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Abstract: Exposure therapy is remarkably effective for treating anxiety and stress-

related problems.  Still, there is a need to enhance the efficacy, efficiency, and palatability of 

exposure.  Recent efforts have sought to optimize extinction learning, through procedural 

variations, or by targeting underlying cellular mechanisms.  Guided by evidence that brain 

stimulation can functionally target brain networks implicated in fear expression and extinction 

learning, the present study is a 2-arm, double-blind, placebo-controlled trial testing whether 

transcranial direct current stimulation (tDCS) can augment exposure therapy for several forms 

of pathological fear.  Participants (N = 49) with at least moderate distress in response to snakes, 

spiders, or contamination-related threats were randomized to receive either active tDCS (1.7 

mA, 20 min.; n = 27), or sham tDCS (1.7mA, 30 sec.; n = 22), followed by 30 min. of in-vivo 

exposure.  Electrodes targeted excitation of the left medial prefrontal cortex (lmPFC) and 

inhibition of the right dorsolateral prefrontal cortex (rdlPFC) for those assigned to active tDCS, 

whereas polarity was counterbalanced across controls.  The active tDCS group exhibited greater 
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gains compared to sham tDCS in primary and secondary outcomes, including reductions in 

distress and threat appraisals through the 1-month follow-up, although these findings did not 

uniformly generalize to an untrained context.  The active tDCS group also exhibited more rapid 

cognitive change during exposure, and enhanced approach in early exposure trials.  Active tDCS 

also especially enhanced outcomes for those with greater phobic severity, a poorer response to 

exposure, elevated anxiety sensitivity, and an avoidant coping style.  Exploratory analyses 

revealed tDCS-augmentation effects were partially accounted for by increased attentional and 

behavioral engagement with threat.  Future research should apply tDCS to more severe 

conditions, and yoke stimulation to individual differences to maximize and promote the 

retention of clinical gains.  
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Chapter 1: Study Overview, Aims, and Predictions 

Study Overview 

The present investigation is a 2-arm, double-blind, placebo-controlled trial testing 

whether transcranial direct current stimulation (tDCS) can augment exposure therapy for 

several forms of pathological fear.  Following eligibility assessment based on an initial online 

pre-screen, and a pre-treatment assessment visit, participants (N = 49) with at least moderate 

distress in response to snakes, spiders, or contamination-related threats were invited to a 

treatment visit 1-week later in which they were randomized to receive either active tDCS (1.7 

mA, 20 min.; n = 27), or sham tDCS (1.7mA, 30 sec.; n = 22), followed by 30 min. of in-vivo 

exposure.  Electrodes targeted excitation of the left medial prefrontal cortex (lmPFC) and 

inhibition of the right dorsolateral prefrontal cortex (rdlPFC) for those assigned to active tDCS, 

whereas polarity was counterbalanced across controls.  Participants then completed an 

immediate post-treatment assessment, and returned 4-weeks later for a follow-up assessment.   

Primary outcomes included self-reported peak emotional distress, threat likelihood 

estimations, and avoidance of feared targets during two behavioral approach tasks.  Secondary 

outcomes included psychometrically validated fear domain specific questionnaires 

administered at each assessment time-point.  Treatment process outcomes included self-

reported peak emotional distress, threat appraisals, and duration of contact with feared targets 

across repeated in vivo exposure trials.  Additionally, baseline clinical characteristics reflecting 

important affect-related dimensions, as well as indices of pre- to post-tDCS change in affective 

and cognitive exposure were collected. 
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Primary Aim and Predictions 

• Aim 1: The primary aim of this investigation was to evaluate whether active excitatory tDCS 

of the lmPFC and inhibitory tDCS of rdlPFC enhances exposure therapy relative to sham 

tDCS in a transdiagnostic sample with marked pathological fear.   

• Hypotheses set 1: We hypothesized that in comparison to sham tDCS, the active tDCS group 

would exhibit greater pre- to post-treatment and pre-treatment to 1-month follow-up 

reductions in peak emotional distress, threat appraisals, and avoidance during behavioral 

approach tasks (primary outcomes), as well as phobia symptom severity based on fear-

domain specific questionnaires (secondary outcome).  Further, we expected the active tDCS 

group to exhibit greater and more rapid reductions in treatment process outcomes (i.e., 

distress, threat appraisals, and avoidance) during in vivo exposure, relative to the sham 

tDCS group.   

Secondary Aims and Predictions 

Secondary aims of the present study were to preliminarily address questions of how, for 

whom, and under what conditions tDCS may optimize clinical gains, as follows:  

• Aim 2 was to determine whether tDCS moderated the subsequent response to in vivo 

exposure, in terms of in-session emotional and threat activation and attenuation, and 

behavioral approach.   

• Hypotheses set 2:  Based on the logical premise that the effects of enhancing extinction 

learning should depend on the qualities of extinction, such as the degree of emotional 

distress attenuation achieved in-session (e.g., Telch et al., 2014), we hypothesized that tDCS 

would significantly moderate the subsequent response to exposure.  Specifically, we 
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predicted that greater in-session reductions in distress and threat appraisals, and enhanced 

behavioral approach would predict better attainment and maintenance of gains at post-

treatment and 1-month for the active tDCS, relative to sham tDCS group. 

• Aim 3: Evaluate whether tDCS effects varied as a function of fear domain, and several 

baseline affect-related dimensions, including phobia symptom severity, general anxiety and 

depression symptoms, anxiety sensitivity, and experiential avoidance. 

• Hypotheses set 3: We expected that active tDCS versus sham tDCS group differences, in the 

direction of enhanced outcomes for the active tDCS group, would be most pronounced 

among individuals with greater clinical severity and higher levels of the selected negative 

prognostic indicators. 

• Aim 4: Evaluate changes in selective attention for threat, including in terms of engagement 

and disengagement biases, from pre- to post-tDCS, and to the 1-month follow-up.   

• Hypotheses set 4:  Based on prior work demonstrating that a similar tDCS montage can 

reduce attentional biases for threat (Ironside, O’Shea, Cowen, & Harmer, 2016), we 

expected active tDCS to exhibit reductions in both attentional threat engagement and 

disengagement biases, relative to sham tDCS from pre- to post-tDCS, prior to in vivo 

exposure.  Similarly, based on prior work demonstrating reductions in attentional biases for 

threat over the course of exposure-based CBT for the anxiety disorders (Davis et al., 2016; 

Hadwin & Richards, 2016; Legerstee et al., 2010; Pishyar, Harris, & Menzies, 2008; Waters, 

Mogg, & Bradley, 2012), further reductions in attentional biases were predicted from post-

tDCS to the 1-month follow-up for both active tDCS and sham tDCS, whereas these 

reductions were expected to be more pronounced in the active tDCS group.   
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• Aim 5: Determine whether observed tDCS effects were accounted for by changes in 

affective and cognitive processes, including vigilance to threat (Ironside, O’Shea, Cowen, & 

Harmer, 2016), working memory performance (Giglia et al., 2014), and incidental contextual 

memory for the exposure context (e.g., Telch et al., 2014). 

• Hypotheses set 5: We expected superior outcomes for the active tDCS condition would be 

significantly mediated by pre- to post-tDCS changes in state affect, reduced attentional 

biases for threat, enhancements in working memory performance, and enhanced incidental 

contextual memory for the extinction context.   



  

 
 

5 

Chapter 2: Background and Significance 

Anxiety disorders are the most common psychiatric illness, with lifetime prevalence of 

28.8% (Kessler et al., 2005), high rates of comorbidity, and low rates of natural recovery (Bruce 

et al., 2005).  Cognitive behavioral therapy with exposure as the central element is the most 

effective among empirically-supported treatments (Choy, Fyer, & Lipsitz, 2007; Wolitzky-Taylor, 

Horowitz, Powers, & Telch, 2008). However, only modest average effects are observed 

(Hofmann & Smits, 2008), non-response, attrition, and relapse are common (Davidson et al., 

2004; Franklin, Abramowitz, Kozak, Levitt, & Foa, 2000), and treatment is costly.  Thus, there is 

a well-defined need, and ample room to enhance the efficacy and efficiency of exposure 

therapy.   There is also a need to enhance the tolerability of treatment (see Olatunji, Deacon, & 

Abramowitz, 2009) whether by augmenting procedures, or developing effective alternatives. 

Exposure Therapy Augmentation Strategies 

Exposure therapy is based on classical conditioning (Craske & Mystkowski, 2006; 

Delgado, Olsson, & Phelps, 2006).  Briefly, fear is learned through associative pairings of fear 

with threatening stimuli, such that the stimuli come to evoke a conditioned fear response.  

After fear acquisition, fear is maintained and reinforced through operant conditioning – that is, 

avoidance is negatively reinforcing by relieving distress, but maintains fear by preventing 

encounters with feared targets, thereby preventing fear extinction.  By eliminating avoidance, 

fear can be extinguished by repeated exposure to the stimuli in the absence of threat.   

The contemporary view is that extinction involves not fear erasure, but the formation of 

context-dependent inhibitory safety memory that competes for expression (Bouton, 2004).  

However, direct modification of fear memory may also be possible by directly targeting or 
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contextually modulating the neuroplastic processes active while confronting feared targets 

(Asthana et al., 2015).  Efforts to enhance exposure, ranging from behavioral (Wolitzky & Telch, 

2009), cognitive (Julian, Beard, Schmidt, Powers, & Smits, 2012; Kamphuis & Telch, 2000; Sloan 

& Telch, 2002), and biological strategies (Telch et al., 2014), can all be conceived as aiming to 

enhance these basic processes - for instance, by enhancing cellular metabolism (Telch et al., 

2014; Zaizar, Gonzalez-Lima, & Telch, 2018; Zoellner et al., 2017), or through procedural 

augmentations aiming to maximize extinction learning (Craske, Treanor, Conway, Zbozinek, & 

Vervliet, 2014; Telch, York, Lancaster, & Monfils, 2017). 

There has been incredible growth in understanding of the neural mechanisms of fear 

conditioning and extinction (Maren & Holmes, 2016), the neural correlates of anxiety, fear, and 

stress-related psychopathology (Dejean et al., 2015; Etkin & Wager, 2007), as well as 

neurostructural and functional changes that predict successful outcomes of exposure-based 

treatments (Hauner, Mineka, Voss, & Paller, 2012).  However, clinical research efforts have 

rarely leveraged this knowledge to improve psychological treatments.  A few exceptions are 

worth noting.   For instance, discoveries that memories become molecularly labile after 

retrieval, and that reconsolidation requires de novo protein synthesis prompted the 

development of retrieval-extinction procedures (Monfils, Cowansage, Klann, & LeDoux, 2009) – 

involving brief fear retrieval, a distraction period, and exposure during memory reconsolidation.  

These procedures were demonstrated to enhance fear attenuation in rodents; and exposure 

therapy outcomes in humans (Björkstrand et al., 2016; Telch, York, Lancaster, & Monfils, 2017).  

Additionally, discovery of involvement of N-methyl-D-aspartate (NMDA) receptors in fear 

acquisition and extinction(Cox & Westbrook, 1994), led to the eventual use of D-cysloserine, a 
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partial NMDA receptor agonist, which was demonstrated effective for enhancing exposure 

therapy outcomes in acrophobics, contingent on successful in-session extinction (Smits et al., 

2013). 

More recent and emerging efforts have been informed by knowledge of the neural 

circuitry underlying fear and extinction learning.  Consistent with the aims of the present 

investigation, these include studies aiming to enhance exposure by directly targeting brain 

networks implicated in fear extinction (Herrmann et al., 2017; Osuch et al., 2009) –– as well as 

studies evaluating brain stimulation as a mono-treatment targeting specific symptomatology 

(Hampstead, Briceño, Mascaro, Mourdoukoutas, & Bikson, 2016).  This emerging body of 

research is reviewed in more detail below, following a review of evidence critical for guiding a 

neuromodulation approach to enhancing exposure-based treatment.  This includes literature 

informing the neural bases of anxiety, fear, and stress-related psychopathology, and the neural 

mechanisms of fear acquisition, expression, and extinction.   

Neural Mechanisms of Anxiety, Fear, and Stress-related Disorders 

Several brain abnormalities have been implicated in the anxiety disorders.  These 

include alterations in brain regions involved in diverse functions, including episodic memory, 

attention, executive function, emotion regulation, and fear extinction (Shin & Hughes, 2011; 

Shin & Liberzon, 2010).  For example, decreased medial prefrontal cortex (mPFC) volume (Milad 

et al., 2005) reduced mPFC activation (Bremner et al., 1999; Shin et al., 2005) enhanced 

amygdala activation in response to symptom provocation (Shin et al., 2005) and decreased 

structural and functional coupling of the mPFC and amygdala (Hahn et al., 2011; Kim, Gee, 

Loucks, Davis, & Whalen, 2011; Kim & Whalen, 2009; Sadeh, ielberg, Warren, Miller, & Heller, 
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2014) have been cited as central features of anxiety pathology.  Several other brain alterations 

have also been implicated in symptom severity, including metabolic and functional changes in 

areas involved in fear expression, and regulating defensive behavior, including the ACC , and 

the right dorsolateral prefrontal cortex (rdlPFC; Moon, Kang, & Jeong, 2015; Paquette et al., 

2003; Straube, Mentzel, & Miltner, 2006; Tillfors, Furmark, Marteinsdottir, & Fredrikson, 2002).  

It has been theorized that exposure exerts its salutary effects by correcting these aberrant 

neuroplastic processes, with some empirical support (Felmingham et al., 2007; Hauner et al., 

2012; Straube, Glauer, et al., 2006).  This points to prime biological targets for intervention.  

Neural Mechanisms of Fear Conditioning, Expression and Extinction Learning 

A large body of research has identified the neural circuits involved in fear expression 

and extinction learning (LeDoux, 2003; Phelps, Delgado, Nearing, & LeDoux, 2004).  This 

literature is generally consistent with findings from studies identifying the neural correlates of 

anxiety and stress-related psychopathology, and with the view that over-generalization of 

learned fear is a defining feature of these disorders (Kaczkurkin et al., 2017; Lissek, 2012; Lissek 

et al., 2010).  Importantly, the underlying neural circuits are modifiable, and change as fear 

memory is updated through basic memory processes of consolidation, retrieval and 

reconsolidation, and the incorporation of new safety information in representations of feared 

targets.  The most widely espoused model of the neural circuits involved in extinction 

implicates three primary brain structures, including the amygdala, hippocampus, and mPFC (see 

Maren & Holmes, 2016 for review).  It is important to consider how these regions are tightly 

functionally integrated in fear expression, and in the acquisition and retention of extinction 

learning.   
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In addition to a role in threat vigilance, detection, and attentional capture (Ohman, 

2005), numerous studies have linked amygdala activation with the acquisition, expression, and 

extinction of fear (see Dejean et al., 2015).  The amygdala is viewed as essential for fear 

conditioning and extinction, serving as a convergence site for excitatory and inhibitory sensory 

input, and contextual information with associative links to feared stimuli.  Inhibitory mPFC 

projections to the amygdala are also viewed as critical for extinction (LeDoux, 2003), serving to 

inhibit expression of fear undergirded by amygdala-based threat processing (Quirk, Garcia, & 

Gonzalez-Lima, 2006). 

Importantly, the reciprocal connectivity of these regions should be emphasized, 

whereby mPFC recruitment modulates amygdala activity, in response to threat signaling from 

the amygdala (S. Kim & Hamann, 2007).  Accordingly, the role of the mPFC has been 

characterized as gating fear expression, especially following extinction learning (Maren & 

Holmes, 2016; Quirk & Mueller, 2008; Rozeske, Valerio, Chaudun, & Herry, 2015).  Moreover, 

circuitry within the amygdala appears to play a complementary role.  Specifically, inputs from 

prefrontal and midline regions converge at the basolateral amygdala (BLA).  In turn, these 

inputs excite inhibitory neurons in the BLA to modulate amygdala output, thereby suppressing 

fear expression.   

The hippocampus also has functionally reciprocal relations with these regions, and has 

been implicated in interoceptive and exteroceptive contextual modulation of fear conditioning 

and extinction learning (Ji & Maren, 2007; Maren, Phan, & Liberzon, 2013).  Whereas efferent 

output from the hippocampus supports associative plasticity in the amygdala, efferent 

projections from BLA appear to modulate contextual encoding by the hippocampus, serving to 
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amplify the strength of associative learning among stimulus, response, and contextual elements 

linked to feared targets (Maren & Holmes, 2016).  Moreover, following extinction, hippocampal 

projections to the amygdala and mPFC appear to be essential in contextually regulating fear 

expression (Orsini, Kim, Knapska, & Maren, 2011). 

The contributions of two additional brain regions should be considered, because of their 

role in fear expression and defensive response mobilization.  First, the anterior cingulate cortex 

(ACC) is a highly interconnected limbic region that has been reliably linked with the expression 

of both unconditioned and conditioned fear in several studies (Milad et al., 2007; Phelps, 

Delgado, Nearing, & LeDoux, 2004).  It is thought that the ACC may be involved in moderating 

and mediating fear expression through excitatory efferents to the amygdala (Milad et al., 2007).  

Second, in contrast to the role of the mPFC in fear suppression, a wealth of evidence implicates 

dorsal prefrontal areas in fear expression, defensive behavior, and the conscious appraisal of 

threat (Gilmartin, Balderston, & Helmstetter, 2014).   Right dorsolateral prefrontal cortex 

(rdlPFC) activation in particular has been linked to both threat-induced and general negative 

emotion, as well as defensive behavioral responses (Grimm et al., 2008; Shackman, 

McMenamin, Maxwell, Greischar, & Davidson, 2009).  Additionally, whereas facilitation of this 

region has been shown to decrease risk taking (Fecteau et al., 2007), disruption has been shown 

to increase risk taking (Knoch et al., 2006), increase physical pain thresholds and tolerance 

based on persistence time in aversive tasks (Graff-Guerrero et al., 2005). 

Neural Changes Associated with Exposure Therapy.  

In addition to identifying the brain networks involved, it is useful to consider the neural 

changes that have been observed over the course of exposure-based treatment.  A modest 
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number of studies have reported neuro-functional changes over the course of exposure-based 

treatment (Felmingham et al., 2007).  What follows is a focused review of the majority of these 

studies, which have targeted specific phobia, and reported pre- to post-treatment changes in 

neural reactivity to threat using similar symptom provocation paradigms.  

Paquette et al. (2003) compared fMRI responses in individuals with arachnophobia to 

film excerpts of spiders and butterflies before and after group in vivo exposure, which was 

delivered in four weekly 3-hour sessions.  They found that fear in response to the spider films 

was associated with activation in the right dlPFC and parahippocampal gyrus at pre-treatment, 

but not post-treatment.  In a similar study, Straube et al. (2006) compared fMRI responses to 

films of a tarantula and a moving inanimate object before and two weeks after two daily and 

consecutive 4- to 5-hour sessions of in vivo exposure.  They found that relative to non-phobics, 

phobic participants showed heighted activity in the insula and ACC at pre-treatment, whereas 

there was reduced hyperactivity in these same regions at post-treatment.     

Goossens and colleagues (2007) evaluated neural responses to spider, general threat, 

and neutral images before and two weeks after a 4- to 5-hour in vivo exposure session.  Phobic 

participants showed increased amygdala activity at pre-treatment, relative to controls, whereas 

reactivity in the amygdala, ACC, and insula were reduced at post-treatment.   

 Schienle et al. (2007) compared neural reactivity in spider phobics to images of spiders, 

disgust inducing, general threat, and neutral scenes before and one week after a single 4-hour 

session of in vivo exposure.  Compared to controls, phobic participants showed enhanced 

activity in the amygdala and the fusiform gyrus, and decreased activation in the medial 

orbitofrontal cortex at pre-treatment.  Treatment resulted in increased medial OFC activity in 
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the treatment versus a wait-list group, and reductions in somatic anxiety symptoms were 

associated with decreased amygdala and insula activation.   

Finally, Hauner et al.’s (2012) study of neural changes during exposure therapy for 

spider phobia found robust activation of the amygdala, insula, and cingulate cortex during 

threat processing at pre-treatment, followed by reduced activation of these regions, and 

increased activation of prefrontal regions at post-treatment.  At a 6-month follow, dampened 

activation of the amygdala and other fear sensitive regions was maintained, but with less 

engagement of frontal regions during threat processing. 

Consistent with neurobiological models of fear expression and extinction learning, the 

sum of this evidence suggests that successful exposure therapy is associated with a functional 

reorganization of brain networks involved in fearful responding to threatening stimuli.  This 

includes reduced activation of a threat-sensitive network involved in fear expression and 

extinction (e.g. amygdala), and reduced recruitment of frontal and temporal cortical regions 

with inhibitory projections to this network after treatment.   

Psychological Mechanisms of Exposure Therapy. 

A major tenet of cognitive neuroscience is that cognitive and neuroscience approaches 

to understanding mental processes are mutually dependent.  That is, formal theories can be 

used to constrain interpretation of neuroscientific data, and in turn, these data can help 

constrain and test alternative cognitive theories.  This tenet has not been widely adopted in 

behavioral treatment research, despite the advantages of a neuroscience-informed approach to 

enhancing treatment, and the fact that cognitive, emotional and behavioral change is ultimately 

mediated by a neurobiological substrate.   In contrast to the neuroscientific literature reviewed 
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above, which provides a more descriptive account, theory pertaining to the cognitive-

behavioral mechanisms of exposure therapy provide a conceptual framework for understanding 

the mental processes underlying the efficacy of exposure therapy.      

Emotional processing theory (EPT).  Emotional processing theory (EPT) assumes that 

confrontation with feared situations activates a representative “fear structure,” consisting of 

propositions about a feared target, physiological and behavioral responses, and their meaning 

or implications.  Repeated exposure to a feared stimulus in the absence of threat modifies the 

fear structure through a corrective emotional experience, resulting in integration of new safety 

information that is incompatible with threat.  This new “non-fear” representation was originally 

thought to replace the original representation (Foa & Kozak, 1986), but a subsequent revision 

to EPT posits that original fear memory persists, and competes with extinction memory for 

expression (Foa & McNally, 1996).  Although tautological, EPT holds that the basis of the 

corrective learning is a gradual decline in fear when avoidance and other protective actions are 

eliminated (i.e., within and between-session habituation), supporting reductions in the judged 

severity and likelihood of actual danger.   

Inhibitory learning theory (ILT).  EPT is a useful framework for conceptualizing how 

exposure therapy works, and there is clinical utility in emphasizing that emotional activation 

and processing are required for clinical change.  However, existing evidence has not fully 

supported the primary assumptions of EPT, especially with respect to the critical role of fear 

activation and reduction.  For instance, self-reported initial fear, peak fear, and within- and 

between-session fear decline are unreliable predictors of good exposure outcomes (Craske et 

al., 2014; Kamphuis & Telch, 2000).  A more recent focus has been on optimizing inhibitory 
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learning.  Inhibitory learning theory (ILT) helps account for the post-extinction re-emergence of 

fear that can occur over time (i.e., spontaneous recovery), or upon exposure to a new context 

(i.e., renewal; Bouton, 2004).  It is distinct from the original EPT formulation in holding that fear 

memory remains intact, even following successful extinction – that is, extinction involves the 

formation of new fear-inhibitory associations that subsequently compete for expression with 

prior fear learning upon post-extinction encounters with feared targets.   

Cognitive appraisal theories.  Although EPT and ILT encompass changes in threat-

related cognitions, cognitive appraisal theories (CATs) provide a more nuanced perspective.  

Within this framework, several theorists have suggested that faulty appraisals contribute to the 

onset and maintenance of pathological fear (Bandura, 1977; Clark & Beck, 2011; Ehlers & Clark, 

2000; Kirsch, Tennen, Wickless, Saccone, & Cody, 1983; Reiss, 1980).  These include, for 

example, judgements about the perceived costs and likelihood of a dreaded outcome (e.g., 

Smits et al., 2006), expectancies about reactions to feared targets (Kirsch, Tennen, Wickless, 

Saccone, & Cody, 1983; Reiss, 1980), negative self-relevant appraisals about symptoms or their 

implications (Ehlers & Clark, 2000), and perceived ability to cope with encounters with a feared 

target (Bandura, 1977).  Accordingly, therapeutic change is driven by correcting the underlying 

faulty appraisals, for example, by re-calibrating estimations of danger, violating expectations 

about the persistence of fearful responding, and enhancing the perceived ability to tolerate a 

feared situation.  In the context of exposure therapy, these changes arise from threat-

disconfirming experiences.   Findings across studies have supported this idea, indicating that 

threat reappraisal mediates clinical gains in exposure-based treatments (Smits et al., 2012, 

2006). 
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Comparing theories.  The most important implications of pitting the above theories 

together relate to what exposure therapy is intended to do, its underlying mechanisms, and 

how its efficacy is operationalized (see Abramowitz, 2013).  For instance, EPT emphasizes fear 

network activation and modification by incorporating new safety information as a mechanism 

of change.  EPT also views fear activation and habituation as the primary indicators that 

therapeutic change has occurred.  In contrast, ILT emphasizes fear tolerance over reductions in 

fear, and views the formation, maintenance, and retrieval of inhibitory safety associations with 

feared targets as the primary mechanism of change (Craske et al., 2008; Craske, Treanor, 

Conway, Zbozinek, & Vervliet, 2014).  CATs strongly emphasize the need to correct exaggerated 

threat appraisals.  From this perspective, exposure should operate by making threat 

disconfirming evidence readily available, salient, and well-processed, in order to correct the 

faulty appraisals. 

Consistent with the EPT perspective, most prior clinical trials of exposure therapy have 

used indices of initial and peak fear, and within- and between-session habituation as markers of 

clinical change.  However, from the CAT and ILT perspectives, these are poor indicators that 

learning has occurred.  According to CATs, therapeutic change is best demonstrated by 

incremental corrections to threat appraisals, for example, related to the costs and likelihood of 

encountering a feared outcome, expectations about fearful responding, or one’s ability to 

tolerate or cope with the encounter.  Finally, according to ILT, the best measures of therapeutic 

change should reflect qualities of the acquisition and retention of inhibitory learning, broadly 

construed.  For instance, these should index the strength of learning that occurs in-session, 

beyond measures of emotional activation (e.g., retrieval of coincident safety cues from the 



  

 
 

16 

extinction context), as well as the expression of this learning across time and in new contexts.  

Importantly, ILTs focus on inhibitory learning is consistent with the present investigational aims, 

as well as other recent efforts to maximize the potency of exposure therapy by targeting the 

retention of learning that occurs in-session (Telch et al., 2014; Zaizar, Gonzalez-Lima, & Telch, 

2018; Zoellner et al., 2017). 

Advancing theory and accumulating evidence for treatment mechanisms should provide 

a clear path to enhancing exposure therapy.  These aims are central in the present study design 

in several respects.  For instance, a careful selection of measures to capture change in fear 

expression, change in threat appraisals, and inhibitory learning will support an analytic 

approach geared towards comparing hypothesized mediators.  This approach should provide a 

firmer basis for what to emphasize in theory, and in practice to enhance treatment outcomes – 

that is, whether and to what degree emotional processes, cognitive change, or inhibitory 

learning should be prioritized.  Additionally, based on rationally selected targets, we will 

evaluate if neuromodulation just prior to in vivo exposure can accelerate or impede fear 

attenuation during exposure.  If successful, the study will provide experimental evidence 

informing the relative importance of patterns of emotional activation, cognitive change, and 

inhibitory learning.  It may also provide insight into how the targeted brain regions contribute 

to exposure therapy outcomes. 

Neuromodulation as an Exposure Therapy Augmentation Strategy 

Five existing reports have investigated whether non-invasive neuromodulation 

might effectively enhance exposure-based treatment, including four studies applying 

transcranial magnetic stimulation (TMS) (Herrmann, 2019b, 2019a; Herrmann et al., 2017; 
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Isserles et al., 2013; Kozel et al., 2018; Osuch et al., 2009), and a recent feasibility study 

applying tDCS  (van ‘t Wout-Frank, Shea, Larson, Greenberg, & Phillip, 2019).  Osuch et al. 

(2009) evaluated the effects of combining exposure therapy with repetitive TMS (rTMS) – 

aiming for reductions in hyper-excitability in the right frontal cortex, in a pilot study of 9 

individuals with chronic, and refractory PTSD, using a cross-over, placebo-controlled 

design.  Likely due to methodological limitations, they found no statistically significant 

effects of rTMS; however, rTMS produced a larger effect size on hyperarousal symptoms 

(d = -.76), compared to sham stimulation (d = -.09).  Importantly, they also noted that 

those receiving active rTMS in the initial phase of treatment fared better than those who 

received it in the second phase on 3 of 6 indices of PTSD severity.   

Isserles et al. (2013) applied deep excitatory TMS of the mPFC in a pilot study of 

PTSD patients determined to be refractory to standard treatment (N = 26), with 

randomization to one of three groups, including two active and one sham stimulation 

group, with stimulation administered following brief script-driven imagery during 3 

weekly sessions for 4 weeks, for a total of 12 sessions.  The two active stimulation groups 

differed by whether they were exposed to their trauma memory, or a positive memory in 

comparison to a neutral memory during treatment sessions using individualized script-

driven imagery, whereas the sham stimulation group was exposed to their trauma 

memory in comparison to a neutral memory.  Results revealed significantly greater 

improvement in PTSD symptom severity across clinician-administered and self-report 

measures of trauma-related and depression symptoms, as well as greater reductions in 

physiological reactivity based on heart rate. 
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Herrmann et al. (2017) applied rTMS aiming to enhance activation of the vmPFC, 

followed by virtual reality exposure to heights, in participants with acrophobia (N = 

39).  They found significantly greater reduction in anxiety and avoidance from pre-to-post 

therapy in the active versus sham stimulated group.   

Kozel and colleagues (2018) administered either active or sham rTMS aiming to 

disrupt right dlPFC activation just prior to weekly sessions of Cognitive Processing 

Therapy, including a narrative exposure component, in a sample of Veterans with combat-

related PTSD (N = 103, with 57% completer rates).  Results indicated accelerated gains 

early in treatment that were maintained 6 months after treatment for those who received 

active rTMS, and these findings replicated across self-report and clinician administered 

measures of PTSD symptom severity. 

In addition to the above studies applying TMS to enhance exposure-based 

treatment, van’t Wout-Frank and colleagues (2019) recently reported feasibility data from 

a single-blind study of tDCS-augmented virtual reality exposure in a small sample of 

Veterans with war-zone related PTSD (N = 12).  Participants received either sham or active 

tDCS targeting excitation of the left mPFC, and inhibition of the right parietal cortex.  In 

accordance with findings from the TMS literature, their pilot data seem promising.  

Compared to sham tDCS, participants who received active tDCS showed accelerated gains 

across exposure sessions, both in terms of self-reported PTSD symptom severity and skin 

conductance.   

In addition to the above applications of neuromodulation to enhance exposure-

based treatment, another recent pre-clinical study applied tDCS to facilitate extinction in a 
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sample of healthy subjects (N = 84) using a fear conditioning and extinction paradigm 

(Dittert, Hüttner, Polak, & Herrmann, 2018).  Using a between-subjects design, electrodes 

targeted the left and right dlPFC (F7 and F8 of the EEG 10-20 system), with reversed 

polarity conditions for both sham and active tDCS, with 20 minutes of direct current of 

1.5mA applied following fear acquisition, beginning during a 10 min. break following 

acquisition, and ensuing over the course of extinction trials.  Stimuli consisted of female 

faces, with a 95 dB female scream as the unconditioned stimulus.  SCR findings indicated 

tDCS enhanced the early phase of extinction, such that regardless of polarity, active tDCS 

participants showed an accelerated progression to non-discriminative SCRs within the first 

2 extinction trials, whereas sham tDCS participants required an additional 1 to 3 extinction 

trials for a comparable response.  An examination of changes in state anxiety from before 

and after extinction revealed significant reductions across groups.  Further, significantly 

greater reductions in state anxiety were observed for those who received sham compared 

to active right anodal tDCS, and marginally greater reductions were observed for those 

who received active compared to sham left anodal tDCS.   

This emerging body of work preliminarily supports use of neuromodulation to enhance 

exposure-based psychotherapy outcomes in anxiety, fear, and stress-related disorders.  

Whereas nearly all of the existing trials have applied TMS, there are several advantages that 

support the use of tDCS, including improved tolerability (Poreisz, Boros, Antal, & Paulus, 2007), 

as well as the ability to simultaneously facilitate and impede excitability in discrete brain 

regions.  Further, the pattern of findings across existing studies support promoting enhanced 
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mPFC activation, and reduced right frontal activation just before, or during the initial phases of 

exposure to facilitate the attainment and maintenance of clinical gains in exposure therapy. 

Transcranial Direct Current Stimulation 

Transcranial direct current stimulation (tDCS) is among several promising neuro-

stimulation techniques currently in development for clinical applications.  tDCS produces 

durable, yet reversible shifts in cortical excitability by passing a weak electrical current through 

the scalp (Nitsche & Paulus, 2000).  Advancements in modeling, functional targeting, and 

enhanced focality (Villamar et al., 2013) have catalyzed efforts to target brain regions with tDCS 

to treat range of clinical problems through in vivo facilitation of treatments (Kuo, Paulus, & 

Nitsche, 2014).  Preliminary data indicate therapeutic effects in several neuropsychiatric 

conditions, including dementia, schizophrenia, and depression (Brunoni et al., 2011; Kuo et al., 

2014).  However, tDCS has only recently been applied to anxiety disorder treatment in the small 

feasibility trial mentioned above (van’t Wout-Frank et al., 2019).  Moreover, given that tDCS 

enhances a wide range of cognitive processes (Cerruti & Schlaug, 2009; Flöel et al., 2008; Javadi 

& Walsh, 2012; Kincses et al., 2004; Kuo & Nitsche, 2012; M. A. Nitsche et al., 2003), use of tDCS 

as an adjuvant to exposure would complement similar efforts using pharmacological cognitive 

enhancers (Hofmann, Smits, Asnaani, Gutner, & Otto, 2011).  For instance, these approaches 

can be used to modulate on-line brain processes that support extinction learning.   

Although verification of tDCS current density distributions is presently impossible in 

humans, advancements in modeling have indicated smaller current densities in less surface-

proximal structures; however, current densities in the amygdala and other limbic structures 

have been shown to be comparable to that observed under stimulated areas (Sadleir, 
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Vannorsdall, Schretlen, & Gordon, 2010).  Thus, by enhancing prefrontal top-down inhibitory 

mechanisms, this supports the viability of affecting subcortical structures, including the 

amygdala, with surface stimulation.  Anodal tDCS is believed to produce a local facilitation of 

neuroplasticity by decreasing neuronal firing thresholds under anodal electrode sites, whereas 

the opposite, inhibitory effects are observed under cathodal electrodes.  Hence, tDCS can 

potentially modulate ongoing network-level processes by enhancing excitability in some 

regions, while reducing excitability in others.   

tDCS for Modulating Extinction Learning 

Given evidence for functional specificity (Bikson & Rahman, 2013), these properties 

make tDCS appealing as a means to enhance exposure, given agreement that fear extinction is 

mediated by activity in fronto-limbic neural circuitry (Etkin & Wager, 2007).  With respect to 

candidate targets for stimulation, research supports excitatory stimulation of the mPFC, given 

its modulatory role in extinction (Milad & Quirk, 2002) through functional relations with limbic 

structures underlying fear learning and expression (J. M. Kim & Whalen, 2009; S. Kim & 

Hamann, 2007).  For instance, excitatory mPFC stimulation inhibits efferent amygdala 

projections in rodents (Quirk, Likhtik, Pelletier, & Paré, 2003), and a tDCS study by Mungee et 

al. (2014) reported enhanced fear conditioning in humans by inhibiting the left mPFC (lmPFC), 

and exciting the right dorsolateral PFC (rdlPFC) -  a region involved in negative and threat-

induced emotion (Grimm et al., 2008; Shackman, McMenamin, Maxwell, Greischar, & Davidson, 

2009) and memory retrieval (Henson, Shallice, & Dolan, 1999).  Further, other findings have 

shown that excitatory stimulation of the ldlPFC and inhibitory stimulation of the rdlPFC reduces 

vigilance to threat (Ironside, O’Shea, Cowen, & Harmer, 2016).  Taken together, these findings 
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suggest excitatory (anodal) tDCS of the lmPFC, and inhibitory (cathodal) tDCS of the rdlPFC may 

enhance extinction learning.   

Study Overview 

Based on knowledge of the neural correlates of pathological fear (Etkin & Wager, 2007), 

fear expression (Bremner, Narayan, et al., 1999; Bremner, Staib, et al., 1999) and extinction 

learning (Milad & Quirk, 2012), the neuro-functional changes that correlate with successful 

exposure therapy (Felmingham et al., 2007; Hauner et al., 2012; Straube, Glauer, et al., 2006), 

and advancements in tDCS functional specificity (Bikson & Rahman, 2013), the time is ripe for 

evaluating tDCS as an exposure augmentation (van ‘t Wout-Frank et al., 2019).  Accordingly, the 

present study aimed to: (1) evaluate whether excitatory tDCS of the lmPFC and inhibitory tDCS 

of rdlPFC enhances exposure therapy in a trans-diagnostic sample with marked pathological 

fear; and (2) to determine whether change in outcomes are governed by tDCS effects on 

vigilance to threat (Ironside, O’Shea, Cowen, & Harmer, 2016), working memory (Giglia et al., 

2014), in-session emotional distress and perceived threat attenuation (e.g., Telch et al., 2014), 

and incidental contextual memory for the exposure context (e.g., Telch et al., 2014).  

Exploratory moderation analyses tested whether the intervention effects varied across fear 

domains, and affect-related dimensions, including general anxiety and depression symptoms, 

anxiety sensitivity, and experiential avoidance. 
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Chapter 3: Methods 

Participants 

Recruitment.  Participants (N=49) with marked arachnophobic, ophidophobic, and/or 

germaphobic fear were recruited from the Psychology department subject pool at the 

University of Texas (N ≈ 1,500-2,000), and through advertisements and referrals from the local 

community.  Potential participants were screened with psychometrically validated 

questionnaires, including the Fear of Spiders / Snakes Questionnaire (FSQ) (Szymanski & 

O’Donohue, 1995) and the washing subscale of the Obsessive Compulsive Inventory (OCI-R) 

(Abramowitz & Deacon, 2006; Foa, Kozak, lkovskis, Coles, & Amir, 1998), with an invitation to a 

pre-treatment assessment for those scoring ≥ 1.5 SDs above the mean scores of the subject 

pool.  At baseline, participants completed demographic, medical, symptom severity, affective, 

cognitive, and physiological measures, and two primary outcome measures consisting of two 

behavioral approach tasks (BATs) involving brief encounters with the feared targets.  Following 

these assessments, non-qualifiers were debriefed, and qualifiers were randomized to treatment 

based on eligibility (see Table 1 below).  

Demographic and clinical characteristics.  Participants (N = 49) were predominately 

young (mean age = 21.41, SD = 7.12), female (n = 35; 71%), Caucasian (n = 21; 43%) college 

students (n = 67%), although other races and ethnicities (n = 23; 57%) and community 

treatment-seeking patients (n = 16; 33%) were well represented.  Clinician-administered 

diagnostic interviews at pre-treatment indicated just over half of the sample met criteria for 

specific phobia based on the ADIS-5 (n = 25; 51%), and a large minority met criteria for a current 

or past Axis I disorder based on the MINI-5 (n = 23; 47%), with mood (n = 15; 31%) and anxiety 
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disorders (n = 14; 29%) being the most common, followed by past substance use disorders (n = 

4; 8%).  

Table 1. Eligibility Criteria 

Inclusion Criteria: 

1. Age 18-65. 
2. Fluent in English. 
3. A score on at least 1 fear domain-specific prescreen measure > 2 SDs above the 

subject pool prescreen mean.  These measures include (a) the CLQ, (b) FSQ, and 
(c) OCI-R. 

4. Peak fear ≥ 50 on BATs 1 and 2. 

Exclusion Criteria: 

1. Currently receiving treatment for the primary fear domain (based on clinical 
interview). 

2. Unstable dose of psychotropic medications within 6 weeks prior to baseline 
assessment (based on the DMQ; see measures). 

3. Medical condition that would contraindicate participation in treatment or 
assessment activities (e.g., cardiovascular problems; based on the DMQ; see 
measures). 

4. Pregnancy (based on the DMQ; see measures). 
5. Current major depressive disorder (based on MINI; see measures). 
6. Current, or history of bipolar disorder (based on MINI; see measures). 
7. Current, or history of psychotic symptoms (based on MINI; see measures). 
8. Serious suicidal risk, as determined by self-report (C-SSRS, BDI-II) and clinical 

interview (MINI; see measures). 
9. Active neurological conditions, e.g., seizures, stroke, loss of consciousness or 

concussion (based on DMQ and tDCS Safety Screening Form; see measures) 
10. Contraindications for tDCS: (based on DMQ; see measures) 

a. Metal in the head. 
b. Implanted brain medical devices. 

 

Eligibility criteria.  Study eligibility criteria are outlined in Table 1 above.  The specific 

fear domains were selected to optimally represent the most common forms of pathological fear 

(Stinson et al., 2007).  Aligned with the field’s movement towards transdiagnostic approaches 
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(Cuthbert, 2014), this investigation focused on core pathogenic processes and dimensions (i.e., 

fear, behavioral avoidance, threat vigilance, etc.) associated with several forms of anxiety and 

stress-related mental illness in a sample of individuals who may or may not have met formal 

DSM-5 diagnostic criteria.  Thus, study findings may generalize to a broader range of clinical and 

non-clinical populations.  The decision to use a broader range of pathological fear expression 

was intended to overcome the pitfalls of narrowly defined and artificial constructs that obscure 

both similarity and heterogeneity in clinical phenomena.     

Individuals who were currently receiving treatment for their primary fear domain, or 

who were on an unstable regimen of psychotropic medications, were excluded because these 

factors could reduce sensitivity to detect treatment effects.  Pregnant females were also 

excluded.  Although evidence suggests in vivo exposure very likely has no deleterious effects on 

pregnant mothers or fetuses, this has not been sufficiently established (Arch, Dimidjian, & 

Chessick, 2012).  Current serious suicidality warranted exclusion for safety reasons, and based 

on standards of care to prioritize problems on the basis of severity.  Individuals with current 

major depression, current or history of bipolar disorder, current or history of psychotic 

symptoms, or active neurological conditions (e.g., epilepsy, stroke, tumors, Parkinson’s disease, 

etc.) were also excluded.  Including individuals with these disorders might have introduced 

undesired heterogeneity, given the study’s primary aims to investigate treatment effects on 

pathological fear.  Additionally, some of the measures used in this study have not been 

validated in a language other than English; therefore, participants not fluent in English were 

excluded.  Finally, individuals with implanted brain medical devices or metal in the head were 

excluded, as these are contraindications for tDCS administration.  In questions regarding 
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medical contraindication for study entry, our medical director, Donald Garcia, M.D. was 

available to review cases and make an entry recommendation.  

