investigating US expectancies in a VR conditioning 

paradigm 

 

Background: Although highly effective for treating anxiety disorders (Carpenter et al., 2018), 

a considerable number of patients do not benefit from exposure therapy (e.g. Loerinc et al., 

2015). The inhibitory learning model provides a theoretical account for the treatment 

mechanism of exposure and has its roots in Pavlovian conditioning (Craske et al., 2014). 

Expectancy violations (i.e. the non-occurrence of an expected feared outcome during exposure) 

are viewed as vital for successful extinction learning within this model (Craske et al., 2018). 

However, the degree to which patients learn from their expectancy violations (i.e. how well 

they perform in extinction learning) shows high inter-individual variability (Pittig et al., 2023). 

Importantly, learning in conditioning might follow a non-linear trajectory (Tzovara et al., 2018), 

potentially leading to low power or missing relevant effects when using linear models (Bach & 

Melinscak, 2020). More, intolerance of uncertainty (IU) and its subfactor inhibitory IU (I-IU; 

Carleton, 2016) might moderate how well individuals can learn from expectancy violations as 

it has been previously shown to negatively impact extinction, measured by skin conductance 

responses (SCRs; Morriss et al., 2021). We hypothesized in this study that extinction learning, 

indexed by US expectancy ratings as the main outcome, can be better explained by a non-linear 

model than a linear model and that IU and I-IU negatively impact extinction learning in this 

domain.  

Grill, M.,  Kloft, M., Anhäuser, S., & Haberkamp, A. (submitted). Evidence for non-linear 

extinction learning and no influence of intolerance of uncertainty: investigating US 

expectancies in a VR conditioning paradigm. Behavior Research and Therapy.  
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Methods: This study used a virtual reality conditioning paradigm based on previous work by 

Mertens et al. (2019) and aimed to increase its external validity by adapting it to more closely 

resemble real-life exposure settings (Hollandt et al., 2020). We recruited N = 71 spider-fearful 

individuals. In our paradigm, differently colored desk lamps served as the CS and 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 (CS+), whereas the other color was never 

followed by one (CS-). They provided ratings of their US expectancy on a scale from 0 �± 100% 

prior to each trial in acquisition and extinction. The CS+, CS- and the spider were also rated in 

terms of anxiety, disgust and valence (0 �± 10). We analyzed our data in a Bayesian estimation 

framework. Specifically, we used the ordered beta model (Kubinec, 2022) as our non-linear 

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. The non-linear 

model was compared to a standard linear regression model also fit in a Bayesian framework to 

determine which model provided a better fit. Predictors of US Expectancy in our models were, 

the progressing trial number (Trial; 0-10 in acquisition, 0-20 in extinction), the CS-Type (CS+ 

vs. CS-), the IU scores (IU) and the I-IU scores (I-IU). 

Results: A manipulation check showed that participants successfully learned the association of 

the CS+ with the US, indexed by a CS-Type x Trial interaction (logit scale, b = 0.10, 95%CI = 

�>�������������’�@�����D�Q�G���V�L�J�Q�L�I�L�F�D�Q�W��t-tests of the fear, disgust and valence ratings of CS+ vs. CS- at the 

end of acquisition (ts > 8.87, ps < .001, ds > 1.07). Comparing the non-linear with the linear 

statistical model with only Trial as predictors of US expectancy in response to CS+ trials in 

extinction, we found the expected result that the non-linear 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, additional R² of the non-linear model 14%). Contrary to our expectations, 

the IU x Trial (logit scale, b = 0.01, 95%CI = [-�������������’�@) and I-IU x Trial (logit scale, b = 0.02, 
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95%CI = [-�������������’�@�� interactions suggested that neither IU nor I-IU influenced US expectancy 

ratings across extinction in a meaningful way.  

Discussion: As expected, the non-linear model did provide a considerably better fit than the 

linear model. This suggests that learning in extinction seems to indeed happen non-linearly, 

such that individuals hold on to their previously acquired expectancy that the CS+ predicts 

threat to until they become confident of it predicting safety. Since extinction learning is a 

complex process, subject to many interindividual differences (Lonsdorf & Merz, 2017), 

choosing the appropriate statistical model when analyzing conditioning data is important. This 

not only increases statistical power (Bach & Melinscak, 2020), but also allows researchers to 

detect effects that might otherwise be missed. In general, effects of IU on extinction have been 

found to be most robust in the SCR domain (Morriss et al., 2021) and only found in some (e.g. 