Design and Randomization.  The experimental design consisted of a 2-arm, placebo-

controlled 2 x 3 mixed design with active tDCS (anodal lmPFC, cathodal rdlPFC tDCS) vs. sham 

tDCS as a between-subjects factor, and repeated assessments at pre-treatment, post-

treatment, and 4-week follow-up as a within-subjects factor.  Eligible participants were 

stratified based on (1) peak SUDS ratings during the second of two behavioral approach tests 

(BATs), with moderate and severe distress indicated by scores ≤ 74/100, and ≥ 75/100, 

respectively, and (2) fear domain.  They were then randomly assigned to either: (a) Active tDCS: 

20 min. of 1.7 mA tDCS, with anodal lmPFC stimulation and cathodal rdlPFC stimulation, 

followed by 30 min. in vivo exposure to feared targets; or (b) Sham tDCS: 20 min. of sham tDCS, 

followed by 30 min. of in vivo exposure to feared targets.  Table 2 summarizes the treatment 

parameters for each condition, and Figure 1 depicts the study design.  

Table 2. Treatment parameters 

Treatment 
tDCS Parameters In Vivo Exposure 

Duration mAmps Anode Cathode Duration 
Active tDCS 20 min. 1.7 lmPFC (Fp1) rdlPFC (F4) 30 min. 
Sham tDCS 30 sec. 1.7 lmPFC (Fp1) rdlPFC (F4) 30 min. 

Note. Fp1 of the 10-20 electrode placement system corresponds to anterior left mPFC, and F4 

corresponds to the right dlPFC. 

Pre-Screening.  Respondents to study recruitment efforts first completed brief online 

prescreen instruments specific to each fear domain (~5 min.).  Those scoring ≥ 1.5 SDs above 

the mean of the large pre-screen sample were invited for more thorough face-to-face 

screening, which also served as the pre-treatment assessment for qualifiers (see Table 1 for 
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inclusion / exclusion criteria).  Full participation involved three separate laboratory visits, lasting 

in total approximately 4.5 hours. 

Pre-Treatment.  The pre-treatment visit (~1.5 hrs.) consisted of (1) obtaining informed 

consent (~10 min.), (2) completion of demographic, medical, and baseline measures (~15 min.), 

(3) a structured clinical interview (~30 min.), (4) two behavioral approach tests (BATs) 

consisting of a single brief (30 sec. each) exposure to primary feared targets specific to each 

fear domain (~15 min.), and (5a) scheduling treatment, post-treatment, and 4-week follow-up 

visits for those deemed eligible, or (5b) debriefing for those deemed ineligible (~5 min.).   

Treatment.  The treatment visit occurred 1-week after pre-treatment, and took 

approximately 2 hours.  This involved (1) watching a video presenting instructions, procedures, 

and rationale specific to each treatment condition (~2 min.), and (2) depending on assignment, 

20 minutes of either real or sham tDCS stimulation with pre- and post-tDCS assessments, 

followed by (3) 30 minutes (six 5-minute trials) of in vivo exposure to primary feared targets.   

Post-treatment and 4-week follow-up.  The post-treatment visit occurred immediately 

after treatment and took approximately 1 hour.  With the exception of obtaining consent, and 

completion of one-time measures (e.g., structure clinical interview), procedures exactly 

replicated the pre-treatment procedures.  Participants were assessed again at a 4-week follow-

up, taking approximately 1 hour.  Procedures mirrored the post-treatment assessment, with the 

exception of completion of a test of attentional threat vigilance, and a test of incidental 

contextual memory for the extinction context (BAT-1).   
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Figure 1. Study Design  
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In vivo exposure therapy.  At the treatment visit, participants first watched a video 

providing a standard habituation rationale for exposure and explanation of the purpose, 

procedure, and safety of tDCS.  After completion of the Credibility and Expectancy 

Questionnaire (Devilly & Borkovec, 2000), tDCS administration, and pre- and post-tDCS 

measures, they received one 30-min. therapist-guided in vivo exposure session consisting of six 

5-min. trials of confronting their primary feared targets in the training context (BAT-1). Self-

report measures were completed before and after each trial to assess change in behavioral, 

affective, and cognitive reactions to feared stimuli (see process measures below). What follows 

are summaries of in vivo exposure procedures.  Established phobia-specific manuals used in our 

lab’s prior published studies (Telch et al., 2014) guided treatment delivery, along with standard 

methods of assessing treatment fidelity (see below).   

Fear of spiders and snakes.  Arachnophobic and ophidophobic participants received one 

30 min. session of six 5-min. trials of graduated in vivo exposure to one spider or snake (BAT-1; 

Animal A), respectively.  They were asked to complete 8 progressively challenging approach 

steps, as outlined in our manual (e.g., ranging from standing 5 ft. away from an open animal 

tank - to holding the animal with two hands (Lancaster, 2017) They began with a step that was 

judged by each participant to be moderately challenging, based on anticipated fear or disgust 

levels of ~50/100, and verbal encouragement was provided each minute to progress to the next 

approach step, so long as the participant had maintained engagement for the full previous 

minute, and was willing to progress to the next step.  The highest approach step, and total 

actual exposure time, which was operationalized as sustained engagement and contact with 

feared targets as defined by each approach step, was used to index behavioral approach. 



  

 
 

30 

Process measures of anticipated and actual reactions were administered during inter-trial 

intervals, and peak distress levels were assessed each minute.   

Fear of germs and contamination. Germaphobic participants received one 30 min. 

session of six 5-min. trials of in vivo exposure to dirt, dead insects, and animal hair in a plastic 

translucent container (BAT-1).  They were instructed to touch the feared stimuli with two hands 

for 5 min.  If participants withdrew from the stimuli with both hands prior to the 5 min., the 

time was recorded to index behavioral approach, and they were encouraged to attend to and 

touch the stimulus for the remainder of the trial.  Participants were also be instructed to refrain 

from washing their hands at any time during exposure, but were given dry paper towels to 

brush debris off their hands between trials.  Process measures of anticipated and actual 

reactions were given during inter-trial intervals, and peak SUDS were assessed each minute. 

Transcranial Direct Current Stimulation. tDCS was administered using a 1 x 1 

Transcranial Direct Current Stimulator (foc.us, Model V2) with 7 x 7 cm electrode pads.  As 

described in Table 2, one electrode was placed over the left anterior mPFC (Fp1 of the 

international 10:20 system (Klem, Lüders, Jasper, & Elger, 1999); and the other was placed over 

the right dlPFC (F4), with polarity depending on the assigned condition.  After set-up and 

electrode positioning, stimulation began at the onset of each of six 5-min. trials (30 min. total), 

with a 30-second ramping up period to target current flow (1.7mA) to ensure participant 

comfort.  At the end of each trial, stimulation ended with a 30-second ramping down period.  

For sham stimulation, current flow ceased following the ramping up period, and was turned on 

again for the ramping down period.   
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Standard procedures were used for double-blinding (Gandiga, Hummel, & Cohen, 2006) 

– participants were unaware of their assignment, but were informed that tDCS is usually 

accompanied by sensations that subside within a minute of the onset and offset of stimulation.  

Experimenters were aware of whether active or sham tDCS was being delivered, but remained 

blind to electrode type (e.g., anode vs. cathode).  Additionally, with a few exceptions (n = 5; 

10%), in vivo exposure was administered by a different experimenter relative to the tDCS 

administrator, to mitigate the potential for bias in treatment delivery.  Figure 2 below depicts 

the tDCS montage (left) and model-derived current distribution in the cortex based on this 

montage (Dmochowski, Bikson, & Parra, 2012). 

                         
 

Figure 2.  tDCS Electrode Configuration.  Left: Montage for tDCS administration for the active 

tDCS condition. The anode (green) was placed over Fp1 (lmPFC); The cathode (blue) targeted F4 

(rdlPFC).  Right: Model-simulated current distribution (V/m) for the selected tDCS montage.  

 

 

 

 

mPFC

EXP + tDCS (mPFC+) EXP + tDCS (mPFC-)

dlPFCdlPFC

mPFC



  

 
 

32 

Measures 

Diagnostic and Symptom Severity Measures.  The full MINI-5 (Pinninti, Madison, 

Musser, & Rissmiller, 2003) and the specific phobia module of the ADIS-5 (Brown & Barlow, 

2014) was administered at pre-treatment to provide diagnostic and severity data, respectively 

(not used for eligibility).  The C-SSRS (Posner et al., 2011) was used as a screen for suicidality.  

To assess symptoms specific to each fear domain, psychometrically validated instruments 

assessed different dimensions of phobic fear and avoidance, including the FSQ (Szymanski & 

O’Donohue, 1995), and OCI-R (Abramowitz & Deacon, 2006; Foa et al., 1998), at pre-, post-

treatment, and the 1-month follow-up (see Table 3 below). 

Primary Outcome Measures - Peak Emotional Distress, Threat Appraisals, and 

Behavioral Approach. Emotional distress reactions and threat appraisals during the BATs were 

assessed by a visual analogue subjective units of distress scale (Wolpe, 1973), and behavioral 

approach was assessed by observation (highest approach step achieved and duration of contact 

with feared stimuli).  BAT-1 occurred in the same context as exposure, and thus, provided an 

assessment of spontaneous fear recovery.  In contrast, BAT-2 is a generalization test (i.e., of 

fear renewal), using contexts that differ in a several qualitative dimensions relative to the 

exposure context (see Table 4).  However, BAT-2 procedures exactly mirrored those used in 

BAT-1.  To enhance sensitivity to detect treatment effects, the two BATs were abbreviated at 

each time point, limited to 30 sec. of exposure to feared targets.  BAT-1 and BAT-2 contexts are 

summarized in Table 4 below. 
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Note. DMQ = Demographics and Medical Questionnaire; MINI-5= Mini International 

Neuropsychiatric Interview, Version 5; ADIS-5 = Anxiety and Related Disorders Interview 

Schedule for DSM-5 Disorders; C-SSRS = Columbia Suicide Severity Rating Scale; CLQ = 

Claustrophobia Questionnaire; FSQ = Fear of Snakes and Spiders Questionnaire; OCI-R = 

washing subscale of the Obsessive Compulsive Inventory-Revised; CEQ = Credibility and 

Table 3. Schedule of Assessments 

Assessment Pre-Treatment Treatment Post-Treatment Follow-up 

DMQ x    

MINI-5 x    

ADIS-5 x    

C-SSRS x    

CLQ x  x x 

FSQ x  x x 

OCI-R x  x x 

BDI-II x  x x 

BAI x  x x 

ASI-3 x  x x 

BEAQ x  x x 

CEQ  x   

PSQ  x   

BAT-1  x x x x 

BAT-2  x  x x 

SEQ x x x x 

PANAS  x x  

TVT  x  x x 

WMT  x x  

ICM  x  x 
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Expectancy Questionnaire; PSQ = Placebo and Side Effects Questionnaire; BAT-1 = Behavioral 

approach test in the generalization context.  Includes measurement of emotional, cognitive, 

and behavioral expectancies and reactions upon confronting feared targets, specific to each 

fear domain.  BAT-2 = Behavioral approach test in the training context (same measures as BAT-

1); PANAS = Positive and Negative Affect Scale; SEQ = Self-Efficacy Questionnaire; BDI-II = Beck 

Depression Inventory – Version 2; BAI = Beck Anxiety Inventory; ASI-3 = Anxiety Sensitivity 

Index – Version 3; BEAQ = Brief Experiential Avoidance Questionnaire; TVT = Threat Vigilance 

Task; WMT = Visuospatial Working Memory Task; ICM = Incidental Contextual Memory Task. 

Table 4. Behavioral Approach Tests (BAT-1 / BAT-2) 

Fear Domain BAT-1 BAT-2 

Germaphobia Dirt, insects, animal hair. Toilet appearing unsanitary 

Arachnohobia / Ophidophobia Animal A. Animal B. 

Secondary Outcome Measures.  To assess change in symptoms specific to each fear 

domain, the CLQ (Radomsky, Rachman, Thordarson, McIsaac, & Teachman, 2001), FSQ 

(Szymanski & O’Donohue, 1995), and OCI-R (Abramowitz & Deacon, 2006; Foa et al., 1998) was 

administered at pre-treatment, post-treatment, and the 1-month follow-up assessments.  

Additional validated self-report measures of general anxiety (Beck, Epstein, Brown, & Steer, 

1988)depression (Beck et al., 1988), anxiety sensitivity (Taylor et al., 2007), and experiential 

avoidance (Gámez et al., 2014) were also be administered at baseline and outcome 

assessments.  The BAI (A. T. Beck, Epstein, Brown, & Steer, 1988) and BDI-II (A. Beck, Steer, Ball, 

& Ranieri, 1996) reflect measures of more general psychopathology, and were selected to 

evaluate treatment specificity, but also to explore whether ancillary benefits are associated 
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with tDCS-augmented exposure.  The ASI-3 (Taylor et al., 2007), and BEAQ (Gámez et al., 2014) 

measured two functionally distinct facets of phobic symptomatology, including, respectively, 

fearful reactivity to anxiety symptoms, and avoidance of aversive emotional experiences. 

Treatment Moderator and Process Measures. Standard process self-report ratings 

(0=None; 100=Extreme) were collected during 1-minute inter-trial intervals during all BATs and 

exposure trials, including anticipated and actual fear and disgust as indexed by SUDS (Wolpe, 

1973), anticipated threat of physical and emotional harm, perceived ability to tolerate 

emotional distress and behaviorally persist in confronting feared targets (Valentiner, Telch, 

Petruzzi, & Bolte, 1996), and four fear domain-specific items assessing threat-specific cognitive 

appraisals.  Additionally, participants were asked after each trial about the degree to which 

they believed tDCS was helping to reduce their fear or disgust as a means to monitor 

attributions during the course of exposure.  Process analyses examined the contributions of 

change in these variables to clinical trajectories and outcomes with respect to the primary 

outcome measures.    

Cognitive Measures.  To inform whether tDCS may operate by modifying underlying 

mental processes, we used (a) a threat vigilance task (TVT) completed before and after tDCS, 

and again at the 1-month follow-up, that has been shown to index biases towards and away 

from threat (Grafton & MacLeod, 2014), and is similar to a task used to detect reduced threat 

vigilance in a tDCS study using a similar tDCS montage (Ironside, O’Shea, Cowen, & Harmer, 

2016); (b) a visuospatial working memory task (WMT) completed before, and after tDCS, similar 

to a paradigm that has been shown to be sensitive to the effects of excitatory tDCS of the 

rdlPFC (Giglia et al., 2014) and (c) an incidental contextual memory task (CMT) completed at 
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follow-up (Telch et al., 2014) to provide evidence of whether episodic memory for the 

extinction context is facilitated, which is one mechanism through which tDCS could enhance 

inhibitory learning (i.e., enhanced encoding of coincident safety cues from the treatment 

context).  To control for order effects, and to place our hypothesized treatment mediators on 

equal footing in terms of sensitivity to detect changes due to tDCS, the order of (a) the measure 

of state affect (PANAS), (b) the measure of threat vigilance (TVT), and (b) the working memory 

task (WMT) was counterbalanced across participants.   

Threat Vigilance Task (TVT).  To assess for changes in vigilance to threat (Ironside et al., 

2016), a computerized threat vigilance task based on Grafton and MacLeod (Grafton & 

MacLeod, 2014) was administered before and after tDCS, and again at the 1-month follow-up 

visit.  In this task, each trial began with the presentation of two 8.5 cm white squares with black 

outlines displayed 3.5 cm to the left and right of the center.  In the center of one of the squares, 

a 2 cm red-outlined square appeared simultaneously. After 1000 ms, a small .5 cm red line 

appeared in the middle of the red outlined box.  This anchor randomly appeared with equal 

frequency in the left and right side of the screen.  Immediately after this anchor, a pair of 

images, including a threatening image, and a corresponding neutral image closely matched on 

color and spatial characteristics was presented briefly, for either 100 or 500 ms, with the 

threatening and neutral image randomly appearing with equal frequency on the left and right 

side of the screen.   Note that the use of these two presentation durations allows evaluation of 

both early and late stages of attentional threat processing.  Next, a probe appeared in one of 

the squares, which was also a 2 cm red outlined square with a .5 cm red line appearing in the 

middle, oriented either horizontally or vertically.  Participants were told to be fast and accurate, 
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but to prioritize responding as quickly as possible, indicating whether the second red line was 

the same or different from the first red line. 

Attentional engagement and disengagement bias scores were derived from reaction 

times.  Trials in which threatening images appeared distal to initial attentional focus were used 

to index attentional bias towards threat, with a greater bias indicated by faster responses to 

probes in the same location as threatening images, compared to probes that appear in the 

opposite location.  Trials in which threatening images appeared proximal to initial focus were 

used to index attentional bias away from threat, with a greater bias indicated by faster 

responses to probes in the opposite location as threatening images, compared to probes that 

appeared in the same location.  Figure 3 below depicts an exemplar trial from the TVT. 

 

Figure 3. Illustrative trial of the threat vigilance task. 

Visuospatial Working Memory Task (WMT).  To index changes in general cognitive 

performance supported by the targeted brain regions, participants were administered a 

standard spatial recognition delayed-match-to-sample (DMS) task (Giglia et al., 2014) before 

Threat	Vigilance	Task
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and after tDCS.  Participants first viewed a randomly patterned 6 x 6 grid of 7, 8, or 9 bright red 

colored squares, with the remaining array comprised of cyan colored squares.  A key press 

indicated that the participant felt the pattern has been sufficiently encoded, which was 

followed by a 4 second delay, after which two sets of grids were presented on the left and right 

side of the screen, including the target grid and a distractor.  Participants indicated which of the 

two grids is identical to the original by pressing one of two keys, respectively. Participants were 

informed that while there is no time limit for studying the target or choosing the match, they 

should strive for answering as quickly as possible, without sacrificing accuracy.  Correctness, 

encoding time, and reaction time (i.e., memory retrieval latency) was recorded for subsequent 

analyses.  Figure 4 below depicts an example trial for the working memory task. 

 

Figure 4. Illustrative trial for the visuospatial working memory task. 

Incidental Contextual Memory Task (ICM). To investigate whether tDCS effects 

potentially operate through enhanced memory for the exposure context, we administered an 

incidental memory test at the end of the 1-month follow-up visit.  Encoding occurred during 

treatment, with no instructions to attend to the items.  Stimuli consisted of 20.48 x 20.48 cm. 

line drawings of easily remembered objects from the Test of Memory Malingering (Teichner & 

Working	Memory	Task	(Delayed	Match	to	Sample)	

Sample	 Probes	

5	sec.	delay	

Retrieval	AcquisiCon	
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Wagner, 2004).  Items were aligned on a 4 x 4 grid measuring 117 x 117 cm. placed 

conspicuously on a prominent wall in the treatment context, approximately 1.5 m away and 

directly facing participants during in vivo exposure.  At the follow-up, participants were 

randomly presented a series of 40 images, including the 16 items present at encoding, and 24 

distracter items.  In a recognition phase, participants first indicated whether each object was 

present (yes or no).  In a visuospatial recall phase, they were presented the actual target items, 

and were asked to place them in their original location (yes or no), using a drag-and-drop 

function in an online survey.  They were also asked about their confidence in each of their 

answers (0 = very uncertain to 100 = very certain).  A large body of literature supports the utility 

of similar tasks (Smith & Vela, 2001) including our previous trial, that demonstrated facilitated 

contextual memory for the extinction context by methylene blue, versus placebo (Telch et al., 

2014).  

Treatment Fidelity, Credibility, Expectancy, and Side Effects Measures. Treatment 

fidelity with respect to tDCS administration was confirmed following study completion by 

reviewing automatically logged device data, as well as visual confirmation by examining close-

up photos of the configuration after electrodes had been placed and secured, prior to each 

stimulation session.  Fidelity with respect to exposure was ensured through the use of manual-

based protocols, online checklists completed before and after each session, as well as careful 

documentation of any protocol deviations.  Moreover, exposure was administered by only two 

trained and experienced therapists, including the PI (Cobb) and a co-PI (O’Connor), both of 

whom received weekly supervision by study sponsor and co-PI, Dr. Telch.  To assess credibility, 

participants completed the CEQ (Devilly & Borkovec, 2000) at pre-treatment, directly after 
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receiving the treatment rationale.  This measure is widely used to assess treatment 

expectancies in clinical trials.  Participants were also administered a placebo and side effects 

questionnaire immediately after tDCS to assess whether they believed they received real tDCS 

(1 item), and to assess for common tDCS side effects (Brunoni et al., 2011). 

 

Figure 5. Stimuli for the incidental contextual memory task 

Protections of Human Subjects and Consideration of Alternatives 

Treatment considerations. To establish feasibility of affecting the targeted brain 

regions, we used a MATLAB-based program (Dmochowski et al., 2012) that accounts for tissue 

conductance to predict current density given the tDCS montage (see Figure 1).  Note that other 

tDCS configurations may be efficacious(Ho et al., 2014); however, we selected the present 

montage to extend previous literature (Ironside et al., 2016; Mungee et al., 2014), and target 

brain regions most implicated in extinction learning (Quirk, Garcia, & Gonzalez-Lima, 2006).  In 
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weekly and bi-weekly meetings, Dr. Telch provided supervision and consultation for exposure 

therapy, and Drs. Gonzalez-Lima, Booth, and Bikson provided supervision, consultation, and 

training for the implementation of tDCS.  

Use of a single-session exposure protocol.  Single session exposure treatments would 

be suboptimal with more complex anxiety disorder presentations, but single session exposure-

based protocols have been shown to be efficacious for more circumscribed fears (Wolitzky-

Taylor, Horowitz, Powers, & Telch, 2008).  Further, our lab has a well-established track record 

using single-session protocols to test a wide range of exposure augmentations (Telch et al., 

2014). 

tDCS-associated risks.  The level of risk associated with properly implemented tDCS is 

very low.  Although thresholds of injury in humans associated with tDCS are still under 

investigation, among tDCS studies spanning a wide range of applications and administration 

protocols, there are only isolated reports of injury, limited to temporary skin irritation under 

electrode sites (Bikson, Datta, & Elwassif, 2009; Dundas, Thickbroom, & Mastaglia, 2007; Palm 

et al., 2008; Poreisz, Boros, Antal, & Paulus, 2007).  Non-injurious adverse effects are more 

common.  For instance, a 2011 meta-analysis of 209 tDCS studies found that 56% mentioned 

adverse effects (AEs) (Brunoni et al., 2011).  Among the 74 studies systematically reporting AEs, 

itching (39.3% vs. 32.9%), tingling (22.2% vs. 18.3%), headache (14.8% vs. 16.2%), burning 

sensation (8.7% vs. 10%), and discomfort (10.4% vs. 13.4%) were the most common across 

studies (for real vs. sham tDCS, respectively).  AEs were monitored using a standard 

questionnaire derived from this study (Brunoni et al., 2011), that assesses the presence and 

severity of 10 common AEs, and allows reporting of additional AEs not on the questionnaire.  



  

 
 

42 

Exposure therapy-associated risks.  Safety considerations are not widely addressed in 

published studies of exposure, but useful information can be gleaned from process measures of 

psychological and physiological reactions during exposure (Arch et al., 2012).  Discomfort and 

increases in state fear are expected upon initial exposure to feared stimuli or situations, but this 

reduces rapidly in most patients.  In fact, fear activation has been considered theoretically vital 

to successful treatment (Foa & Kozak, 1986), although it does not reliably predict outcomes 

(Craske et al., 2008; Kamphuis & Telch, 2000; Telch, Valentiner, Ilai, Petruzzi, & Hehmsoth, 

2000; Telch et al., 2004).  Increases in physiological arousal are also expected for the first 4 to 

20 minutes of exposure, but thereafter, rapid habituation is the usual course.  For multi-session 

exposure treatments for more debilitating conditions (e.g., PTSD), prior research has suggested 

approximately 10-20% of patients experience symptom exacerbation at the start of exposure 

therapy, however, this exacerbation appears to be small, transient, and does not predict 

treatment outcome or attrition (Foa, Zoellner, Feeny, Hembree, & Alvarez-Conrad, 2002). 

Moreover, evidence suggests that individuals who show relatively poor fear reduction 

during in vivo exposure often still benefit from treatment (Arch et al., 2012; Craske et al., 2008).  

Further, our protocol allowed for additional treatment at no cost for participants who did not 

respond (Jacobson & Truax, 1991) after the 1-month follow-up; however, all participants 

responded well to treatment.  Finally, one potential risk specific to subjects with arachnophobia 

or ophidophobia, is that they could have been bitten by one of the non-venomous spiders or 

snakes used during exposure therapy.  However, no such events occurred, and well over 200 

such subjects have undergone exposure in our laboratory, and not one has ever been bitten.  

Moreover, several of our labs previous and ongoing trials using very similar manual-based 
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exposure protocols have been classified as posing minimal risk by the University of Texas at 

Austin IRB.   

Protection against tDCS-associated risks.  All tDCS administrators were thoroughly 

trained in the safe and effective use of this technology by off-site expert, Dr. Marom Bikson and 

his laboratory staff at CUNY, and local experts, including Drs. James Booth, Francisco Gonzalez-

Lima, and David Schnyer at UT Austin, as well as the study PI (Cobb).  Additionally, weekly face-

to-face supervision was provided by (i) the sponsor, Michael Telch, Ph.D., and consultation was 

available throughout the study by (ii) co-sponsor, Francisco Gonzalez-Lima, Ph.D., and 

consultants (iii) David Schnyer, Ph.D, (iv) James Booth, Ph.D., and (v) Marom Bikson, Ph.D.  As 

mentioned, the level of risk associated with properly implemented tDCS is very low.  Our 

selected protocol and equipment were well within the established safety guidelines, and all 

instructions for safe and effective use specified in the equipment manuals were followed.  For 

instance, to ensure participant comfort and mitigate potential risks associated with tDCS (e.g., 

skin irritation), standard procedures for ramping up and down delivered current, and ramping 

down and administration of small amounts of normal saline occurred when signs of discomfort 

were noticed or indicated by participants, whether spontaneous or in response to questioning 

by the experimenter.  Further, procedures were in place to stop tDCS administration if logistic 

or safety issues required it.  Finally, assessment of potential injury and adverse events was 

assessed both through (a) verbal questioning and (b) through a questionnaire including items 

addressing common AEs (Brunoni et al., 2011), and allows reporting of AEs not included among 

the items.    
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Recruitment Considerations 

Our lab has completed several similar trials aided by use of our large introductory 

psychology subject pool (~1,500-2,000 students), and manual-based protocols (Cougle, 

Wolitzky-Taylor, Lee, & Telch, 2007; Kamphuis & Telch, 2000; Powers, Smits, & Telch, 2004; 

Powers, Smits, Whitley, Bystritsky, & Telch, 2008; Sloan & Telch, 2002; Smits, Telch, & Randall, 

2002; Telch et al., 2014, 2010, 2000; Valentiner et al., 1996; Wolitzky & Telch, 2009).  Further, 

the burden of recruitment is significantly reduced by use of a transdiagnostic sample in lieu of 

recruiting from a single phobia domain.   

Statistical Power Considerations 

Recruitment goals were determined using statistical software (Spybrook, Congdon, Hill, 

Martinez, & Raudenbush, 2011) with a priori estimates of residual level-1 and level-2 variance, 

and variance explained at level 2 by baseline fear derived from previously collected data from 

similar trials.   We assumed 60 participants providing data at 75% of the assessments.  This 

revealed statistical power of .80 to detect effects larger than d = .27.  Note that the study 

design had limited power to detect moderation by fear domain; however, there’s no empirical 

support for predicting differences between fear domains, and thus, this specific aim was 

deemed exploratory.   
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Chapter 4: Statistical Analyses 

Primary Analyses 

As detailed in Chapter 1, the primary aim of this investigation was to (1) test whether 

excitatory tDCS of the lmPFC and inhibitory tDCS of rdlPFC enhances exposure therapy 

outcomes for several forms of pathological fear.  To address primary aim 1, two-level linear 

mixed effects models with repeated observations nested within subjects were used to 

determine the effects of tDCS [active tDCS vs. sham tDCS] on emotional distress, threat 

appraisals, and behavioral avoidance at post-treatment and follow-up.  We predicted better 

attainment of treatment gains at post-treatment and better maintenance of gains at follow-up 

for the active tDCS relative to the sham tDCS group.  Additionally, with respect to treatment 

process outcomes, we expected the active tDCS group to exhibit more rapid and greater 

reductions in distress, threat appraisals, and avoidance during treatment as indicated by 

differential rates of change based on evaluation of treatment x trial interaction effects and 

conditional trajectories of change in each treatment process outcome.  

Secondary and Exploratory Analyses 

Secondary and exploratory aims were to: (2) determine whether tDCS moderated the 

subsequent response to in vivo exposure; (3) determine whether tDCS effects varied as a 

function of fear domain, and several baseline affect-related dimensions, including phobia 

symptom severity, general anxiety and depression symptoms, anxiety sensitivity, and 

experiential avoidance; (4) evaluate whether tDCS effected changes in selective attention for 

threat, including in terms of engagement and disengagement biases, from pre- to post-tDCS, 
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and to the 1-month follow-up; and (5) determine whether observed tDCS effects were 

accounted for by changes in affective and cognitive processes.  

A similar approach was used to address aim 2.  This involved inclusion of 3-way 

interaction terms by incorporating treatment response variables in interaction with treatment 

condition and time-point.  Moderated variables included peak emotional distress and threat 

appraisal activation and attenuation, which were operationalized, respectively, as the self-

reported highest rating at any point during exposure, and the highest rating following the last 

exposure trial; as well as an index of behavioral approach, reflecting persistence of behavioral 

engagement with feared targets during exposure.     

Aim 3 was similarly addressed.  Moderation analyses tested whether outcomes varied 

by (a) fear domain (Wolitzky-Taylor, Horowitz, Powers, & Telch, 2008), and several clinically 

important affect-related dimensions, including (b) general anxiety (BAI), (c) depression (BDI-II), 

(d) anxiety sensitivity (ASI-3), and (e) experiential avoidance (BEAQ).  Standard procedures were 

used for continuous moderators, in which each moderator was scaled and centered 1 SD above 

and below the mean, and entered in interaction with treatment condition to estimate the 

conditional main effects of treatment, given high and low scores on each moderator variable 

(Aiken et al., 1991).   

Aim 4, which was to test for differential change trajectories of attentional biases for 

threat from pre- to post-tDCS and to the 1-month follow-up was also addressed using a 

multilevel modeling approach, with a treatment x time-point interaction and conditional group-

level effects of time-point being the primary effects of interest.   
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Using standard procedures (Aiken et al., 1991; Raudenbush & Bryk, 2002) to address 

aim 5, a piece-wise multilevel modeling approach was used to obtain parameter estimates of 

total, direct, and indirect effects, the latter of which were evaluated using Monte Carlo 

simulations.  Mediators included (a) pre-post tDCS changes in threat vigilance (TVT), (b) pre-

post tDCS changes in working memory performance (WMT), (c) pre-post tDCS changes in state 

emotion (PANAS), (d) incidental contextual memory for the exposure context (ICM), (e) in-

session emotional distress activation and attenuation (Telch et al., 2014), (f) change in 

emotional and physical threat appraisals, and (i) change in indices of behavioral approach 

specific to each fear domain (e.g., duration of contact with feared targets as defined by selected 

behavioral approach level, etc.).  We predicted each of these mediators would at least partially 

account for the facilitative effects of active tDCS on treatment outcomes relative to sham tDCS.   

All data processing and analyses were conducted using the statistical programming 

language, R, primarily implementing lme4 and base packages for modeling, ggplot2 for 

visualization, and the MASS package for Monte Carlo simulations in mediation analyses (R Core 

Team, 2019).  Most analyses were conducted using random-intercept multilevel models, with 

repeated observations nested within participants (Raudenbush & Bryk, 2002).  The following 

sections provide more specific details with respect to the analytic approach for each 

assessment domain. 

Primary and Secondary Outcomes 

Preliminary models of peak emotional distress and avoidance revealed significant 

moderation of time-point by baseline symptom severity and levels of each outcome, as well as 

an expected dependency between approach and distress.  Thus, models incorporated 



  

 
 

48 

interactions between time, and respectively, initial levels of each outcome, pre-treatment 

symptom severity, and time-varying distress or approach levels.  Models also controlled for fear 

domain differences in initial levels and trajectories of each outcome.  Inclusion of these terms 

improved model fit, allowed assumptions to be met, and better isolated the tDCS augmentation 

effects of interest. Outcomes were modeled using their natural metric, whereas continuous 

predictors were z-transformed for ease of interpretation.  Self-reported symptom severity, 

based on the FSQ-Snakes, FSQ-Spiders, and the washing subscale of the OCI-R were 

standardized within each phobia domain.  One active tDCS participant was removed from the 

final analyses due to excessive leverage and residual outlying values across models.  This 

participant had idiosyncratic and unexpected reactions to stimuli outside the context of the 

experiment close to the end of the exposure trials (i.e., the odor of snake feces), and 

subsequently declined to take part in several tasks.  Excluding this participant significantly 

improved model fit and normalized the residuals, allowing assumptions to be met.   

Emotional and physical threat appraisals, reflecting the sum of the estimated 

probabilities of being emotionally and physically harmed by the feared target were similarly 

modeled, controlling for differences in initial levels and trajectories of change as a function of 

pre-treatment estimations of threat, self-reported phobia severity based on questionnaire data, 

and phobia domain.  Initial analyses of data from the extinction context (BAT-1) revealed a 

single outlying observation from one active tDCS participant at the post-treatment time-point, 

reflecting model underestimation of perceived threat.  Removal of this observation did not 

significantly alter the pattern or magnitude of effects, but significantly improved fit, and helped 

normalize the residuals, and was thus omitted from the final model.  For the model of self-
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reported phobia symptom severity, outcome scores were standardized by fear domain and 

centered at the pre-treatment mean.  Covariates included pre-treatment severity and phobia 

domain.  All statistical assumptions were evaluated and were met.   

Treatment Process Outcomes 

Treatment process outcomes, including peak emotional distress, approach / avoidance, 

and threat appraisals during repeated in vivo exposure trials were analyzed using multilevel 

models with repeated observations nested within participants.  A standard bottom-up 

approach was used involving first determining the best fitting combination of fixed and random 

effects of trial, followed by the addition of predictors of interest.  Peak emotional distress was 

best modeled using fixed and random effects of trial.  Threat appraisals, based on self-rated 

probabilities of emotional and physical harm, and levels of approach / avoidance, based on the 

duration of feared stimulus contact, were best modeled with random intercept specifications 

after including predictors.  The duration of contact with feared targets was assessed by a 

trained co- investigator who used a stopwatch to record the duration of participants’ contact 

with feared targets throughout exposure trials based on criteria specific to each approach step 

(e.g., proximity, visual engagement, physical contact, etc.).  Similar to the primary outcome 

analyses, all treatment process models controlled for initial levels and trajectories as a function 

of pre-treatment levels of each outcome, phobia symptom severity based on self-report 

questionnaires and fear domain (contamination vs. animal phobia).  All model assumptions 

were evaluated, and were met. 
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Treatment Moderators  

To explore individual differences and conditions associated with treatment response, 

several potential moderators were evaluated (aims 2 and 3).  With respect to qualities of 

response to exposure, these included: peak emotional distress at any point during exposure 

trials, and during the last trial, reflecting distress activation and attenuation, respectively; and 

threat appraisals, reflecting the sum of estimated probabilities of emotional and physical harm, 

obtained prior to the last exposure trial (aim 2).   

With respect to individual differences, moderators included pre-treatment anxiety (BAI), 

depression (BDI-II), anxiety sensitivity (ASI-III), and experiential avoidance (BEAQ) (aim 3).  

Moderators were entered as z-transformed covariates, with significant interactions probed by 

re-centering moderators at 1 SD above or below the mean, reflecting high or low levels of the 

moderator, respectively.  Standard procedures were used for continuous moderators, in which 

each moderator was scaled and centered 1 SD above and below the mean, and entered in 

interaction with treatment condition to estimate the conditional main effects of treatment, 

given high and low scores on each moderator variable (Aiken et al., 1991).   

Treatment Mediators 

Threat vigilance.  Pre- to post-tDCS and pre-tDCS to 1-month follow-up change in 

engagement and disengagement indices for the threat vigilance task were calculated across 

trials with 100 ms. stimulus presentations (aim 4).  Each index was calculated after: (1) 

removing the top 5 longest latencies for each participant at each time-point; (2) removing 

outlying observations based on visual inspection; (3) removing observations < 150 ms.; and 

finally (4) two iterations of removing observations > 2.5 SDs from the mean latency for each 
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participant at each timepoint.  Two participants had accuracy rates below 2.5 SDs from the 

sample mean, and thus, were excluded from the analyses.  The remainder of the sample 

displayed high accuracy rates (94.55%), indicating that participants successfully followed 

instructions to attend to and discriminate the initial anchor and target probes.  The mean 

number of trials removed prior to analysis was 7.03% (range: 2.34 to 12.80%).  Accuracy rates 

and the number of trials removed did not significantly differ as a function of treatment, time-

point, stimulus characteristics, or fear domain (all p’s > .10).  Initial models revealed change in 

attentional biases towards and away were threat across time-points were significantly 

moderated by pre-tDCS biases.  Accordingly, to evaluate whether tDCS resulted in change in 

attentional biases, two-way interactions between pre-tDCS biases with time-point (pre- to post-

tDCS) and tDCS group [sham tDCS vs. active tDCS], respectively, were entered as covariates.  

Inclusion of these interaction terms significantly improved model fit and normality of residuals.  

In a second exploratory step, three-way interaction terms between pre-tDCS biases, tDCS 

group, and time-point were included, to evaluate tDCS effects were moderated by baseline 

levels of engagement and disengagement bias, respectively. 

State emotion.  Pre- to post-tDCS changes in positive and negative state emotion were 

modeled separately using random intercept multi-level models predicting total scores for the 

positive and negative subscales of the PANAS.  The analysis was completed in two steps.  First, 

we evaluated change from pre- to post-tDCS in emotions in multi-level, random intercept 

models that controlled for pre-tDCS positive and negative emotions, and tested interactions 

between tDCS group and time-point.  Second, we evaluated whether tDCS effects were 
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moderated by baseline levels of emotions in models that controlled for pre-tDCS emotions, and 

included three-way interactions between pre-tDCS state emotions, tDCS group, and time-point.   

Visuospatial working memory.  Pre-tDCS to post-tDCS changes in working memory 

performance was evaluated in terms of the percentage of correct trials, encoding time, and 

response time.  In an initial step, these outcomes were separately analyzed using a random 

intercept multi-level model, controlling for pre-tDCS performance, and including a 2-way 

interaction between tDCS group and time-point.  Second, encoding and response times were z-

transformed and entered in 3-way interactions with treatment and time-point, which allowed 

examining performance as a function of time for encoding targets and probe discrimination, 

respectively. 

Incidental contextual memory for the extinction context. 

Recognition memory.  Sensitivity (d’), response bias (b), and criterion (c) indices of 

recognition memory performance were derived from hit and false alarm rates during the 

recognition phase of the ICM task, using the neuropsychology package in R (R Core Team, 

2019).  Confidence in correct responses was also examined, based on average self-ratings 

corresponding to hits and correct rejections.  In addition, as a means to examine tDCS effects 

on metacognitive function, we also evaluated whether tDCS effects on recognition memory 

performance based on d’ scores were moderated by confidence ratings.  Analyses were 

conducted using multiple linear regression, controlling for pre-tDCS working memory 

performance based on the percentage of correct trials, fear domain, and peak fear expression 

in the generalization context (BAT-2) at pre-treatment.  Across models, all statistical 

assumptions were met. 
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Visuospatial recall.  Visuospatial memory for target items was evaluated based on the 

number of target items correctly positioned, and the total distance between recalled positions 

and actual positions of target items, where distance is defined by the sum of absolute 

differences in rows and columns with the 4 x 4 grid of items (i.e., distance = (|xT – xR|) + (|yT – 

yR|), where R = response position; T = target position).  As with the models of recognition 

memory, baseline working memory performance and peak fear in the generalization context 

(BAT-2) were entered as covariates.  Additionally, following procedures applied to recognition 

memory, metacognitive function was evaluated by testing whether tDCS effects on visuospatial 

memory were moderated by confidence ratings.  In the model of overall confidence in 

positioning of target items, there was one sham tDCS participant and one active tDCS 

participant with residuals values greater than 2 SDs above the mean.  Removing these 

observations significantly improved normality and model fit, and so they were excluded.  

Otherwise, statistical assumptions were met.  

Mediation of tDCS effects on emotional distress in the extinction context across time-points. 

Several putative mediators of tDCS group differences in trajectories of emotional 

distress from pre-treatment through the 1-month follow-up were evaluated (aim 5).  The small 

size of the present sample precluded use of structural equation modeling, which would have 

been advantageous in the ability to simultaneously estimate direct and indirect paths.  Instead, 

a piecewise approach was used, involving estimation of tDCS group x time-point interaction 

effects on each mediator, followed by estimation of mediator x time-point interaction effects 

on each outcome, with the mediator and outcome models containing the same set of 
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predictors.  The MASS package in R was used to conduct Monte Carlo simulations with 20,000 

repetitions to test the significance of indirect effects (R Core Team, 2019). 
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Chapter 5: Results 

 The following sections present results corresponding to primary aim 1, whereas results 

from moderation models corresponding to secondary aims 2 and 3 are presented in chapter 6.  

Additionally, supplemental results exploring tDCS effects on affective and cognitive processes, 

and their role in mediating the tDCS-augmentation are presented in chapter 8. 

Descriptive statistics 

A CONSORT diagram depicting treatment allocation and participant flow through study 

procedures is provided in Figure 6 below, and descriptive demographic and baseline clinical 

characteristics are presented in Table 5.   

 

Figure 6.  CONSORT Diagram.  The figure above depicts participant flow through study 

procedures across time-points, including treatment randomization, allocation, and completion 

status for those who received either 20 min. of active tDCS (n = 27) or sham tDCS (n = 22) prior 

tDCS (mPFC+)
(n =27)

Received tDCS 
(mPFC+)
(n = 27) 
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(N = 49)

Lost to post-tx
(n = 1)

Lost to 1-month 
follow-up

(n = 1)

Assessed for eligibility at 
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(n = 38)

Sham tDCS
(n = 22)

Received Sham tDCS 
(mPFC-)
(n =  22) 

Lost to post-tx
(n = 0)

Lost to 1-month 
follow-up

(n = 0)

Arachnophobia: (n = 21)
Ophidiophobia: (n = 15)
Germaphobia: (n = 13)
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to 30 minutes of in vivo exposure to feared targets, with a post-treatment assessment 

immediately after treatment, and a follow-up assessment 1 month after treatment. 

Treatment Credibility and Expectancies 

 There were no significant differences in CEQ scores as a function of phobia type (b = 

16.60, se = 17.83, t = .931, p = .357), or tDCS assignment (b = -14.37, se = 15,84, t = -.91, p = 

.369), suggesting comparable treatment expectancies across groups.  Participants generally 

viewed the treatment as highly credible, with at least moderate expectations for improvement.  

Pre-treatment estimations of the degree of expected improvement in terms of reductions in 

phobic distress were on average, 63.37% and 65.32% for the active tDCS and sham tDCS groups, 

respectively.    Additionally, only 4% (n = 2) of participants guessed that they had received sham 

tDCS, and they were mistaken, suggesting successful blinding procedures, and that sham tDCS 

served as an effective placebo. 

Primary Outcomes: Behavioral Approach Tasks in the Extinction and Generalization Contexts 

at Pre-Treatment, Post-Treatment, and the 1-Month Follow-Up.   

Emotional distress in the extinction context (BAT-1).  Fixed effects and effect sizes for 

the model of peak emotional distress are presented in Table 6 and Figure 7.  Relative to an 

unconditional growth model, the final model captured 58% and 54%, respectively, of between 

and within-subject variance in change.  Consistent with our primary hypothesis (aim 1, 

hypothesis set 1) findings revealed significantly greater reductions in distress for those 

administered active tDCS, compared to sham tDCS (F[2,81] = 5.14, p = .008), with marginally 

greater pre-to-post change (b = -6.06, se = 3.55, t = -1.71, p = .092, r = .14), and significantly 
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greater reductions from pre-treatment to the 1-month follow-up (b = -11.71, se = 3.66, t = -

3.20, p = .002, r = .19). 

Threat appraisals in the extinction context (BAT-1).  Fixed effects and local and global 

effect sizes for the model of change in threat appraisals in the extinction context (BAT-1) are 

presented in Table 7 and Figure 7.  The final model accounted for 84% and 91%, respectively, of 

between- and within-subject variance, compared to an unconditional growth model.  

Consistent with predictions (aim 1, hypothesis set 1), findings revealed significantly greater 

reductions in threat estimations for those administered active tDCS compared to sham from 

pre- to post-treatment (b = -11.14, se = 3.39, t = -3.29, p = .002, r = .19) and to the 1-month 

follow-up (b = -9.85, se = 3.35, t = -2.94, p = .004, r = .18).   

Avoidance in the extinction context (BAT-1).  Parameter and effect size estimates for 

the model of avoidance, defined as the percentage of approach steps not achieved, are 

presented in Table 8 and Figure 7.  The model accounted for 79% and 86%, respectively, of 

between-subject and within-subject variance.  Results revealed marked decreases in avoidance 

over the course of treatment, but contrary to predictions (aim 1, hypothesis set 1) there were 

no significant tDCS effects on overall levels or change in avoidance across time-points (F[2, 82] = 

.64, p = .529).   

Emotional distress in the generalization context (BAT-2).  Parameter and effect size 

estimates for the model of peak emotional distress in the generalization context are presented 

in Table 9 and Figure 7.  The final model accounted for 84% and 49%, respectively, of the 

between- and within-subject variance in distress across time-points.  Findings indicated a 

similar pattern relative to the training context, but with a marginally significant tDCS x time-
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point interaction (F[2,89] = 2.31, p = .105).  tDCS group trajectories did not significantly differ 

from pre-to-post-treatment (b = -6.32, se = 4.98, t = -1.27, p = .207, r = .12); however, as 

hypothesized (aim 1, hypotheses set 1), the active tDCS group exhibited significantly greater 

reductions in distress from pre-treatment to the 1-month follow-up (b = -10.76, se = 5.04, t = -

2.13, p = .036, r = .15).   

Threat appraisals in the generalization context (BAT-2).  Fixed effects and effect sizes 

for the model of threat appraisals in the generalization context (BAT-2) are presented in Table 

10 and Figure 7.  The model accounted for 72% and 69%, respectively, of between- and within-

subject variance, compared to an unconditional growth model.  Although the same pattern 

emerged relative to findings for the extinction context, contrary to predictions (aim 1, 

hypotheses set 1), there were no significant differences in threat appraisals in the 

generalization context between tDCS groups from pre- to post-treatment (b = -1.76, se = 5.77, t 

= -.31, p = .761, r = .06), or from pre-treatment to the 1-month follow-up (b = -4.74, se = 5.83, t 

= -.81, p = .418, r = .09).   

Avoidance in the generalization context (BAT-2).  Fixed effects and effect sizes for the 

model of avoidance in the generalization context, based on the percentage of approach steps 

not achieved, are presented in Table 11 and Figure 7.  The final model accounted for 86% and 

76%, respectively, of the between- and within-subject variance in avoidance across time-points.  

Inconsistent with predictions (aim 1, hypotheses set 1), findings revealed no significant tDCS 

group differences in trajectories of change in avoidance (F[2,87] = 1.81, p = .170).  However, the 

active tDCS group exhibited marginally less reduction in avoidance compared to the sham tDCS 
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group from pre-treatment to the 1-month follow-up (b = 7.01, se = 3.70, t = 1.90, p = .061, r = 

.14), which equates to less than one unit, or step of approach.   

 

Figure 7. Peak Emotional Distress, Threat Appraisals, and Behavioral Avoidance in the 

Extinction (BAT-1) and Generalization (BAT-2) Contexts across Time-points by tDCS group.  
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The subplots above depict model-derived change in peak emotional distress (top row), threat 

appraisals (middle row), and avoidance, based on the percent approach steps not achieved 

(bottom row) in the extinction (left column) and generalization (right column) contexts during 

behavioral approach tasks at pre-treatment, post-treatment, and 1-month after treatment for 

those who received either 20 min. of sham tDCS (red line with circles) or active tDCS (blue line 

with triangles) prior to 30 min. of in vivo exposure to feared targets.  Estimates are adjusted for 

differences in baseline levels and rates of change as a function of phobia type (animal vs. 

contamination), pre-treatment phobia severity and emotional distress.  Concurrent levels of 

avoidance were also controlled for in the models of emotional distress and threat appraisals, 

whereas concurrent emotional distress was controlled for in models of avoidance.  Error bars 

reflect 95% confidence intervals. 

Secondary Outcome: Phobia Symptom Severity 

Phobia symptom severity.  Parameter and effect size estimates for the model of self-

reported phobia severity are presented in Table 12 and Figure 8.  The final model accounted for 

35% and 4% of additional between-subject and within-subjective variance, respectively, in 

comparison to an unconditional growth model.  Findings revealed no significant tDCS effects 

from pre- to post-treatment (b = -.76, se = .54, t = -1.40, p = .165, r = .13); however, consistent 

with predictions (aim 1, hypotheses set 1) there were marginally greater reductions in severity 

scores for the active tDCS group, compared to the sham tDCS from pre-treatment to the 1-

month follow-up (b = - .96, se = .55, t = -1.75, p = .085, r = .15).   
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Figure 8. Self-Reported Phobia Symptom Severity across Time-Points by tDCS Group.  The 

above figure depicts model-derived change in phobia symptom severity based on validated self-

report questionnaires specific to each fear domain that were administered pre-treatment, post-

treatment, and 1-month after treatment for those who received either 20 min. of sham tDCS 

(red line with circles) or active tDCS (blue line with triangles) prior to 30 min. of in vivo exposure 

to feared targets.  Symptom scores were first standardized within each phobia type and 

centered at the pre-treatment mean for meaningful interpretation of > 1 SD reductions as 

indicative of mean reliable change across time-points.  Estimates were adjusted by baseline 

scores and phobia type (animal vs. contamination).  Error bars reflect 95% confidence intervals. 

Treatment Process: Peak Emotional Distress, Threat Appraisals, and Behavioral Approach. 

Peak emotional distress.  Parameter estimates and effect sizes for the model of peak 

emotional distress are presented in Table 13 and Figure 9.  The final model explained 22% and 
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14%, respectively of the between- and within-subject variance in distress in comparison to an 

unconditional growth model.  Findings revealed substantial declines in distress for both tDCS 

groups; however, contrary to predictions (aim 1, hypotheses set 1), there were no reliable tDCS 

group differences within or across repeated exposure trials (b = -1.33, se = 1.83, t = -0.73, p = 

0.472, r = 0.14). 

Threat appraisals.  Fixed effects and effect sizes for the model of threat appraisals are 

presented in Table 14 and Figure 9.  The final model accounted for 45% and 2% of additional 

between-subject and within-subject variance, compared to an unconditional growth model.  In 

support of predictions (aim 1, hypotheses set 1), findings revealed marginally significantly 

greater reductions in threat appraisals in the active tDCS group, compared to sham tDCS (b = -

2.69, se = 1.52, t = -1.77, p = .079, r = .09).  Further, as shown in Figure 9, whereas the active 

tDCS group rated the probability of emotional and physical harm, on average, as not 

significantly different from 0%, the sham tDCS group rated this probability, on average, at just 

over 20% at the final exposure trial. 

Approach / avoidance.  Fixed effect estimates and effect sizes for the model of 

approach, based on exposure duration for each trial, are presented in Table 15 and Figure 9.  

The final model accounted for 4% and 7% of additional between- and within-subject variance, 

respectively, relative to an unconditional growth model.  Consistent with predictions (aim 1, 

hypotheses set 1), results revealed a significant tDCS x trial effect (b = -4.07, se = 1.88, t = -2.16, 

p = .032, r = .09), reflecting significantly higher initial levels and overall levels of approach based 

on duration of contact with feared stimuli for those who received active tDCS compared to 

sham tDCS (b = 16.25, se = 8.03, t = 2.02, p = .046, r = .14).  As shown in the lower subplot of 
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Figure 4, whereas the active tDCS group, on average, maintained contact with feared targets 

across trials, the sham tDCS group, on average, did not maintain contact for the full target 

duration (5 min.) during the first 2 trials. 

 

 

Figure 9. Emotional Distress, Threat Appraisals, and Feared Target Contact Duration Across In 

Vivo Exposure Trials by tDCS Group.  The figure above depicts model-adjusted levels of 

emotional distress (top left), threat appraisals (top right), and duration of contact with feared 

targets (bottom) during six 5-min. in vivo exposure trials for those who received either 20 min. 

of sham tDCS (red circles) or active tDCS (blue triangles) just prior to exposure.  Error bars 

reflect 95% confidence intervals.  In the bottom figure, the dotted line indicates the target 
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duration of each exposure trial (5 min., or 300 sec.).  The additional time spent disengaging with 

targets at was also recorded and included, which accounts for mean values in the latter half of 

the exposure session (trials 4-6) exceeding the target duration.  Error bars reflect 95% 

confidence intervals.   
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Chapter 6: Secondary and Exploratory Results 

tDCS Moderation of Response to Exposure 

Peak emotional distress during exposure.  Fixed effects and effect sizes from the model 

testing moderation by tDCS of peak emotional distress activation during exposure on emotional 

distress across time-points are presented in Table 16 and Figure 41.  The final model accounted 

for an additional 56% of both between and within-subject variance, compared to an 

unconditional growth model.  tDCS assignment was not found to moderate the effects of peak 

emotional distress during exposure on overall treatment response (F[2,82] = .67, p = .517).   

Peak emotional distress at last exposure trial. Parameter estimates and effect sizes 

from the model testing tDCS moderation of peak emotional distress during the last exposure 

trial on trajectories of emotional distress across time-points are presented in Table 17 and 

Figure 10.  The final model accounted for an additional 67% and 71% of between and within-

subject variance, relative to an unconditional growth model.  tDCS group assignment 

significantly moderated the effects of peak emotional distress during the last exposure trial 

(F[2, 83] = 7.16, p = .001), such that higher levels of end distress, suggesting poor distress 

attenuation during exposure, was significantly associated with higher distress at the 1-month 

follow-up for the sham tDCS (b = 12.66, se = 2.77, t = 4.58, p < .000, r = .19), but not the active 

tDCS group (b = -1.45, se = 2.67, t = -.55, p = .587, r = .08).  Thus, findings were contrary to 

predictions (aim 2, hypotheses set 2), suggesting that active tDCS especially benefitted 

individuals with a relatively poorer, rather than better, initial response to exposure.  Moreover, 

these augmentation effects appeared to operate through enhancing post-exposure processing 

and consolidation of extinction learning.   
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Figure 10. tDCS Moderation of Peak Emotional Distress during Last Exposure Trial. The above 

figure depicts moderation of peak emotional activation during the last exposure by tDCS group 

assignment on trajectories of change in emotional distress at pre-treatment, post-treatment, 

and the 1-month follow-up for individuals who received sham tDCS (red circles) or active tDCS 

(blue triangles) with low peak distress (dotted lines) or high peak distress (solid lines) during the 

last exposure trial.    

Threat appraisals at last exposure trial.  Parameter and effect size estimates from the 

model testing moderation by tDCS of threat appraisal attenuation, based on ratings obtained 

just prior to the last exposure trial, on change in peak emotional distress in the extinction 

context across time-points are presented in Table 18 and Figure 11 below.  The final model 

explained an additional 66% and 69% of between- and within-subject variance, relative to an 

unconditional growth model.  Findings indicated a similar pattern relative to findings for 
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emotional distress attenuation during exposure.  tDCS significantly moderated the effects of 

threat attenuation during exposure (F[2,79] = 4.15, p = .019), such that among those with 

beliefs that feared targets could cause emotional and physical harm at the final exposure trial, 

these beliefs persisted at the 1-month follow-up for those who received sham tDCS (b = 7.01, se 

= 2.08, t = 3.37, p = .001, r = .19), but not for those who received active tDCS (b = 1.19, se = 

3.22, t = .37, p = .712, r = .07).  Thus, findings suggest that active tDCS may have operated 

through enhancing post-exposure processing and memory consolidation, especially benefiting 

those with a poorer acute response to exposure.  

 

Figure 11. tDCS Moderation of Threat Appraisals during Last Exposure Trial.  The above figure 

depicts moderation of threat appraisals during the last exposure by tDCS group assignment on 

trajectories of change in emotional distress at pre-treatment, post-treatment, and the 1-month 

follow-up for individuals who received sham tDCS (red circles) or active tDCS (blue triangles) 
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with low (dotted lines) or high (solid lines) self-rated probabilities of emotional and physical 

harm prior to the 6th and final exposure trial.   

tDCS Moderation by Baseline Differences. 

Phobia type.  Parameter and effect size estimates from the model testing moderation of 

tDCS effects by fear domain are presented in Table 19 and Figure 42.  Relative to an 

unconditional growth model, the final model accounted for an additional 57% and 55% of the 

variance between- and within-subjects, respectively.  Findings revealed no significant 

moderation of tDCS-augmentation effects by fear domain (F[2,81] = .26, p = .769). 

Pre-treatment phobia symptom severity.  Parameter estimates and effect sizes from 

the model testing moderation of tDCS effects by phobia symptom severity are presented in 

Table 20 and Figure 12 below.  Relative to an unconditional growth model, the final model 

accounted for an additional 67% and 62% of the variance between- and within-subjects, 

respectively.  Results indicated significant moderation of tDCS by baseline phobia severity 

(F[1,40] = 10.75, p = .002), including from pre- to post-treatment (b = -12.80, se = 3.30, t = -3.87, 

p < .000, r = .20), and from pre-treatment to the 1- month follow-up (b = -7.46, se = 3.32, t = -

2.24, p = .028, r = .16).  These results indicate that the greatest therapeutic gains were obtained 

by individuals with high phobic severity who received active tDCS, whereas the poorest 

response was achieved by those with high phobic severity who received sham tDCS.   
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Figure 12. tDCS Moderation by Phobia Symptom Severity.  The figure above depicts tDCS 

moderation by pre-treatment phobia symptom severity on emotional distress in the extinction 

context (BAT-1) at pre-treatment, post-treatment, and the 1-month follow-up for individuals 

who received sham tDCS (red circles) or active tDCS (blue triangles) with low (dotted lines) or 

high (solid lines) baseline phobia symptom severity.   

Pre-treatment anxiety symptoms. Fixed effects and effect sizes from the model testing 

moderation of tDCS effects by general anxiety symptom severity, based on total BAI scores 

obtained at pre-treatment, are presented in Table 21 and Figure 43.  Relative to an 

unconditional growth model, the final model accounted for an additional 58% and 55% of the 

variance between- and within-subjects, respectively.  Results revealed no reliable moderation 

of tDCS by baseline general anxiety severity (F[2,81] = .33, p = .722), although there were trends 
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suggesting better 1-month outcomes among participants with high levels of anxiety who 

received active tDCS, compared to sham tDCS. 

Pre-treatment depression symptoms.  Parameter estimates and effect sizes from the 

model testing moderation of tDCS effects by depression symptom severity, based on total BDI-II 

scores obtained at pre-treatment, are presented in Table 22 and Figure 44.  Relative to an 

unconditional growth model, the final model accounted for an additional 54% and 58% of the 

variance between- and within-subjects, respectively.  Results indicated no significant 

moderation of tDCS effects by baseline depression symptoms (F[2,85] = .21, p = .813).   

Pre-treatment anxiety sensitivity.  Parameter and effect size estimates from the model 

testing moderation of tDCS effects by anxiety sensitivity, based on total ASI-3 scores obtained 

at pre-treatment, are presented in Table 23 and Figure 13 below.  Relative to an unconditional 

growth model, the final model accounted for an additional 66% and 63% of the variance 

between- and within-subjects, respectively.  Findings revealed significant moderation of tDCS 

effects by pre-treatment levels of anxiety sensitivity (F[2,82] = 3.79, p = .027).  Whereas pre-

treatment anxiety sensitivity predicted a markedly and significantly poorer response for those 

administered sham tDCS, including from pre- to post-treatment (b = 12.26, se = 3.25, t = 3.77, p 

< .000, r = .20), and to the 1-month follow-up (b = 10.55, se = 3.54, t = 2.98, p = .004, r = .18), 

there were no significant effects of anxiety sensitivity among those who received active tDCS, 

including from pre- to post-treatment (b = .52, se = 3.07, t = .17, p = .866, r = .05), and to the 1-

month follow-up (b = 4.44, se = 3.10, t = 1.43, p = .156, r = .13).  Thus, findings indicated that 

active tDCS promoted therapeutic gains in individuals with high levels of anxiety sensitivity, 

which is generally a negative prognostic indicator.   
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Figure 13. tDCS Moderation by Pre-treatment Anxiety Sensitivity. The figure above depicts 

tDCS moderation by pre-treatment levels of anxiety sensitivity on emotional distress in the 

extinction context (BAT-1) at pre-treatment, post-treatment, and the 1-month follow-up for 

individuals who received sham tDCS (red circles) or active tDCS (blue triangles) with low (dotted 

lines) or high (solid lines) baseline anxiety sensitivity.   

Pre-treatment experiential avoidance.  Parameter and effect size estimates from the 

model testing moderation of tDCS effects by experiential avoidance, based on total BEAQ 

scores obtained at pre-treatment, are presented in Table 24 and Figure 14 below.  Relative to 

an unconditional growth model, the final model accounted for an additional 62% and 56% of 

the variance between- and within-subjects, respectively.  Findings indicated a similar, but non-

significant pattern relative to the findings for anxiety sensitivity.  There was no significant 

moderation of tDCS by pre-treatment levels of experiential avoidance (F[2,82] = .63, p = .534); 
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however, whereas experiential avoidance was marginally associated with higher distress in the 

sham tDCS group from pre- to post-treatment (b = 5.26, se = 3.12, t = 1.68, p = .096), there was 

no relationship between experiential avoidance and change in emotional distress across time-

points for the active tDCS group, including from pre- to post-treatment (b = .75, se = 2.79, t = 

.27, p = .788, r = .06), and to the 1-month follow-up (b = .05, se = 2.96, t = .02, p = .987, r = .01).   

 

Figure 14. tDCS Moderation by Pre-treatment Experiential Avoidance. The figure above 

depicts tDCS moderation by pre-treatment levels of experiential avoidance on emotional 

distress in the extinction context (BAT-1) at pre-treatment, post-treatment, and the 1-month 

follow-up for individuals who received sham tDCS (red circles) or active tDCS (blue triangles) 

with low (dotted lines) or high (solid lines) baseline experiential avoidance.   
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tDCS Side Effects and Adverse Events. 

Reported tDCS side effects based on responses to the PSQ just after tDCS administration 

are presented in Table 25.  Stimulation was very well tolerated and there were no adverse 

events.  The active tDCS group reporting more tingling, itching, moderate transient burning 

sensations, skin redness, sleepiness, difficulty concentrating, and mood changes.  Additionally, 

one active tDCS participant reported experiencing visual phosphenes during stimulation.   
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Chapter 7. Discussion 

The tDCS montage used in the present investigation was selected to target a well-

defined brain network implicated in anxiety and stress-related psychopathology (Hahn et al., 

2011; Kim, Gee, et al., 2011; Kim, Loucks, et al., 2011; Kim & Whalen, 2009; Sadeh et al., 2014) 

fear expression, defensive response mobilization, and fear extinction learning.  For example, 

decreased mPFC activation (Bremner et al., 1999; Shin et al., 2005) mPFC-amygdala coupling 

(Hahn et al., 2011; Kim, Gee, et al., 2011; Kim & Whalen, 2009; Sadeh et al., 2014), and 

increased right dlPFC activation have been implicated in anxiety pathology (Shackman, 

McMenamin, Maxwell, Greischar, & Davidson, 2009).  Prior evidence suggests successful 

exposure therapy outcomes are associated with normalization of these aberrant neuroplastic 

processes (Felmingham et al., 2007; Hauner, Mineka, Voss, & Paller, 2012; Straube, Glauer, 

Dilger, Mentzel, & Miltner, 2006).  In addition to the present findings and other emerging 

similar efforts (van ‘t Wout-Frank et al., 2019), this supports the prediction that driving activity 

within these regions may enhance exposure therapy outcomes by modulating the neural 

processes active during treatment. 

In addition to providing initial support for tDCS as a means to enhance in vivo exposure 

therapy outcomes by facilitating the attainment, consolidation, and retention of gains, the 

present work provided some preliminary insight into mechanisms and individual differences 

predictive of treatment response.  In sum, the results suggest that tDCS geared towards shifting 

patterns of prefrontal excitability operated through promoting attentional and behavioral 

engagement with feared targets.  Moreover, active tDCS was found to especially benefit those 

with more severe phobic symptoms and greater resistance to therapeutic change.   
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Overview of study findings 

Primary and secondary outcomes.  The active tDCS group exhibited marginally greater 

reductions in peak emotional distress from pre- to post-treatment, and significantly greater 

reductions in distress from pre-treatment to the 1-month follow-up, compared to the sham 

tDCS group.  The active tDCS group also exhibited significantly greater reductions in emotional 

and physical threat appraisals from pre- to post-treatment, and at the 1-month follow-up in the 

extinction context (BAT-1).  This same pattern emerged in the generalization context, but did 

not reach statistical significance.  The active tDCS group also exhibited marginally significantly 

greater reductions in self-reported phobia symptom severity from pre-treatment to the 1-

month follow-up, compared to the sham tDCS group.  Finally, there were no significant effects 

on avoidance, defined as the percentage of approach steps not achieved. 

Treatment process.  Significant reductions in peak emotional distress during in vivo 

exposure were observed for both the active tDCS and sham tDCS group, with no reliable group 

differences in trajectories.  Levels of approach / avoidance based on the duration of 

engagement with feared targets were significantly higher for the active tDCS group, especially 

for the first 2 exposure trials.  Additionally, the active tDCS group exhibited marginally steeper 

declines in threat likelihood estimations, reflecting self-rated probabilities of emotional and 

physical harm, compared to the sham tDCS group.   

Moderation of tDCS-augmented in vivo exposure.  Consistent with the findings from 

the mediation models, moderation findings indicated that active tDCS especially benefitted 

those with a relatively poorer acute response to in vivo exposure, based on higher levels of 

emotional distress and perceived threat at the last exposure trial.  Moreover, the pattern of 
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findings indicated tDCS augmentation effects appeared to operate through enhancing post-

exposure processing and consolidation of extinction learning in the follow-up period.  

Consistent with these results, other moderation findings indicated active tDCS especially 

enhanced outcomes in individuals with higher levels of negative prognostic indicators, including 

higher pre-treatment phobia symptom severity, anxiety sensitivity, and experiential avoidance.   

Comparison to recent neuromodulation studies aiming to enhance extinction learning. 

 The present investigation contributes to emerging efforts to leverage non-invasive 

neuromodulation techniques to enhance exposure-based treatments for anxiety, fear, and 

stress-related disorders.  To date, these investigations have almost exclusively applied TMS (see 

Herrmann, 2019; Herrmann et al., 2017; Isserles et al., 2013; Kozel et al., 2018; Osuch et al., 

2009), with the exception of a recent feasibility study applying tDCS (van ‘t Wout-Frank et al., 

2019).  Consistent with findings from the present investigation, these studies have each 

demonstrated initial promise for modulating activity in frontal brain regions to enhance 

exposure-based treatments.   

 Despite the predominance of TMS among existing efforts, tDCS is better tolerated 

(Poreisz et al., 2007) and affords the ability to simultaneously facilitate and impede the 

excitability of brain regions, providing greater flexibility in targeting functional networks.  This 

has important implications with respect to the pattern of findings observed in the present 

investigation, and the related efforts cited above.  Specifically, this evidence supports 

upregulating left and medial PFC activation, and downregulating right and dorsolateral PFC 

activation just before or during initial exposure trials to enhance exposure therapy outcomes.  
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Thus, while the effects of TMS may be more readily interpretable due to unidirectional 

stimulation, the present results and related findings (Dittert et al., 2018; van ‘t Wout-Frank et 

al., 2019) should spur future applications of tDCS, including efforts to optimize dosing 

parameters (e.g., current, electrode size, number, placement, etc.), as well as head-to-head 

comparisons with TMS.  This would afford greater flexibility in probing the relative 

contributions of brain regions, and in optimizing stimulation parameters. 

Theoretical implications for psychological mechanisms of exposure therapy 

EPT posits that exposure therapy operates through fear network activation and 

incorporation of new safety information within this representation of prior fear learning, and 

emphasis is placed on initial fear activation and habituation (within- and between-sessions) as 

primary indicators of clinical change (Foa & Kozak, 1986).  Consistent with a subsequent 

revision of EPT (Foa & McNally, 1996), ILT emphasizes the formation of new inhibitory learning 

that subsequently competes for expression with prior fear learning – a perspective that has 

logically led to attempts to boost the learning that occurs in treatment, consistent with the 

aims of this investigation and related efforts to enhance the formation, maintenance, retrieval, 

and generalization of inhibitory safety learning.   

Although design limitations preclude strong causal inferences regarding general 

mechanisms of exposure, the pattern of findings supports the ILT account of therapeutic 

change, at least with respect to the observed tDCS-augmentation effects.  That is, neither 

emotional activation nor attenuation during exposure trials statistically mediated tDCS effects 

on reductions in distress across assessment time-points.  However, several emergent patterns 

suggested tDCS partly operated by facilitating access to threat-disconfirming evidence by 
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promoting engagement with feared targets, and partly through enhancing post-exposure 

emotional and cognitive processing by facilitating the consolidation and retention of the 

learning that occurred in-session. 

The present findings also support cognitive accounts of exposure’s therapeutic effects.  

From this perspective, exposure is hypothesized to operate through incremental shifts in beliefs 

about danger and safety (Smits et al., 2012, 2006).  That is, threat-disconfirming evidence is 

accumulated through repeated exposure in the absence of feared outcomes, resulting in 

successively re-calibrated estimations of threat.  This is reflected in the observed tDCS group 

differences in trajectories of change, showing that the active tDCS group exhibited accelerated 

reductions in threat likelihood estimations across trials, and improved retention of these 

reductions through the 1-month follow-up.  Mediation analyses did not support the hypothesis 

that change in threat appraisals accounted for the augmentation effects of tDCS on reductions 

in emotional distress across time-points.  However, persistent beliefs in danger at the last 

exposure trial predicted reinstatement of emotional distress at the follow-up in the sham, but 

not the active tDCS group.  Moreover, changes in threat appraisals emerged as the most 

sensitive indicator of tDCS group differences among subjective ratings.   

Consistent with cognitive appraisal theories (Bandura, 1977; Ehlers & Clark, 2000; 

Kirsch, Tennen, Wickless, Saccone, & Cody, 1983; Reiss, 1980; Smits et al., 2006), these findings 

support the importance of changes in beliefs about danger as an important indicator of 

therapeutic change in exposure-based treatment.  Given that tDCS was logically not operating 

directly at the level of threat-related belief change, it is reasonable to presume the 

augmentation effects involved a general enhancement of emotional and cognitive processing 
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during exposure, and at least early on within the follow-up period.  Although threat appraisals 

did not mediate tDCS effects, the findings provided some support for the more general 

hypothesis that change in threat likelihood estimations are a mechanism of exposure (Smits et 

al., 2012), in that in-session reductions in threat appraisals were incrementally predictive of 

reductions in emotional reactivity to feared targets across time-points, controlling for 

functionally related covariates (e.g., avoidance).   

From a behaviorist’s point of view, therapeutic change is governed by the consequences 

of engagement with targets that are avoided.  That is, avoidance is reduced through repeated 

exposure to a feared stimulus in the absence of feared consequences.  Initial mediation 

analyses supported the hypothesis that tDCS would partly operate through promoting initial 

approach and engagement with feared targets.  Further probing revealed active tDCS especially 

benefited those who prematurely terminated the initial exposure trial in terms of reductions in 

distress across time-points.  Although there remains a degree of uncertainty about whether 

active tDCS early terminators persisted for longer than they otherwise would have, the 

observed pattern provides additional support that rather than operating merely through 

behavioral change, the augmentation effects operated by enhancing accessibility, processing, 

and/or subsequent retrieval of threat-disconfirming evidence. 

In sum, these findings are consistent with previous studies demonstrating the 

importance of engagement in exposure-based interventions.  Results specifically suggest that 

facilitating attentional and behavioral engagement with feared targets, whether by 

manipulating behavior and attention directly, or by functionally modulating the neurocircuitry 

involved, should promote clinical gains in exposure-based treatments. 
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Theoretical implications for neurobiological and cognitive mechanisms of exposure 

Regarding neurobiological implications, follow-up analyses are needed to confirm both 

target engagement, for instance, with neuroimaging, as well as the influence of tDCS on other 

psychophysiological processes, including heart rate and skin conductance, which have been 

shown to be sensitive to therapeutic change in exposure therapy (Wangelin & Tuerk, 2015).  

However, consistent with a wealth of evidence from basic studies of extinction processes in 

humans and animals, and clinical studies examining the neurobiological changes that take place 

over the course of treatment, the present study findings support the critical role of prefrontal 

brain regions in supporting successful extinction of fear.  Indeed, enhanced frontal lobe 

function has been posited as a central mechanism of effective treatments for anxiety, fear, and 

stress-related conditions (Neylan, 2017).  

Conscious appraisal of threat.  As mentioned, reductions in threat likelihood 

estimations revealed the most robust tDCS group differences across outcomes.  These findings 

are consistent with meta-analytic data of fear conditioning paradigms showing a primary role of 

dorsomedial and lateral PFC in the conscious appraisal of threat (Mechias, Etkin, & Kalisch, 

2010).  Moreover, these regions work in concert with right dlPFC, which has been implicated in 

regulating negative threat-induced emotion and defensive responses (Grimm et al., 2008; 

Shackman, McMenamin, Maxwell, Greischar, & Davidson, 2009).  Neuroimaging is required to 

elucidate the underlying mechanisms, but our selected parameters produced effects in the 

hypothesized direction, consistent with these findings.  That is, tDCS targeting excitation of the 

lmPFC and inhibition of the rdlPFC appears to have effected reductions in threat likelihood 

estimations, perhaps through a direct influence on the conscious awareness of threat, while 
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enhancing the accessibility of threat-disconfirming evidence by promoting engagement with 

feared targets. 

Similarity to reconsolidation-update paradigms.  Within the early phases following 

memory retrieval, memories are more molecularly modifiable, which offers a potential 

therapeutic window for revising emotional memories (Schiller et al., 2009).  Although it was not 

the intended aim of the present design to test hypotheses specific to consolidation and 

reconsolidation of extinction learning, per se, it is important to acknowledge similarities to 

reconsolidation-update paradigms.  These involve a brief fear retrieval trial, followed by a 

distraction period, followed by exposure administered within the reconsolidation window.  The 

threat vigilance task involved a series of very brief presentations of feared stimuli, with 25% of 

the stimuli corresponding to participants’ primary fear domain.  This task was administered at 

the beginning of the treatment visit, before and after 20 min. of either active or sham tDCS, 

prior to 30 min. of in vivo exposure, with both treatments occurring within the early phases of 

reconsolidation.  It is therefore plausible that tDCS may have at least partly operated through 

the theoretical reconsolidation-update mechanism.  In support, consistent with the observation 

of post-treatment improvements in non-responders who received active tDCS, recent work 

demonstrated a similar pattern of post-treatment improvements within the follow-up period 

using a retrieval-extinction paradigm to enhance exposure therapy in animal phobics (N = 32; 

Telch, York, Lancaster, & Monfils, 2017).  

Clinical Implications 

Importantly, each of the identified individual differences and exposure response factors 

associated with the observed tDCS augmentation effects have been well-established as 
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indicative of more severe symptoms and functional impairment, and as generally negative 

prognostic indicators.  This supports further leveraging tDCS to drive activity in implicated brain 

regions as a means to optimize treatment, with complimentary efforts to tailor stimulation 

parameters, for instance, to treatment-refractory individuals, to those who may find exposure 

intolerable, and to those at high risk for attrition. 

An extensive literature examining anxiety sensitivity, which reflects proclivities to 

experience fearful reactions to somatic, social, or cognitive threats (S Reiss & McNally, 1985; 

Steven Reiss, 1991), has demonstrated this individual difference factor confers risk and 

maintains anxiety-related psychopathology (e.g., Schmidt, Zvolensky, & Maner, 2006), but also 

confers broad vulnerability for a host of adverse health behaviors and medical problems (Otto 

et al., 2016; J. Smits et al., 2019). Moreover, anxiety sensitivity has been shown to amplify the 

impact of stressors (Cobb, Lancaster, Meyer, Lee, & Telch, 2017), and predict poorer responses 

to exposure-based treatment (Blakey, Abramowitz, Reuman, Leonard, & Riemann, 2017), 

whereas reductions in anxiety sensitivity have been shown to account for symptom change 

over the course of cognitive behavioral treatments (Boswell et al., 2013; Gallagher et al., 2013; 

J. A. Smits, Powers, Cho, & Telch, 2004).  This has led to conceptualization of anxiety sensitivity 

as an important transdiagnostic treatment target (Boswell et al., 2013; J. Smits, Otto, Powers, & 

Baird, 2019; Telch, 2019).  Consistent with this body of work, individuals with elevated anxiety 

sensitivity who received sham tDCS exhibited a poorer treatment response, with significantly 

elevated fear at post-treatment and the 1-month follow-up.  However, active tDCS abolished 

these effects, with no significant influence of anxiety sensitivity on outcomes for those who 

received active tDCS. 
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A similar pattern emerged with respect to pre-treatment levels of experiential 

avoidance, which reflects trait-like tendencies to avoid negative emotional experiences.  

Experiential avoidance has also been well-established as a broad risk and maintenance factor 

(Berking et al., 2009; Kumpula, Orcutt, Bardeen, & Varkovitzky, 2011), that strengthens the 

pathogenic effects of other risk factors, including anxiety sensitivity (Bardeen, 2015; Bardeen et 

al., 2015; Cobb, Lancaster, Meyer, Lee, & Telch, 2017; Naifeh, Tull, & Gratz, 2012; Zvolensky et 

al., 2015) and pre-treatment levels have been shown to predict poorer longer-term CBT 

outcomes for the anxiety disorders (e.g., Wolitzky-Taylor, Arch, Rosenfield, & Craske, 2012).  

Similar to the present findings for anxiety sensitivity, individuals with high pre-treatment levels 

of experiential avoidance exhibited better 1-month follow-up outcomes if they received active 

tDCS, relative to sham stimulation. 

In sum, several negative prognostic indicators reliably moderated the observed tDCS-

augmentation effects, including elevated pre-treatment levels of anxiety sensitivity, 

experiential avoidance, and phobia symptom severity, as well as individuals who exhibited less 

robust in-session reduction in distress and perceived threat.  Each of these indicators has at 

least some degree of specificity to the severity, impairment, and treatment responsiveness in 

fear-based disorders, relative to general depression and anxiety symptoms.  This bolsters 

confidence in the conclusion that tDCS targeting excitation of the lmPFC and inhibition of rdlPFC 

may be an effective means for boosting the efficacy of exposure-based interventions, especially 

for individuals who are unwilling or resistant to engage, or otherwise refractory to treatment.   
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Future directions 

The consideration of future applications was central in the design of the present study in 

many respects.  For instance, the use of a transdiagnostic sample provides at least some 

support that the observed effects are likely to generalize.  Relatedly, the targeted brain regions 

have been generally implicated in emotion regulation, fear expression, and extinction learning, 

and so the selected tDCS montage may be effective in other disorders characterized by 

dysregulated emotion and a reduced capacity for extinction.  Consistent with this prediction, 

normalizing prefrontal neural activation has been posited not only as a mechanism of effective 

exposure-based treatments, but has also been cited as a common goal for effective treatments 

across the spectrum of psychiatric disorders (Neylan, 2017).  

Efforts are currently underway to apply tDCS to enhance exposure-based interventions 

in PTSD, and consistent with the present findings, preliminary results are promising (van Wout-

Frank et al., 2019).  However, heterogeneity in trauma-related disorders is well established, and 

appears to be a critical consideration in developing a neuromodulation approach to augmenting 

exposure therapy for PTSD.  For instance, neuroimaging studies (Lanius et al., 2010) suggest 

dissociative and emotional numbing symptoms reflect a broader “dysregulation” dimension 

that may explain much of the observed heterogeneity in clinical presentations among 

individuals with PTSD.  Provocation studies have largely supported the most promulgated 

model indicating failed top-down inhibition by frontal and midline structures of subcortical fear 

circuitry; however, contemporary models emphasize the reciprocal connectivity of these 

regions, whereby prefrontal (PFC) and cingulate (ACC) recruitment modulates limbic activity, in 

response to excitatory signals from these same limbic regions (S. Kim & Hamann, 2007).  
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PTSD patients overall show less activation in the ACC and mesial prefrontal areas 

(amPFC; vmPFC) in response to trauma reminders (Lanius et al., 2005), and meta-analytic 

comparisons have demonstrated some PTSD-specificity for these patterns 1 (Etkin & Wager, 

2007).  However, there is extensive variability in responses (Lanius et al., 2010; Orr & Roth, 

2000).  For instance, re-experiencing and heightened arousal is the modal response, but a 

significant minority (~ 30%) show a dissociative response, involving rapid dampening of distress 

(Butler, Duran, Jasiukaitis, Koopman, & Spiegel, 1996).  Thus, two PTSD subtypes have been 

proposed – one hyper-aroused and reactive, and the other dissociative and emotionally numb 

(Lanius et al., 2010). 

In addition to these data, studies of regional brain activity underlying these responses 

support a nosological “split”, based on opposite patterns of fronto-limbic activation.  This view 

emphasizes the homeostatic mechanisms underlying emotion regulation in PTSD.  That is, 

instead of unidirectional, insular processes, functionally-related symptoms are placed along a 

continuum of regulatory control, with dual pathogenic processes representing, respectively, 

under- or over-regulation. Under-regulators respond to provocations with heightened arousal, 

emotional distress, and re-experiencing, and exhibit reduced inhibition of limbic areas.  In 

contrast, over-regulators respond with dampened distress and dissociation, and show the 

opposite pattern of activation – that is, enhanced top-down inhibition of limbic areas in 

response to trauma reminders.  For instance, dissociative / numbing reactions have been 

positively correlated with mPFC and dorsal ACC activation (Hopper, Frewen, van der Kolk, & 

 
1 Etkin and Wager (2007) found patterns of reduced activation of dorsal and rostral ACC (dACC; rACC), and vmPFC 
in PTSD beyond the anxiogenic activation patterns typical of the anxiety disorders.  
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Lanius, 2007), and related symptoms (i.e., alexithymia) have been positively correlated with 

mPFC, insula, posterior cingulate cortex (PCC), and thalamic activity (Frewen, Pain, Dozois, & 

Lanius, 2006). 

Given that exposure-based therapies appear to exert their effects by normalizing 

regulatory processes (Hauner, Mineka, Voss, & Paller, 2012), there are critical treatment 

implications.  First, aside from the need to delineate the differential processes involved, 

research is needed to determine whether under- and over-regulators equivalently “normalize” 

as a function of treatment and how their paths to normalization may differ.   Secondly, if 

opposite patterns of activation underlying emotion regulation define true subtypes, then 

studies indicating that exposure operates by enhancing regulatory control via top-down 

inhibition (Milad & Quirk, 2002; Shin & Liberzon, 2010) and that emotional activation facilitates 

extinction (Philippot, Baeyens, & Douilliez, 2006) may explain why emotional over-regulators 

show poorer treatment outcomes.   

The key realization is the remarkable similarity between the correlates of extinction and 

the pathology of over-regulators.  Specifically, extinction appears facilitated by PFC-mediated 

top-down inhibition of the amygdala and other limbic areas (McNally, 2007), which is the same 

pattern observed in symptom provocation paradigms among PTSD patients with prominent 

dissociation and emotional numbing (R. A. Lanius et al., 2010); considering these findings in 

isolation, the natural prediction is that they would do better.  However, they do not (R. A. 

Lanius, Brand, Vermetten, Frewen, & Spiegel, 2012).  
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 The present study findings provide preliminary support for future applications of tDCS to 

the problems of both under- and over-regulation in PTSD by manipulating the excitability of 

implicated brain regions to influence fear expression, attenuation, and extinction learning.   

In addition to the necessary work of adjusting parameters to enhance the general effectiveness 

treatment, future research should aim to ideographically tailor stimulation to these, and other 

important individual differences, in order to promote neural patterns of activation that best 

support the attainment and maintenance of clinical gains.     

Study Limitations 

Several study limitations are worth noting.  First, we used a commercial, rather than 

research- or medical-grade tDCS device.  However, the device has met compliance standards 

for CE certification, intended and actual device performance during sessions were automatically 

and continuously logged, and the device was checked on a weekly basis to confirm reliability of 

the device in delivering and maintaining target current.  Second, there was no measure of brain 

activation.  This is unfortunate because the ability to assess functional brain changes would not 

only aid in confirming target engagement, but could feasibly allow for mediation analyses to 

reveal whether, and to what degree regional functional brain changes account for tDCS 

augmentation effects on outcomes.  Also, as discussed above, an assessment of brain function, 

for instance, in response to symptom provocation, could aid in tailoring stimulation parameters 

to enhance outcomes.   