Chen & Lovibond, 2016) but not other studies (e.g. Wroblewski et al., 2022) for US 

expectancies. This study aimed to eliminate methodological reasons for these discrepant 

findings by using VR and a scenario that generalizes better to real-life. Yet, IU or I-IU still did 

not influence US expectancies in our study. Instead, IU may be more influential on avoidance 

behavior as an overt measure (Flores et al., 2018; Hunt et al., 2019). US expectancies would 

therefore be indirectly influenced by IU, by prevents the formation of new inhibitory CS-US 

associations through avoidance (Pittig et al., 2018). Lastly, using more externally valid 

paradigms such as ours in conditioning research, can lead to more realistic participant behavior 

(Miller et al., 2019; Slater et al., 2022). More realistic participant behavior can potentially 

generate a more fine-tuned understanding of what leads to successful or unsuccessful extinction 

processes and therefore support the ongoing quest of improving the therapeutic efficacy of 

exposure treatment. 
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5 General Discussion 
The present dissertation comprises investigations of disorder specific etiological and 

�P�D�L�Q�W�D�L�Q�L�Q�J���P�H�F�K�D�Q�L�V�P�V���R�I���V�S�L�G�H�U���I�H�D�U�����V�W�X�G�\���������³�2�X�W���R�I���F�R�Q�W�U�R�O�����7�K�H���U�R�O�H���R�I���V�S�L�G�H�U���P�R�Y�H�P�H�Q�W��

�D�Q�G���L�Q�W�R�O�H�U�D�Q�F�H���R�I���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���V�S�L�G�H�U���I�H�D�U�´�������W�K�H��development and evaluation of a software-

�E�D�V�H�G���Y�H�U�V�L�R�Q���R�I���D���Z�L�G�H�O�\���X�V�H�G���G�L�D�J�Q�R�V�W�L�F���W�R�R�O���W�R���D�V�V�H�V�V���V�S�L�G�H�U���I�H�D�U�����V�W�X�G�\���������³Development and 

initial validation of an open-access online Behavioral Avoidance Test (BAT) for spider fear�´����

and research on learning patterns and moderators of extinction learning following a more 

transdiagnostic approach ���V�W�X�G�\�� ������ �³Extinction learning in a translational VR conditioning 

paradigm: Non-linear US expectancy courses and the role of intolerance of uncertainty� )́. An 

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 dissertation while still 

ensuring a high degree of experimental control (Miller et al., 2019).  

One major overall strength of this dissertation is the rigorous power analysis, as 

suggested by Ehring et al. (2022), done 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 formulas (Arend & Schäfer, 

2019). In cases of simple statistical analyses (e.g. t-tests or one-way ANOVA), this approach is 

often sufficient, but in more complex designs it suffers from significant drawbacks. Pre-defined 

approximate formulas mostly only work well for specific models, which means that software 

implementing such formulas (e.g. G*Power, Faul et al., 2007) is only appropriate if the 

experimental design of a study parallels the ones implemented in the software. Thus, pre-

defined formulas are somewhat inflexible. Moreover, real psychological data never perfectly 

conforms to the assumptions implicitly taken when using formulas for a-priori estimating effect 

sizes and power (DeBruine & Barr, 2021). In brief, psychological data is always noisy �± self-

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, providing a more realistic 

approximation of real-life data (Arend & Schäfer, 2019; DeBruine & Barr, 2021).  

The present dissertation employed some of such more complex statistical analyses (e.g. 

mixed effects models; Snijders & Bosker, 2011), ordered beta regression in a Bayesian 

estimation framework; Kubinec, 2022) or methods for which no go-to software solution for 

power analysis exists yet (e.g. TOST procedure; Lakens, 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 presented here via data simulation allowed 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 focused on increasing the 

external validity of the study results while keeping internal validity intact, as proposed by the 

systematic representative design approach of Miller et al. (2019). In study 1, the main goal was 

to investigate the influences of spider movement patterns on aversive emotional responding and 

cognitive processing in spider-fearful individuals as well as investigate potential influences of 

IU on spider fear. Without the use of modern 3D-rendering and animation 

(https://www.blender.org/), investigating these research questions (especially those directly 

related to moving spiders) would have simply not been possible. Previous experimental 

research investigating spider movement primarily used static image stimuli (Basanovic et al., 

2019; Vrijsen et al., 2009), had participants imagine spiders (Armfield, 2007; De Jong & Muris, 
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2002) or used fake, non-moving spider models (Armfield, 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 knowledge about fear related triggers in spider fear by showing that 

spiders are perceived as behaving disproportionately more unpredictable and uncontrollable by 

spider-spider fearful individuals and that those individuals respond more negatively to 

seemingly more random movement patterns of spiders. This provides experimental support for 

the notion that spider movement is an important trigger of fear in the spider-fearful population. 