Third, other tDCS electrode sizes and configurations could prove more efficacious than 

the one selected.  For instance, one theoretically promising alternative that was considered 

involved anodal anterior medial PFC (Fpz), and cathodal medial occipital (Oz) stimulation (Ho et 
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al., 2014).  However, the decision to use the selected tDCS targets was empirically-based, as we 

aimed to extend the most relevant literature (e.g., Mungee et al., 2014), and to target brain 

regions most well-established as implicated in fear expression and extinction learning (i.e., 

prefrontal regions; Quirk, Garcia, & Gonzalez-Lima, 2006).  Future studies should capitalize on 

the versatility of tDCS with respect to several dosing parameters, including electrode number, 

size, and positioning, and current intensity and duration of stimulation.  Finally, statistical 

power was insufficient for examining moderation by fear domain.  However, there is no 

empirical basis for expecting differences in tDCS effects between specific phobia types, and only 

very minimal differences in tDCS effects were observed as a function of phobia type, suggesting 

fear domain did not operate as a confound. 

Conclusions 

This investigation provides novel support for the use of tDCS to enhance in vivo 

exposure therapy.  Along with emerging similar neuromodulation approaches to enhance 

extinction learning, the present results are encouraging.  The most remarkable pattern across 

study findings suggests tDCS may offer a means to promote clinical outcomes despite the 

presence of several negative prognostic indicators.  In sum, active tDCS was found to especially 

benefit individuals with more severe phobic symptoms, elevated fearful reactivity to anxiety, 

and a more avoidant coping style, as well as individuals who exhibited persistent emotional 

distress and threat-related beliefs about feared targets at the last exposure trial.  Although 

replication is needed with larger and more severe clinical samples, as well as parallel efforts to 

optimize dosing, tDCS and other neuromodulation technologies have clear potential to one day 
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be routinely indicated for patients who are resistant to engage, or who are otherwise refractory 

to standard exposure-based treatments.   
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Note. The table above presents baseline clinical and demographic characteristics for the sample 

by fear domain and treatment assignment.  SUDS = peak emotional distress, reflecting the 

highest rating of either fear or disgust during behavioral approach tasks; Threat = sum of self-

rated probabilities of emotional and physical harm during behavioral approach tasks; BAT-1 = 

Behavioral approach task in the extinction context; BAT-2 = behavioral approach task in the 
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generalization context; Distress = phobia-specific distress rating from the ADIS-5 specific phobia 

module; Interference = phobia-specific interference rating from the ADIS-5; Severity = pre-

treatment symptom severity, based on total scores the FSQ or the washing subscale scores OCI-

R for animal or contamination phobic participants, respectively; BAI = Beck Anxiety Inventory; 

BDI-II = Beck Depression Inventory, 2nd edition; ASI-3 = Anxiety Sensitivity Index, 2nd edition; 

BEAQ = Brief Experiential Avoidance Questionnaire.  Community = treatment-seeking 

participants from the community.  Current Med = participants current taking at least one 

psychotropic medication.  Mood Dx. – Any Axis I Dx. = dichotomously coded diagnostic 

information obtained from the MINI, reflecting the presence of Axis I comorbidities.   
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Table 6. Emotional Distress in the Extinction Context (BAT-1) by tDCS group. 
Parameter b se df t p   r 
Sham tDCS | Pre-tx 70.90 3.55 122 19.99 0.000 *** 0.20 
Active tDCS | Pre-tx 70.87 3.32 122 21.32 0.000 *** 0.19 
Phobia Type -0.82 3.84 110 -0.21 0.831   0.04 
Pre-tx vs. Post-tx | Sham tDCS -47.33 4.88 115 -9.70 0.000 *** 0.22 
Pre-tx vs 1-Month | Sham tDCS -41.26 4.93 112 -8.37 0.000 *** 0.21 
Pre-tx vs. Post-tx | Active tDCS -53.39 4.68 117 -11.42 0.000 *** 0.21 
Pre-tx vs 1-Month | Active tDCS -52.98 4.90 113 -10.80 0.000 *** 0.22 
Pre-tx SXS 0.01 1.52 102 0.01 0.993   0.01 
Pre-tx SUDS 19.82 2.39 105 8.30 0.000 *** 0.22 
AVD -1.10 2.03 113 -0.54 0.589   0.07 
tDCS -0.03 3.05 102 -0.01 0.992   0.01 
Phobia Type x Pre-tx vs. Post-tx  1.95 4.54 90 0.43 0.669   0.07 
Phobia Type x Pre-tx vs. 1-Month 3.07 4.57 88 0.67 0.503   0.09 
Pre-tx SXS x Pre-tx vs. Post-tx 2.08 1.77 80 1.18 0.243   0.12 
Pre-tx SXS x Pre-tx vs. 1-Month 3.29 1.79 81 1.84 0.070 . 0.15 
Pre-tx SUDS x Pre-tx vs. Post-tx -23.65 2.83 82 -8.36 0.000 *** 0.23 
Pre-tx SUDS x Pre-tx vs. 1-Month -20.66 2.90 84 -7.12 0.000 *** 0.23 
AVD x Pre-tx vs. Post-tx 14.84 3.92 109 3.79 0.000 *** 0.18 
AVD x Pre-tx vs. 1-Month 18.98 4.23 106 4.48 0.000 *** 0.19 
tDCS x Pre-tx vs. Post-tx -6.06 3.55 80 -1.71 0.092   0.14 
tDCS x Pre-tx vs. 1-Month -11.71 3.66 82 -3.20 0.002 ** 0.19 
  SS MS df F p     
Phobia Type 6 6 1, 45 0.10 0.754     
Time 13594 6797 2, 101 107.96 0.000 ***   
Pre-tx SXS 161 161 1, 41 2.55 0.118     
Pre-tx SUDS 505 505 1, 44 8.03 0.007 **   
Avoidance 1488 1488 1, 117 23.63 0.000 ***   
tDCS 431 431 1, 41 6.84 0.012 *   
Phobia Type x Time 29 14 2, 87 0.23 0.796     
Pre-tx SXS x Time 218 109 2, 81 1.73 0.183     
Pre-tx SUDS x Time 5158 2579 2, 82 40.96 0.000 ***   
Avoidance x Time 1662 831 2, 102 13.20 0.000 ***   
tDCS x Time 648 324 2, 81 5.14 0.008 **   

Pseudo-R2: 0.96             
PVE-Between: 0.58             

PVE-Within: 0.54             
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Note. The table above presents primary outcome findings from the model of peak emotional 

distress in the extinction context during a behavioral approach task at pre-treatment, post-

treatment, and 1-month after treatment for those who received either 20 min. of active tDCS or 

sham tDCS prior to 30 min. of in vivo exposure to feared targets.  Estimates are adjusted for 

differences in initial levels and trajectories as a function of phobia type (animal vs. 

contamination), pre-treatment phobia severity and emotional distress, and concurrent levels of 

avoidance.  Local effect sizes (r) were derived from the t-statistics, using the following formula: 

r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation 

between predicted and actual values.  Proportions of variance explained between and within 

participants were calculated in comparison to an unconditional model of change.   

BAT-1 = Behavioral approach task in the extinction context; AVD = time-varying avoidance, 

defined as the percentage of approach steps not achieved; Pre-tx SUDS = pre-treatment peak 

emotional distress, defined as the highest either fear or disgust experienced during BAT-1 

based on subjective units of distress; Pre-tx SXS = pre-treatment symptom severity, based on 

total scores the FSQ or the washing subscale scores OCI-R for animal or contamination phobic 

participants, respectively.  PVE-Between = proportion of variance explained at level 2, PVE-

Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 7. Threat Appraisals in the Extinction Context (BAT-1) by tDCS group. 
Parameter b se df t p   r 
Sham tDCS | Pre-tx 66.90 2.50 85 26.76 0.000 *** 0.18 
Active tDCS | Pre-tx 66.90 2.39 85 27.98 0.000   0.18 
Pre-tx SXS 0.00 1.55 85 0.00 0.999   0.00 
Pre-tx vs. Post-tx | Sham tDCS -53.73 2.62 79 -20.54 0.000 *** 0.20 
Pre-tx vs. 1-Month | Sham tDCS -53.17 2.62 79 -20.33 0.000 *** 0.20 
Pre-tx vs. Post-tx | Active tDCS -64.87 2.55 80 -25.42 0.000   0.19 
Pre-tx vs. 1-Month | Active tDCS -63.01 2.50 79 -25.19 0.000   0.19 
Phobia type 0.00 3.98 85 0.00 0.999   0.00 
Pre-tx TA 45.33 1.74 85 26.00 0.000 *** 0.18 
tDCS 0.00 3.21 85 0.00 0.999   0.00 
Pre-tx SXS x Pre-tx vs. Post-tx 3.90 1.63 79 2.39 0.019 * 0.17 
Pre-tx SXS x Pre-tx vs. 1-Month 3.89 1.62 79 2.40 0.019 * 0.17 
Phobia type x Pre-tx vs. Post-tx -1.10 4.17 79 -0.26 0.793   0.06 
Phobia type x Pre-tx vs. 1-Month -2.34 4.16 79 -0.56 0.575   0.08 
Pre-tx TA x Pre-tx vs. Post-tx -38.83 1.82 79 -21.29 0.000 *** 0.20 
Pre-tx TA x Pre-tx vs. 1-Month -39.16 1.82 79 -21.47 0.000 *** 0.20 
tDCS x Pre-tx vs. Post-tx -11.14 3.39 79 -3.29 0.002 ** 0.19 
tDCS x Pre-tx vs. 1-Month -9.85 3.35 79 -2.94 0.004 ** 0.18 
  SS MS df F p     
Pre-tx SXS 232 232 1, 40 4.40 0.042 *  
Time-Point 66325 33163 2, 79 630.15 0.000 ***  
PHB 7 7 1, 40 0.13 0.719    
Pre-tx TA 10185 10185 1, 40 193.53 0.000 ***  
tDCS 393 393 1, 40 7.47 0.009 **  
Pre-tx SXS x Time-point 402 201 2, 79 3.82 0.026 *  
PHB x Time-point 17 8 2, 79 0.16 0.853    
Pre-tx TA x Time-point 32068 16034 2, 79 304.68 0.000 ***  
tDCS x Time-point 688 344 2, 79 6.54 0.002 **  

Pseudo-R2: 0.98             
PVE-Between: 0.84             

PVE-Within: 0.91             
 
Note. The table above presents secondary outcome findings from the model of threat 

appraisals in the extinction context during a behavioral approach task at pre-treatment, post-

treatment, and 1-month after treatment for those who received either 20 min. of active tDCS or 
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sham tDCS prior to 30 min. of in vivo exposure to feared targets.  Threat appraisal scores reflect 

the sum of the estimated probabilities of emotional or physical harm prior to exposure to 

feared targets.  Estimates are adjusted for differences in initial levels and trajectories as a 

function of phobia type (animal vs. contamination), pre-treatment phobia severity and pre-

treatment threat appraisals. Local effect sizes (r) were derived from the t-statistics, using the 

following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring 

the correlation between predicted and actual values.  Proportions of variance explained 

between and within participants were calculated in comparison to an unconditional model of 

change.  BAT-1 = Behavioral approach task in the extinction context; Pre-tx SXS = pre-treatment 

symptom severity, based on total scores the FSQ or the washing subscale scores OCI-R for 

animal or contamination phobic participants, respectively.  PVE-Between = proportion of 

variance explained at level 2, PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 8. Avoidance in the Extinction Context (BAT-1) by tDCS group. 
DV: Avoidance b se df t p   r 
Sham tDCS | Pre-tx 69.04 4.23 117 16.33 0.000 *** 0.21 
Active tDCS | Pre-tx 68.90 4.01 116 17.19 0.000 *** 0.20 
Phobia Type 0.39 3.06 94 0.13 0.898   0.04 
Pre-tx vs. Post-tx | Sham tDCS -58.99 4.59 98 -12.86 0.000 *** 0.22 
Pre-tx vs 1-Month | Sham tDCS -56.77 4.60 101 -12.34 0.000 *** 0.22 
Pre-tx vs. Post-tx | Active tDCS -59.50 4.55 99 -13.07 0.000 *** 0.22 
Pre-tx vs 1-Month | Active tDCS -54.13 4.82 103 -11.22 0.000 *** 0.22 
Pre-tx SXS 0.24 1.19 97 0.21 0.838   0.05 
SUDS -2.37 2.91 105 -0.81 0.418   0.09 
Pre-tx AVD 25.21 1.29 96 19.52 0.000 *** 0.20 
tDCS -0.15 2.43 93 -0.06 0.952   0.03 
Phobia Type x Pre-tx vs. Post-tx  13.69 3.44 81 3.98 0.000 *** 0.20 
Phobia Type x Pre-tx vs. 1-Month 8.92 3.52 82 2.54 0.013 * 0.17 
Pre-tx SXS x Pre-tx vs. Post-tx -0.47 1.31 81 -0.36 0.722   0.07 
Pre-tx SXS x Pre-tx vs. 1-Month -0.39 1.35 83 -0.29 0.772   0.06 
SUDS x Pre-tx vs. Post-tx 13.39 3.97 112 3.38 0.001 ** 0.17 
SUDS x Pre-tx vs. 1-Month 16.35 4.05 109 4.04 0.000 *** 0.18 
AVD x Pre-tx vs. Post-tx -22.58 1.45 82 -15.60 0.000 *** 0.22 
AVD x Pre-tx vs. 1-Month -22.57 1.46 81 -15.50 0.000 *** 0.22 
tDCS x Pre-tx vs. Post-tx -0.51 2.71 80 -0.19 0.852   0.05 
tDCS x Pre-tx vs. 1-Month 2.65 2.94 85 0.90 0.370   0.10 
  SS MS df F p     
Phobia Type 390.80 390.80 1, 42 11.13 0.002 **   
Time 5113.60 2556.80 2, 92 72.80 0.000 ***   
Pre-tx SXS 0.10 0.10 1, 42 0.00 0.961     
SUDS 700.00 700.00 1, 117 19.93 0.000 ***   
Pre-tx AVD 3700.20 3700.20 1, 42 105.36 0.000 ***   
tDCS 3.10 3.10 1, 43 0.09 0.769     
Phobia Type x Time 572.80 286.40 2, 81 8.15 0.001 ***   
Pre-tx SXS x Time 5.00 2.50 2, 81 0.07 0.931     
SUDS x Time 610.10 305.00 2, 98 8.69 0.000 ***   
Pre-tx AVD x Time 11305.00 5652.50 2, 81 160.95 0.000 ***   
tDCS x Time 45.00 22.50 2, 82 0.64 0.529     

Pseudo-R2: 0.74             
PVE-Between: 0.79             

PVE-Within: 0.86             
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Note. The table above presents primary outcome findings from the model of avoidance in the 

extinction context during a behavioral approach task at pre-treatment, post-treatment, and 1-

month after treatment for those who received either 20 min. of active tDCS or sham tDCS prior 

to 30 min. of in vivo exposure to feared targets.  Estimates are adjusted for differences in initial 

levels and trajectories as a function of phobia type (animal vs. contamination), pre-treatment 

phobia severity and level of avoidance, and concurrent emotional distress.  Local effect sizes (r) 

were derived from the t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect 

size (pseudo-R2) was calculated by squaring the correlation between predicted and actual 

values.  Proportions of variance explained between and within subjects were calculated in 

comparison to an unconditional growth model.   

BAT-1 = Behavioral approach task in the extinction context; Pre-tx AVD = pre-treatment 

avoidance, defined as the percentage of approach steps not achieved; SUDS = time-varying 

peak emotional distress, defined as the highest either fear or disgust based on subjective units 

of distress; Pre-tx Sxs. = pre-treatment symptom severity, based on total scores the FSQ or the 

washing subscale scores OCI-R.  PVE-Between = proportion of variance explained at level 2, 

PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 9. Emotional Distress in the Generalization Context (BAT-2) by tDCS group. 
Parameter b se df t p   r 
Sham tDCS | Pre-tx 72.84 4.12 132.37 17.67 0.000 *** 0.20 
Active tDCS | Pre-tx 72.84 3.83 133.17 19.04 0.000 *** 0.20 
Phobia Type -0.01 4.50 123.85 0.00 0.998   0.00 
Pre-tx vs. Post-tx | Sham tDCS -38.64 5.37 118.20 -7.19 0.000 *** 0.21 
Pre-tx vs 1-Month | Sham tDCS -31.22 5.81 122.09 -5.37 0.000 *** 0.19 
Pre-tx vs. Post-tx | Active tDCS -44.96 4.94 120.89 -9.10 0.000 *** 0.21 
Pre-tx vs 1-Month | Active tDCS -41.98 5.36 123.27 -7.83 0.000 *** 0.21 
Pre-tx SXS 0.00 2.02 123.48 0.00 0.999   0.00 
Pre-tx SUDS 17.48 2.53 124.87 6.91 0.000 *** 0.20 
Avoidance -0.04 2.53 129.31 -0.02 0.987   0.01 
tDCS 0.00 3.94 123.42 0.00 0.999   0.00 
Phobia Type x Pre-tx vs. Post-tx  13.37 6.17 99.72 2.17 0.033 * 0.14 
Phobia Type x Pre-tx vs. 1-Month -9.09 6.66 105.67 -1.37 0.175   0.11 
Pre-tx SXS x Pre-tx vs. Post-tx -0.26 2.60 90.80 -0.10 0.921   0.03 
Pre-tx SXS x Pre-tx vs. 1-Month 1.24 2.63 91.51 0.47 0.639   0.07 
Pre-tx SUDS x Pre-tx vs. Post-tx -14.96 3.20 90.47 -4.68 0.000 *** 0.20 
Pre-tx SUDS x Pre-tx vs. 1-Month -15.21 3.29 92.46 -4.62 0.000 *** 0.20 
AVD x Pre-tx vs. Post-tx 23.48 3.97 118.17 5.92 0.000 *** 0.20 
AVD x Pre-tx vs. 1-Month 24.94 4.31 118.89 5.78 0.000 *** 0.19 
tDCS x Pre-tx vs. Post-tx -6.32 4.98 88.94 -1.27 0.207   0.12 
tDCS x Pre-tx vs. 1-Month -10.76 5.04 90.02 -2.13 0.036 * 0.15 
  SS MS df F p     
Phobia Type 23.30 23.30 1, 55 0.17 0.681     
Time 15979.60 7989.80 2, 104 58.49 0.000 ***   
Pre-tx SXS 7.30 7.30 1, 47 0.05 0.819     
Pre-tx SUDS 2442.90 2442.90 1, 48 17.89 0.000 ***   
Avoidance 8765.10 8765.10 1, 109 64.17 0.000 ***   
tDCS 592.20 592.20 1, 45 4.34 0.043 *   
Phobia Type x Time 1517.70 758.80 2, 99 5.56 0.005 **   
Pre-tx SXS x Time 49.00 24.50 2, 91 0.18 0.836     
Pre-tx SUDS x Time 3969.90 1985.00 2, 91 14.53 0.000 ***   
Avoidance x Time 6627.00 3313.50 2, 108 24.26 0.000 ***   
tDCS x Time 631.30 315.60 2, 89 2.31 0.105     

Pseudo-R2: 0.90             
PVE-Between: 0.84             

PVE-Within: 0.49             
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Note. The table above presents primary outcome findings from the model of peak emotional 

distress in the generalization context during a behavioral approach task at pre-treatment, post-

treatment, and 1-month after treatment for those who received either 20 min. of active tDCS or 

sham tDCS prior to 30 min. of in vivo exposure to feared targets.  Estimates are adjusted for 

differences in initial levels and trajectories as a function of phobia type (animal vs. 

contamination), pre-treatment phobia severity and emotional distress, and concurrent levels of 

avoidance.  Local effect sizes (r) were derived from the t-statistics, using the following formula: 

r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation 

between predicted and actual values.  Proportions of variance explained between and within 

participants were calculated in comparison to an unconditional model of change.   

BAT-2 = Behavioral approach task in the generalization context; AVD = time-varying avoidance, 

defined as the percentage of approach steps not achieved; Pre-tx SUDS = pre-treatment peak 

emotional distress, defined as the highest either fear or disgust experienced during the BAT; 

Pre-tx Sxs. = pre-treatment symptom severity, based on total scores the FSQ or the washing 

subscale scores OCI-R;  PVE-Between = proportion of variance explained at level 2; PVE-Within = 

proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 10. Threat Appraisals in the Generalization Context (BAT-2) by tDCS group. 
Parameter b se df t p   r 
Sham tDCS | Pre-tx 64.20 4.34 104 14.78 0.000 *** 0.21 
Active tDCS | Pre-tx 64.20 3.85 104 16.66 0.000 *** 0.21 
Pre-tx SXS 0.00 2.65 104 0.00 0.999   0.00 
Pre-tx vs. Post-tx | Sham tDCS -50.34 4.80 90 -10.48 0.000 *** 0.23 
Pre-tx vs. 1-Month | Sham tDCS -51.09 4.90 91 -10.44 0.000 *** 0.23 
Pre-tx vs. Post-tx | Active tDCS -52.10 4.33 92 -12.02 0.000 *** 0.23 
Pre-tx vs. 1-Month | Active tDCS -55.82 4.34 92 -12.87 0.000 *** 0.22 
Phobia Type 0.00 6.81 104 0.00 0.999   0.00 
Pre-tx TA 44.43 3.17 104 14.03 0.000 *** 0.22 
tDCS 0.00 5.20 104 0.00 0.999   0.00 
Pre-tx SXS x Pre-tx vs. Post-tx 4.34 2.94 90 1.47 0.144   0.13 
Pre-tx SXS x Pre-tx vs. 1-Month 6.03 2.95 90 2.04 0.044 * 0.15 
Phobia Type x Pre-tx vs. Post-tx 10.33 7.56 90 1.37 0.176   0.12 
Phobia Type x Pre-tx vs. 1-Month 12.11 7.58 91 1.60 0.114   0.13 
Pre-tx TA x Pre-tx vs. Post-tx -31.66 3.51 90 -9.03 0.000 *** 0.23 
Pre-tx TA x Pre-tx vs. 1-Month -35.41 3.51 90 -10.10 0.000 *** 0.23 
tDCS x Pre-tx vs. Post-tx -1.76 5.77 90 -0.31 0.761   0.06 
tDCS x Pre-tx vs. 1-Month -4.74 5.83 91 -0.81 0.418   0.09 
  SS MS df F p     
Pre-tx SXS 519 519 1, 46 2.83 0.099 .   
Time-Point 48485 24242 2, 90 132.24 0.000 ***   
Phobia Type 369 369 1, 46 2.01 0.163     
Pre-tx TA 14952 14952 1, 46 81.56 0.000 ***   
tDCS 53 53 1, 46 0.29 0.593     
Pre-tx SXS x Time-point 815 407 2, 90 2.22 0.114     
Phobia Type x Time-point 547 274 2, 90 1.49 0.230     
Pre-tx TA x Time-point 22580 11290 2, 90 61.59 0.000 ***   
tDCS x Time-point 123 62 2, 91 0.34 0.715     

Pseudo-R2: 0.91             
PVE-Between: 0.72             

PVE-Within: 0.69             
 
Note. The table above presents secondary outcome findings from the model of threat 

appraisals in the generalization context prior to a behavioral approach task at pre-treatment, 

post-treatment, and 1-month after treatment for those who received either 20 min. of active 
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tDCS or sham tDCS prior to 30 min. of in vivo exposure to feared targets.  Threat appraisal 

scores reflect the sum of the estimated probabilities of emotional or physical harm prior to 

exposure to feared targets.  Estimates are adjusted for differences in initial levels and 

trajectories as a function of phobia type (animal vs. contamination), pre-treatment phobia 

severity and pre-treatment threat appraisals. Local effect sizes (r) were derived from the t-

statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was 

calculated by squaring the correlation between predicted and actual values.  Proportions of 

variance explained between and within participants were calculated in comparison to an 

unconditional model of change.   

BAT-2 = Behavioral approach task in the generalization context; Pre-tx SXS = pre-treatment 

symptom severity, based on total scores the FSQ or the washing subscale scores OCI-R for 

animal or contamination phobic participants, respectively.  PVE-Between = proportion of 

variance explained at level 2, PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 11. Avoidance in the Generalization Context (BAT-2) by tDCS group. 
Parameter b se df t p   r 
Sham tDCS | Pre-tx 54.10 4.66 131.05 11.60 0.000 *** 0.21 
Active tDCS | Pre-tx 54.08 4.50 130.26 12.02 0.000 *** 0.21 
Phobia Type 0.18 3.54 107.77 0.05 0.959   0.02 
Pre-tx vs. Post-tx | Sham tDCS -46.95 5.12 113.07 -9.17 0.000 *** 0.22 
Pre-tx vs 1-Month | Sham tDCS -49.18 5.17 113.81 -9.50 0.000 *** 0.22 
Pre-tx vs. Post-tx | Active tDCS -44.16 5.08 117.43 -8.69 0.000 *** 0.21 
Pre-tx vs 1-Month | Active tDCS -42.16 5.23 118.75 -8.07 0.000 *** 0.21 
Pre-tx SXS 0.21 1.62 113.98 0.13 0.899   0.03 
SUDS -1.36 3.57 119.01 -0.38 0.704   0.06 
Pre-tx AVD 24.95 1.57 109.86 15.87 0.000 *** 0.21 
tDCS -0.02 3.12 106.54 0.00 0.996   0.01 
Phobia Type x Pre-tx vs. Post-tx  14.43 4.58 94.17 3.15 0.002 ** 0.17 
Phobia Type x Pre-tx vs. 1-Month 23.93 4.27 89.24 5.60 0.000 *** 0.22 
Pre-tx SXS x Pre-tx vs. Post-tx 2.07 1.85 89.57 1.12 0.267   0.11 
Pre-tx SXS x Pre-tx vs. 1-Month 0.05 1.87 90.16 0.03 0.979   0.02 
SUDS x Pre-tx vs. Post-tx 14.84 4.06 114.11 3.66 0.000 *** 0.17 
SUDS x Pre-tx vs. 1-Month 19.16 4.28 113.92 4.48 0.000 *** 0.18 
AVD x Pre-tx vs. Post-tx -20.34 1.82 87.36 -11.15 0.000 *** 0.23 
AVD x Pre-tx vs. 1-Month -21.71 1.85 88.16 -11.71 0.000 *** 0.23 
tDCS x Pre-tx vs. Post-tx 2.79 3.62 86.49 0.77 0.442   0.09 
tDCS x Pre-tx vs. 1-Month 7.01 3.70 88.13 1.90 0.061 . 0.14 
  SS MS df F p     
Phobia Type 1527.60 1527.60 1, 49 21.61 0.000 ***   
Time 4811.50 2405.70 2, 102 34.04 0.000 ***   
Pre-tx SXS 43.30 43.30 1, 45 0.61 0.438     
SUDS 2336.30 2336.30 1, 132 33.05 0.000 ***   
Pre-tx Avoidance 6130.00 6130.00 1, 45 86.73 0.000 ***   
tDCS 134.10 134.10 1, 44 1.90 0.175     
Phobia Type x Time 2251.30 1125.60 2, 91 15.93 0.000 ***   
Pre-tx SXS x Time 120.30 60.10 2, 88 0.85 0.431     
SUDS x Time 1432.60 716.30 2, 103 10.13 0.000 ***   
Pre-tx Avoidance x Time 12353.70 6176.80 2, 87 87.39 0.000 ***   
tDCS x Time 256.00 128.00 2, 87 1.81 0.170     

Pseudo-R2: 0.73             
PVE-Between: 0.86             

PVE-Within: 0.76             
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Note. The table above presents primary outcome findings from the model of peak emotional 

distress in the generalization context during a behavioral approach task at pre-treatment, post-

treatment, and 1-month after treatment for those who received either 20 min. of active tDCS or 

sham tDCS prior to 30 min. of in vivo exposure to feared targets.  Estimates are adjusted for 

differences in initial levels and trajectories as a function of phobia type (animal vs. 

contamination), pre-treatment phobia severity and emotional distress, and concurrent levels of 

avoidance.  Local effect sizes (r) were derived from the t-statistics, using the following formula: 

r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation 

between predicted and actual values.  Proportions of variance explained between and within 

participants were calculated in comparison to an unconditional model of change.   

BAT-2 = Behavioral approach task in the generalization context; Pre-tx AVD = pre-treatment 

avoidance, defined as the percentage of approach steps not achieved; SUDS = time-varying 

emotional distress, defined as the highest either fear or disgust experienced during BAT-1 

based on subjective units of distress; Pre-tx SXS = pre-treatment symptom severity, based on 

total scores the FSQ or the washing subscale scores OCI-R; PVE-Between = proportion of 

variance explained at level 2; PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 12. Self-reported Symptom Severity by tDCS Group across Time-Points. 
Parameter b se df t p   r 
Sham tDCS | Pre-tx -0.28 0.37 87 -0.76 0.448   0.09 
Active tDCS | Pre-tx -0.13 0.35 86 -0.37 0.712   0.07 
Pre-tx SXS 0.54 0.18 40 2.95 0.005 ** 0.25 
Phobia Type 0.95 0.45 40 2.10 0.042 * 0.22 
tDCS | Pre-tx 0.15 0.49 91 0.31 0.761   0.06 
Pre-tx vs. Post-tx | Sham tDCS -1.54 0.39 79 -3.92 0.000 *** 0.20 
Pre-tx vs. 1-Month | Sham tDCS -1.47 0.40 80 -3.68 0.000 *** 0.20 
Pre-tx vs. Post-tx | Active tDCS -2.30 0.37 79 -6.16 0.000 *** 0.23 
Pre-tx vs. 1-Month | Active tDCS -2.43 0.37 79 -6.49 0.000 *** 0.23 
tDCS x Pre-tx vs. Post-tx -0.76 0.54 79 -1.40 0.165   0.13 
tDCS x Pre-tx vs. 1-Month -0.96 0.55 80 -1.75 0.085 . 0.15 
  SS MS df F p     
Pre-tx SXS 12.76 12.76 1, 40 8.68 0.005 **   
Phobia Type 6.51 6.51 1, 40 4.43 0.042 *   
tDCS 1.79 1.79 1, 40 1.22 0.276     
Time-point 99.19 49.60 2, 80 33.74 0.000 ***   
tDCS x Time-point 5.04 2.52 2, 80 1.72 0.186     

Pseudo-R : 0.71             
PVE-Between: 0.35             

PVE-Within: 0.04             
 
Note. The table above presents secondary outcome findings from the model of phobia 

symptom severity based on validated self-report questionnaires specific to each fear domain 

that were administered pre-treatment, post-treatment, and 1-month after treatment for those 

who received either 20 min. of sham tDCS or active tDCS prior to 30 min. of in vivo exposure to 

feared targets.  Symptom scores were standardized within each phobia domain and centered at 

the pre-treatment mean for meaningful interpretation of > 1 SD reductions as indicative of 

mean reliable change across time-points.  Estimates were adjusted by baseline scores and 

phobia type (animal vs. contamination).  Local effect sizes (r) were derived from the t-statistics, 

using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by 
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squaring the correlation between predicted and actual values.  Proportions of variance 

explained between and within participants were calculated in comparison to an unconditional 

model of change.  Pre-tx SXS = pre-treatment symptom severity, based on total scores the FSQ 

or the washing subscale scores OCI-R for animal or contamination phobic participants, 

respectively.  PVE-Between = proportion of variance explained at level 2, PVE-Within = 

proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 13. Emotional Distress during In Vivo Exposure Trials by tDCS Group 
Parameter b se df t p   r 
Sham tDCS | Trial 1 69.85 5.24 39.00 13.32 0.000 *** 0.25 
Active tDCS | Trial 1 67.09 4.97 39.00 13.49 0.000 *** 0.25 
Trial | Sham tDCS -8.27 1.47 39.00 -5.61 0.000 *** 0.28 
Trial | Active tDCS -9.60 1.40 39.00 -6.87 0.000 *** 0.28 
Pre-tx SXS -3.94 3.18 39.00 -1.24 0.223   0.17 
Pre-tx SUDS 9.77 4.96 39.00 1.97 0.056 . 0.21 
Phobia Type -17.78 7.71 39.00 -2.31 0.026   0.23 
tDCS -2.76 6.52 39.00 -0.42 0.674   0.10 
Pre-tx SXS x Trial 1.02 0.89 39.00 1.14 0.260   0.17 
Pre-tx SUDS x Trial -1.51 1.39 39.00 -1.09 0.283   0.16 
Phobia Type x Trial -0.17 2.16 39.00 -0.08 0.939   0.04 
tDCS x Trial -1.33 1.83 39.00 -0.73 0.472   0.14 
  MS SS df F p     
Trial 10493.80 10493.80 1, 39 60.39 0.000 ***   
Pre-tx SXS 266.30 266.30 1, 39 1.53 0.223     
Pre-tx SUDS 674.70 674.70 1, 39 3.88 0.056 .   
Phobia Type 924.80 924.80 1, 39 5.32 0.026 *   
tDCS 31.10 31.10 1, 39 0.18 0.674     
Pre-tx SXS x Trial 227.20 227.20 1, 39 1.31 0.260     
Pre-tx SUDS x Trial 205.50 205.50 1, 39 1.18 0.283     
Phobia Type x Trial 1.00 1.00 1, 39 0.01 0.939     
tDCS x Trial 91.60 91.60 1, 39 0.53 0.472     

Pseudo-R2: 0.89             
PVE-Between: 0.22             

PVE-Within: 0.14             
 
Note. The table above presents findings from the model of peak emotional distress during six 5-

min. in vivo exposure trials for those who received either 20 min. of active tDCS or sham tDCS 

just prior to exposure.  Estimates are adjusted for differences in initial levels and trajectories as 

a function of phobia type (animal vs. contamination), pre-treatment phobia severity and peak 

emotional distress in the extinction context.  Local effect sizes (r) were derived from the t-

statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was 

calculated by squaring the correlation between predicted and actual values.  Proportions of 
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variance explained between and within participants were calculated in comparison to an 

unconditional model of change.  Pre-tx SXS = pre-treatment symptom severity, based on total 

scores the FSQ or the washing subscale scores OCI-R for animal or contamination phobic 

participants, respectively.  Pre-tx SUDS = pre-treatment peak emotional distress, defined as the 

highest either fear or disgust experienced during BAT-1 based on subjective units of distress; 

PVE-Between = proportion of variance explained at level 2, PVE-Within = proportion of variance 

explained at level 1.  *** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 14. Threat Appraisals during In Vivo Exposure by tDCS Group 
DV: Threat Appraisals b se df t p   r 
Sham tDCS | Trial 1 25.64 12.02 59 2.13 0.037 ** 0.18 
Active tDCS | Trial 1 22.19 11.32 59 1.96 0.055 * 0.18 
Trial | Sham tDCS -5.76 2.05 200 -2.81 0.005 ** 0.12 
Trial | Active tDCS -8.45 1.93 200 -4.38 0.000 *** 0.14 
Pre-tx TA 0.41 0.12 59 3.50 0.001 *** 0.22 
Phobia -10.86 11.90 59 -0.91 0.365   0.12 
Pre-tx SXS 6.25 4.29 59 1.46 0.151   0.15 
tDCS -3.46 8.93 59 -0.39 0.700   0.08 
Pre-tx TA x Trial 0.00 0.02 200 0.03 0.974   0.01 
Phobia x Trial 1.85 2.03 200 0.91 0.363   0.07 
Pre-tx SXS x Trial -0.32 0.73 200 -0.44 0.658   0.05 
tDCS x Trial -2.69 1.52 200 -1.77 0.079 . 0.09 
  SS MS df F p      
Pre-tx TA 4788.00 4788.00 1, 59 12.27 0.001 ***   
Trial 6973.70 6973.70 1, 200 17.87 0.000 ***   
Phobia 324.70 324.70 1, 59 0.83 0.365     
Pre-tx SXS 826.40 826.40 1, 59 2.12 0.151     
tDCS 58.50 58.50 1, 59 0.15 0.700     
Pre-tx TA x Trial 0.40 0.40 1, 200 0.00 0.974     
Phobia x Trial 324.70 324.70 1, 200 0.83 0.363     
Pre-tx SXS x Trial 76.70 76.70 1, 200 0.20 0.658     
tDCS x Trial 1217.40 1217.40 1, 200 3.12 0.079 .   

Pseudo-R2 0.79             
PVE-Between 0.45             

PVE-Within 0.02             
 
Note. The table above presents findings from the model of threat appraisals during six 5-min. in 

vivo exposure trials for those who received either 20 min. of active tDCS or sham tDCS just prior 

to exposure.  Estimates are adjusted for differences in initial levels and trajectories as a 

function of phobia type (animal vs. contamination), pre-treatment phobia severity, and pre-

treatment threat appraisals in the extinction context (BAT-1).  Threat appraisals reflect the sum 

of self-rated probabilities of emotional and physical harm, obtained just prior to each trial.  

Local effect sizes (r) were derived from the t-statistics, using the following formula: r = Ö(t / (t2 + 
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df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation between 

predicted and actual values.  Proportions of variance explained between and within participants 

were calculated in comparison to an unconditional model of change.  Pre-tx TA = pre-treatment 

threat appraisals, reflecting the sum of self-rated probabilities of emotional and physical harm 

in the extinction context (BAT-1); Pre-tx SXS = pre-treatment symptom severity, based on total 

scores the FSQ or the washing subscale scores OCI-R for animal or contamination phobic 

participants, respectively.  Pre-tx SUDS = pre-treatment peak emotional distress, defined as the 

highest either fear or disgust experienced during BAT-1 based on subjective units of distress; 

PVE-Between = proportion of variance explained at level 2, PVE-Within = proportion of variance 

explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 15. Exposure Duration during In Vivo Exposure by tDCS Group 
Parameter b se df t p   r 
Sham tDCS | Trial 1 271.44 5.96 103.51 45.56 0.000 *** 0.14 
Active tDCS | Trial 1 287.69 5.50 103.51 52.27 0.000   0.14 
tDCS | Trial 1 16.25 8.03 103.51 2.02 0.046 * 0.14 
Trial | Sham tDCS 6.82 1.40 235.00 4.88 0.000 *** 0.14 
Trial | Active tDCS 2.75 1.29 235.00 2.13 0.034   0.09 
Pre-tx AVD 1.86 3.96 103.51 0.47 0.640   0.07 
Pre-tx SXS -5.11 3.93 103.51 -1.30 0.196   0.11 
Pre-tx AVD x Trial -1.16 0.93 235.00 -1.25 0.213   0.07 
Pre-tx SXS x Trial 0.42 0.92 235.00 0.45 0.651   0.04 
tDCS x Trial -4.07 1.88 235.00 -2.16 0.032 * 0.09 
  SS MS df F p      
Pre-tx AVD 157.80 157.80 1, 104 0.22 0.640     
Trial 17782.40 17782.40 1, 235 24.80 0.000 ***   
Pre-tx SXS 1211.80 1211.80 1, 104 1.69 0.196     
tDCS 2936.60 2936.60 1, 104 4.10 0.046 *   
Pre-tx AVD x Trial 1119.60 1119.60 1, 235 1.56 0.213     
Pre-tx SXS x Trial 147.30 147.30 1, 235 0.21 0.651     
tDCS x Trial 3348.40 3348.40 1, 235 4.67 0.032 *   

Pseudo-R2 0.51             
PVE-Between 0.04             

PVE-Within 0.07             
 
Note. The table above presents findings from the model of behavioral approach / avoidance, 

based on the duration of engagement with feared targets during six 5-min. in vivo exposure 

trials for those who received either 20 min. of active tDCS or sham tDCS just prior to exposure.  

Estimates are adjusted for differences in initial levels and trajectories as a function of phobia 

type (animal vs. contamination), pre-treatment phobia severity, and pre-treatment levels of 

avoidance.  Local effect sizes (r) were derived from the t-statistics, using the following formula: 

r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation 

between predicted and actual values.  Proportions of variance explained between and within 

participants were calculated in comparison to an unconditional model of change.  Pre-tx AVD = 
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pre-treatment levels of avoidance in the extinction context (BAT-1), based on the percentage of 

approach steps not achieved; Pre-tx SXS = pre-treatment symptom severity, based on total 

scores the FSQ or the washing subscale scores OCI-R for animal or contamination phobic 

participants, respectively.  Pre-tx SUDS = pre-treatment peak emotional distress, defined as the 

highest either fear or disgust experienced during BAT-1 based on subjective units of distress; 

PVE-Between = proportion of variance explained at level 2, PVE-Within = proportion of variance 

explained at level 1.  *** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 16. tDCS Moderation of Peak Emotional Distress during Exposure 
MV: Peak SUDS during Exposure b se df t p   r 
Sham tDCS | Pre-tx 71.46 3.95 123 18.11 0.000 *** 0.20 

Active tDCS | Pre-tx 71.44 3.64 123 19.62 0.000 *** 0.20 

Phobia Type -0.79 3.97 105 -0.20 0.844   0.04 
Pre-tx to Post-tx | Sham tDCS -47.90 5.27 114 -9.09 0.000 *** 0.21 

Pre-tx to 1-Month | Sham tDCS -42.45 5.42 112 -7.84 0.000 *** 0.21 

Pre-tx to Post-tx | Active tDCS -53.98 4.91 117 -11.00 0.000 *** 0.22 
Pre-tx to 1-Month | Active tDCS -53.89 5.17 113 -10.42 0.000 *** 0.22 

Pre-tx SXS 0.13 1.56 101 0.08 0.935   0.03 

Pre-tx SUDS 19.66 2.50 101 7.87 0.000 *** 0.22 
AVD -1.52 2.29 112 -0.66 0.509   0.08 

Peak SUDS -0.01 3.55 100 0.00 0.997   0.01 

tDCS -0.03 3.15 100 -0.01 0.994   0.01 
Phobia Type x Pre-tx vs. Post-tx 2.79 4.74 88 0.59 0.557   0.08 

Phobia Type x Pre-tx vs. 1-Month 2.70 4.81 88 0.56 0.576   0.08 

Pre-tx SXS x Pre-tx vs. Post-tx 2.25 1.79 80 1.26 0.213   0.12 
Pre-tx SXS x Pre-tx vs. 1-Month 2.81 1.82 81 1.54 0.127   0.14 

Pre-tx SUDS x Pre-tx vs. Post-tx -24.11 2.92 81 -8.25 0.000 *** 0.24 

Pre-tx SUDS x Pre-tx vs. 1-Month -19.96 3.00 83 -6.66 0.000 *** 0.23 
AVD x Pre-tx vs. Post-tx 14.98 4.05 108 3.70 0.000 *** 0.17 

AVD x Pre-tx vs. 1-Month 19.51 4.44 105 4.40 0.000 *** 0.19 

tDCS x Peak SUDS 0.64 3.93 104 0.16 0.872   0.04 
Peak SUDS x Pre-tx vs. Post-tx | Sham tDCS -0.25 4.11 81 -0.06 0.952   0.03 

Peak SUDS x Pre-tx vs. Post-tx | Sham tDCS 1.61 4.17 81 0.39 0.701   0.07 

Peak SUDS x Pre-tx vs. Post-tx | Active tDCS 0.91 2.33 84 0.39 0.697   0.07 
Peak SUDS x Pre-tx vs. 1-Month | Active tDCS -2.19 2.37 85 -0.92 0.358   0.10 

tDCS x Pre-tx vs. Post-tx -6.08 3.63 80 -1.68 0.098 . 0.14 

tDCS x Pre-tx vs. 1-Month -11.45 3.73 81 -3.07 0.003 ** 0.18 
Peak SUDS x tDCS x Pre-tx vs. Post-tx 1.16 4.50 82 0.26 0.798   0.06 

Peak SUDS x tDCS x Pre-tx vs. 1-Month -3.80 4.56 83 -0.83 0.408   0.10 
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Table 16. tDCS Moderation of Peak Emotional Distress during Exposure (continued) 
  SS MS df F p     
Phobia Type 7.70 7.70 1, 45 0.13 0.724     

Time-point 10745.20 5372.60 2, 100 88.29 0.000 ***   

Pre-tx SXS 148.20 148.20 1, 41 2.44 0.126     
Pre-tx SUDS 418.10 418.10 1, 42 6.87 0.012 *   

AVD 1302.70 1302.70 1, 119 21.41 0.000 ***   

Peak SUDS 2.40 2.40 1, 42 0.04 0.842     
tDCS 372.60 372.60 1, 41 6.12 0.018 *   

Phobia Type x Time-point 26.80 13.40 2, 86 0.22 0.803     

Pre-tx SXS x Time-point 164.40 82.20 2, 81 1.35 0.265     
Pre-tx SUDS x Time-point 4718.80 2359.40 2, 82 38.77 0.000 ***   

AVD x Time-point 1499.20 749.60 2, 101 12.32 0.000 ***   

Peak SUDS x tDCS 0.40 0.40 1, 41 0.01 0.933     
Peak SUDS x Time-point 3.80 1.90 2, 81 0.03 0.969     

tDCS x Time-point 577.00 288.50 2, 81 4.74 0.011 *   

Peak SUDS x tDCS x Time-point 81.30 40.60 2, 82 0.67 0.516     
Pseudo-R2: 0.96             

PVE-Between: 0.56             
PVE-Within: 0.56             

 
Note.  The table above presents findings from the model testing moderation of peak emotional 

distress during exposure trials by tDCS group assignment on trajectories of emotional distress 

across time-points.   Local effect sizes (r) were derived from the t-statistics, using the following 

formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring the 

correlation between predicted and actual values.  Proportions of variance explained between 

and within participants were calculated in comparison to an unconditional model of change.   

Peak SUDS = highest self-rated fear or disgust at any point during exposure trials.  AVD = time-

varying avoidance, defined as the percentage of approach steps not achieved; Pre-tx SUDS = 

pre-treatment peak emotional distress, defined as the highest either fear or disgust 

experienced during BAT-1 based on subjective units of distress; Pre-tx SXS = pre-treatment 

symptom severity, based on total scores the FSQ or the washing subscale scores OCI-R for 
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animal or contamination phobic participants, respectively.  PVE-Between = proportion of 

variance explained at level 2, PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 17. tDCS Moderation of Peak Emotional Distress during Last Exposure Trial 
MV: Peak SUDS-Trial 6 b se df t p   r 
Sham tDCS | Pre-tx 70.89 2.95 121.60 24.04 0.000 *** 0.19 

Active tDCS | Pre-tx 70.88 2.79 122.53 25.42 0.000 *** 0.18 

Phobia Type -0.71 3.24 104.41 -0.22 0.826   0.05 
Pre-tx to Post-tx | Sham tDCS -57.39 4.30 112.95 -13.36 0.000 *** 0.21 

Pre-tx to 1-Month | Sham tDCS -46.96 4.18 109.43 -11.24 0.000 *** 0.22 

Pre-tx to Post-tx | Active tDCS -62.07 4.08 114.12 -15.22 0.000 *** 0.21 
Pre-tx to 1-Month | Active tDCS -59.35 4.17 109.95 -14.24 0.000 *** 0.21 

Pre-tx SXS 0.01 1.36 96.58 0.01 0.992   0.01 

Pre-tx SUDS 19.76 1.99 99.65 9.91 0.000 *** 0.22 
AVD -1.09 1.68 108.72 -0.65 0.517   0.08 

SUDS-T6 0.13 2.30 97.07 0.06 0.956   0.02 

tDCS -0.01 2.53 96.56 0.00 0.998   0.00 
Phobia Type x Pre-tx vs. Post-tx 11.40 3.95 92.59 2.88 0.005 ** 0.17 

Phobia Type x Pre-tx vs. 1-Month 8.80 3.87 89.18 2.27 0.025 * 0.16 

Pre-tx SXS x Pre-tx vs. Post-tx 0.67 1.53 80.09 0.44 0.663   0.07 
Pre-tx SXS x Pre-tx vs. 1-Month 0.74 1.57 81.43 0.47 0.637   0.08 

Pre-tx SUDS x Pre-tx vs. Post-tx -23.40 2.27 81.73 -10.31 0.000 *** 0.23 

Pre-tx SUDS x Pre-tx vs. 1-Month -20.68 2.33 83.03 -8.88 0.000 *** 0.23 
AVD x Pre-tx vs. Post-tx 3.57 3.77 111.75 0.95 0.346   0.09 

AVD x Pre-tx vs. 1-Month 12.74 3.79 107.05 3.36 0.001 ** 0.17 

tDCS x SUDS-T6 0.12 3.03 96.84 0.04 0.968   0.02 
SUDS-T6 x Pre-tx vs. Post-tx | Sham tDCS 12.29 2.68 82.84 4.58 0.000 *** 0.21 

SUDS-T6 x Pre-tx vs. Post-tx | Sham tDCS 12.66 2.77 83.56 4.58 0.000 *** 0.21 

SUDS-T6 x Pre-tx vs. Post-tx | Active tDCS 8.54 2.46 87.60 3.47 0.001 ** 0.19 
SUDS-T6 x Pre-tx vs. 1-Month | Active tDCS -1.45 2.67 91.76 -0.55 0.587   0.08 

tDCS x Pre-tx vs. Post-tx -4.68 2.85 80.13 -1.65 0.104 . 0.14 

tDCS x Pre-tx vs. 1-Month -12.38 2.95 81.98 -4.20 0.000 *** 0.21 
SUDS-T6 x tDCS x Pre-tx vs. Post-tx -3.75 3.42 80.49 -1.10 0.276   0.12 

SUDS-T6 x tDCS x Pre-tx vs. 1-Month -14.12 3.79 85.99 -3.73 0.000 *** 0.19 
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Table 17. tDCS Moderation of Peak Emotional Distress during Last Exposure Trial 
  SS MS DF F p     
Phobia Type 242.20 242.20 1, 47 6.03 0.018 *   

Time-point 14217.40 7108.70 2, 99 177.01 0.000 ***   

Pre-tx SXS 8.70 8.70 1, 41 0.22 0.645     
Pre-tx SUDS 444.90 444.90 1, 43 11.08 0.002 **   

AVD 199.60 199.60 1, 121 4.97 0.028 *   

SUDS-T6 789.40 789.40 1, 49 19.66 0.000 ***   
tDCS 344.60 344.60 1, 41 8.58 0.006 **   

Phobia Type x Time-point 370.70 185.30 2, 88 4.61 0.012 *   

Pre-tx SXS x Time-point 11.30 5.60 2, 81 0.14 0.869     
Pre-tx SUDS x Time-point 5032.50 2516.30 2, 82 62.66 0.000 ***   

AVD x Time-point 454.60 227.30 2, 101 5.66 0.005 **   

SUDS-T6 x tDCS 242.60 242.60 1, 44 6.04 0.018 *   
SUDS-T6 x Time-point 1187.10 593.60 2, 86 14.78 0.000 ***   

tDCS x Time-point 714.80 357.40 2, 81 8.90 0.000 ***   

SUDS-T6 x tDCS x Time-point 575.10 287.60 2, 83 7.16 0.001 **   

Pseudo-R2: 0.97             
PVE-Between: 0.67             

PVE-Within: 0.71             
 
Note.  The table above presents findings from the model testing moderation of peak emotional 

distress during the last exposure trial by tDCS group assignment on trajectories of emotional 

distress across time-points.   Local effect sizes (r) were derived from the t-statistics, using the 

following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring 

the correlation between predicted and actual values.  Proportions of variance explained 

between and within participants were calculated in comparison to an unconditional model of 

change.   

SUDS-T6 = highest self-rated fear or disgust during the last exposure trial.  AVD = time-varying 

avoidance, defined as the percentage of approach steps not achieved; Pre-tx SUDS = pre-

treatment peak emotional distress, defined as the highest either fear or disgust experienced 

during BAT-1 based on subjective units of distress; Pre-tx SXS = pre-treatment symptom 
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severity, based on total scores the FSQ or the washing subscale scores OCI-R for animal or 

contamination phobic participants, respectively.  PVE-Between = proportion of variance 

explained at level 2, PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 18. tDCS Moderation of Threat Appraisals during Last Exposure Trial 
MV: Threat Appraisals-Trial 6 b se df t p   r 
Sham tDCS | Pre-tx 70.73 3.10 115.63 22.85 0.000 *** 0.19 

Active tDCS | Pre-tx 70.78 3.02 117.07 23.46 0.000 *** 0.19 

Phobia Type -0.59 3.44 99.26 -0.17 0.864   0.04 
Pre-tx to Post-tx | Sham tDCS -53.46 4.46 109.13 -11.99 0.000 *** 0.22 

Pre-tx to 1-Month | Sham tDCS -47.81 4.69 104.92 -10.20 0.000 *** 0.22 

Pre-tx to Post-tx | Active tDCS -54.78 4.26 109.93 -12.85 0.000 *** 0.22 
Pre-tx to 1-Month | Active tDCS -58.03 4.54 104.96 -12.78 0.000 *** 0.22 

Pre-tx SXS 0.00 1.36 93.54 0.00 0.998   0.00 

Pre-tx SUDS 19.78 2.07 97.46 9.54 0.000 *** 0.22 
AVD -1.03 1.80 105.68 -0.57 0.569   0.07 

TA-T6 0.15 1.68 95.14 0.09 0.928   0.03 

tDCS 0.05 2.80 93.60 0.02 0.985   0.01 
Phobia Type x Pre-tx vs. Post-tx 8.89 4.08 86.47 2.18 0.032   0.15 

Phobia Type x Pre-tx vs. 1-Month 6.63 4.24 86.00 1.56 0.121   0.13 

Pre-tx SXS x Pre-tx vs. Post-tx 1.41 1.54 77.81 0.92 0.360   0.11 
Pre-tx SXS x Pre-tx vs. 1-Month 1.97 1.55 78.27 1.27 0.208   0.13 

Pre-tx SUDS x Pre-tx vs. Post-tx -22.58 2.40 80.33 -9.41 0.000 *** 0.24 

Pre-tx SUDS x Pre-tx vs. 1-Month -19.58 2.45 81.32 -7.99 0.000 *** 0.23 
AVD x Pre-tx vs. Post-tx 10.96 3.57 105.65 3.07 0.003 ** 0.16 

AVD x Pre-tx vs. 1-Month 13.59 4.14 102.31 3.28 0.001 ** 0.17 

tDCS x TA-T6 -0.20 3.29 94.27 -0.06 0.952   0.03 
TA-T6 x Pre-tx vs. Post-tx | Sham tDCS 6.40 1.98 81.03 3.23 0.002 ** 0.19 

TA-T6 x Pre-tx vs. Post-tx | Sham tDCS 7.01 2.08 82.59 3.37 0.001 ** 0.19 

SUDS-T6 x Pre-tx vs. Post-tx | Active tDCS 11.51 3.21 77.84 3.59 0.001 ** 0.20 
SUDS-T6 x Pre-tx vs. 1-Month | Active tDCS 1.19 3.22 78.10 0.37 0.712   0.07 

tDCS x Pre-tx vs. Post-tx -1.33 3.16 77.88 -0.42 0.676   0.07 

tDCS x Pre-tx vs. 1-Month -10.22 3.20 78.55 -3.19 0.002 ** 0.19 
TA-T6 x tDCS x Pre-tx vs. Post-tx 5.11 3.78 79.13 1.35 0.180   0.13 

TA-T6 x tDCS x Pre-tx vs. 1-Month -5.82 3.76 78.69 -1.55 0.126   0.14 
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Table 18. tDCS Moderation of Threat Appraisals during Last Exposure Trial (continued) 

 SS MS df F p     
Phobia Type 135.20 135.20 1, 46 3.07 0.086 .   

Time-point 12123.80 6061.90 2, 97 137.72 0.000 ***   

Pre-tx SXS 52.00 52.00 1, 39 1.18 0.284     
Pre-tx SUDS 574.70 574.70 1, 43 13.06 0.001 ***   

AVD 584.60 584.60 1, 117 13.28 0.000 ***   

TA-T6 527.30 527.30 1, 41 11.98 0.001 **   
tDCS 139.80 139.80 1, 40 3.18 0.082 .   

Phobia Type x Time-point 224.00 112.00 2, 85 2.54 0.085 .   

Pre-tx SXS x Time-point 75.90 37.90 2, 78 0.86 0.426     
Pre-tx SUDS x Time-point 4553.10 2276.50 2, 80 51.72 0.000 ***   

AVD x Time-point 686.70 343.40 2, 100 7.80 0.001 ***   

TA-T6 x tDCS 1.30 1.30 1, 40 0.03 0.863     
TA-T6 x Time-point 1000.60 500.30 2, 79 11.37 0.000 ***   

tDCS x Time-point 525.70 262.80 2, 78 5.97 0.004 **   

TA-T6 x tDCS x Time-point 365.50 182.80 2, 79 4.15 0.019 *   

Pseudo-R2: 0.97             
PVE-Between: 0.66             

PVE-Within: 0.69             
 
Note.  The table above presents findings from the model testing moderation of threat 

appraisals, reflecting self-rated probabilities of emotional and physical harm prior to the last 

exposure trial by tDCS group assignment on trajectories of emotional distress across time-

points.   Local effect sizes (r) were derived from the t-statistics, using the following formula: r = 

Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation 

between predicted and actual values.  Proportions of variance explained between and within 

participants were calculated in comparison to an unconditional model of change.   

TA-T6 = sum of estimated probabilities of emotional and physical harm during exposure to 

feared targets.  AVD = time-varying avoidance, defined as the percentage of approach steps not 

achieved; Pre-tx SUDS = pre-treatment peak emotional distress, defined as the highest either 

fear or disgust experienced during BAT-1 based on subjective units of distress; Pre-tx SXS = pre-
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treatment symptom severity, based on total scores the FSQ or the washing subscale scores OCI-

R for animal or contamination phobic participants, respectively.  PVE-Between = proportion of 

variance explained at level 2, PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 19. tDCS Moderation by Phobia Type 
MV: Phobia Type b se df t p   r 
Sham tDCS | Pre-tx 70.98 3.70 121.45 19.20 0.000 *** 0.20 

Active tDCS | Pre-tx 70.89 3.37 121.90 21.03 0.000 *** 0.19 

Phobia Type -1.00 5.72 106.78 -0.17 0.862   0.04 
Pre-tx to Post-tx | Sham tDCS -48.13 5.05 114.36 -9.54 0.000 *** 0.22 

Pre-tx to 1-Month | Sham tDCS -41.27 5.10 111.61 -8.08 0.000 *** 0.21 

Pre-tx to Post-tx | Active tDCS -53.01 4.70 115.85 -11.27 0.000 *** 0.22 
Pre-tx to 1-Month | Active tDCS -53.07 4.94 111.98 -10.75 0.000 *** 0.22 

Pre-tx SXS 0.01 1.52 101.31 0.01 0.992   0.01 

Pre-tx SUDS 19.83 2.38 104.93 8.32 0.000 *** 0.22 
AVD -1.14 2.03 113.09 -0.56 0.576   0.07 

tDCS -0.09 3.47 101.42 -0.03 0.979   0.02 

Phobia Type x Pre-tx vs. Post-tx 4.98 6.72 86.36 0.74 0.461   0.09 
Phobia Type x Pre-tx vs. 1-Month 2.96 6.73 85.79 0.44 0.661   0.07 

Pre-tx SXS x Pre-tx vs. Post-tx 2.06 1.76 80.08 1.17 0.246   0.12 

Pre-tx SXS x Pre-tx vs. 1-Month 3.30 1.79 80.88 1.85 0.069   0.15 
Pre-tx SUDS x Pre-tx vs. Post-tx -23.59 2.82 82.23 -8.37 0.000 *** 0.23 

Pre-tx SUDS x Pre-tx vs. 1-Month -20.70 2.90 83.71 -7.14 0.000 *** 0.23 

AVD x Pre-tx vs. Post-tx 14.75 3.91 108.86 3.77 0.000 *** 0.17 
AVD x Pre-tx vs. 1-Month 19.01 4.22 105.68 4.50 0.000 *** 0.19 

tDCS x SUDS-T6 0.26 7.11 101.53 0.04 0.971   0.02 

PHB x Pre-tx vs. Post-tx | Sham tDCS -4.88 4.03 80.10 -1.21 0.229   0.12 
PHB x Pre-tx vs. Post-tx | Sham tDCS -11.81 4.18 82.17 -2.82 0.006 ** 0.18 

PHB x Pre-tx vs. Post-tx | Active tDCS 4.88 4.03 80.10 1.21 0.229   0.12 

PHB x Pre-tx vs. Post-tx | Active tDCS 11.81 4.18 82.17 2.82 0.006 ** 0.18 
PHB x tDCS x Pre-tx vs. Post-tx -5.07 8.26 80.28 -0.61 0.541   0.09 

PHB x tDCS x Pre-tx vs. 1-Month 0.26 8.33 80.88 0.03 0.975   0.02 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
 

122 

Table 19. tDCS Moderation by Phobia Type (continued) 

 SS MS df F p    
Phobia Type 7.90 7.90 1, 45 0.13 0.725     

Time-point 13561.00 6780.50 2, 100 108.50 0.000 ***   

Pre-tx SXS 158.60 158.60 1, 41 2.54 0.119     
Pre-tx SUDS 504.40 504.40 1, 44 8.07 0.007 **   

AVD 1458.50 1458.50 1, 117 23.34 0.000 ***   

tDCS 351.30 351.30 1, 40 5.62 0.023 *   
Phobia Type x Time-point 30.50 15.30 2, 87 0.24 0.784     

Pre-tx SXS x Time-point 218.30 109.10 2, 81 1.75 0.181     

Pre-tx SUDS x Time-point 5140.00 2570.00 2, 82 41.12 0.000 ***   
AVD x Time-point 1652.00 826.00 2, 102 13.22 0.000 ***   

PHB x tDCS 4.10 4.10 1, 40 0.07 0.800     

tDCS x Time-point 493.40 246.70 2, 80 3.95 0.023 *   
PHB x tDCS x Time-point 32.90 16.50 2, 81 0.26 0.769     

Pseudo-R2: 0.96             
PVE-Between: 0.57             

PVE-Within: 0.55             
 

Note.  The table above presents findings from the model testing moderation of tDCS effects on 

change in peak emotional distress in the extinction context across time-points by phobia type 

(animal vs. contamination).  Local effect sizes (r) were derived from the t-statistics, using the 

following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring 

the correlation between predicted and actual values.  Proportions of variance explained 

between and within participants were calculated in comparison to an unconditional model of 

change.   

PHB = Phobia type (animal vs. contamination); AVD = time-varying avoidance, defined as the 

percentage of approach steps not achieved; Pre-tx SUDS = pre-treatment peak emotional 

distress, defined as the highest either fear or disgust experienced during BAT-1 based on 

subjective units of distress; Pre-tx SXS = pre-treatment symptom severity, based on total scores 

the FSQ or the washing subscale scores OCI-R for animal or contamination phobic participants, 
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respectively.  PVE-Between = proportion of variance explained at level 2, PVE-Within = 

proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 20. tDCS Moderation by Phobia Symptom Severity 
MV: Pre-tx Symptom Severity b se df t p   r 
Sham tDCS | Pre-tx 70.93 3.22 122.03 21.99 0.000 *** 0.19 

Active tDCS | Pre-tx 70.90 3.03 122.54 23.38 0.000 *** 0.19 

Phobia Type -0.84 3.48 111.46 -0.24 0.810   0.05 
Pre-tx to Post-tx | Sham tDCS -47.07 4.45 115.25 -10.57 0.000 *** 0.22 

Pre-tx to 1-Month | Sham tDCS -41.37 4.50 112.35 -9.19 0.000 *** 0.22 

Pre-tx to Post-tx | Active tDCS -55.09 4.28 117.12 -12.86 0.000 *** 0.21 
Pre-tx to 1-Month | Active tDCS -54.32 4.52 113.72 -12.02 0.000 *** 0.22 

Pre-tx SXS 0.01 1.74 103.46 0.01 0.996   0.01 

Pre-tx SUDS 19.82 2.32 106.41 8.56 0.000 *** 0.22 
AVD -1.13 1.85 113.83 -0.61 0.544   0.07 

tDCS -0.03 2.79 103.47 -0.01 0.991   0.01 

Phobia Type x Pre-tx vs. Post-tx 2.10 4.16 90.04 0.51 0.614   0.07 
Phobia Type x Pre-tx vs. 1-Month 3.30 4.19 88.52 0.79 0.432   0.09 

Pre-tx SXS x Pre-tx vs. Post-tx | Sham tDCS 6.95 2.05 80.06 3.39 0.001 ** 0.19 

Pre-tx SXS x Pre-tx vs. 1-Month | Sham tDCS 6.13 2.07 80.78 2.96 0.004 ** 0.18 
Pre-tx SXS x Pre-tx vs. Post-tx | Active tDCS -5.85 2.61 79.92 -2.24 0.028 * 0.16 

Pre-tx SXS x Pre-tx vs. 1-Month | Active tDCS -1.33 2.63 80.35 -0.50 0.616   0.08 

Pre-tx SUDS x Pre-tx vs. Post-tx -19.70 2.78 82.10 -7.09 0.000 *** 0.23 
Pre-tx SUDS x Pre-tx vs. 1-Month -18.37 2.84 83.31 -6.47 0.000 *** 0.23 

AVD x Pre-tx vs. Post-tx 14.21 3.58 109.64 3.97 0.000 *** 0.18 

AVD x Pre-tx vs. 1-Month 18.26 3.89 106.55 4.70 0.000 *** 0.19 
tDCS x Pre-tx SXS 0.01 2.80 103.45 0.00 0.997   0.01 

tDCS x Pre-tx vs. Post-tx -8.01 3.29 79.92 -2.43 0.017   0.17 

tDCS x Pre-tx vs. 1-Month -12.95 3.40 81.75 -3.81 0.000 *** 0.20 
Pre-tx SXS x tDCS x Pre-tx vs. Post-tx -12.80 3.30 79.99 -3.87 0.000 *** 0.20 

Pre-tx SXS x tDCS x Pre-tx vs. 1-Month -7.46 3.32 80.31 -2.24 0.028   0.16 
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Table 20. tDCS Moderation by Phobia Symptom Severity (continued) 

 SS MS df F p     
Phobia Type 8.30 8.30 1, 45 0.16 0.694     

Time-point 14082.50 7041.20 2, 101 133.16 0.000 ***   

Pre-tx SXS 48.60 48.60 1, 40 0.92 0.344     
Pre-tx SUDS 916.00 916.00 1, 43 17.32 0.000 ***   

AVD 1370.70 1370.70 1, 116 25.92 0.000 ***   

tDCS 610.60 610.60 1, 41 11.55 0.002 **   
Phobia Type x Time-point 33.40 16.70 2, 87 0.32 0.730     

Pre-tx SXS x Time-point 116.90 58.50 2, 80 1.11 0.336     

Pre-tx SUDS x Time-point 3281.50 1640.70 2, 82 31.03 0.000 ***   
AVD x Time-point 1539.00 769.50 2, 102 14.55 0.000 ***   

Pre-tx SXS x tDCS 568.30 568.30 1, 40 10.75 0.002 **   

tDCS x Time-point 791.40 395.70 2, 81 7.48 0.001 **   
Pre-tx SXS x tDCS x Time-point 800.30 400.10 2, 80 7.57 0.001 ***   

Pseudo-R2: 0.96             
PVE-Between: 0.67             

PVE-Within: 0.62             
 

Note.  The table above presents findings from the model testing moderation of tDCS effects on 

change in peak emotional distress in the extinction context across time-points by pre-treatment 

phobia severity, based on validated questionnaires specific to each phobia domain.  Local effect 

sizes (r) were derived from the t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A 

global effect size (pseudo-R2) was calculated by squaring the correlation between predicted and 

actual values.  Proportions of variance explained between and within participants were 

calculated in comparison to an unconditional model of change.   

AVD = time-varying avoidance, defined as the percentage of approach steps not achieved; Pre-

tx SUDS = pre-treatment peak emotional distress, defined as the highest either fear or disgust 

experienced during BAT-1 based on subjective units of distress; Pre-tx SXS = pre-treatment 

symptom severity, based on total scores the FSQ or the washing subscale scores OCI-R for 
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animal or contamination phobic participants, respectively.  PVE-Between = proportion of 

variance explained at level 2, PVE-Within = proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 21. tDCS Moderation by Pre-treatment Anxiety Symptoms 
MV: Pre-tx BAI b se df t p   r 
Sham tDCS | Pre-tx 70.82 3.53 121.79 20.04 0.000 

*** 
0.20 

Active tDCS | Pre-tx 70.82 3.53 121.79 20.04 0.000 
*** 

0.20 

Phobia Type -0.78 3.84 110.15 -0.20 0.838   0.04 
Pre-tx to Post-tx | Sham tDCS -47.60 4.87 114.84 -9.78 0.000 

*** 
0.22 

Pre-tx to 1-Month | Sham tDCS -40.88 4.93 112.03 -8.30 0.000 
*** 

0.21 

Pre-tx to Post-tx | Active tDCS -47.60 4.87 114.84 -9.78 0.000 
*** 

0.22 
Pre-tx to 1-Month | Active tDCS -40.88 4.93 112.03 -8.30 0.000 

*** 
0.21 

Pre-tx SXS 0.00 1.58 101.33 0.00 0.998   0.01 

Pre-tx SUDS 19.85 2.57 105.67 7.73 0.000  *** 0.22 
AVD -1.05 2.04 112.90 -0.51 0.609   0.07 

BAI 0.12 2.83 101.73 0.04 0.966   0.02 

tDCS -0.03 3.03 101.35 -0.01 0.993   0.01 
Phobia Type x Pre-tx vs. Post-tx 1.92 4.55 90.44 0.42 0.674   0.07 

Phobia Type x Pre-tx vs. 1-Month 2.71 4.59 89.08 0.59 0.556   0.08 

Pre-tx SXS x Pre-tx vs. Post-tx 2.00 1.84 80.24 1.09 0.280   0.12 
Pre-tx SXS x Pre-tx vs. 1-Month 2.97 1.87 81.40 1.59 0.116   0.14 

Pre-tx SUDS x Pre-tx vs. Post-tx -22.95 3.01 81.97 -7.62 0.000 *** 0.23 

Pre-tx SUDS x Pre-tx vs. 1-Month -20.42 3.10 83.62 -6.58 0.000  *** 0.23 
AVD x Pre-tx vs. Post-tx 14.54 3.94 109.12 3.69 0.000 

*** 
0.17 

AVD x Pre-tx vs. 1-Month 19.57 4.31 105.61 4.54 0.000 
*** 

0.19 

tDCS x BAI -0.23 3.35 102.35 -0.07 0.946   0.03 
BAI x Pre-tx vs. Post-tx | Sham tDCS 1.46 3.29 80.57 0.44 0.659   0.07 

BAI x Pre-tx vs. Post-tx | Sham tDCS 1.25 3.34 81.57 0.37 0.710   0.07 

BAI x Pre-tx vs. Post-tx | Active tDCS 1.46 3.29 80.57 0.44 0.659   0.07 
BAI x Pre-tx vs. Post-tx | Active tDCS 1.25 3.34 81.57 0.37 0.710   0.07 

tDCS x Pre-tx vs. Post-tx -6.04 3.52 79.99 -1.72 0.090  . 0.14 

tDCS x Pre-tx vs. 1-Month -11.69 3.63 81.72 -3.22 0.002  ** 0.19 
BAI x tDCS x Pre-tx vs. Post-tx -2.84 3.89 80.41 -0.73 0.467   0.10 

BAI x tDCS x Pre-tx vs. 1-Month -0.27 3.93 81.13 -0.07 0.946   0.03 
 
 
 
 
 
 
 
 
 
 



  

 
 

128 

Table 21. tDCS Moderation by Pre-treatment Anxiety Symptoms (continued) 

 SS MS df F p     
Phobia Type 4.80 4.80 1, 46 0.08 0.781     

Time-point 13484.30 6742.20 2, 100 108.90 0.000 ***   

Pre-tx SXS 123.20 123.20 1, 41 1.99 0.166     
Pre-tx SUDS 498.20 498.20 1, 44 8.05 0.007 **   

AVD 1467.10 1467.10 1, 117 23.70 0.000 ***   

BAI 6.10 6.10 1, 41 0.10 0.755     
tDCS 424.80 424.80 1, 41 6.86 0.012 *   

Phobia Type x Time-point 22.60 11.30 2, 87 0.18 0.834     

Pre-tx SXS x Time-point 164.10 82.00 2, 81 1.33 0.272     
Pre-tx SUDS x Time-point 4232.70 2116.30 2, 82 34.18 0.000 ***   

AVD x Time-point 1635.10 817.50 2, 102 13.21 0.000 ***   

BAI x tDCS 16.10 16.10 1, 41 0.26 0.613     
BAI x Time-point 25.20 12.60 2, 81 0.20 0.816     

tDCS x Time-point 643.40 321.70 2, 81 5.20 0.008 **   

BAI x tDCS x Time-point 40.50 20.20 2, 81 0.33 0.722     
Pseudo-R2: 0.96             

PVE-Between: 0.58             
PVE-Within: 0.55             

 
Note.  The table above presents findings from the model testing moderation of tDCS effects on 

change in peak emotional distress in the extinction context across time-points by pre-treatment 

anxiety symptom severity, based on total scores on the BAI.  Local effect sizes (r) were derived 

from the t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-

R2) was calculated by squaring the correlation between predicted and actual values.  

Proportions of variance explained between and within participants were calculated in 

comparison to an unconditional model of change.   

BAI = Beck Anxiety Inventory.  AVD = time-varying avoidance, defined as the percentage of 

approach steps not achieved; Pre-tx SUDS = pre-treatment peak emotional distress, defined as 

the highest either fear or disgust experienced during BAT-1 based on subjective units of 

distress; Pre-tx SXS = pre-treatment symptom severity, based on total scores the FSQ or the 
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washing subscale scores OCI-R for animal or contamination phobic participants, respectively.  

PVE-Between = proportion of variance explained at level 2, PVE-Within = proportion of variance 

explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 22. tDCS Moderation by Pre-treatment Depression Symptoms 
MV: Pre-tx Depression b se df t p   r 
Sham tDCS | Pre-tx 71.36 3.58 122.11 19.92 0.000 *** 0.20 

Active tDCS | Pre-tx 71.36 3.58 122.11 19.92 0.000  *** 0.20 

Phobia Type -0.35 4.21 98.70 -0.08 0.933   0.03 
Pre-tx to Post-tx | Sham tDCS -48.32 5.04 109.15 -9.59 0.000 

*** 
0.22 

Pre-tx to 1-Month | Sham tDCS -41.08 5.10 105.04 -8.06 0.000 
*** 

0.22 

Pre-tx to Post-tx | Active tDCS -48.32 5.04 109.15 -9.59 0.000 
*** 

0.22 
Pre-tx to 1-Month | Active tDCS -41.08 5.10 105.04 -8.06 0.000 

*** 
0.22 

Pre-tx SXS 0.16 1.59 99.05 0.10 0.922   0.03 

Pre-tx SUDS 19.89 2.36 101.53 8.41 0.000  *** 0.22 
AVD -1.66 2.30 107.59 -0.72 0.472   0.08 

BDI-II -0.89 3.15 108.09 -0.28 0.777   0.05 

tDCS -0.37 3.27 99.43 -0.11 0.911   0.03 
Phobia Type x Pre-tx vs. Post-tx 3.17 5.19 87.66 0.61 0.543   0.08 

Phobia Type x Pre-tx vs. 1-Month 0.48 5.19 85.85 0.09 0.927   0.03 

Pre-tx SXS x Pre-tx vs. Post-tx 1.69 1.82 80.78 0.93 0.355   0.11 
Pre-tx SXS x Pre-tx vs. 1-Month 3.47 1.83 81.06 1.90 0.061   0.15 

Pre-tx SUDS x Pre-tx vs. Post-tx -23.57 2.73 82.64 -8.62 0.000 
*** 

0.23 

Pre-tx SUDS x Pre-tx vs. 1-Month -21.17 2.82 84.45 -7.51 0.000 
*** 

0.23 
AVD x Pre-tx vs. Post-tx 15.12 4.34 112.77 3.49 0.001 

** 
0.17 

AVD x Pre-tx vs. 1-Month 19.86 4.58 108.48 4.34 0.000 
*** 

0.18 

tDCS x BDI-II -0.21 4.30 98.07 -0.05 0.962   0.02 
BDI-II x Pre-tx vs. Post-tx | Sham tDCS 2.07 3.63 84.70 0.57 0.571   0.08 

BDI-II x Pre-tx vs. Post-tx | Sham tDCS -0.92 3.70 85.38 -0.25 0.803   0.05 

BDI-II x Pre-tx vs. Post-tx | Active tDCS 2.07 3.63 84.70 0.57 0.571   0.08 
BDI-II x Pre-tx vs. Post-tx | Active tDCS -0.92 3.70 85.38 -0.25 0.803   0.05 

tDCS x Pre-tx vs. Post-tx -6.94 3.71 80.55 -1.87 0.065  . 0.15 

tDCS x Pre-tx vs. 1-Month -9.77 3.79 81.45 -2.58 0.012  * 0.17 
BDI-II x tDCS x Pre-tx vs. Post-tx -4.47 4.87 80.02 -0.92 0.362   0.11 

BDI-II x tDCS x Pre-tx vs. 1-Month 7.12 4.95 80.96 1.44 0.154   0.13 
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Table 22. tDCS Moderation by Pre-treatment Depression Symptoms (continued) 

 SS MS df F p     
Phobia Type 3.90 3.90 1, 46 0.07 0.797     

Time-point 12030.70 6015.30 2, 98 103.26 0.000 ***   

Pre-tx SXS 141.50 141.50 1, 41 2.43 0.127     
Pre-tx SUDS 447.20 447.20 1, 44 7.68 0.008 **   

AVD 1222.70 1222.70 1, 123 20.99 0.000 ***   

BDI-II 0.40 0.40 1, 48 0.01 0.931     
tDCS 336.60 336.60 1, 41 5.78 0.021 *   

Phobia Type x Time-point 24.20 12.10 2, 85 0.21 0.813     

Pre-tx SXS x Time-point 210.30 105.10 2, 81 1.80 0.171     
Pre-tx SUDS x Time-point 5149.50 2574.70 2, 83 44.20 0.000 ***   

AVD x Time-point 1337.60 668.80 2, 103 11.48 0.000 ***   

BDI-II x tDCS 2.50 2.50 1, 41 0.04 0.836     
BDI-II x Time-point 56.60 28.30 2, 85 0.49 0.617     

tDCS x Time-point 414.30 207.10 2, 81 3.56 0.033 *   

BDI-II x tDCS x Time-point 325.10 162.60 2, 81 2.79 0.067 .   
Pseudo-R2: 0.96             

PVE-Between: 0.54             
PVE-Within: 0.58             

 
Note.  The table above presents findings from the model testing moderation of tDCS effects on 

change in peak emotional distress in the extinction context across time-points by pre-treatment 

depression symptom severity, based on total scores on the BDI-II.  Local effect sizes (r) were 

derived from the t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size 

(pseudo-R2) was calculated by squaring the correlation between predicted and actual values.  

Proportions of variance explained between and within participants were calculated in 

comparison to an unconditional model of change.   

BDI-II = Beck Depression Inventory, 2nd edition.  AVD = time-varying avoidance, defined as the 

percentage of approach steps not achieved; Pre-tx SUDS = pre-treatment peak emotional 

distress, defined as the highest either fear or disgust experienced during BAT-1 based on 

subjective units of distress; Pre-tx SXS = pre-treatment symptom severity, based on total scores 
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the FSQ or the washing subscale scores OCI-R for animal or contamination phobic participants, 

respectively.  PVE-Between = proportion of variance explained at level 2, PVE-Within = 

proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 23. tDCS Moderation by Pre-treatment Anxiety Sensitivity 
MV: Pre-tx Anxiety Sensitivity b se df t p   r 
Sham tDCS | Pre-tx 71.68 3.24 121.79 22.14 0.000  *** 0.19 

Active tDCS | Pre-tx 71.48 3.04 121.07 23.53 0.000  *** 0.19 

Phobia Type -0.77 3.95 103.72 -0.19 0.846   0.04 
Pre-tx to Post-tx | Sham tDCS -51.40 4.52 114.57 -11.37 0.000 

*** 
0.22 

Pre-tx to 1-Month | Sham tDCS -43.09 4.58 111.70 -9.40 0.000 
*** 

0.22 

Pre-tx to Post-tx | Active tDCS -56.84 4.40 114.95 -12.92 0.000 
*** 

0.21 
Pre-tx to 1-Month | Active tDCS -54.26 4.68 111.99 -11.59 0.000 

*** 
0.22 

Pre-tx SXS 0.12 1.73 101.54 0.07 0.947   0.03 

Pre-tx SUDS 19.90 2.31 103.29 8.61 0.000   0.22 
AVD -1.81 1.90 112.36 -0.95 0.345   0.09 

ASI-3 -0.23 2.78 101.69 -0.08 0.935   0.03 

tDCS -0.20 2.80 101.59 -0.07 0.942   0.03 
Phobia Type x Pre-tx vs. Post-tx 2.31 4.77 85.58 0.48 0.630   0.08 

Phobia Type x Pre-tx vs. 1-Month -0.36 4.82 85.04 -0.07 0.941   0.03 

Pre-tx SXS x Pre-tx vs. Post-tx -2.57 2.02 79.39 -1.28 0.206   0.13 
Pre-tx SXS x Pre-tx vs. 1-Month -0.45 2.03 79.86 -0.22 0.826   0.05 

Pre-tx SUDS x Pre-tx vs. Post-tx -19.45 2.77 81.64 -7.03 0.000   0.23 

Pre-tx SUDS x Pre-tx vs. 1-Month -17.54 2.80 82.57 -6.26 0.000   0.23 
AVD x Pre-tx vs. Post-tx 13.35 3.62 109.00 3.69 0.000   0.17 

AVD x Pre-tx vs. 1-Month 17.94 3.98 105.76 4.50 0.000   0.19 

tDCS x ASI-3 -0.43 3.62 102.19 -0.12 0.905   0.03 
ASI-3 x Pre-tx vs. Post-tx | Sham tDCS 12.26 3.25 80.24 3.77 0.000   0.20 

ASI-3 x Pre-tx vs. Post-tx | Sham tDCS 10.55 3.54 84.81 2.98 0.004   0.18 

ASI-3 x Pre-tx vs. Post-tx | Active tDCS 0.52 3.07 80.45 0.17 0.866   0.05 
ASI-3 x Pre-tx vs. Post-tx | Active tDCS 4.44 3.10 80.87 1.43 0.156   0.13 

tDCS x Pre-tx vs. Post-tx -5.44 3.27 79.27 -1.67 0.100   0.14 

tDCS x Pre-tx vs. 1-Month -11.17 3.36 80.86 -3.32 0.001   0.19 
ASI-3 x tDCS x Pre-tx vs. Post-tx -11.74 4.27 80.16 -2.75 0.007   0.18 

ASI-3 x tDCS x Pre-tx vs. 1-Month -6.11 4.48 82.99 -1.36 0.177   0.13 
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Table 23. tDCS Moderation by Pre-treatment Anxiety Sensitivity (continued) 

 SS MS df F p     
Phobia Type 0.10 0.10 1, 43 0.00 0.968     

Time-point 13733.30 6866.70 2, 100 135.20 0.000 ***   

Pre-tx SXS 24.60 24.60 1, 40 0.48 0.490     
Pre-tx SUDS 961.10 961.10 1, 42 18.92 0.000 ***   

AVD 1000.60 1000.60 1, 117 19.70 0.000 ***   

ASI-3 403.80 403.80 1, 42 7.95 0.007 **   
tDCS 384.00 384.00 1, 40 7.56 0.009 **   

Phobia Type x Time-point 18.30 9.20 2, 84 0.18 0.835     

Pre-tx SXS x Time-point 94.30 47.20 2, 80 0.93 0.399     
Pre-tx SUDS x Time-point 3044.10 1522.10 2, 81 29.97 0.000 ***   

AVD x Time-point 1319.30 659.70 2, 101 12.99 0.000 ***   

ASI-3 x tDCS 276.90 276.90 1, 42 5.45 0.024 *   
ASI-3 x Time-point 573.30 286.60 2, 82 5.64 0.005 **   

tDCS x Time-point 560.50 280.20 2, 80 5.52 0.006 **   

ASI-3 x tDCS x Time-point 385.00 192.50 2, 82 3.79 0.027 *   
Pseudo-R2: 0.96             

PVE-Between: 0.66             
PVE-Within: 0.63             

 
Note.  The table above presents findings from the model testing moderation of tDCS effects on 

change in peak emotional distress in the extinction context across time-points by pre-treatment 

anxiety sensitivity, based on total scores on the ASI-3.  Local effect sizes (r) were derived from 

the t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) 

was calculated by squaring the correlation between predicted and actual values.  Proportions of 

variance explained between and within participants were calculated in comparison to an 

unconditional model of change.   

ASI-3 = Anxiety Sensitivity Index, 3rd edition.  AVD = time-varying avoidance, defined as the 

percentage of approach steps not achieved; Pre-tx SUDS = pre-treatment peak emotional 

distress, defined as the highest either fear or disgust experienced during BAT-1 based on 

subjective units of distress; Pre-tx SXS = pre-treatment symptom severity, based on total scores 
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the FSQ or the washing subscale scores OCI-R for animal or contamination phobic participants, 

respectively.  PVE-Between = proportion of variance explained at level 2, PVE-Within = 

proportion of variance explained at level 1. 