More, study 1 also showed increased IU levels in spider-fearful compared to non-fearful 

individuals, further supporting the role of IU as a transdiagnostic risk factor (Carleton, 2012). 

 In study 2, the video game development engine Unity (https://unity.com/products/unity-

engine) was used to develop a software based, openly accessible alternative to the BAT for 

spider fear which we called vBATon. Crucially, vBATon managed to induce avoidance 

behavior in spider-fearful individuals which was comparable to that of a real-life BAT. 

�&�R�P�E�L�Q�H�G�� �Z�L�W�K�� �Y�%�$�7�R�Q�¶�V�� �D�E�L�O�L�W�\�� �W�R�� �G�L�V�F�U�L�P�L�Q�D�W�H�� �E�H�W�Z�H�H�Q�� �V�S�L�G�H�U-fearful and non-fearful 

individuals as well as the high correlations of outcomes in vBATon with outcomes in the real-

life BAT and self-report spider fear measures, this study suggests that vBATon is indeed a 

viable alternative to the real-life BAT. �6�W�X�G�\�������D�O�V�R���W�R�X�F�K�H�G���X�S�R�Q���W�K�H���W�R�S�L�F���R�I���³�Y�L�U�W�X�D�O���Y�D�O�L�G�L�W�\�´��

mentioned by Miller et al. (2019). We directly compared the behavior of participants during 

vBATon with their behavior in real-life, and our results suggest that our design choices for 

vBATon supported not only its face validity (i.e. the surface similarity between vBATon and 

the real-life BAT; Scheveneels et al., 2016), but also predictive (performance in vBATon 

predicted performance in the real-life BAT; Scheveneels et al., 2016) as well as diagnostic 

validity (participant behavior differed between spider-fearful and non-fearful individuals in 

vBATon; Vervliet & Raes, 2013).  
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 In study 3, we again used Unity to develop the virtual environment employed in the 

study, but this time also extended it by VR, using spiders as the US and a spider-fearful sample 

(Mertens et al., 2019), to further increase the external validity of our study. In addition, we also 

based the study on a conditioning paradigm which incorporates important aspects of real-life 

exposure sessions to more closely mimic the properties of extinction learning in real-life 

(Hollandt et al., 2020). The aim was to investigate learning patterns of trial-by-trial extinction 

learning indexed by US expectancies, due to learning from expectancy violations being crucial 

for successful extinction learning (Pittig et al., 2023). Moreover, we also investigated whether 

IU influences extinction learning. The study found that trial-by-trial learning in extinction 

appears to happen non-linearly, 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 behavior (in this case, learning) that resembled their real-life behavior as closely as 

possible and to minimize the possibility of methodological reasons for the pattern of our results 

(i.e. a lack in external validity, due to e.g. sub-optimal context or stimulus material). This seems 

especially important since research on how well extinction learning performance in the lab 

predicts extinction learning during exposure produced only mixed results (Scheveneels et al., 

2021). 

5.1 Limitations  

This dissertation also has some noteworthy limitations. First, it needs to be 

acknowledged that almost all individuals recruited for the studies in this dissertation  almost 

unanimously fell into the WEIRD category (Western, Industrialized, Rich, and Democratic; 

Henrich et al., 2010). Importantly, Henrich et al. concluded in their meta-analysis that 

individuals within that category are often not representative for all of humanity. Thus, although 

we arguably increased and 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 WEIRD. For example, it is entirely feasible that the 
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emotional, cognitive and behavioral responses to spiders are substantially different in 

individuals from different origins (e.g. Frynta et al., 2023 or Prokop et al., 2010 for different 

responses in african individuals).  

Second, another issue related to our samples was that the problem of comorbidity was 

not tackled. In real-life scenarios, patients mostly present with multiple disorders (Goldstein-

Piekarski et al., 2016). Although studies 1 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 phobias (Seim & Spates, 2009) would have responded differently in these studies. 