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 24. tDCS Moderation by Pre-treatment Experiential Avoidance. 
MV: Experiential Avoidance b se df t p   r 
Sham tDCS | Pre-tx 70.61 3.47 121.76 20.34 0.000 *** 0.19 

Active tDCS | Pre-tx 70.57 3.29 122.07 21.43 0.000 *** 0.19 

Phobia Type -0.61 3.94 109.73 -0.16 0.877   0.04 
Pre-tx to Post-tx | Sham tDCS -47.18 4.96 115.75 -9.51 0.000 *** 0.21 

Pre-tx to 1-Month | Sham tDCS -41.51 4.89 112.67 -8.49 0.000 *** 0.21 

Pre-tx to Post-tx | Active tDCS -53.06 4.88 117.28 -10.88 0.000 *** 0.21 
Pre-tx to 1-Month | Active tDCS -53.02 4.87 114.02 -10.89 0.000 *** 0.22 

Pre-tx SXS -0.04 1.76 103.18 -0.02 0.983   0.01 

Pre-tx SUDS 19.80 2.51 107.22 7.89 0.000 *** 0.22 
AVD -0.88 2.01 113.43 -0.44 0.663   0.06 

BEAQ 0.12 2.66 103.67 0.05 0.963   0.02 

tDCS -0.03 2.99 103.08 -0.01 0.991   0.01 
Phobia Type x Pre-tx vs. Post-tx 1.21 4.84 91.80 0.25 0.804   0.05 

Phobia Type x Pre-tx vs. 1-Month 2.88 4.73 88.43 0.61 0.545   0.08 

Pre-tx SXS x Pre-tx vs. Post-tx 0.25 2.07 79.97 0.12 0.903   0.04 
Pre-tx SXS x Pre-tx vs. 1-Month 1.88 2.11 81.16 0.89 0.376   0.10 

Pre-tx SUDS x Pre-tx vs. Post-tx -22.02 3.00 82.43 -7.34 0.000 *** 0.23 

Pre-tx SUDS x Pre-tx vs. 1-Month -19.24 3.12 84.69 -6.16 0.000 *** 0.22 
AVD x Pre-tx vs. Post-tx 15.08 4.02 110.19 3.75 0.000 *** 0.17 

AVD x Pre-tx vs. 1-Month 18.88 4.16 106.97 4.53 0.000 *** 0.19 

tDCS x BEAQ -0.20 3.60 103.89 -0.05 0.957   0.02 
BEAQ x Pre-tx vs. Post-tx | Sham tDCS 5.26 3.12 80.12 1.68 0.096   0.14 

BEAQ x Pre-tx vs. Post-tx | Sham tDCS 3.87 3.15 80.60 1.23 0.224   0.12 

BEAQ x Pre-tx vs. Post-tx | Active tDCS 0.75 2.79 82.80 0.27 0.788   0.06 
BEAQ x Pre-tx vs. Post-tx | Active tDCS 0.05 2.96 85.83 0.02 0.987   0.01 

tDCS x Pre-tx vs. Post-tx -5.88 3.51 79.91 -1.67 0.098 . 0.14 

tDCS x Pre-tx vs. 1-Month -11.52 3.61 81.38 -3.19 0.002 ** 0.19 
BEAQ x tDCS x Pre-tx vs. Post-tx -4.50 4.29 81.01 -1.05 0.297   0.11 

BEAQ x tDCS x Pre-tx vs. 1-Month -3.82 4.46 83.35 -0.86 0.395   0.10 
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Table 24. tDCS Moderation by Pre-treatment Experiential Avoidance (continued) 
  SS MS df F p     
Phobia Type 4.30 4.30 1, 45 0.07 0.792     

Time-point 13505.50 6752.80 2, 100 110.90 0.000 ***   

Pre-tx SXS 16.40 16.40 1, 41 0.27 0.607     
Pre-tx SUDS 643.50 643.50 1, 44 10.57 0.002 **   

AVD 1507.90 1507.90 1, 115 24.77 0.000 ***   

BEAQ 105.20 105.20 1, 42 1.73 0.196     
tDCS 423.70 423.70 1, 41 6.96 0.012 *   

Phobia Type x Time-point 22.90 11.50 2, 87 0.19 0.829     

Pre-tx SXS x Time-point 56.00 28.00 2, 81 0.46 0.633     
Pre-tx SUDS x Time-point 3814.80 1907.40 2, 83 31.33 0.000 ***   

AVD x Time-point 1618.20 809.10 2, 101 13.29 0.000 ***   

BEAQ x tDCS 73.90 73.90 1, 43 1.21 0.277     
BEAQ x Time-point 135.80 67.90 2, 82 1.11 0.333     

tDCS x Time-point 621.90 310.90 2, 81 5.11 0.008 **   

BEAQ x tDCS x Time-point 77.00 38.50 2, 82 0.63 0.534     
Pseudo-R2: 0.96             

PVE-Between: 0.62             
PVE-Within: 0.56             

 
Note.  The table above presents findings from the model testing moderation of tDCS effects on 

change in peak emotional distress in the extinction context across time-points by pre-treatment 

experiential avoidance, based on total scores on the BEAQ with higher scores reflecting greater 

levels of avoidance of aversive experiences.  Local effect sizes (r) were derived from the t-

statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was 

calculated by squaring the correlation between predicted and actual values.  Proportions of 

variance explained between and within participants were calculated in comparison to an 

unconditional model of change.   

BEAQ = Brief Experiential Avoidance Questionnaire.  AVD = time-varying avoidance, defined as 

the percentage of approach steps not achieved; Pre-tx SUDS = pre-treatment peak emotional 

distress, defined as the highest either fear or disgust experienced during BAT-1 based on 
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subjective units of distress; Pre-tx SXS = pre-treatment symptom severity, based on total scores 

the FSQ or the washing subscale scores OCI-R for animal or contamination phobic participants, 

respectively.  PVE-Between = proportion of variance explained at level 2, PVE-Within = 

proportion of variance explained at level 1.  *** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 25.  tDCS Side Effects by tDCS Group and Severity 
  Active tDCS Sham tDCS 
Side effect Mild  Moderate Severe Mild  Moderate Severe 
Headache 4 (15%) 4 (15%) 0 (0%) 5 (23%) 0 (0%) 0 (0%) 
Neck pain 1 (4%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 
Scalp pain 4 (15%) 0 (0%) 0 (0%) 4 (18%) 0 (0%) 0 (0%) 
Tingling 14 (52%) 10 (37%) 0 (0%) 15 (68%) 4 (18%) 0 (0%) 
Itching 8 (30%) 5 (19%) 0 (0%) 6 (27%) 2 (9%) 0 (0%) 
Burning sensation 11 (41%) 6 (22%) 0 (0%) 14 (64%) 4 (18%) 0 (0%) 
Skin redness 8 (30%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 
Sleepiness 14 (52%) 3 (11%) 2 (7%) 7 (32%) 7 (32%) 1 (5%) 
Trouble concentrating 9 (33%) 5 (19%) 0 (0%) 5 (23%) 4 (18%) 0 (0%) 
Acute mood change 5 (19%) 2 (7%) 0 (0%) 3 (14%) 2 (9%) 0 (0%) 
Visual phosphenes 0 (0%) 1 (4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

 
Note.  The table above presents reported side effects from tDCS as a function of treatment 

allocation and severity based on responses to the PSQ, which is a validated instrument for 

assessing common side effects of tDCS.  Within each cell, the number of affirmative responses 

is followed by the percentage of respondents of each tDCS group. 
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Supplement 

tDCS Effects on Affect and Cognition  

Pre- to post-tDCS change in state emotion.  Fixed effects, and local and global effect 

sizes for models of pre- to post-tDCS change in state emotion are presented in Table 26, and 

Figure 15.  The models explained 80% and 82% of the variability in positive and negative 

emotions, respectively.  There were no significant pre-tDCS differences in positive or negative 

emotions (all p’s > .10).  Results revealed only marginal tDCS group differences in trajectories of 

change in positive emotion from pre- to post-tDCS (b = 2.04, se = 1.33, t = 1.54, p = .130, r = 

.12).  However, whereas there were significant pre- to post-tDCS reductions in positive 

emotions in the sham tDCS group (b = -2.04, se = .99, t = -2.06, p = .042, r = .14), the active tDCS 

group exhibited no significant change in positive emotion (b = .00, se = .88, t = .00, p = .998, r = 

.00).  Additionally, the active tDCS group exhibited significantly higher levels of positive 

emotions at the post-tDCS time-point, relative to the sham tDCS group (b = 2.18, se = .94, t = 

2.31, p = .023, r = .15).  In contrast to the findings for positive emotions, both tDCS groups 

exhibited significant reductions in negative emotion from pre-to post-tDCS, and there were no 

tDCS group differences in change trajectories (p = .560), or levels of negative emotions at the 

post-tDCS time-point (p = .330). 

Moderation by pre-tDCS state emotion.  Fixed effects and effect sizes for the models 

testing moderation by baseline state emotions are presented in Table 27, and Figure 15.  The 

models explained 82% and 85% of the variance in positive and negative emotions, respectively.  

Whereas both groups exhibited a positive relationship between pre-tDCS and post-tDCS state 
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emotions, the link between pre-tDCS and post-tDCS negative emotion was significantly 

amplified in the active tDCS group (b = 2.61, se = 1.12, t = 2.32, p = .025, r =.21). 

 

Figure 15. tDCS Effects on State Positive and Negative Emotion.  This figure depicts changes in 

positive (left) and negative (right) emotion based on subscale scores from the PANAS, which 

was administered before and after receiving 20 min. of either sham tDCS (red line) or active 

active tDCS (blue line). The top two figures depict pre- to post-tDCS change in state emotion, 

whereas the bottom two figures depict moderation of tDCS effects by baseline state emotion.  

Error bars reflect 95% confidence intervals.   

Pre- to post-tDCS change in engagement bias.  In the model of engagement bias, one 

sham tDCS participant had a relatively outlying residual value for the post-tDCS time-point.  
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Removing this observation resulted in no significant change to the pattern or magnitude of 

estimates, due to low leverage (Cook’s d = .16), and so was retained in the analyses.  The final 

model explained 65% of the variance in engagement bias scores across the sample and across 

time-points, based on pseudo-R2 estimates.  Fixed effects and local and global effect sizes for 

models of change in engagement bias are presented in Table 28 and Figure 16.   

Findings revealed significant tDCS group differences in change in engagement bias from 

pre- to post-tDCS (b = .07, se = .03, t = 2.59, p = .011, r = .16), and to the 1-month follow-up (b = 

.05, se = .03, t = 1.76, p = .082, r = .14).  Whereas the sham tDCS group exhibited significant pre-

to-post tDCS reductions in engagement bias (b = -.10, se = .02, t = -4.76, p = .000, r = .21), that 

were maintained at the 1-month follow-up (b = -.09, se = .02, t = -4.61, p = .000, r = .20); the 

active tDCS group exhibited non-significant change in engagement bias from pre- to post-tDCS 

(b = -.02, se = .02, t = -1.30, p = .200, r = .12), but significant reductions from pre-tDCS to the 1-

month follow-up (b = -.04, se = .02, t = -2.28, p = .025, r = .15). 

Pre- to post-tDCS change in disengagement bias.  In the model of disengagement bias, 

all model assumptions were met.  The final model explained 64% of the variance in 

disengagement bias scores across participants and time-points, based on pseudo-R2 estimates.  

Fixed effects and local and global effect sizes for models of change in disengagement bias are 

presented in Table 29 and Figure 16.  Findings revealed no tDCS group differences in 

trajectories of change in disengagement bias (all p’s > .10).  However, the sham tDCS group 

exhibited steady, significant increases in disengagement bias (b = .06, se = .02, t = 2.46, p = .016, 

r = .16), whereas the active tDCS group exhibited no significant change in disengagement bias 

from pre-tDCS to the 1-month follow-up (b = -.02, se = .02, t = .84, p = .400, r = .10).   
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Figure 16. Attentional Threat Biases Across Time-points by Treatment Group.  The figure 

above depicts changes in engagement (left) and disengagement (right) attentional threat biases 

across time-points, including before and after receiving 20 min. of either sham tDCS (red line) 

or active tDCS (blue line), and 1-month after receiving a single session of in vivo exposure to 

target fear domain.  A positive engagement bias score reflects facilitated attention towards 

threatening stimuli, whereas a negative engagement bias reflects impaired attentional 

engagement with threatening stimuli.  Conversely, a positive disengagement bias score reflects 

impaired disengagement with threatening stimuli, and a negative disengagement bias indicates 

enhanced disengagement.  Error bars reflect 95% confidence intervals. 

Moderation of tDCS effects by pre-tDCS biases.  Exploratory models evaluating 

moderation by pre-tDCS levels of engagement and disengagement biases, respectively, 

revealed no statistically significant omnibus interaction effects (all p’s > .10).  However, a 

significant pattern emerged in the moderation model of engagement bias that informs the 

lower-order models presented above, as shown in Figure 17.  Among individuals with low initial 

engagement bias (-1 SD), those that received active tDCS exhibited significant increases in 
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engagement bias from pre- to post-tDCS (b = .11, se = .03, t = 3.60, p < .000, r = .19) and to the 

1-month follow-up (b = .06, se = .03, t = 2.10, p = .041, r = .15); whereas those that received 

sham tDCS exhibited no change in engagement bias across time-points (p = .880; see Table 30 - 

31, and Figure 17).   

Additionally, although group differences were non-significant in the moderation model 

of disengagement bias, the overall pattern revealed that only the subset of individuals with high 

initial disengagement bias who received active tDCS exhibited no significant bias at the post-

tDCS and at the 1-month follow-up (see Table 30 - 31, and Figure 18).   

 

Figure 17. Moderation of tDCS Group on Change in Engagement Bias by Pre-tDCS Engagement 

Bias.  The figure above depicts changes in engagement bias towards threat across time-points, 

including before and after receiving 20 min. of either sham tDCS (blue lines) or active tDCS (red 

lines), and 1-month after receiving a single session of in vivo exposure to target fear domain, for 
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participants with initially low engagement bias (solid lines) and high engagement bias (dotted 

lines) at the pre-tDCS time-point.  Note that a positive engagement bias score reflects 

facilitated attention towards threatening stimuli, whereas a negative engagement bias reflects 

impaired attentional engagement towards threatening stimuli.  Error bars reflect 95% 

confidence intervals. 

 

Figure 18. Moderation of tDCS Group on Change in Disengagement Bias by Pre-tDCS 

Disengagement Bias.  The above figure depicts changes in disengagement bias away from 

threat across time-points, including before and after receiving 20 min. of either sham tDCS 

(blue lines) or active tDCS (red lines), and 1-month after receiving a single session of in vivo 

exposure to target fear domain, for participants with initially low disengagement bias (solid 

lines) and high disengagement bias (dotted lines) at the pre-tDCS time-point.  Note that a 

positive disengagement bias can be interpreted as difficulty disengaging with threat, whereas a 
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negative disengagement bias can be interpreted as enhanced disengagement with threat.  Error 

bars reflect 95% confidence intervals. 

Pre- to post-tDCS change in working memory performance.  Fixed effects and local and 

global effect sizes for models of change in percent correct, encoding time, and response time 

are presented in Table 32, and depicted in Figures 25-26.  Results revealed no significant tDCS 

group x time-point interactions across models of percent correct trials, encoding time, and 

response time (all p’s > .05), suggesting no reliable tDCS group differences in change 

trajectories.  However, there was a marginally significant difference in pre- to post-tDCS change 

in response times (b = .39, se = .23, t = 1.70, p = .089, r = .13).  Whereas the sham tDCS group 

exhibited significant declines in response time (b = -.47, se = .17, t = -2.80, p = .007, r = .16), the 

tDCS group exhibited no significant change in response times from pre- to post-tDCS (b = -0.08, 

se = .15, t = -.50, p = .620, r = .07).   

tDCS effects by encoding time and response time on percent trials correct.  Parameter 

estimates and effect sizes from models evaluating moderation of tDCS effects on percent trials 

correct by encoding and response time are presented in Tables 33 and 34, and Figure 27 and 

Figure 19, respectively.  Findings revealed no group differences in the relationship between 

encoding time and percent trials correct at the post-tDCS time-point (b = .00, se = .02, t = .17, p 

= .860, r = .04).  In contrast, as depicted in Figure 19 below, there was significant tDCS by 

response time interaction at the post-tDCS time-point (b = .04, se = .02, t = 2.46, p = .016, r = 

.16).  Whereas response latency was significantly negatively associated with percent correct for 

the sham tDCS group (b = -.04, se = .01, t = 2.90, p = .005, r = .17), there was no relationship 
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between response latency and percent correct for the active tDCS group (b = .00, se = .01, t = 

.11, p = .910, r = .04).  

 

Figure 19. Visuospatial Working Memory Performance (% Correct) by tDCS Group Across 

Levels of Response Time at the Post-tDCS Time-Point.  The figure above depicts the 

relationships between response time and the percentage of correct trials at the post-tDCS time-

point for those administered either 20 min. of sham tDCS (red line) or active tDCS (blue line).  

Error bars reflect 95% confidence intervals. 

Moderation of tDCS effects by pre-tDCS working memory performance.  Fixed effects 

and effect sizes from models evaluating moderation of tDCS by working memory performance, 

including percent correct, encoding time, and response time, are presented in Tables 35-37, 

and Figures 28-30.  Results revealed no significant tDCS moderation effects by pre-tDCS percent 

correct (p = .390).  However, moderation effects in the model of encoding time approached 

significance (b =.99, se = .62, t = -1.60, p = .110, r = .13), such that individuals with longer 
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baseline encoding times (+1 SD above the mean) exhibited significant reductions in encoding 

times if administered active tDCS (b = -1.70, se = .34, t = -4.90, p < .000, r = .21), but not sham 

tDCS (b = -.69, se = .51, t = -1.40, p = .180, r = .12).   

The model of response latencies likewise revealed tDCS moderation effects by baseline 

response times that approached significance (b = .37, se = .23, t = 1.60, p = .110, r = .13).  

Among individuals with longer baseline response latencies, significant reductions in response 

time were observed for those administered sham tDCS (b = -.35, se = .15, t = -2.40, p = .018, r = 

.16), but not active tDCS (b = .05, se = .19, t = .26, p = .790, r = .05).   

Incidental Contextual Recognition Memory for the Extinction Context. 

Sensitivity (d’).    Fixed effects and local and global effect sizes for the model of 

discriminability based on d’ scores are presented in Table 38, and depicted in Figure 31.  The 

final model explained 22% of the variability in performance.  Results revealed no tDCS group 

differences in d’ scores (b = .02, se = .12, t = .18, p = .861, r = .07).  However, there was a 

significant difference among fear domains (F[2, 41] = 5.18, p = .010), due to significantly poorer 

performance among arachnophobics, relative to ophidophobics (b = .41, se = .14, t = 2.87, p = 

.006, r = .24).  However, the effects of tDCS on d’ scores did not vary as a function of fear 

domain (F[2,41] = .86, p = .434). 

Response bias (b).  Fixed effects and local and global effect sizes for the model of 

response bias based on b estimates are presented in Table 38, and Figure 32.  The final model 

explained 7% of the variance in response bias.  No significant differences emerged across 

modeled variables (all p’s > .10).   
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Criterion (c).  Parameter and local and global effect size estimates for the model of 

response criterion (c) are presented in Table 38 and Figure 33.  The final model explained 6% of 

the variance in response criteria.  Results revealed no significant differences across modeled 

variables (all p’s > .10).   

Confidence – hits.  Effect estimates and effect sizes for the model of confidence for hits 

are presented in Table 39 and Figure 34.  The final model explained 25% of the variance in 

confidence ratings for correctly identified targets.  Results revealed marginally significantly 

higher ratings of confidence for hits in the active tDCS group, compared to sham tDCS (b = 

11.89, se = 6.82, t = 1.74, p = .089, r = .20).  Additionally, there was a significant effect of fear 

domain (F[2,41] = 4.60, p = .016); however, the effect of tDCS group on confidence ratings did 

not significantly vary as a function of fear domain (p > .05). 

Confidence – correct rejections.  Parameter and effect size estimates for the model of 

confidence for correct rejections is presented in Table 39, and depicted in Figure 35.  The 

model explained 18% of the variability in ratings.  Results revealed no significant tDCS group 

differences (b = 2.27, se = 6.13, t = .37, p = .713, r = .09).  However, similar to the results for 

confidence for hits, there was a significant omnibus effect of fear domain (F[1,41] = 3.67, p = 

.034); but no significant tDCS x fear domain interaction (p > .05).   

Moderation by confidence in hits.  Parameter and effect size estimates for the model 

evaluating tDCS moderation by confidence ratings for hits on d’ scores are presented in Table 

40 and Figure 36.  The model explained 24% of the variance in d’ scores.  Results revealed a 

non-significant tDCS moderation effect by hit confidence (b = .12, se = .13, t = .92, p = .363, r = 

.15), although there was a remarkable reversal of confidence effects by tDCS group, with 
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greater confidence associated with poorer and better performance, respectively, for the sham 

tDCS and active tDCS groups. 

Moderation by confidence in correct rejections.  Parameter estimates and effect sizes 

for the model evaluating tDCS moderation by confidence ratings for correct rejections on d’ 

scores are presented in Table 41, and Figure 20 below.  The model explained 35% of the 

variance in d’ scores.  A similar, but more pronounced pattern emerged relative to the findings 

for moderation by confidence in hits.  Confidence in correct rejections significantly moderated 

tDCS effects on d’ scores (b = .26, se = .12, t = 2.20, p = .034, r = .22), such that the active tDCS 

group’s confidence ratings for correct rejections significantly predicted better performance (b = 

.21, se = .08, t = 2.67, p = .011, r = .24).  In contrast, there was no effect of confidence ratings 

for the sham tDCS group (b = -.05, se = .09, t = -.53, p = .601, r = .11).   

Incidental Contextual Visuospatial Memory for the Extinction Context 

Item position correct recall.  Fixed effects and effect sizes for the model of position 

recall of target items are presented in Table 42, and Figure 37.  The model explained 15% of the 

variability in correctly recalling positions.  Results revealed no significant tDCS group differences 

(b = -.47, se = .41, t = -1.16, p = .252, r = .17).  No other significant effects emerged (all p’s > .05).   

Item position distance.  Parameter and effect size estimates for the model of target 

item positioning distance are presented in Table 42 and Figure 38.  The model explained 14% of 

the variance in average positioning errors.  No significant tDCS effects emerged (b = .11, se = 09, 

t = 1.26, p = .215, r= .17).  There were also no significant omnibus effects of fear domain 

(F[2,41] = .70, p = .505), although the contamination group exhibited marginally higher 

positioning error, relative to the arachnophobia group (b = .22, se = .12, t = 1.78, p = .082, r = 
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.06).  Additionally, pre-treatment peak fear in the generalization context (BAT-2) was marginally 

associated with greater average positioning error (b = .10, se = .05, t = 1.91, p = .063).   

 

Figure 20. tDCS Moderation by Confidence in Correctly Rejecting Distractors on Incidental 

Contextual Recognition Memory Sensitivity (d’) for the Extinction Context at the 1-Month 

Follow-up.  The above figure depicts recognition memory performance, based on sensitivity for 

discriminating targets from distractors (d’) during the recognition phase of the ICM task as a 

function of confidence in correct rejections (correctly rejecting distractors) for those who 

received either 20 min. of sham tDCS (red) or active tDCS (blue) prior to in vivo exposure trials.  

Conditional effects of tDCS were estimated at 1 SD above and below the sample mean level of 

confidence, representing individuals with low (triangles) and high (circles) correct rejection 

confidence.  Estimates were adjusted for pre-tDCS working memory performance, based on % 
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trials correct, peak fear expression in the extinction context (BAT-1), and fear domain.  Error 

bars reflect 95% confidence intervals. 

Item position confidence.  Parameter estimates and effect sizes for the model of item 

position recall confidence are presented in Table 42 and Figure 39.  The final model explained 

30% of the variance in confidence ratings.  Findings revealed no significant tDCS group 

differences (b = 3.43, se = 3.07, t = 1.12, p = .272, r = .16).  However, there were significant 

differences across fear domains (F[2,39] = 6.22, p = .005), such that arachnophobic participants 

were significantly less confident in target item positioning relative to ophidophobic (b = 14.07, 

se = 4.36, t = 3.23, p = .003, r = .25) and germaphobic participants (b = 8.74, se = 3.65, t = 2.40, p 

= .022, r = .23).   

tDCS moderation by confidence on item position correct recall.  Effect estimates and 

effect sizes for the model evaluating moderation effects by confidence ratings on item position 

recall are presented in Table 43 and Figure 40.  The model explained 17% of the variability in 

performance.  Results revealed no significant tDCS moderation effects (b = .45, se = .43, t = 

1.03, p = .308, r = .16); however, there was a mentionable reversal of confidence ratings effects 

by tDCS group, such that higher confidence ratings were associated with better and worse 

performance, respectively, for the active tDCS and sham tDCS groups. 

tDCS moderation by confidence on item position distance.  Parameter estimates and 

effect sizes for the model of tDCS moderation by confidence on item position distance are 

presented in Table 43, and depicted in Figure 21.  The model explained 36% of the variability in 

performance.  A relatively large and significant tDCS moderation effect emerged (b = -.27, se = 

.08, t = -3.41, p = .002, r = .25), indicating a significant negative relationship between overall 
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confidence ratings in item positioning and the degree of positioning error for the active tDCS 

group (b = -.17, se = .05, t = -3.41, p = .002, r = .25).  In contrast, the sham tDCS group exhibited 

a non-significant positive relation between confidence and positioning error (b = .10, se = .06, t 

= 1.66, p = .104, r = .19).   

 

Figure 21. tDCS Moderation by Confidence in Item Positioning on Incidental Visuospatial 

Memory (Item Position Distance) for the Extinction Context at the 1-Month Follow-up.  The 

figure above depicts visuospatial memory performance, based on the average degree of error 

in target item positioning during the visuospatial recall phase of the ICM task as a function of 

overall confidence in item positioning for those who received either 20 min. of sham tDCS (red) 

or active tDCS (blue) prior to in vivo exposure trials.  Conditional effects of tDCS were estimated 

at 1 SD above and below the sample mean level of confidence, representing individuals with 

low (triangles) and high (circles) confidence.  Estimates were adjusted for pre-tDCS working 
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memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 

Mediation of tDCS Effects on Change in Peak Emotional Distress in the Extinction Context 

from Pre- to Post-treatment, and to the 1-Month Follow-up 

tDCS mediation by pre- to post-tDCS change in general state emotion.  Estimates for 

the models assessing tDCS mediation by change in state positive and negative emotion are 

presented in Table 44.  Findings do not support that tDCS effects on change in positive emotion 

accounted for tDCS-augmentation effects on change in peak emotional distress in the 

extinction context.  Mediation tests of indirect effects were non-significant, including from pre- 

to post-treatment (z = -1.88, se = 4.47, p = .674), and from pre-treatment to the 1-month 

follow-up (z = 4.20, se = 5.98, p = .789).  Likewise, tDCS effects were not mediated by changes in 

state negative emotion, including from pre- to post-treatment (z = .77, se = 3.26, p = .399), and 

from pre-treatment to follow-up (z = .06, se = 3.28, p = .493). 

tDCS mediation emotional activation and attenuation during exposure. Mediation 

path estimates from the model examining treatment mediation by change in peak distress in 

the extinction context from pre-treatment to the first exposure trial are presented in Table 45.  

Mean change in peak distress from the pre-treatment assessment to trial 1 was -1.77 (SD = 

20.80), and -10.73 (SD = 26.22) for the sham tDCS and active tDCS groups, respectively, with 

non-significant group differences, but a trend favoring the active tDCS group in terms of 

reduced distress.  Indirect effects were non-significant including with respect to change from 

pre- to post-treatment (z = 9.77, se = 22.89, p = .321), and from pre-treatment to 1-month (z = 

19.76, se = 26.80, p = .198).  Moreover, there was little change in tDCS effect estimates when 
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controlling for the mediator.  Thus, findings do not support mediation through tDCS acute 

effects on distress in response to feared targets. 

Mediation results from the model examining tDCS mediation by peak emotional distress 

activation during exposure are presented in Table 45.  Resulted revealed no evidence for 

mediation of tDCS effects through peak emotional activation, including from pre- to post-

treatment (z = -4.41, se = 19.36, p = .588) and from pre-treatment to the 1-month follow-up (z = 

8.24, se = 20.29, p = .336), and there was little change in tDCS effect estimates when including 

the mediator.   

Mediation path estimates from models examining treatment mediation by emotional 

distress at the end of exposure trials are presented in Table 45.  Findings likewise revealed no 

significant indirect effects of tDCS through the level of distress reduction achieved at the end of 

exposure, including from pre- to post-treatment (z = 39.20, se = 88.34, p = .670), and from pre-

treatment to the 1-month follow-up (z = -21.15, se = 51.49, p = .672). 

tDCS mediation by threat activation and attenuation during exposure.  Mediation path 

estimates from models examining treatment mediation by change in threat appraisals in the 

extinction context from pre-treatment to the first exposure trial are presented in Table 46.  

Mean change in threat appraisals from pre-treatment to trial 1 was -13.18 (SD = 41.93) and -

22.81 (SD = 45.95), respectively, for the sham tDCS and active tDCS groups.  Tests of indirect 

effects did not support that tDCS effects on emotional distress across time-points were 

mediated by an acute tDCS effect on change in threat appraisals, including from pre- to post-

treatment (z = 13.55, se = 33.92, p = .332), and from pre-treatment to 1-month (z = 14.58, se = 

36.30, p = .328).  Path estimates from the model testing mediation by threat appraisals in the 



  

 
 

156 

last exposure trial are presented in Table 46.  Results similarly did not support mediation of 

tDCS effects through threat estimations at the last exposure trial, based on non-significant 

indirect effects, including from pre- to post-treatment (z = -113.24, se = 70.65, p = .956), and to 

the 1-month follow-up (z = -75.43, se = 52.26, p = .954).  

tDCS mediation by feared target contact duration during 1st exposure trial.  Path 

estimates from the model testing mediation by level of approach / avoidance based on the 

duration of contact with feared targets during trial 1 are presented in Table 47 and Figure 22.  

Results supported significant, but inconsistent mediation of tDCS effects on changes in 

emotional distress by promoting behavioral approach.  The tDCS group exhibited marginally 

significantly longer contact duration for the 1st exposure trial (z = 21.90, se = 11.30, p = .061), 

and indirect effects emerged significant, including from pre- to post-treatment (z = 101.24, se = 

64.63, p = .030), and from pre-treatment to the 1-month follow-up (z = 144.59, se = 84.22, p = 

.026).   

Additionally, results from the fully specified model indicated contact duration operated 

as a suppressor of the tDCS augmentation effects, based on amplification of the direct effect of 

tDCS upon inclusion of the mediator, including from pre- to post-treatment (z = -7.17, se = 3.39, 

p = .038), and to the 1-month follow-up (z = -15.49, se = 3.45, p < .000).  As shown in the 

bottom subplots in Figure 22, further probing indicated the presence of moderated mediation, 

such that in addition to active tDCS promoting more persistent early contact with feared targets 

during exposure, it especially benefited those who terminated contact early in the initial 

exposure trial.   



  

 
 

157 

 

                

 

 

 

 

 

 

Figure 22. tDCS Mediation by Duration of Contact during the First Exposure Trial on Peak 

Emotional Distress in the Extinction Context across Time-points. The path diagrams above 

reflect results from the piecewise models evaluating mediation of tDCS effects on the primary 

outcome by the duration of contact with feared targets during the first exposure trial, including 

from pre- to post-treatment (top left), and from pre-treatment to the 1-month follow-up (top 

right).  The figure below the path diagrams reflects model-derived estimates for participants 

who maintained contact with feared stimuli (bottom left) and those who terminated contact 

early (bottom right) during the initial exposure trial by 1 SD relative to the sample mean, 

including those who received sham tDCS (red circles) and tDCS (blue triangles).   
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tDCS mediation by pre- to post-tDCS change in attentional threat biases.  Mediation 

path estimates from models examining treatment mediation by change in attentional threat 

engagement and disengagement biases are presented in Table 48.  Findings revealed some 

cursory evidence that the observed tDCS-augmentation effects on changes in emotional 

distress in the extinction context (BAT-1) were mediated by pre- to post-tDCS changes in threat 

engagement bias (see Figure 23).  Although the indirect effect from pre- to post-treatment 

emerged non-significant (z = .12, se = .18, p = .217), the indirect effect to the 1-month follow-up 

emerged nearly significant (z = .26, se = .19, p = .054).  Moreover, tDCS group differences were 

amplified upon including the mediator.   

This suggests the observed tDCS group differences, reflecting less resistance to engage 

with threat in the active tDCS group, and increasing resistance to engage in the sham tDCS 

group across time-points, inconsistently mediated the overall tDCS augmentation (i.e., 

accounting for variability, but not a primary mechanism).  As shown in the bottom subplots of 

Figure 23, these effects met criteria for moderated mediation, such that group differences in 

favor of active tDCS were most pronounced among those who exhibited pre- to post-tDCS 

increases in engagement bias.  In contrast, pre- to post-tDCS changes in disengagement bias 

were not found to mediate changes in emotional distress, including from pre- to post-

treatment (z = .00, se = .14, p = .480), and to the 1-month follow-up (z = .00, se = .12, p = .495).  
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Figure 23. tDCS Mediation by Pre- to Post-tDCS Changes in Threat Engagement Bias on Peak 

Emotional Distress in the Extinction Context across Time-points.  The path diagrams above 

reflect results from the piecewise models evaluating mediation of tDCS effects on the primary 

outcome by acute changes in attentional threat engagement bias, including from pre- to post-

treatment (left), and from pre-treatment to the 1-month follow-up (right).  The figures below 

the path diagrams reflects model-derived estimates for participants who exhibited decreases 

(left bottom figure) and increases (right bottom figure) in engagement bias from pre- to post-

tDCS by 1 SD, compared to the sample mean, including those who received sham tDCS (red 

circles) and active tDCS (blue triangles).   
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tDCS mediation by pre- to post-tDCS change in working memory.  Estimates from 

models examining treatment mediation by change in working memory performance are 

presented in Table 49.  Findings revealed no significant indirect effects across models of 

working memory change indices, including % correct (pre- to post-treatment: z = -.04, se = .08, 

p = .719; pre-treatment to 1-month: z = .00, se = .05, p = .501), encoding time (pre- to post-

treatment: z = .01, se = 2.39, p = .502; pre-treatment to 1-month: z = .01, se = 2.54, p = .497), 

and response time (pre- to post-treatment: z = -.60, se = 1.05, p = .741; pre-treatment to 1-

month: z = .75, se = 1.09, p = .215). 

tDCS mediation by incidental contextual memory for the extinction context.  Estimates 

from models examining treatment mediation by incidental contextual memory for the 

extinction context are presented in Table 50 and 51, including recognition memory and 

visuospatial memory components, respectively.  Findings revealed no significant indirect effects 

across models, including contextual recognition memory discrimination (pre- to post-

treatment: z = -.07, se = .33, p = .587; pre-treatment to 1-month: z = .01, se = .29, p = .458), 

confidence in hits (pre- to post-treatment: z = 3.99, se = 29.59, p = .444; pre-treatment to 1-

month: z = 2.51, se = 21.86, p = .445), confidence in correct rejections (pre- to post-treatment: z 

= 20.98, se = 28.92, p = .211; pre-treatment to 1-month: z = 10.35, se = 27.57, p = .339), 

visuospatial positioning distance (pre- to post-treatment: z = .22, se = .31, p = .209; pre-

treatment to 1-Month: z = .28, se = .34, p = .172) and confidence in visuospatial memory (pre- 

to post-treatment: z = 6.25, se = 24.39, p = .396; pre-treatment to 1-month: z = 9.79, se = 30.32, 

p = .355).   
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Incidental contextual memory performance in the contamination fear domain 

Although the context and duration of exposure to the ICM task stimuli was the same 

across groups, the contamination fear domain provided the most consistent exposure to the 

stimuli, due to the animate nature of feared targets in the animal phobia domains (i.e., 

tarantulas and snakes).  The contamination domain is therefore the most appropriate for 

examining the direct effects of tDCS group on incidental contextual memory for the extinction 

context.  Accordingly, the following sections present results for the ICM task for the 

contamination group, excluding other fear domains, but otherwise following the same analytic 

procedures as above that were applied to the full sample.   

Recognition memory 

Sensitivity (d’).    Parameter estimates and effect sizes for the model of d’ are presented 

in Table 52 and Figure 45.  The final model explained 16% of the variance in performance.  

Results revealed no significant tDCS effects (all p’s > .05).  However, relative to tDCS group 

differences for the full sample (b = .02, se = .12, t = .18, p = .861, r = .07), there was a much 

larger effect size favoring the active tDCS group, compared to sham tDCS among contamination 

phobic participants (b = .25, se = .26, t = .94, p = .373, r = .31).  

Response bias (b).  Effect estimates and effect sizes for the model of response bias are 

presented in Table 52 and Figure 46.  The model explained 49% of the variance.  Whereas 

including the full sample resulted in no significant tDCS group differences in response bias (b = -

.02, se = .07, t = -.25, p = .803, r = .08); among contamination-phobic participants, the active 

tDCS group was marginally significantly more conservative, relative to the sham tDCS group (b = 

-.32, se = .16, t = -1.98, p = .079, r = .39).   
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Criterion (c).  Parameter estimates and effect sizes for the model of response criterion 

are presented in Table 52 and Figure 47.  The final model explained 30% of the variance in 

response criterion.  Results revealed larger tDCS group differences compared to results when 

including full sample (b = .01, se = .11, t = .13, p = .900, r = .06), such that the active tDCS group 

exhibited a more conservative style of responding, compared to sham tDCS (b = -.26, se = .30, t 

= .86, p = .410, r = .30).   

Confidence – hits.  Effect estimates and effect sizes for the model of confidence in 

correctly identifying targets are presented in Table 53 and Figure 48.  The model explained 42% 

of the variance in confidence ratings for hits.  Whereas including the full sample revealed 

marginally significantly greater confidence ratings for correctly identifying targets when 

including the full sample (b = 11.89, se = 6.82, t = 1.74, p = .089, r = .20), this effect emerged 

significant, and with a larger effect size when restricting to the contamination fear domain, 

indicating greater confidence in hits for the active tDCS group, compared to sham tDCS (b = 

32.53, se = 13.40, t = 2.43, p = .038, r = .40). 

Confidence – correct rejections.  Parameter estimates and effect sizes for the model of 

confidence in correctly rejecting distractor items are presented in Supplemental Table 53 and 

Figure 49.  The model explained only 6% of the variability in confidence ratings.  tDCS group 

differences remained non-significant when limiting analyses to the contamination fear domain, 

but again, the effects were much larger compared to findings for the full sample (r = .09 vs. r = 

.21).   

tDCS moderation by confidence in hits.  Parameter and effect size estimates for the 

model evaluating tDCS moderation by confidence ratings for hits on d’ scores are presented in 
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Table 54 and Figure 50.  The model explained 19% of the variance in d’ scores.  Results revealed 

a non-significant tDCS moderation effect by hit confidence (b = .17, se = .37, t = .46, p = .658, r = 

.25), although there was a reversal of confidence effects by tDCS group, with greater 

confidence associated with poorer and better performance, respectively, for the Sham tDCS 

and active tDCS groups.   

tDCS moderation by confidence in correct rejections.  Parameter estimates and effect 

sizes for the model evaluating tDCS moderation by confidence ratings for correct rejections on 

d’ scores are presented in Table 55, and Figure 51.  The model explained a remarkable 82% of 

the variance in d’ scores.  Confidence in correct rejections significantly moderated tDCS effects 

on d’ scores (b = .52, se = .16, t = 3.22, p = .015, r = .43), such that the active tDCS group’s 

confidence ratings for correct rejections significantly predicted better performance (b = .48, se 

= .09, t = 5.09, p = .001, r = .39).  In contrast, there was no effect of confidence ratings for the 

sham tDCS group (b = -.04, se = .12, t = -.38, p = .713, r = .23).   

Visuospatial recall 

Item position correct recall.  Effect estimates and effect sizes for the model of target 

item positioning are presented in Table 56 and Figure 52.  The model explained 19% of the 

variability in correct recall.  No remarkable differences in the magnitude or significance of 

parameter estimates emerged in the model of target item positioning correct recall when 

restricting analyses to contamination-phobic participants.  There were no significant differences 

between tDCS groups (b = -.38, se = .95, t = -.40, p = .696, r = .21).   
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Item position recall distance.  Effect estimates and effect sizes for the model of average 

distance from correct target item position are presented in Table 56 and Figure 53.  The model 

explained 36% of the variability.  No marked differences emerged, although the tDCS groups 

exhibited more equivalent performance when restricting analyses to the contamination fear 

domain (b = .01, se = .18, t = .05, p = .960, r = .08).   

Item Position Recall Confidence.  Finally, parameter estimates and effect sizes for the 

model of overall confidence in target item positioning are presented in Table 56 and Figure 54.  

The model explained 12% of the variance in confidence ratings.  Consistent with findings for the 

full sample, there were no significant tDCS group differences in overall confidence for target 

item positioning, although the tDCS effect size was much larger in contamination-phobic 

participants in the direction of greater confidence ratings in the active tDCS group (b = 7.48, se 

= 7.06, t = 1.06, p = .318, r = .32). 

tDCS moderation by confidence on item position correct recall.  Effect estimates and 

effect sizes for the model evaluating moderation effects by confidence ratings on item position 

recall are presented in Table 57 and Figure 55.  The model explained 46% of the variability in 

performance.  Results revealed no significant tDCS moderation effects (b = 1.96, se = .1.21, t = 

1.62, p = .150, r = .41); however, there was a mentionable reversal of confidence ratings effects 

by tDCS group, such that higher confidence ratings were associated with better and worse 

performance, respectively, for the active tDCS and sham tDCS groups. 

tDCS moderation by confidence on item position distance.  Parameter estimates and 

effect sizes for the model of tDCS moderation by confidence on item position distance are 

presented in Table 57, and depicted in Figure 56.  The model explained 74% of the variability in 
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performance.  A relatively large but marginally significant omnibus tDCS moderation effect 

emerged (b = -.39, se = .18, t = -.39, p = .065, r = .43); whereas there was a significant negative 

relationship between overall confidence ratings in item positioning and the degree of 

positioning error for the active tDCS group (b = -.24, se = .18, t = -2.18, p = .065, r = .43), there 

was a non-significant positive relationship between confidence and positioning error in the 

Sham tDCS group (b = .15, se = .16, t = .93, p = .382, r = .34).   

Discussion 

Overview of Supplemental Findings 

State emotion.  Whereas those administered active tDCS exhibited no change in state 

positive emotion, the sham tDCS group exhibited significant reductions in positive emotion 

from pre- to post-tDCS.  No tDCS group differences emerged with respect to negative emotion.  

Additionally, pre-tDCS levels of positive emotion did not moderate tDCS effects.  However, 

levels of pre-tDCS negative emotion were more strongly positively predictive of post-tDCS 

negative emotion in the active tDCS group, such that lower and higher pre-tDCS levels 

predicted lower and higher post-tDCS levels of negative emotion, respectively, for those who 

received active tDCS. 

Attentional threat biases.  Both tDCS groups exhibited increasing resistance to 

attentionally engage with threatening stimuli across time-points.  However, the active tDCS 

group showed significantly less resistance at the post-tDCS time-point, compared to sham tDCS.  

Moderation analyses revealed these effects were driven by those with initial resistance to 

engage, such that active tDCS resulted in less resistance immediately following tDCS, whereas 

the sham tDCS group exhibited remarkably little change in engagement bias across time-points.  
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Additionally, whereas the sham tDCS group showed significantly increasing threat 

disengagement bias across time-points, reflecting difficulty disengaging with threat, the active 

tDCS group exhibited no significant change in disengagement bias across time-points.  There 

were no significant differential effects of tDCS as a function of baseline disengagement bias, 

although a pattern of normalization emerged, with comparable disengagement bias scores 

across groups at the post-tDCS and 1-month follow-up time-points. 

Working memory.  There were no tDCS effects on change in the percentage of correct 

trials or encoding time.  However, whereas the sham tDCS group exhibited significant declines 

in response latency, there was no significant change in the active tDCS group.  The relationship 

between encoding time and performance did not differ between tDCS groups; however, 

whereas response latency was negatively associated with percent correct in the sham tDCS 

group, there was no relationship between response time and percent correct in the active tDCS 

group.  Additionally, longer baseline encoding times were predictive of reductions in encoding 

time in the active tDCS, but not the sham tDCS group.  Moreover, longer baseline response 

latencies predicted reductions in response time in the sham tDCS, but not the active tDCS 

group.  In sum, tDCS group differences in working memory performance were apparent only at 

longer response times, indicating active tDCS conferred a slight advantage in the maintenance 

of visuospatial memory at longer latencies. 

Contextual memory for the extinction context.  There were no tDCS effects on 

incidental contextual recognition memory sensitivity or response bias at the 1-month follow-up; 

however, the active tDCS group exhibited marginally higher confidence ratings for correctly 

identifying targets, compared to sham tDCS.  Additionally, whereas confidence for correctly 
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rejecting targets predicted better discrimination for the active tDCS group, this effect was non-

significant for the sham tDCS group.   In the visuospatial recall phase of the ICM task, no tDCS 

effects emerged with respect to correct position recall, degree of positioning error, or overall 

confidence in position recall.  Additionally, confidence did not moderate tDCS effects on correct 

position recall of target items.  However, confidence was associated with significantly less 

positioning error for the active tDCS group, but not the sham tDCS group.   

Moderated mediation of tDCS-augmented in vivo exposure.  tDCS augmentation 

effects were found to be significantly, but inconsistently mediated by acute pre- to post-tDCS 

changes in attentional threat engagement bias, and by initial contact with feared 

targets.  Specifically, active tDCS exhibited less resistance to attentionally engage with threat, 

and longer durations of contact with feared targets during the first trial of exposure, and both 

mediators accounted for variability in treatment response.  In both cases, these mediators 

operated as suppressor variables, resulting in a larger direct versus total effect of tDCS on peak 

emotional distress across time-points.  Additional probing indicated these suppression effects 

were reflective of moderated mediation  (see Muller, Judd, & Yzerbyt, 2005), such that active 

tDCS especially benefited those who exhibited increased attention towards threat, as well as 

those who prematurely terminated contact with feared targets in initial exposure trials. 

Theoretical implications for neurobiological and cognitive mechanisms of exposure 

Context-dependency.  Although the present results are encouraging, it is important to 

note that the effects did not uniformly generalize to an untrained context.  The generalization 

behavioral approach tests can be conceptualized as evaluating the robustness of extinction 

retrieval in response to a shift in context.  The observed tDCS effects on renewal of distress and 
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perceived threat were less robust relative to findings in the extinction context, whereas an 

examination of avoidance based on behavioral approach revealed non-significant group trends 

that favored the sham tDCS group at the 1-month follow-up within the generalization context.  

Thus, the overall pattern suggests that in line with the well-established context-dependent 

nature of extinction, the tDCS augmentation effects were influenced by contextual boundaries.   

It is interesting to note that in contrast to the neural information pathways implicated in 

extinction retrieval, in which bidirectional interactions between the mPFC and hippocampus 

exert a top-down regulatory influence via afferent projections to the basolateral amygdala and 

nucleus accumbens on defensive behavior, the mPFC plays a less primary role, and the 

hippocampus plays a more primary role in regulating fear renewal, or the expression of 

extinguished fear due to a shift in context (Moscarello & Maren, 2018).  Future work aiming to 

apply neuromodulation should leverage the large body of work revealing the complex 

neurocircuitry underlying fear expression and extinction, and various related forms of 

psychopathology, in order to refine stimulation parameters to influence network-level patterns 

of activation in the service of optimizing treatment. 

While the present study found no evidence that tDCS enhanced incidental contextual 

memory for the extinction context based on recognition memory and visuospatial recall indices, 

examination of metacognitive performance revealed active tDCS resulted in more accurate 

retrospective confidence judgements about the accuracy of recognition memory and 

visuospatial recall, relative to sham tDCS.  Although a full explication is beyond the scope of this 

study, a large literature of well-crafted experiments has probed the cognitive and neural basis 

of similar metacognitive judgements (see Chua, Pergolizzi, & Weintraub, 2014 for review), 
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which are believed to reflect the integrity and strength of the original memory trace and ease 

of retrieval.  This literature has reliably implicated prefrontal brain regions in metamemory, as 

opposed to non-metamemory processes, including activation of medial PFC regions and 

deactivation of lateral PFC regions.  Note this pattern is consistent with the intended effects of 

the selected tDCS montage.  Moreover, this pattern has been associated with a shift from an 

outward to an inward focus of attention and mental processing (Chua, Schacter, & Sperling, 

2009; Corbetta & Shulman, 2002), which may partly explain the observed tDCS enhancement 

effects on confidence judgements, but not memory performance indices. 

State-dependency.  Across existing studies, the effects of tDCS on state emotion have 

been inconsistent.  Several studies applying a left-to-right current flow montage have reported 

significant increases in state positive affect, but no effects on changes in negative affect.  For 

instance, Palm et al. (2012) demonstrated that tDCS targeting excitation of the left dlPFC, and 

inhibition of the contralateral supraorbital region can enhance positive affect, but has no 

effects on negative affect among patients with treatment-resistant major depression.  Similarly, 

Petrocchi and colleagues (2017) applied tDCS aiming for excitation of left temporal regions, and 

inhibition of the contralateral supraorbital region, and found increases in soothing positive 

affect, but not activating positive affect or negative affect.   

In agreement with these findings, the present study found that positive affect levels 

were maintained in the active tDCS group, whereas significant reductions in positive affect 

were observed for the sham tDCS group.  Also consistent with the mixed findings in the 

literature, there were no direct tDCS effects on changes in negative affect.  However, further 

analyses revealed these effects significantly depended on baseline negative emotion, such that 
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tDCS amplified pre-existing state negative emotion, with lower and higher baseline levels 

respectively predicting lower and higher post-tDCS levels.   

These results support calls for examining the state-dependent effects of tDCS generally 

(Hsu, Juan, & Tseng, 2016; Tremblay et al., 2014), and on state emotion in particular, especially 

with respect to aversive emotional and motivational states (Feeser, Prehn, Kazzer, Mungee, & 

Bajbouj, 2014; Shahbabaie et al., 2014).  Furthermore, Feeser and colleagues (2014) found that 

the effects of tDCS targeting excitation of the right dlPFC and inhibition of the contralateral 

supraorbital region depended on participants’ regulatory approach to viewing aversive visual 

stimuli.  Specifically, relative to sham, they found that active tDCS boosted the intended effects 

of instructional sets to either upregulate or downregulate negative emotion.   

Consistent with several findings from the present study, this indicates the critical 

importance of conceptualizing and examining the effects of tDCS as nested within, and subject 

to intra- and extra-personal contexts.  In addition to testing for state and context-dependency, 

future work should consider direct manipulations, for instance, through mood induction or 

similar emotion regulation techniques prior to tDCS administration, which would clarify the 

state-dependent nature of tDCS effects on emotion, enhance the ability to make causal 

inferences, and increase the potential for clinical applications.   

Attentional bias for threat.  A large body of work has evinced alterations in basic 

perceptual, cognitive, and neural processes across the range of anxiety-related 

psychopathology (Armstrong & Olatunji, 2012; Bar-Haim, Lamy, Pergamin, Bakermans-

Kranenburg, & van IJzendoorn, 2007; Brewin, 2003, 2014; Brewin, Gregory, Lipton, & Burgess, 

2010; McNally, 2007, 2018).  Within this highly active area of research, attentional biases for 
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threat have been touted as a core feature of the anxiety disorders (Bar-Haim et al., 2007).  This 

view has garnered much empirical support, progressing from mere theory (A. Beck, 1979; A. T. 

Beck & Clark, 1997; Eysenck & Calvo, 1992; Mathews, 1990; Mathews & MacLeod, 2002; 

Williams, Watts, MacLeod, & Mathews, 2001), to a seemingly well-established finding, reliably 

demonstrated across paradigms and conditions, albeit, with modest aggregated effects (d = .45; 

Bar-Haim et al., 2007).   

Despite initial conclusions of the robustness of attention biases for threat, controversies 

have prompted important revisions to theory and many procedural variations (see McNally, 

2018).  For instance, ambiguity challenges interpretation of the emotional stroop and dot-probe 

paradigms, which have to date yielded the bulk of existing support for attentional biases for 

threat in the anxiety disorders.  Two major theoretical accounts summarize this problem, 

including the vigilance-avoidance (Mogg & Bradley, 1998) and the delayed disengagement 

hypotheses (Fox, Russo, Bowles, & Dutton, 2001).   

The vigilance-avoidance account proposes that threat-biases reflect facilitated attention 

towards threat followed by avoidance of threat, serving to promote both initial orienting 

towards and reduced contact with such stimuli, thereby sensitizing and impairing habituation to 

feared targets.  In contrast, the delayed-disengagement hypothesis suggests attention is not 

directed more efficiently towards threat; rather, threat biases are proposed to be due to 

difficulty disengaging from threat at the expense of attending to contextual cues.  Accordingly, 

these accounts point to a major limitation of previous paradigms, namely the inability to 

determine the nature of the biases with respect to orienting and disengagement. 
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The task used in the present study was a modified version of the paradigm developed by 

Macleod and colleagues in response to this problem, offering the ability to simultaneously 

measure both attentional capture and disengagement (Grafton & MacLeod, 2014; Rudaizky et 

al., 2013).  This work has the potential for providing a more nuanced understanding of the 

attentional features associated with anxiety pathology and mechanisms of clinical change.  For 

example, subsequent work by this group has shown that individuals prone to rumination show 

difficulty with disengagement, but not facilitated engagement with threat (Grafton, 

Southworth, Watkins, & MacLeod, 2016; Southworth, Grafton, MacLeod, & Watkins, 2016).  

In addition to efforts to probe the attentional features associated with anxiety, there 

have been parallel efforts to modify these biases and determine whether there are 

downstream effects on anxiety symptomatology.  Although a full review of is beyond the scope 

of this report, the findings across studies have been overall mixed and disappointing (Mogg, 

Waters, & Bradley, 2017).  For instance, Boettcher et al. (2013) conducted an internet-based 

study of attention-bias modification found no evidence for initial attention bias, or attention 

bias modification from pre-treatment to a 4-month follow-up assessment among socially 

anxious individuals (N = 129).  As discussed by McNally (2018) paradigms that train attention 

away from threat are at odds with clinical guidelines and the well-established efficacy of 

approaching and attending to perceived threats in promoting anxiety reduction, and therefore 

may logically impair clinical change.   

In support, Boettcher and colleagues (2013) also found that whereas social anxiety 

diminished across experimental conditions, there were significantly greater reductions among 

those assigned to procedures intended to promote attention towards threat.  Although there 
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has been much ongoing debate about the relation between distraction from feared targets and 

response to exposure therapy, likely due to wide methodological variation across studies 

(Podină, Koster, Philippot, Dethier, & David, 2013), this is in line with evidence that distraction 

can diminish the potency of in vivo exposure on fear reduction (Craske, Street, Jayaraman, & 

Barlow, 1991; Kamphuis & Telch, 2000; Rodriguez & Craske, 1995).  In further support are the 

present study results demonstrating the observed tDCS-augmentation effects were partly 

accounted for by facilitated attentional and behavioral engagement with feared targets. 

This is an especially important area of study given that aberrant attentional control is a 

bottom-up process which has down-stream effects on information processing, and so 

influences other cognitive processes which rely on attention; that is, attention controls the lens 

through which individuals experience the internal and external contexts in which they are 

enmeshed.  Hence, characterizing the nature of attentional control in clinical populations, 

determining whether manipulations thereof confer therapeutic effects, and examining change 

over time and with effective treatment should continue to be given high priority.  

In addition to a rational, evidence-based selection of tDCS targets, an important feature 

of the present design is the a priori selection of measures to be examined as potential 

mediators of the tDCS augmentation.  These included tDCS-induced change in a number of 

cognitive and affective processes, and measures were selected based on their potential 

sensitivity to detect the effects of the chosen tDCS montage, evidence implicating the targeted 

brain regions in processes tapped by these measures, and the relevance of these processes to 

theoretical mechanisms of change in exposure-based treatment.   

Conclusions 
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In addition to preliminary support that tDCS can be leveraged to enhance exposure 

therapy, these secondary study findings afforded some insight into how this potential 

enhancement may occur.  Specifically, the augmentation effects were partly accounted for by 

acute pre- to post-tDCS changes, including reduced resistance to attentionally engage with 

threat, and more persistent contact with feared targets during initial exposure trials.  Although 

untested, it is reasonable to presume this promoted access to threat disconfirming evidence, 

which may account for the observation of accelerated and maintained reductions in threat 

likelihood estimations, which emerged as the most sensitive indicator of tDCS augmentation 

effects.   

Additionally, the active tDCS group exhibited better metacognitive judgements of the 

validity of recognition and visuospatial memory for the extinction context, which supports one 

hypothesized route through which tDCS might operate to enhance exposure – that is, through 

facilitated learning within the extinction context.  Other findings indicated tDCS promoted gains 

that occurred within the follow-up period, supported by observed post-treatment 

improvements in non-responders who received active, but not sham tDCS.  Accordingly, in 

addition to facilitating learning in-session, active tDCS appeared to enhance downstream 

processing of this learning, evinced by observed improvements within the follow-up period. 

These findings are encouraging and support future larger-scale clinical trials aiming to 

enhance the efficacy and efficiency of treatments for more debilitating forms of fear, anxiety, 

and stress-related disorders.  Moreover, the findings highlight the utility of a priori selection of 

moderators and mediators to probe individual differences, conditions, and processes that 

predict treatment response.  Such an approach is consistent with the fields’ movement toward 
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personalized medicine, and initiatives to identify and target processes most central to 

psychopathology, and most critical for therapeutic gains.   
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Table 26. Models of Change in Emotion from Pre- to Post-tDCS 
DV: Positive Emotion b se df t p   r 
Sham tDCS | Pre-tDCS 24.96 0.70 98 35.54 0.000 *** 0.16 
tDCS (mPFC) | Pre-tDCS 25.00 0.63 98 40.00 0.000 *** 0.15 
Sham tDCS | Post-tDCS 22.92 0.70 98 32.63 0.000 *** 0.17 
tDCS (mPFC) | Post-tDCS 25.00 0.63 98 40.00 0.000 *** 0.15 
Pre-tDCS Neg. Emotion -0.18 0.34 98 -0.52 0.600   0.07 
Pre-tDCS Pos. Emotion 6.50 0.34 98 19.35 0.000 *** 0.20 
Time-point | Sham tDCS -2.04 0.99 98 -2.06 0.042 *  0.14 
Time-point | tDCS (mPFC)+ 0.00 0.88 98 0.00 0.998   0.00 
Sham tDCS vs. Active tDCS | Pre-tDCS 0.13 0.94 98 0.14 0.890   0.04 
Sham tDCS vs. Active tDCS | Post-tDCS 2.18 0.94 98 2.31 0.023  * 0.15 
tDCS x Time-point 2.04 1.33 98 1.54 0.130   0.12 

Pseudo-R2: 0.80             
DV: Negative Emotion b se df t p   r 
Sham tDCS | Pre-tDCS 17.48 0.51 98 33.94 0.000 *** 0.17 
Active tDCS | Pre-tDCS 17.59 0.46 98 38.36 0.000 *** 0.16 
Sham tDCS | Post-tDCS 13.74 0.51 98 26.68 0.000 *** 0.18 
Active tDCS | Post-tDCS 14.41 0.46 98 31.44 0.000 *** 0.17 
Pre-tDCS Pos. Emotion 0.05 0.25 98 0.19 0.850   0.04 
Pre-tDCS Neg. Emotion 4.77 0.25 98 19.32 0.000 *** 0.20 
Sham tDCS vs. Active tDCS | Pre-tDCS 0.11 0.69 98 0.16 0.880   0.04 
Sham tDCS vs. Active tDCS | Post-tDCS 0.67 0.69 98 0.98 0.330   0.10 
Time-point | Sham tDCS -3.74 0.73 98 -5.14 0.000 *** 0.20 
Time-point | Active tDCS -3.17 0.65 98 -4.90 0.000 *** 0.20 
tDCS x Time-point 0.57 0.97 98 0.58 0.560   0.08 

Pseudo-R2: 0.82             
 

Note. The table above presents fixed effects and effect sizes from models of change in state 

emotion based on the positive and negative subscale scores of the PANAS, which was 

administered before and after receiving 20 min. of either sham tDCS or active tDCS.  Local 

effect sizes (r) were derived from t-statistics, using the following formula: r = Ö(t / (t2 + df)).  

Global effect sizes (pseudo-R2) were calculated by squaring the correlation between predicted 

and actual values.  

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 27. Moderation of tDCS Effects on Change in State Emotions from Pre- to Post-tDCS by 
Pre-tDCS State Emotions. 
DV: Positive Emotion b se df t p   r 
Sham tDCS | Pre-tDCS 25.02 0.68 95 36.81 0.000  *** 0.16 
Active tDCS | Pre-tDCS 25.05 0.61 95 41.41 0.000  *** 0.15 
tDCS | Pre-tDCS 0.03 0.91 95 0.03 0.970   0.02 
Pre-tDCS Neg. Emotion -0.15 0.33 47 -0.47 0.640   0.10 
Pre-tDCS Pos. Emotion | Sham tDCS 7.50 0.69 95 10.86 0.000 ***  0.23 
Pre-tDCS Pos. Emotion | Active tDCS 7.46 0.61 95 12.20 0.000  *** 0.22 
Time-point | Sham tDCS -2.18 0.96 48 -2.28 0.027   0.21 
Time-point | Active tDCS 0.07 0.85 48 0.09 0.930   0.04 
tDCS x Time-point 2.26 1.28 48 1.76 0.085   0.19 
Pre-tDCS Pos. Emotion x tDCS -0.04 0.92 95 -0.04 0.970   0.02 
Pre-tDCS Pos. Emotion x Time-point -2.39 0.97 48 -2.46 0.018 *  0.21 
Pre-tDCS Pos. Emotion x tDCS x Time-point 0.77 1.29 48 0.59 0.560   0.11 

Pseudo-R2: 0.82             
DV: Negative Emotion b se df t p   r 
Sham tDCS | Pre-tDCS 17.54 0.48 95 36.33 0.000  *** 0.16 
Active tDCS | Pre-tDCS 17.53 0.43 95 41.11 0.000  *** 0.15 
tDCS | Pre-tDCS -0.01 0.64 95 -0.02 0.990   0.01 
Pre-tDCS Pos. Emotion 0.10 0.23 47 0.42 0.680   0.09 
Pre-tDCS Neg. Emotion | Sham tDCS 5.39 0.71 95 7.58 0.000  *** 0.22 
Pre-tDCS Neg. Emotion | Active tDCS 5.41 0.36 95 14.90 0.000  *** 0.22 
Pre-tDCS vs. Post-tDCS | Sham tDCS -4.07 0.68 48 -5.99 0.000  *** 0.27 
Pre-tDCS vs. Post-tDCS | Active tDCS -3.11 0.60 48 -5.19 0.000  *** 0.26 
tDCS x Time-point 0.96 0.91 48 1.06 0.300   0.15 
Pre-tDCS Neg. Emotion x tDCS 0.02 0.80 95 0.03 0.980   0.02 
Pre-tDCS Neg. Emotion x Time-point -3.34 1.00 48 -3.34 0.002  ** 0.24 
Pre-tDCS Neg. Emotion x tDCS x Time-point 2.61 1.12 48 2.32 0.025  * 0.21 

Pseudo-R2: 0.85             
  
Note. The table above presents fixed effects and effect sizes from models evaluating 

moderation of tDCS effects by pre-tDCS levels of state emotion, on change in state emotion 

based on the positive and negative subscale scores of the PANAS, which was administered 

before and after receiving 20 min. of either sham tDCS or active tDCS.  Local effect sizes (r) 
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were derived from t-statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect sizes 

(pseudo-R2) were calculated by squaring the correlation between predicted and actual values.  

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 28.  Model of Engagement Biases by tDCS Condition and Time-Point 
DV: Engagement Bias (EB) b se df t p  r 
Sham tDCS vs. Active tDCS | Pre-tDCS 0.00 0.02 135.00 -0.05 0.960  0.02 

Sham tDCS | Pre-tDCS -0.03 0.02 134.00 -1.83 0.069  0.12 
Active tDCS | Pre-tDCS -0.03 0.01 135.00 -2.05 0.043 * 0.12 

tDCS x Pre-tDCS EB -0.02 0.01 45.00 -1.34 0.190  0.17 
Pre-tDCS EB | Sham tDCS 0.14 0.01 117.00 11.83 0.000 *** 0.21 
Pre-tDCS EB | tDCS (mPFC +) 0.12 0.01 114.00 10.20 0.000 *** 0.22 

Pre-tDCS EB x Pre-tDCS vs. Post-tDCS -0.11 0.01 90.00 -8.07 0.000 *** 0.23 
Pre-tDCS EB x Pre-tDCS vs. 1-Month -0.10 0.01 92.00 -6.82 0.000 *** 0.22 
tDCS x Pre-tDCS vs. Post-tDCS 0.07 0.03 90.00 2.59 0.011 ** 0.16 

Pre-tDCS vs. Post-tDCS | Sham tDCS -0.10 0.02 90.00 -4.76 0.000 *** 0.21 
Pre-tDCS vs. post-tDCS | Active tDCS -0.02 0.02 90.00 -1.30 0.200  0.12 

tDCS x Pre-tDCS vs. 1-Month 0.05 0.03 92.00 1.76 0.082 . 0.14 
Pre-tDCS vs. 1-month | Sham tDCS -0.09 0.02 90.00 -4.61 0.000 *** 0.20 
Pre-tDCS vs. 1-month | Active tDCS -0.04 0.02 93.00 -2.28 0.025 * 0.15 

Pseudo-R2: 0.65       
 

Note. The table above presents findings from the model of change in engagement bias (EB) 

across time-points by tDCS group, controlling for pre-tDCS engagement bias main effects, and 

interactive effects with time on change in engagement bias.  Local effect sizes (r) were derived 

from the t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-

R2) was calculated by squaring the correlation between predicted and actual values.  

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 29.  Model of Disengagement Bias by tDCS Condition and Time-point 
DV: Disengagement Bias (DB) b se df t p   r 
Sham tDCS vs. Active tDCS | Pre-tDCS 0.00 0.03 123 0.04 0.970   0.02 

Sham tDCS | Pre-tDCS 0.04 0.02 121 2.16 0.033 * 0.13 
Active tDCS | Pre-tDCS 0.04 0.02 122 2.43 0.016 * 0.14 

Pre-tDCS DB x tDCS  -0.02 0.02 45 -0.81 0.420   0.13 
Pre-tDCS DB | Sham tDCS 0.15 0.02 98 8.83 0.000 *** 0.22 
Pre-tDCS DB | Active tDCS 0.14 0.02 88 7.27 0.000 *** 0.23 

Pre-tDCS DB x Pre-tDCS vs. Post-tDCS -0.17 0.02 90 -8.85 0.000 *** 0.23 
Pre-tDCS DB x Pre-tDCS vs. 1-Month -0.15 0.02 91 -8.11 0.000 *** 0.23 
tDCS x Pre-tDCS vs. Post-tDCS -0.01 0.03 90 -0.33 0.740   0.06 

Pre-tDCS vs. Post-tDCS | Sham tDCS 0.04 0.02 90 1.61 0.110 . 0.13 
Pre-tDCS vs. Post-tDCS | Active tDCS 0.03 0.02 90 1.27 0.210   0.12 

tDCS x Pre-tDCS vs. 1-Month -0.04 0.03 91 -1.20 0.230   0.11 
Pre-tDCS vs. 1-month | Sham tDCS 0.06 0.02 90 2.46 0.016 * 0.16 
Pre-tDCS vs. 1-month | Active tDCS 0.02 0.02 92 0.84 0.400   0.10 

Pseudo-R2: 0.64             
 
Note. The table above presents findings from the model of change in disengagement bias 

across time-points by tDCS group, controlling for pre-tDCS disengagement bias main effects and 

interactive effects with time.  Local effect sizes (r) were derived from the t-statistics, using the 

following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by squaring 

the correlation between predicted and actual values.  

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 30: tDCS Moderation by Pre-tDCS Attentional Threat Biases on Change in Biases 
DV: Engagement Bias (EB) b se df t p   r 
Sham tDCS | Pre-tDCS -0.03 0.02 133 -1.90 0.056 .  0.12 

Active tDCS | Pre-tDCS -0.03 0.01 133 -2.10 0.038  * 0.12 

tDCS | pre-tDCS 0.00 0.02 133 0.00 0.999   0.00 
Pre-tDCS vs. Post-tDCS | Sham tDCS -0.10 0.02 88 -4.50 0.000 *** 0.20 

Pre-tDCS vs. 1-month | Sham tDCS -0.09 0.02 88 -4.50 0.000 *** 0.20 

Pre-tDCS vs. Post-tDCS | Active tDCS  -0.02 0.02 88 -1.20 0.230   0.12 
Pre-tDCS vs. 1-month | Active tDCS  -0.04 0.02 91 -2.20 0.028 * 0.15 

Pre-tDCS EB 0.13 0.01 133 9.30 0.000 *** 0.21 

Pre-tDCS EB x tDCS 0.00 0.02 133 0.00 0.999   0.00 
Pre-tDCS EB x Pre-tDCS vs. Post-tDCS | Sham tDCS -0.10 0.02 88 -5.00 0.000 *** 0.21 

Pre-tDCS EB x Pre-tDCS vs. 1-Month | Sham tDCS -0.09 0.02 88 -4.50 0.000 *** 0.20 

Pre-tDCS EB x Pre-tDCS vs. Post-tDCS | Active tDCS -0.13 0.02 88 -6.40 0.000 *** 0.22 
Pre-tDCS EB x Pre-tDCS vs. 1-Month | Active tDCS -0.11 0.02 91 -5.10 0.000 *** 0.21 

tDCS x Pre-tDCS vs. Post-tDCS 0.07 0.03 88 2.50 0.014 * 0.16 

tDCS x Pre-tDCS vs. 1-Month 0.05 0.03 89 1.70 0.091 . 0.14 
Pre-tDCS EB x tDCS x Pre-tDCS vs. Post-tDCS -0.03 0.03 88 -1.10 0.260  0.11 

Pre-tDCS EB x tDCS x Pre-tDCS vs. 1-Month -0.02 0.03 90 -0.59 0.550  0.08 

Pseudo-R2: 0.65             
DV: Disengagement Bias (DB) b se df t p   r 
Sham tDCS | Pre-tDCS 0.05 0.02 123 2.20 0.026 * 0.13 

Active tDCS | Pre-tDCS 0.05 0.02 123 2.50 0.014 * 0.14 
tDCS | pre-tDCS 0.00 0.03 123 0.00 0.999  0.00 

Pre-tDCS vs. Post-tDCS | Sham tDCS 0.04 0.03 88 1.40 0.170   0.12 

Pre-tDCS vs. 1-month | Sham tDCS 0.06 0.03 88 2.20 0.030 * 0.15 
Pre-tDCS vs. Post-tDCS | Active tDCS  0.03 0.02 88 1.10 0.265   0.11 

Pre-tDCS vs. 1-month | Active tDCS  0.02 0.02 89 0.72 0.476   0.09 

Pre-tDCS DB 0.15 0.02 123 7.40 0.000 *** 0.20 
Pre-tDCS DB x tDCS 0.00 0.03 123 0.00 0.999   0.00 

Pre-tDCS DB x Pre-tDCS vs. Post-tDCS | Sham tDCS -0.15 0.03 88 -6.10 0.000 ***  0.22 

Pre-tDCS DB x Pre-tDCS vs. 1-Month | Sham tDCS -0.14 0.03 88 -5.70 0.000 *** 0.22 
Pre-tDCS DB x Pre-tDCS vs. Post-tDCS | Active tDCS -0.18 0.03 88 -6.30 0.000 ***  0.22 

Pre-tDCS DB x Pre-tDCS vs. 1-Month | Active tDCS -0.17 0.03 91 -5.70 0.000 *** 0.21 

tDCS x Pre-tDCS vs. Post-tDCS -0.01 0.03 88 -0.28 0.781   0.06 
tDCS x Pre-tDCS vs. 1-Month -0.04 0.03 89 -1.10 0.255   0.11 

Pre-tDCS DB x tDCS x Pre-tDCS vs. Post-tDCS -0.03 0.04 88 -0.68 0.497   0.09 

Pre-tDCS DB x tDCS x Pre-tDCS vs. 1-Month -0.03 0.04 90 -0.66 0.512   0.09 

Pseudo-R2: 0.64             
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Note. The table above presents findings from the models of tDCS group moderation by pre-

tDCS attentional threat biases on change in biases across time-points by treatment group.   

Local effect sizes (r) were derived from t-statistics, using the following formula: r = Ö(t / (t2 + 

df)).  A global effect size (pseudo-R2) was calculated by squaring the correlation between 

predicted and actual values.  

*** = p < .001; ** = p < .01; * = p < .05; . = p < .10 
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Table 31. Conditional Effects of Time-point by tDCS Group and Level of Attentional Threat Bias 
DV: Engagement Bias (EB) b se df t p   r 
Low pre-tDCS Engagement Bias (EB-)        

Pre-tDCS vs. Post-tDCS | Sham tDCS & Pre-tDCS EB - 0.00 0.03 88 0.15 0.880   0.04 

Pre-tDCS vs. 1-Month | Sham tDCS & Pre-tDCS EB - 0.00 0.03 88 -0.15 0.880   0.04 
Pre-tDCS vs. Post-tDCS | Active tDCS & Pre-tDCS EB - 0.11 0.03 88 3.60 0.000 *** 0.19 

Pre-tDCS vs. 1-Month | Active tDCS & Pre-tDCS EB - 0.06 0.03 91 2.10 0.041 * 0.15 

High Pre-tDCS Engagement Bias (EB-)        
Pre-tDCS vs. Post-tDCS | Sham tDCS & Pre-tDCS EB + -0.19 0.03 88 -6.10 0.000 *** 0.22 

Pre-tDCS vs. 1-Month | Sham tDCS & Pre-tDCS EB + -0.18 0.03 88 -5.80 0.000 *** 0.22 

Pre-tDCS vs. Post-tDCS | Active tDCS & Pre-tDCS EB + -0.15 0.03 88 -5.70 0.000 *** 0.22 
Pre-tDCS vs. 1-Month | Active tDCS & Pre-tDCS EB + -0.15 0.03 91 -5.50 0.000 *** 0.21 

DV: Disengagement Bias (DB) b se df t p   r 

Low Pre-tDCS Engagement Bias (EB-)        
Pre-tDCS vs. Post-tDCS | Sham tDCS & Pre-tDCS DB - 0.19 0.04 88 4.50 0.000 *** 0.20 

Pre-tDCS vs. 1-Month | Sham tDCS & Pre-tDCS DB - 0.20 0.04 88 4.80 0.000 *** 0.21 

Pre-tDCS vs. Post-tDCS | Active tDCS & Pre-tDCS DB - 0.21 0.03 88 6.40 0.000 *** 0.22 
Pre-tDCS vs. 1-Month | Active tDCS & Pre-tDCS DB - 0.19 0.03 92 5.50 0.000 *** 0.21 

High Pre-tDCS Engagement Bias (EB-)        

Pre-tDCS vs. Post-tDCS | Sham tDCS & Pre-tDCS DB + -0.12 0.03 88 -4.20 0.000 *** 0.20 
Pre-tDCS vs. 1-Month | Sham tDCS & Pre-tDCS DB + -0.09 0.03 88 -3.10 0.003 *** 0.18 

Pre-tDCS vs. Post-tDCS | Active tDCS & Pre-tDCS DB + -0.15 0.04 88 -3.90 0.000 *** 0.19 

Pre-tDCS vs. 1-Month | Active tDCS & Pre-tDCS DB + -0.15 0.04 90 -3.70 0.000 *** 0.19 
 
Note. The table above presents conditional effects of time (pre-tDCS vs. post-tDCS and 1-

month) on change in attentional threat biases for each tDCS group at specific levels of pre-tDCS 

biases.  Conditional estimates of time-point were derived by re-centering pre-tDCS biases at 1 

SD below and 1 SD above the mean, reflecting low (EB -, DB -) vs. high (EB +, DB +) pre-tDCS 

biases, respectively.  Local effect sizes (r) were derived from t-statistics, using the following 

formula: r = Ö(t / (t2 + df)).   

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 32. Working Memory Performance 
DV: % Correct Trials b se df t p   r 
tDCS | Pre-tDCS 0.00 0.02 95 -0.19 0.850   0.05 

Sham tDCS | Pre-tDCS 0.86 0.01 95 75.77 0.000 *** 0.11 
Active tDCS | Pre-tDCS 0.86 0.01 95 83.35 0.000 *** 0.11 

% Correct | Pre-tDCS 0.08 0.01 95 15.09 0.000 *** 0.22 
tDCS x Time-point 0.00 0.02 95 -0.15 0.880   0.04 

Time-point | Sham tDCS 0.00 0.02 95 -0.22 0.820   0.05 
Time-point | Active tDCS -0.01 0.01 95 -0.47 0.640   0.07 

Pseudo-R2: 0.71             
DV: Encoding Time (sec.) b se df t p   r 
tDCS | Pre-tDCS -0.02 0.42 95 -0.05 0.960   0.02 

Sham tDCS | Pre-tDCS 6.29 0.31 95 20.23 0.000 *** 0.20 
Active tDCS | Pre-tDCS 6.27 0.28 95 22.25 0.000 *** 0.19 

Encoding time | Pre-tDCS 1.79 0.16 95 11.29 0.000 *** 0.23 
tDCS x Time-point -0.05 0.60 95 -0.08 0.930   0.03 

Time-point | Sham-tDCS -1.37 0.44 95 -3.08 0.003 ** 0.17 
Time-point | Active tDCS -1.42 0.40 95 -3.53 0.001 *** 0.18 

Pseudo-R2: 0.56             
DV: Response Time (sec.) b se df t p   r 
tDCS | Pre-tDCS -0.03 0.16 95 -0.20 0.840   0.05 

Sham tDCS | Pre-tDCS 3.52 0.12 95 29.60 0.000 *** 0.18 
Active tDCS | Pre-tDCS 3.49 0.11 95 32.40 0.000 *** 0.17 

Response time | Pre-tDCS 1.06 0.06 95 17.70 0.000 *** 0.21 
tDCS x Time-point 0.39 0.23 95 1.70 0.089 . 0.13 

Time-point | Sham-tDCS -0.47 0.17 95 -2.80 0.007 ** 0.16 
Time-point | Active tDCS -0.08 0.15 95 -0.50 0.620   0.07 

Pseudo-R2: 0.62             
 
Note. The table above presents fixed effects and effect sizes from models of change in 

visuospatial working memory performance based on the percentage of correct responses, 

encoding time, and response latency on a standard delayed-match-to-sample task, 

administered before and after receiving 20 min. of either sham tDCS or active tDCS.  Local 

effect sizes (r) were derived from t-statistics, using the following formula: r = Ö(t / (t2 + df)).  
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Global effect sizes (pseudo-R2) were calculated by squaring the correlation between predicted 

and actual values.  

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 33. Working Memory Performance by Encoding Time and Time-point 
DV: % Correct (sec.) b se df t p   r 
tDCS | Pre-tDCS 0.00 0.02 91 -0.17 0.860   0.04 

Sham tDCS | Pre-tDCS 0.86 0.01 91 70.83 0.000 *** 0.12 
Active tDCS | Pre-tDCS 0.86 0.01 91 79.95 0.000 *** 0.11 

tDCS | Post-tDCS 0.00 0.02 91 0.17 0.860   0.04 
Sham tDCS | Post-tDCS 0.87 0.01 91 66.69 0.000 *** 0.12 
Active tDCS | Post-tDCS 0.86 0.01 91 77.21 0.000 *** 0.11 

% Correct | Pre-tDCS 0.08 0.01 91 13.10 0.000 *** 0.22 
tDCS x ET x Time-point -0.01 0.03 91 -0.44 0.660   0.07 

tDCS x ET | Pre-tDCS 0.00 0.02 91 -0.22 0.820   0.05 
tDCS x ET | Post-tDCS 0.00 0.02 91 0.22 0.820   0.05 
tDCS x Time-point -0.01 0.02 91 -0.39 0.700   0.07 

Time-point | Sham tDCS 0.01 0.02 91 0.46 0.650   0.07 
Time-point | Active tDCS 0.00 0.02 91 -0.06 0.950   0.03 

ET x Time-point | Sham tDCS 0.02 0.02 91 1.03 0.310   0.11 
ET | Pre-tDCS & Sham tDCS 0.01 0.01 91 0.54 0.590   0.08 
ET | Post-tDCS & Sham tDCS 0.03 0.02 91 1.65 0.100 . 0.13 

ET x Time-point | Active tDCS 0.01 0.01 91 0.75 0.450   0.09 
ET | Pre-tDCS & Active tDCS 0.00 0.01 91 0.37 0.710   0.06 
ET | Post-tDCS & Active tDCS 0.01 0.01 91 1.32 0.190   0.12 

Pseudo-R2: 0.72            
 
Note. The table above presents fixed effects and effect sizes from models evaluating 

moderation of tDCS effects by encoding time (ET) on change in working memory performance 

based on the percentage of correct trials.  Local effect sizes (r) were derived from t-statistics, 

using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by 

squaring the correlation between predicted and observed values.  

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 34. Working Memory Performance (% Correct) By Response Time and Time-point 
DV: % Correct (sec.) b se df t p   r 
tDCS | Pre-tDCS 0.00 0.02 91 -0.12 0.910   0.04 

Sham tDCS | Pre-tDCS 0.86 0.01 91 74.76 0.000 *** 0.12 
Active tDCS | Pre-tDCS 0.86 0.01 91 85.39 0.000 *** 0.11 

Sham tDCS vs. Active tDCS | Post-tDCS 0.00 0.02 91 0.07 0.940   0.03 
Sham tDCS | Post-tDCS 0.85 0.01 91 73.29 0.000 *** 0.12 
Active tDCS | Post-tDCS 0.85 0.01 91 82.74 0.000 *** 0.11 

% Correct | Pre-tDCS 0.08 0.01 91 15.13 0.000 *** 0.22 
tDCS x RT x Time-point 0.04 0.02 91 1.59 0.120   0.13 

tDCS x RT | Pre-tDCS 0.00 0.02 91 0.18 0.860   0.05 
tDCS x RT | Post-tDCS 0.04 0.02 91 2.46 0.016 * 0.16 
tDCS x Time-point 0.00 0.02 91 0.14 0.890   0.04 

Time-point | Sham tDCS -0.01 0.02 91 -0.60 0.550   0.08 
Time-point | Active tDCS -0.01 0.01 91 -0.47 0.640   0.07 

RT x Time-point | Sham tDCS -0.04 0.02 91 -2.48 0.015 * 0.16 
RT | Pre-tDCS & Sham tDCS 0.00 0.01 91 0.18 0.860   0.04 
RT | Post-tDCS & Sham tDCS -0.04 0.01 91 -2.90 0.005 ** 0.17 

RT x Time-point | Active tDCS 0.00 0.02 91 -0.23 0.820   0.05 
RT | Pre-tDCS & Active tDCS 0.00 0.01 91 0.35 0.730   0.06 
RT | Post-tDCS & Active tDCS 0.00 0.01 91 0.11 0.910   0.04 

Pseudo-R2: 0.74             
 
Note. The table above presents fixed effects and effect sizes from models evaluating 

moderation of tDCS effects by response latency on change in working memory performance 

based on the percentage of correct trials.  Local effect sizes (r) were derived from t-statistics, 

using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by 

squaring the correlation between predicted and actual values.  

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 35. tDCS Moderation by Pre-tDCS Working Memory Performance (% Correct) on 
Change in Working Memory Performance 
DV: % Correct b se df t p   r 
tDCS | Pre-tDCS 0.00 0.02 92 0.00 0.999   0.00 

Sham tDCS | Pre-tDCS 0.86 0.01 92 76.00 0.000 *** 0.11 
Active tDCS | Pre-tDCS 0.86 0.01 92 85.00 0.000 *** 0.11 

Pre-tDCS % Correct x tDCS x Time-point 0.02 0.02 92 0.87 0.390   0.10 
tDCS x Time-point -0.01 0.02 92 -0.47 0.640   0.07 

Time-point | Sham tDCS 0.00 0.02 92 0.09 0.930   0.03 
Time-point | Active tDCS -0.01 0.01 92 -0.61 0.540   0.08 

Pre-tDCS % Correct x tDCS 0.00 0.02 92 0.00 0.999   0.00 
Pre-tDCS % Correct | Sham tDCS  0.10 0.01 92 7.30 0.000 *** 0.22 
Pre-tDCS % Correct | Active tDCS 0.10 0.01 92 10.00 0.000 *** 0.23 

Pre-tDCS % Correct x Time-point | Active tDCS -0.02 0.01 92 -1.20 0.220   0.11 
Pre-tDCS % Correct x Time-point | Sham tDCS -0.04 0.02 92 -2.00 0.050 * 0.14 

Pseudo-R2: 0.73             
 
Note. The table above presents fixed effects and effect sizes from models evaluating 

moderation of tDCS effects by pre-tDCS performance on change in working memory 

performance based on the percentage of correct trials.  Local effect sizes (r) were derived from 

t-statistics, using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was 

calculated by squaring the correlation between predicted and actual values.  