Moreover, this issue becomes even more important in study 3, since the aim of this study was 

to investigate transdiagnostic learning mechanisms in anxiety disorders. The last issue related 

to the samples used in this dissertation is related to the fact that we recruited samples with sub-

clinical spider-fear. Our samples did report substantial fear of spiders, but the majority of our 

participants did not classify as clinically spider-phobic in accordance with the DSM V 

(American Psychiatric Association, 2013) Although similarities between highly spider-fearful 

and spider-phobic individuals have been proclaimed (Landová et al., 2021), spider phobic 

individuals might still have responded somewhat differently in the studies presented here. In 

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 limitation concerning the external validity of the studies 

within this dissertation. Ehring 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 laboratory resemble those 

in real-life clinical scenarios on a surface level). This issue is particularly important for studies 

1 and 3, as in these studies, it is possible that what was mostly achieved in the experimental 

designs of these studies was an increase in face validity. Consequently, these studies might have 



38  General Discussion 
 

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 changes in participant responding in 

the experimental studies predict real-life behavior in similar relevant scenarios) validity. The 

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

life counterpart and the data suggested that both worked equally well in terms of inducing 

avoidance behavior. Notably though, due to vBATon being a digital likeness of the real-life 

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

by other psychological mechanisms than in the real-life BAT.  

Fourth, all studies in this dissertation used only subjective self-report measures as their 

main outcome measures (except for the avoidance behavior measured in the course of study 2). 

While these measurements do offer valuable contributions, there are several other types of 

measures that would provide a more complete picture in regards of answering the research 

questions in the present dissertations. Psychophysiological measurements such as SCRs, for 

example, could have helped to shed more light on important mechanisms at play in the studies 

presented here. SCRs have been robustly associated with IU previously, especially in the 

context of extinction learning (Morriss et al., 2021). Since IU was part of the investigation in 

studies 1 and 3, using this measurement could have provided more insights into the role of IU 

in these contexts. For example, the correlation of subjective arousal ratings with IU in spider-

fearful individuals in study 1 could have been corroborated with SCR data, or the non-linear 

course of trial-by-trial extinction learning in study 3 could have also been investigated in the 

SCR domain, providing an added gain of knowledge. In general, previous research has shown 

that self-report measurements and psychophysiological measurements in fear conditioning 

studies are moderately correlated (Constantinou et al., 2021). While this suggests a substantial 

overlap between these measurements, it also suggests a relevant disparity between them worthy 

of closer examination.  
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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 dissertation. On 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 still remain hugely important and influential. Rather, the effort taken in designing the 

studies presented here should, if anything, offer some novel ways to increase the external 

validity and also improve the stability and replicability of experimental psychopathological 

studies. Ehring 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 taken away from this 

dissertation is that to combat these issues, modern technology can be used to create more 

externally valid research designs that, in optimal scenarios, offer results that can be more easily 

translated to potential new interventions. As 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 risks (Blackwell & 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 accommodate most 

statistical models within one unified workflow. Due to introducing noise into the power 

calculations, power analysis via data simulation can lead to more realistic sample size estimates 

(Arend & Schäfer, 2019; DeBruine & Barr, 2021). This can be helpful in dealing with the issue 

of underpowered studies in clinical psychology (Ehring 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 studies. SCRs seem to be a prime 

candidate here since IU has been robustly associated with this measurement (Morriss et al., 

2021). Moreover, as an autonomic response to stress (Critchley et al., 2000), it is widely 

regarded as a reliable index of anxiety (e.g. Constantinou et al., 2021). Additionally, IU has 

also been associated with other objective measures, such as fMRI, EEG, startle reflex and heart 

rate variability (Tanovic et al., 2018). With the exception of fMRI for the design of study 3 (a 

VR setup in an MRI context can currently not be achieved), these measures could also be used 

to extend the results of studies 1 and 3. Next 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 relation to the results not involving IU. This would also help in gaining a more 

complete understanding of the role of movement in spider fear (study 1) and learning patterns 

in extinction learning (study 3). 

 On further implication of study 1 for future research is that research on spider fear 

should incorporate moving stimuli. In combination with other existing evidence (e.g. Lindner 

et al., 2019; Schmidt et al., 2022), the 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, the sample was 

likely too small for vBATon to be declared fully validated. Additionally, vBATon should also 

be tested in other settings where it might be used. As such, conducting a study including pre- 

and post-treatment assessments using vBATon would further support the assumption that 

vBATon can effectively capture avoidance behavior and is also sensitive to symptom changes. 

Moreover, one major advantage of vBATon is its principal capability to be completed at 

�S�D�W�L�H�Q�W�¶�V���R�U���S�D�U�W�L�F�L�S�D�Q�W�¶s home without direct supervision. 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 accordingly. vBATon could also be adapted for different 

disorders, since BATs have also been developed in real-life for e.g. snake phobia (Andersson 

et al., 2013), dental phobia (Arias & McNeil, 2020), acrophobia (Bentz et al., 2021) and even 

chronic lower-back pain (Holzapfel et al., 2016). Lastly, 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 results. 

 The results of study 3 suggest, generally, that using non-linear 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 data. Notably, these statistical models can 

be substantially more complex to understand and use than more traditional linear models, which 

is why their limited use is understandable (DeBruine & Barr, 2021). However, future research 

may capture relevant effects in extinction learning that would otherwise have been missed. 

Conducting more fine-tuned 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 example, is one important aspect where 

conditioning paradigms could be improved since research on this topic has produced mixed 

results so far (Scheveneels et al., 2021). Here, 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 of high IU 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) could 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 practice. Study 1 

experimentally showcased the role of spider movement patterns in aversive responding. Spider-

fearful individuals might have a rigid, resistant-to-change belief that spiders move (and 

generally) behave in a highly erratic manner. This could be a useful treatment 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 relation 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 enough to remove the spider from his/her body before it can crawl under 

clothing). To further counteract a potentially negative impact of IU spider-fear, a focus on self-

efficacy (e.g. Gallagher et al., 2013) could be particularly beneficial since self-efficacy has been 

previously discussed as a potential counter to IU (Jones et al., 2023; Kestler-Peleg et al., 2023). 

Notably, these ideas do remain somewhat speculative, since they have not been directly 

addressed by this dissertation.  

In terms of study 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 

comparatively 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 self-report measures in 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 patients at home (although further 

evaluation of this use-case is necessary). As such, using vBATon in clinical practice can help 
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to acquire a more well-rounded diagnostic assessment of patients less prone to errors (Meyer et 

al., 2001). The successful development and evaluation of vBATon also shows that popular 

video game development engines, such as Unity (https://unity.com/products/unity-engine) or 

the Unreal Engine 5 (https://www.unrealengine.com/en-US/unreal-engine-5), are feasible for 

�W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I�� �³�V�H�U�L�R�X�V���J�D�P�H�V�´�����L���H���� �Y�L�G�H�R-game like applications that are not primarily 

designed for entertainment but for learning, behavior change or assessment; Connolly 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 

perhaps already suggests. The US expectancy adjustments in extinction learning were non-

linear in nature. In the first few trials, participants in the study held on to their previously learned 

belief that the US would potentially follow the CS+, indicated by the US expectancies in these 

trials not decreasing. Translated to real-life exposure settings, this suggests that patients need 

more than one exposure trial to successfully adjust their threat expectancy. This is well in line 

with the inhibitory learning model, since more exposure trials (maybe even of the same 

situation) promote inhibitory learning by leading to more inhibitory associations of the feared 

situation with safety (Craske et al., 2014). At 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 levels, although 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 high level of internal 

validity. Furthermore, in all three studies a-priori power analyses via data simulation were 

conducted to 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 spider-fearful individuals, but with differing research scopes 

and goals. These scopes and goals stretched from (a) experimentally investigating the 

disorder-specific etiological and maintaining factor of spider movement as well as the role 

of IU in spider fear, (b) developing and evaluating an externally valid, openly accessible 

software-based version of the BAT called vBATon, and (c) investigating transdiagnostic 

extinction learning patterns and the potential involvement of IU therein in an externally 

valid VR conditioning paradigm using spider fear as a prototypical 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 spider-fearful individuals might have rigid, resistant to change beliefs 

that spiders generally behave erratically. More, vBATon displayed comparable qualities in 

being able to induce avoidance behavior in spider-fearful individuals than the real-life BAT. 

Thus, this tool can is an externally valid digital diagnostic instrument that can be efficiently 

used in experimental psychopathological studies and beyond. Lastly, it was shown that trial-

by-trial extinction learning, indexed by US expectancies (the laboratory analogue of threat 

expectancies), follows a non-linear trajectory. This suggests that non-linear statistical 

models are better suited for analyzing such data. In addition, IU did not directly influence 

these learning patterns, leaving the question of how IU specifically influences more overt 

measures of extinction learning somewhat open. Overall, the present dissertation showed 

some scenarios where modern technology can be effectively used to help extend and 

enhance experimental psychopathology. 
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