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 36. tDCS Moderation by Pre-tDCS Working Memory Performance (Encoding Time) 
on Change in Working Memory Performance 
DV: Encoding Time (ET) b se df t p   r 
tDCS | Pre-tDCS 0.00 0.37 92 0.00 0.999   0.00 

Sham tDCS | Pre-tDCS 6.30 0.28 92 23.00 0.000 *** 0.19 
Active tDCS | Pre-tDCS 6.30 0.25 92 25.00 0.000 *** 0.19 

Pre-tDCS ET x tDCS x Time-point -0.99 0.62 92 -1.60 0.110   0.13 
tDCS x Time-point -0.17 0.53 92 -0.31 0.760   0.06 

Time-point | Sham tDCS -1.40 0.40 92 -3.50 0.001 ** 0.18 
Time-point | Active tDCS -1.50 0.36 92 -4.30 0.000 *** 0.20 

Pre-tDCS ET x tDCS 0.00 0.39 92 0.00 0.999   0.00 
Pre-tDCS ET | Sham tDCS  2.40 0.32 92 7.60 0.000 *** 0.23 
Pre-tDCS ET | Active tDCS 2.40 0.23 92 10.00 0.000 *** 0.23 

Pre-tDCS ET x Time-point | Sham tDCS -0.69 0.51 92 -1.40 0.180   0.12 
Pre-tDCS ET x Time-point | Active tDCS -1.70 0.34 92 -4.90 0.000 *** 0.21 

Pseudo-R2: 0.71             
 
Note. The table above presents fixed effects and effect sizes from models evaluating 

moderation of tDCS effects by pre-tDCS performance on change in working memory 

performance based on encoding time.  Local effect sizes (r) were derived from t-statistics, using 

the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by 

squaring the correlation between predicted and actual values.  

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 37. tDCS Moderation by Pre-tDCS Working Memory Performance (Response Time) on 
Change in Working Memory Performance 
DV: Response Time (RT) b se df t p   r 
tDCS | Pre-tDCS 0.00 0.16 92 0.00 0.999   0.00 

Sham tDCS | Pre-tDCS 3.50 0.12 92 30.00 0.000 *** 0.17 
Active tDCS | Pre-tDCS 3.50 0.11 92 33.00 0.000 *** 0.17 

Pre-tDCS RT x tDCS x Time-point 0.40 0.24 92 1.70 0.100 . 0.13 
tDCS x Time-point 0.37 0.23 92 1.60 0.110   0.13 

Time-point | Sham tDCS -0.43 0.17 92 -2.60 0.011 * 0.16 
Time-point | Active tDCS -0.06 0.15 92 -0.41 0.680   0.07 

Pre-tDCS RT x tDCS 0.00 0.17 92 0.00 0.999   0.00 
Pre-tDCS RT | Sham tDCS  1.20 0.10 92 12.00 0.000 *** 0.23 
Pre-tDCS RT | Active tDCS 1.20 0.14 92 8.50 0.000 *** 0.23 

Pre-tDCS RT x Time-point | Sham tDCS -0.35 0.15 92 -2.40 0.018 * 0.16 
Pre-tDCS RT x Time-point | Active tDCS 0.05 0.19 92 0.26 0.790   0.05 

Pseudo-R2: 0.79             
 
Note. The table above presents fixed effects and effect sizes from models evaluating 

moderation of tDCS effects by pre-tDCS performance on change in working memory 

performance based on response latency.  Local effect sizes (r) were derived from t-statistics, 

using the following formula: r = Ö(t / (t2 + df)).  A global effect size (pseudo-R2) was calculated by 

squaring the correlation between predicted and actual values.  

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 38. Contextual Recognition Memory (d', b, c) for the Extinction Context  
DV: Sensitivity (d') b se df t p   r 
Arachnophobia 0.24 0.11 41 2.12 0.040 * 0.22 
Pre-tDCS Working Memory 0.06 0.06 41 0.99 0.329   0.15 
Arachnophobia vs. Contamination 0.27 0.17 41 1.58 0.121   0.19 
Arachnophobia vs. Ophidophobia 0.41 0.14 41 2.87 0.006 ** 0.24 
Pre-tx BAT-2 Peak Fear -0.07 0.07 41 -0.94 0.355   0.15 
tDCS 0.02 0.12 41 0.18 0.861   0.07 
  Df SS MS F p     
Pre-tDCS Working Memory 1 0.04 0.04 0.27 0.608     
Fear Domain 2 1.67 0.84 5.18 0.010 **   
BAT-2 Peak Fear 1 0.14 0.14 0.87 0.356     
tDCS 1 0.01 0.01 0.03 0.861     
Residuals 41 6.62 0.16         

R2: 0.22             
DV: Response Bias (b) b se df t p   r 
Arachnophobia 1.08 0.06 41 16.84 0.000 *** 0.23 
Pre-tDCS Working Memory 0.04 0.04 41 1.15 0.256   0.16 
Arachnophobia vs. Contamination -0.11 0.10 41 -1.11 0.274   0.16 
Arachnophobia vs. Ophidophobia -0.04 0.08 41 -0.51 0.610   0.11 
Pre-tx BAT-2 Peak Fear -0.04 0.04 41 -0.89 0.380   0.15 
tDCS -0.02 0.07 41 -0.25 0.803   0.08 
  Df SS MS F p     
Pre-tDCS Working Memory 1 0.08 0.08 1.45 0.236     
Fear Domain 2 0.03 0.02 0.32 0.731     
BAT-2 Peak Fear 1 0.04 0.04 0.80 0.377     
tDCS 1 0.00 0.00 0.06 0.804     
Residuals 41 2.20 0.05         

R2: 0.07             
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Table 38. Contextual Recognition Memory (d', b, c) for the Extinction Context (continued) 
DV: Criterion (c) b se df t p   r 
Arachnophobia 0.15 0.11 41 1.38 0.175   0.18 
Pre-tDCS Working Memory 0.02 0.06 41 0.41 0.687   0.10 
Arachnophobia vs. Contamination 0.01 0.16 41 0.07 0.944   0.04 
Arachnophobia vs. Ophidophobia -0.15 0.13 41 -1.09 0.281   0.16 
Pre-tx BAT-2 Peak Fear 0.06 0.07 41 0.95 0.347   0.15 
tDCS 0.01 0.11 41 0.13 0.900   0.06 
  Df SS MS F p     
Pre-tDCS Working Memory 1 0.06 0.06 0.43 0.516     
Fear Domain 2 0.18 0.09 0.63 0.540     
BAT-2 Peak Fear 1 0.13 0.13 0.91 0.346     
tDCS 1 0.00 0.00 0.02 0.900     
Residuals 41 6.05 0.15         

R2: 0.06             
 
Note.  The table above presents results from the recognition memory phase of the incidental 

contextual memory task that was administered at the 1-month follow-up, including outcomes 

of sensitivity (d’), bias (b), and criteria (c) for discriminating targets from distractors.  Models 

controlled for pre-tDCS working memory performance, based on % trials correct, pre-treatment 

peak fear expression in the generalization context (BAT-2), and fear domain.  Local effect sizes 

(r) were derived from t-statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect 

sizes (R2) were derived by squaring the correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 39. Contextual Recognition Memory (Confidence) for the Extinction Context  
DV: Confidence - Hits b se df t p   r 
Arachnophobia 16.59 6.34 41 2.62 0.012   0.23 
Pre-tDCS Working Memory 5.18 3.61 41 1.44 0.158   0.18 
Arachnophobia vs. Contamination 26.15 9.66 41 2.71 0.010 ** 0.24 
Arachnophobia vs. Ophidophobia 17.74 8.02 41 2.21 0.032 * 0.22 
Pre-tx BAT-2 Peak Fear 3.48 4.04 41 0.86 0.395   0.14 
tDCS 11.89 6.82 41 1.74 0.089 . 0.20 
  Df SS MS F p     
Pre-tDCS Working Memory 1 505.80 505.85 0.97 0.331     
Fear Domain 2 4801.70 2400.87 4.60 0.016 *   
BAT-2 Peak Fear 1 413.10 413.15 0.79 0.379     
tDCS 1 1585.50 1585.51 3.04 0.089 .   
Residuals 41 21395.00 521.83         

R2: 0.25             
DV: Confidence - Correct Rejections b se df t p   r 
Arachnophobia 17.26 5.70 41 3.03 0.004   0.25 
Pre-tDCS Working Memory 5.02 3.24 41 1.55 0.129   0.19 
Arachnophobia vs. Contamination 17.16 8.68 41 1.98 0.055 . 0.21 
Arachnophobia vs. Ophidophobia 14.23 7.21 41 1.98 0.055 . 0.21 
Pre-tx BAT-2 Peak Fear -0.87 3.64 41 -0.24 0.813   0.08 
tDCS 2.27 6.13 41 0.37 0.713   0.09 
  Df SS MS F p     
Pre-tDCS Working Memory 1 701.70 701.67 1.66 0.204     
Fear Domain 2 3093.20 1546.59 3.67 0.034 *   
BAT-2 Peak Fear 1 22.70 22.68 0.05 0.818     
tDCS 1 57.90 57.88 0.14 0.713     
Residuals 41 17289.30 421.69         

R2: 0.18             
 
 Note.  The table above presents results from the models of self-rated confidence for hits and 

correct rejections during the recognition memory phase of the incidental contextual memory 

task that was administered at the 1-month follow-up.  Models controlled for pre-tDCS working 

memory performance, based on % trials correct, pre-treatment peak fear expression in the 

generalization context (BAT-2), and fear domain.  Local effect sizes (r) were derived from t-
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statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by 

squaring the correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 40. Incidental Contextual Recognition Memory Confidence (Hits) Moderating 
tDCS Effects on Sensitivity (d') 
DV: Sensitivity (d') b se df t p   r 
Arachnophobia 0.23 0.12 39.00 1.86 0.071 . 0.21 
Pre-tDCS Working Memory 0.06 0.07 39.00 0.89 0.379   0.15 
Arachnophobia vs. Contamination 0.23 0.19 39.00 1.20 0.237   0.17 
Arachnophobia vs. Ophidophobia 0.40 0.15 39.00 2.64 0.012 * 0.24 
Pre-tx BAT-2 Peak Fear -0.07 0.07 39.00 -0.98 0.332   0.16 
tDCS 0.03 0.13 39.00 0.20 0.840   0.07 
Hit Confidence | Sham tDCS -0.07 0.11 39.00 -0.65 0.522   0.13 
Hit Confidence | Active tDCS 0.05 0.09 39.00 0.61 0.542   0.12 
Hit Confidence x tDCS 0.12 0.13 39.00 0.92 0.363   0.15 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 0.04 0.04 0.26 0.613     
Fear Domain 2.00 1.67 0.84 5.04 0.011 *   
Pre-tx BAT-2 Peak Fear 1.00 0.14 0.14 0.85 0.363     
tDCS 1.00 0.01 0.01 0.03 0.863     
Hit Confidence 1.00 0.00 0.00 0.01 0.944     
Hit Confidence x tDCS 1.00 0.14 0.14 0.85 0.363     
Residuals 39.00 6.48 0.17         

R2: 0.24             
 
Note.  The table above presents results from the model testing whether confidence in correctly 

identifying targets moderated tDCS effects, as a means to assess tDCS effect on metacognitive 

performance.  The model controlled for pre-tDCS working memory performance, based on % 

trials correct, pre-treatment peak fear expression in the generalization context (BAT-2), and 

fear domain.  Local effect sizes (r) were derived from t-statistics, using the following formula: r 

= Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by squaring the correlation between 

actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 41. Incidental Contextual Recognition Memory Confidence (Correct 
Rejections) Moderating tDCS Effects on Sensitivity (d') 
DV: Sensitivity (d') b se df t p   r 
Arachnophobia 0.27 0.11 41.00 2.46 0.019 * 0.23 
Pre-tDCS Working Memory 0.02 0.06 41.00 0.37 0.712   0.10 
Arachnophobia vs. Contamination 0.22 0.17 41.00 1.29 0.203   0.17 
Arachnophobia vs. Ophidophobia 0.35 0.14 41.00 2.53 0.016   0.23 
Pre-tx BAT-2 Peak Fear -0.04 0.07 41.00 -0.58 0.568   0.12 
tDCS 0.01 0.11 41.00 0.06 0.954   0.04 
CR Confidence | Sham tDCS -0.05 0.09 41.00 -0.53 0.601   0.11 
CR Confidence | Active tDCS 0.21 0.08 41.00 2.67 0.011 * 0.24 
CR Confidence x tDCS 0.26 0.12 41.00 2.20 0.034 * 0.22 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 0.04 0.04 0.30 0.585     
Fear Domain 2.00 1.67 0.84 5.90 0.006 **   
Pre-tx BAT-2 Peak Fear 1.00 0.14 0.14 0.99 0.326     
tDCS 1.00 0.01 0.01 0.04 0.851     
CR Confidence 1.00 0.40 0.40 2.85 0.099 .   
CR Confidence x tDCS 1.00 0.68 0.68 4.83 0.034 *   
Residuals 39.00 5.53 0.14         

R2: 0.35             
 
Note.  The table above presents results from the model testing whether confidence in correctly 

rejecting distractors moderated tDCS effects, as a means to assess tDCS effect on metacognitive 

performance.  The model controlled for pre-tDCS working memory performance, based on % 

trials correct, pre-treatment peak fear expression in the generalization context (BAT-2), and 

fear domain.  Local effect sizes (r) were derived from t-statistics, using the following formula: r 

= Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by squaring the correlation between 

actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 42. Incidental Contextual Visuospatial Memory for the Extinction Context 
DV: Item Position Correct Recall b se df t p   r 
Arachnophobia 2.90 0.38 41 7.65 0.000 *** 0.28 
Pre-tDCS Working Memory -0.15 0.22 41 -0.69 0.496   0.13 
Arachnophobia vs. Contamination -1.00 0.58 41 -1.72 0.093 . 0.20 
Arachnophobia vs. Ophidophobia -0.75 0.48 41 -1.57 0.124   0.19 
Pre-tx BAT-2 Peak Fear -0.39 0.24 41 -1.63 0.111   0.19 
tDCS -0.47 0.41 41 -1.16 0.252   0.17 
  df SS MS F p     
Pre-tDCS Working Memory 1 0.32 0.32 0.17 0.681     
Fear Domain 2 5.26 2.63 1.40 0.257     
Pre-tx BAT-2 Peak Fear 1 5.09 5.09 2.72 0.107     
tDCS 1 2.53 2.53 1.35 0.252     
Residuals 41 76.76 1.87         

R2: 0.15             
DV: Item Position Recall Distance b se df t p   r 
Arachnophobia 1.55 0.08 41 19.51 0.000 *** 0.22 
Pre-tDCS Working Memory -0.01 0.05 41 -0.15 0.884   0.06 
Arachnophobia vs. Contamination 0.22 0.12 41 1.78 0.082 . 0.20 
Arachnophobia vs. Ophidophobia 0.10 0.10 41 0.96 0.343   0.15 
Pre-tx BAT-2 Peak Fear 0.10 0.05 41 1.91 0.063 . 0.21 
tDCS 0.11 0.09 41 1.26 0.215   0.17 
  df SS MS F p     
Pre-tDCS Working Memory 1 0.01 0.01 0.11 0.741     
Fear Domain 2 0.11 0.06 0.70 0.505     
Pre-tx BAT-2 Peak Fear 1 0.31 0.31 3.73 0.060 .   
tDCS 1 0.13 0.13 1.58 0.215     
Residuals 41 3.37 0.08         

R2: 0.14             
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Table 42. Incidental Contextual Visuospatial Memory for the Extinction Context (continued) 
DV: Item Position Recall Confidence b se df t p   r 
Arachnophobia 3.65 2.96 41 1.23 0.226   0.17 
Pre-tDCS Working Memory 3.38 1.64 41 2.06 0.046 * 0.21 
Arachnophobia vs. Contamination 14.07 4.36 41 3.23 0.003 *** 0.25 
Arachnophobia vs. Ophidophobia 8.74 3.65 41 2.40 0.022 * 0.23 
Pre-tx BAT-2 Peak Fear 1.39 1.82 41 0.77 0.448   0.14 
tDCS 3.43 3.07 41 1.12 0.272   0.16 
  df SS MS F p     
Pre-tDCS Working Memory 1 234.20 234.23 2.35 0.133     
Fear Domain 2 1239.90 619.93 6.22 0.005 **   
Pre-tx BAT-2 Peak Fear 1 54.00 53.96 0.54 0.466     
tDCS 1 123.90 123.92 1.24 0.272     
Residuals 39.00 3886.20 99.65         

R2: 0.30             
 
Note.  The table above presents results from the visuospatial memory portion of the ICM task 

that was administered at the 1-month follow-up, including the sum of correctly positioned 

items, the average magnitude of positioning error, and overall confidence in the positioning of 

target items.  Models controlled for pre-tDCS working memory performance, based on % trials 

correct, pre-treatment peak fear expression in the generalization context (BAT-2), and fear 

domain.  Local effect sizes (r) were derived from t-statistics, using the following formula: r = Ö(t 

/ (t2 + df)).  Global effect sizes (R2) were derived by squaring the correlation between actual and 

predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 43. Incidental Contextual Visuospatial Memory Confidence Moderating tDCS 
Effects on Visuospatial Memory Performance 
DV: Item Position Correct Recall b se df t p   r 
Arachnophobia 2.95 0.40 41.00 7.39 0.000 *** 0.28 
Pre-tDCS Working Memory -0.16 0.22 41.00 -0.73 0.472   0.13 
Arachnophobia vs. Contamination -1.12 0.62 41.00 -1.82 0.076 . 0.20 
Arachnophobia vs. Ophidophobia -0.87 0.52 41.00 -1.69 0.100 . 0.20 
Pre-tx BAT-2 Peak Fear -0.42 0.25 41.00 -1.69 0.099 . 0.20 
tDCS -0.46 0.42 41.00 -1.11 0.274   0.16 
VM Confidence | Sham tDCS -0.26 0.33 41.00 -0.79 0.434   0.14 
VM Confidence | Active tDCS 0.19 0.29 41.00 0.65 0.520   0.13 
VM Confidence x tDCS 0.45 0.43 41.00 1.03 0.308   0.16 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 0.32 0.32 0.17 0.684     
Fear Domain 2.00 5.26 2.63 1.37 0.266     
Pre-tx BAT-2 Peak Fear 1.00 5.09 5.09 2.65 0.111     
tDCS 1.00 2.53 2.53 1.32 0.258     
VM Confidence 1.00 0.00 0.00 0.00 0.982     
VM Confidence x tDCS 1.00 2.04 2.04 1.07 0.308     
Residuals 39.00 74.72 1.92         

R2: 0.17             
DV: Item Position Distance b se df t p   r 
Arachnophobia 1.50 0.07 41.00 20.52 0.000 *** 0.21 
Pre-tDCS Working Memory 0.01 0.04 41.00 0.27 0.785   0.08 
Arachnophobia vs. Contamination 0.33 0.11 41.00 2.94 0.006 ** 0.24 
Arachnophobia vs. Ophidophobia 0.20 0.09 41.00 2.13 0.040 * 0.22 
Pre-tx BAT-2 Peak Fear 0.11 0.05 41.00 2.39 0.022 * 0.23 
tDCS 0.11 0.08 41.00 1.43 0.162   0.18 
VM Confidence | Sham tDCS 0.10 0.06 41.00 1.66 0.104   0.19 
VM Confidence | Active tDCS -0.17 0.05 41.00 -3.24 0.002 ** 0.25 
VM Confidence x tDCS -0.27 0.08 41.00 -3.41 0.002 ** 0.25 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 0.01 0.01 0.14 0.709     
Fear Domain 2.00 0.11 0.06 0.89 0.419     
Pre-tx BAT-2 Peak Fear 1.00 0.31 0.31 4.77 0.035 *   
tDCS 1.00 0.13 0.13 2.03 0.162     
VM Confidence 1.00 0.12 0.12 1.86 0.181     
VM Confidence x tDCS 1.00 0.75 0.75 11.62 0.002 **   
Residuals 39.00 2.50 0.06         

R2: 0.36             
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Note.  The table above presents results from the model testing whether overall confidence in 

target item positioning moderated tDCS effects on item positioning error, as a means to assess 

tDCS effect on metacognitive performance.  The model controlled for pre-tDCS working 

memory performance, based on % trials correct, pre-treatment peak fear expression in the 

generalization context (BAT-2), and fear domain.  Local effect sizes (r) were derived from t-

statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by 

squaring the correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
 

201 

Table 44. tDCS mediation by Pre- to Post-tDCS Changes in State Emotion 
MV: D in State Positive Emotion 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS 1.45 1.36 0.291   -1.28 4.17 
b Pre-tx à Post-tx -1.30 1.97 0.512   -5.23 2.64 
b Pre-tx à 1-Month -2.90 2.26 0.201   -7.42 1.61 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -5.90 3.53 0.099 . -12.96 1.16 
c' Pre-tx à 1-Month -10.72 3.70 0.005 ** -18.13 -3.32 
Indirect Pre-tx à Post-tx -1.88 4.46 0.671   -12.36 5.50 
Indirect Pre-tx à 1-Month -4.20 5.98 0.784   -18.96 4.98 
MV: D in State Negative Emotion 

Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS 1.13 1.01 0.267   -0.89 3.16 
b Pre-tx à Post-tx 0.68 1.94 0.727   -3.20 4.56 
b Pre-tx à 1-Month 0.05 1.99 0.979   -3.94 4.04 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -6.22 3.58 0.086 . -13.38 0.93 
c' Pre-tx à 1-Month -11.71 3.71 0.002 ** -19.13 -4.30 
Indirect Pre-tx à Post-tx 0.77 3.26 0.399   -4.97 8.07 
Indirect Pre-tx à 1-Month 0.06 3.28 0.493   -6.38 6.74 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by acute change in state positive and negative emotion from pre- to post-tDCS, on 

subsequent trajectories of change in peak emotional distress in the extinction context (BAT-1) 

at pre-treatment, post-treatment, and the 1-month follow-up.  A piecewise approach was used, 

first estimating paths from tDCS to the mediator (a), followed by estimations of paths from the 

mediator to the outcome (b) for each interval of interest (i.e., pre- to post-treatment, pre-

treatment to 1-month).  Both total (c) and direct effects (c’) of tDCS on the outcome are 

reported, followed by tests of indirect paths to the outcome, which were evaluated using 

Monte Carlo simulations.  *** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 45. tDCS Mediation by Emotional Activation and Attenuation during Exposure  
MV: D in Emotional Distress from Pre-treatment to Exposure Trial 1 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS -6.55 5.61 0.247   -17.77 4.68 
b Pre-tx à Post-tx -1.49 2.36 0.528   -6.21 3.22 
b Pre-tx à 1-Month -3.02 2.38 0.209   -7.78 1.75 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -6.49 3.58 0.073 . -13.64 0.66 
c' Pre-tx à 1-Month -12.61 3.68 0.001 ** -19.98 -5.24 
Indirect Pre-tx à Post-tx 9.77 22.89 0.321   -28.85 62.71 
Indirect Pre-tx à 1-Month 19.76 26.80 0.198   -20.41 86.79 
MV: Peak Emotional Distress during Exposure Trials 
Path Interval z se p   lower upper 
a Treatment -5.70 5.94 0.343   -17.58 6.17 
b Pre-tx à Post-tx 0.77 2.13 0.718   -3.49 5.04 
b Pre-tx à 1-Month -1.44 2.17 0.507   -5.78 2.89 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -5.85 3.57 0.105 . -12.98 1.29 
c' Pre-tx à 1-Month -12.09 3.67 0.001 ** -19.44 -4.75 
Indirect Pre-tx à Post-tx -4.41 19.36 0.588   -47.65 29.77 
Indirect Pre-tx à 1-Month 8.24 20.29 0.336   -24.59 56.56 
MV: Emotional Distress at Last Exposure Trial (Trial 6) 
Path Interval z se p   lower upper 
a Trial 1 -3.77 8.24 0.650   -20.24 12.71 
b Pre-tx à Post-tx 10.40 2.10 0.000 *** 6.21 14.60 
b Pre-tx à 1-Month 5.61 2.13 0.010 * 1.36 9.87 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -4.69 3.13 0.137   -10.95 1.56 
c' Pre-tx à 1-Month -10.97 3.22 0.001 ** -17.41 -4.53 
Indirect Pre-tx à Post-tx -39.20 88.34 0.670   -219.86 133.51 
Indirect Pre-tx à 1-Month -21.15 51.49 0.672   -129.77 76.19 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by acute change in emotional distress in the extinction context from pre-treatment 

to the first exposure trial, by peak emotional distress at any point during exposure, and by peak 
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emotional distress at the last exposure trial, predicting trajectories of change in peak emotional 

distress in the extinction context at pre-treatment, post-treatment, and the 1-month follow-up.  

A piecewise approach was used, first estimating paths from tDCS to the mediator (a), followed 

by estimations of paths from the mediator to the outcome (b) for each interval of interest (i.e., 

pre- to post-treatment, pre-treatment to 1-month).  Both total (c) and direct effects (c’) of tDCS 

on the outcome are reported, followed by tests of indirect paths to the outcome, which were 

evaluated using Monte Carlo simulations.   

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 46. tDCS Mediation by Acute Threat Activation and Attenuation.  
MV: D in Threat Appraisals from Pre-treatment to Trial 1 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS -5.13 10.02 0.610   -25.16 14.91 
b Pre-tx à Post-tx -2.64 1.73 0.131   -6.11 0.83 
b Pre-tx à 1-Month -2.84 1.75 0.108 . -6.34 0.66 
c Pre-tx à Post-tx -6.06 3.55 0.092   -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -6.47 3.48 0.067 . -13.42 0.49 
c' Pre-tx à 1-Month -12.31 3.59 0.001 ** -19.49 -5.13 
Indirect Pre-tx à Post-tx 13.55 33.92 0.332   -46.86 88.80 
Indirect Pre-tx à 1-Month 14.58 36.30 0.328   -49.07 96.13 
MV: Threat Appraisals at Last Exposure Trial 
Path Interval z se p   lower upper 
a Trial 1 -14.39 8.45 0.098 . -31.29 2.51 
b Pre-tx à Post-tx 7.87 1.77 0.000 *** 4.33 11.40 
b Pre-tx à 1-Month 5.24 1.87 0.006 ** 1.51 8.98 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -1.64 3.31 0.623   -8.26 4.99 
c' Pre-tx à 1-Month -9.75 3.35 0.005 ** -16.46 -3.04 
Indirect Pre-tx à Post-tx -113.24 70.65 0.956   -267.77 14.84 
Indirect Pre-tx à 1-Month -75.43 52.26 0.954   -198.14 10.88 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by change in threat appraisals in the extinction context from pre-treatment to the 

first exposure trial, by threat appraisals at the last exposure trial, predicting trajectories of 

change in peak emotional distress in the extinction context at pre-treatment, post-treatment, 

and the 1-month follow-up.  A piecewise approach was used, first estimating paths from tDCS 

to the mediator (a), followed by estimations of paths from the mediator to the outcome (b) for 

each interval of interest (i.e., pre- to post-treatment, pre-treatment to 1-month).  Both total (c) 

and direct effects (c’) are reported, followed by tests of indirect paths to the outcome, 

evaluated using Monte Carlo simulations.  *** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 47. tDCS Mediation by Trial 1 Exposure Contact Duration 
MV: Contact Duration (Trial 1) 
Path Interval z se p   lower upper 
a Trial 1 21.90 11.30 0.061 . -0.69 44.50 
b Pre-tx à Post-tx 4.62 1.79 0.011 * 1.05 8.20 
b Pre-tx à 1-Month 6.60 1.77 0.000 *** 3.06 10.14 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -7.17 3.39 0.038 * -13.96 -0.38 
c' Pre-tx à 1-Month -15.49 3.45 0.000 *** -22.38 -8.60 
Indirect Pre-tx à Post-tx 101.24 64.63 0.030 * -2.85 255.67 
Indirect Pre-tx à 1-Month 144.59 84.22 0.026 * -2.27 334.60 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by the duration of contact with feared targets during the first exposure trial, on 

subsequent trajectories of change in peak emotional distress in the extinction context at pre-

treatment, post-treatment, and the 1-month follow-up.  A piecewise approach was used, first 

estimating paths from tDCS to the mediator (a), followed by estimations of paths from the 

mediator to the outcome (b) for each interval of interest (i.e., pre- to post-treatment, pre-

treatment to 1-month).  Both total (c) and direct effects (c’) of tDCS on the outcome are 

reported, followed by tests of indirect paths to the outcome, which were evaluated using 

Monte Carlo simulations.   

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 48.  tDCS Mediation by Pre- to Post-tDCS Change in Attentional Vigilance 
Towards and Away from Threat. 
MV: D Engagement Bias 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS 0.07 0.03 0.015 * 0.01 0.13 
b Pre-tx à Post-tx 1.67 2.12 0.433   -2.57 5.92 
b Pre-tx à 1-Month 3.58 2.16 0.101 . -0.74 7.89 
c Pre-tx à Post-tx -5.58 3.71 0.136   -13.00 1.83 
c Pre-tx à 1-Month -11.68 3.82 0.003 ** -19.32 -4.04 
c' Pre-tx à Post-tx -5.75 3.94 0.148   -13.64 2.13 
c' Pre-tx à 1-Month -13.71 4.06 0.001 ** -21.84 -5.59 
Indirect Pre-tx à Post-tx 0.12 0.18 0.217   -0.19 0.51 
Indirect Pre-tx à 1-Month 0.26 0.19 0.054 . -0.05 0.73 
                
MV: D Disengagement Bias 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS 0.00 0.03 0.971   -0.07 0.07 
b Pre-tx à Post-tx -3.23 2.05 0.119   -7.32 0.87 
b Pre-tx à 1-Month -2.37 2.15 0.273   -6.67 1.93 
c Pre-tx à Post-tx -6.06 3.55 0.092  . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002  ** -19.03 -4.40 
c' Pre-tx à Post-tx -3.93 3.79 0.304   -11.51 3.66 
c' Pre-tx à 1-Month -10.33 3.95 0.011  * -18.24 -2.43 
Indirect Pre-tx à Post-tx 0.00 0.14 0.480   -0.27 0.29 
Indirect Pre-tx à 1-Month 0.00 0.12 0.495   -0.23 0.24 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by pre- to post-tDCS changes in threat engagement and threat disengagement biases 

on subsequent trajectories of change in peak emotional distress in the extinction context at 

pre-treatment, post-treatment, and the 1-month follow-up.  A piecewise approach was used, 

first estimating paths from tDCS to the mediator (a), followed by estimations of paths from the 

mediator to the outcome (b) for each interval of interest (i.e., pre- to post-treatment, pre-

treatment to 1-month).  Both total (c) and direct effects (c’) of tDCS on the outcome are 
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reported, followed by tests of indirect paths to the outcome, which were evaluated using 

Monte Carlo simulations.   

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 49. tDCS Mediation by Pre- to Post-tDCS Changes in Working Memory  
MV: D in % Correct 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS -0.01 0.02 0.515   -0.06 0.03 
b Pre-tx à Post-tx 2.70 1.86 0.150   -1.02 -1.02 
b Pre-tx à 1-Month -0.02 1.90 0.993   -3.81 -3.81 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -4.82 3.62 0.187   -12.06 2.43 
c' Pre-tx à 1-Month -11.64 3.71 0.002 ** -19.07 -4.22 
Indirect Pre-tx à Post-tx -0.04 0.08 0.710   -0.23 0.09 
Indirect Pre-tx à 1-Month 0.00 0.05 0.501   -0.11 0.11 
MV: D in Encoding Time 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS 0.00 0.64 0.997   -1.29 1.28 
b Pre-tx à Post-tx -3.06 1.80 0.094   -6.66 -6.66 
b Pre-tx à 1-Month -3.18 1.92 0.101 . -7.02 -7.02 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -6.14 3.56 0.089 . -13.27 0.98 
c' Pre-tx à 1-Month -12.46 3.69 0.001 ** -19.83 -5.08 
Indirect Pre-tx à Post-tx 0.01 2.39 0.502   -4.84 4.71 
Indirect Pre-tx à 1-Month 0.01 2.54 0.497   -5.05 5.12 
                
Mediator: D in Response Time 
Path Interval z se p   lower upper 
a Pre-tDCS à Post-tDCS -0.44 0.26 0.094  . -0.96 0.08 
b Pre-tx à Post-tx 1.36 1.88 0.471   -2.39 -2.39 
b Pre-tx à 1-Month -1.70 1.89 0.372   -5.49 -5.49 
c Pre-tx à Post-tx -6.06 3.55 0.092 . -13.16 1.04 
c Pre-tx à 1-Month -11.71 3.66 0.002 ** -19.03 -4.40 
c' Pre-tx à Post-tx -5.22 3.63 0.155   -12.49 2.04 
c' Pre-tx à 1-Month -12.47 3.76 0.001 *** -19.98 -4.96 
Indirect Pre-tx à Post-tx -0.60 1.05 0.741   -3.05 1.17 
Indirect Pre-tx à 1-Month 0.75 1.09 0.215   -1.02 3.33 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by pre- to post-tDCS changes in working memory performance on subsequent 
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trajectories of change in peak emotional distress in the extinction context at pre-treatment, 

post-treatment, and the 1-month follow-up.  A piecewise approach was used, first estimating 

paths from tDCS to the mediator (a), followed by estimations of paths from the mediator to the 

outcome (b) for each interval of interest (i.e., pre- to post-treatment, pre-treatment to 1-

month).  Both total (c) and direct effects (c’) of tDCS on the outcome are reported, followed by 

tests of indirect paths to the outcome, which were evaluated using Monte Carlo simulations.   

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 50. tDCS Mediation by Incidental Contextual Recognition Memory for the 
Extinction Context (BAT-1). 
MV: Recognition Memory Discrimination (d’) 
Path Interval z se p   lower upper 
a 1-Month 0.05 0.12 0.683   -0.20 0.30 
b Pre-tx à Post-tx -1.43 1.89 0.452   -5.21 2.35 
b Pre-tx à 1-Month 0.23 1.94 0.904   -3.65 4.12 
c Pre-tx à Post-tx -5.71 3.64 0.121   -12.98 1.57 
c Pre-tx à 1-Month -11.73 3.75 0.002 ** -19.22 -4.23 
c' Pre-tx à Post-tx -5.63 3.62 0.124   -12.87 1.61 
c' Pre-tx à 1-Month -11.77 3.73 0.002   -19.24 -4.31 
Indirect Pre-tx à Post-tx -0.07 0.33 0.587   -0.81 0.51 
Indirect Pre-tx à 1-Month 0.01 0.29 0.485   -0.54 0.61 
MV: Confidence in Hits 
Path Interval z se p   lower upper 
a 1-Month 10.32 6.95 0.145   -3.58 24.22 
b Pre-tx à Post-tx 2.03 2.01 0.314   -1.98 6.05 
b Pre-tx à 1-Month 1.00 2.03 0.622   -3.05 5.06 
c Pre-tx à Post-tx -5.71 3.64 0.121   -12.98 1.57 
c Pre-tx à 1-Month -11.73 3.75 0.002 ** -19.22 -4.23 
c' Pre-tx à Post-tx -6.55 3.70 0.081 * -13.96 0.86 
c' Pre-tx à 1-Month -12.14 3.81 0.002 ** -19.77 -4.52 
Indirect Pre-tx à Post-tx 20.98 28.92 0.211   -24.00 91.66 
Indirect Pre-tx à 1-Month 10.35 27.57 0.339   -37.69 72.61 
MV: Confidence in Correct Rejections 
Path Interval z se p   lower upper 
a 1-Month 0.96 6.30 0.879   -11.64 13.57 
b Pre-tx à Post-tx 4.14 1.85 0.028 * 0.43 7.85 
b Pre-tx à 1-Month 2.61 1.88 0.171   -1.16 6.37 
c Pre-tx à Post-tx -5.71 3.64 0.121   -12.98 1.57 
c Pre-tx à 1-Month -11.73 3.75 0.002 ** -19.22 -4.23 
c' Pre-tx à Post-tx -5.83 3.52 0.102   -12.88 1.22 
c' Pre-tx à 1-Month -11.69 3.63 0.002 ** -18.95 -4.43 
Indirect Pre-tx à Post-tx 3.99 29.59 0.444   -54.43 63.94 
Indirect Pre-tx à 1-Month 2.51 21.86 0.445   -39.38 48.05 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by incidental contextual recognition memory for the extinction context on 
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trajectories of change in peak emotional distress in the extinction context at pre-treatment, 

post-treatment, and the 1-month follow-up.  A piecewise approach was used, first estimating 

paths from tDCS to the mediator (a), followed by estimations of paths from the mediator to the 

outcome (b) for each interval of interest (i.e., pre- to post-treatment, pre-treatment to 1-

month).  Both total (c) and direct effects (c’) of tDCS on the outcome are reported, followed by 

tests of indirect paths to the outcome, which were evaluated using Monte Carlo simulations.   

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 51. tDCS Mediation by Incidental Contextual Visuospatial Memory for the 
Extinction Context (BAT-1). 
MV: Positioning Distance 
Path Interval z se p   lower upper 
a 1-Month 0.10 0.09 0.246   -0.07 0.27 
b Pre-tx à Post-tx 2.21 1.87 0.240   -1.53 5.95 
b Pre-tx à 1-Month 2.75 1.87 0.145   -0.98 6.49 
c Pre-tx à Post-tx -5.71 3.64 0.121   -12.98 1.57 
c Pre-tx à 1-Month -11.73 3.75 0.002 ** -19.22 -4.23 
c' Pre-tx à Post-tx -6.11 3.60 0.093 . -13.30 1.08 
c' Pre-tx à 1-Month -12.17 3.70 0.002 ** -19.57 -4.76 
Indirect Pre-tx à Post-tx 0.22 0.31 0.209   -0.25 0.98 
Indirect Pre-tx à 1-Month 0.28 0.34 0.172   -0.23 1.11 
MV: Positioning Confidence 
Path Interval z se p   lower upper 
a 1-Month 3.49 8.12 0.669   -12.75 19.73 
b Pre-tx à Post-tx 1.79 1.99 0.370   -2.18 5.76 
b Pre-tx à 1-Month 2.80 2.04 0.173   -1.27 6.88 
c Pre-tx à Post-tx -5.71 3.64 0.121   -12.98 1.57 
c Pre-tx à 1-Month -11.73 3.75 0.002 ** -19.22 -4.23 
c' Pre-tx à Post-tx -6.34 3.66 0.087   -13.65 0.97 
c' Pre-tx à 1-Month -13.02 3.80 0.001 **  -20.63 -5.42 
Indirect Pre-tx à Post-tx 6.25 24.39 0.396   -36.56 61.01 
Indirect Pre-tx à 1-Month 9.79 30.32 0.355   -44.90 76.39 

 
Note. The table above presents mediation path estimates from the model examining tDCS 

mediation by incidental contextual visuospatial memory for the extinction context on 

trajectories of change in peak emotional distress in the extinction context at pre-treatment, 

post-treatment, and the 1-month follow-up.  A piecewise approach was used, first estimating 

paths from tDCS to the mediator (a), followed by estimations of paths from the mediator to the 

outcome (b) for each interval of interest (i.e., pre- to post-treatment, pre-treatment to 1-

month).  Both total (c) and direct effects (c’) are reported, with indirect paths to the outcome 

evaluated using Monte Carlo simulations.  *** = p < .001, ** = p < .01, * = p < .05, . = p < .10 



  

 
 

213 

Table 52. Contextual Recognition Memory (d', b, c) for the Extinction Context for 
Contamination-Phobic Participants 
DV: Sensitivity (d') b se df t p   r 
Sham tDCS 0.44 0.19 9.00 2.30 0.047 *  0.40 
Pre-tDCS Working Memory -0.03 0.14 9.00 -0.18 0.860   0.14 
Pre-tx BAT-2 Peak Fear -0.11 0.14 9.00 -0.82 0.434   0.29 
Sham tDCS vs. Active tDCS 0.25 0.26 9.00 0.94 0.373   0.31 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 0.00 0.00 0.01 0.932     
Pre-tx BAT-2 Peak Fear 1.00 0.18 0.18 0.80 0.395     
Sham tDCS vs. Active tDCS 1.00 0.19 0.19 0.88 0.373     
Residuals 9.00 1.98 0.22         

R2: 0.16             
DV: Response Bias (b) b se df t p   r 
Sham tDCS 1.17 0.12 9.00 9.92 0.000 ***  0.30 
Pre-tDCS Working Memory 0.17 0.09 9.00 1.94 0.084 . 0.39 
Pre-tx BAT-2 Peak Fear -0.05 0.08 9.00 -0.60 0.566   0.25 
Sham tDCS vs. Active tDCS -0.32 0.16 9.00 -1.98 0.079 .  0.39 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 0.38 0.38 4.55 0.062 .   
Pre-tx BAT-2 Peak Fear 1.00 0.02 0.02 0.20 0.667     
Sham tDCS vs. Active tDCS 1.00 0.33 0.33 3.92 0.079 .   
Residuals 9.00 0.75 0.08         

R2: 0.49             
DV: Criterion (c) b se df t p   r 
Sham tDCS 0.25 0.22 9.00 1.14 0.284   0.33 
Pre-tDCS Working Memory 0.27 0.16 9.00 1.62 0.139   0.37 
Pre-tx BAT-2 Peak Fear 0.12 0.16 9.00 0.74 0.478   0.28 
Sham tDCS vs. Active tDCS -0.26 0.30 9.00 -0.86 0.410   0.30 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 0.72 0.72 2.43 0.153     
Pre-tx BAT-2 Peak Fear 1.00 0.19 0.19 0.66 0.439     
Sham tDCS vs. Active tDCS 1.00 0.22 0.22 0.75 0.410     
Residuals 9.00 2.66 0.30         

R2: 0.30             
   
Note.  The table above presents results from the recognition memory phase of the incidental 

contextual memory task that was administered at the 1-month follow-up, including outcomes 
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of sensitivity (d’), bias (b), and criteria (c) for discriminating targets from distractors.  Estimates 

presented above were derived from a subset of data from contamination phobic participants, 

excluding other phobia domains Models controlled for pre-tDCS working memory performance, 

based on % trials correct, pre-treatment peak fear expression in the generalization context 

(BAT-2), and fear domain.  Local effect sizes (r) were derived from t-statistics, using the 

following formula: r = Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by squaring the 

correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 53. Contextual Recognition Memory (Confidence) for the Extinction Context 
among Contamination-Phobic Participants 
DV: Confidence - Hits b se df t p   r 
Sham tDCS 28.54 9.82 9.00 2.91 0.017 *  0.41 
Pre-tDCS Working Memory 0.68 7.24 9.00 0.09 0.927   0.10 
Pre-tx BAT-2 Peak Fear 6.93 7.03 9.00 0.99 0.350   0.31 
Sham tDCS vs. Active tDCS 32.53 13.40 9.00 2.43 0.038  * 0.40 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 12.00 12.00 0.02 0.888     
Pre-tx BAT-2 Peak Fear 1.00 369.70 369.70 0.64 0.444     
Sham tDCS vs. Active tDCS 1.00 3393.90 3393.90 5.89 0.038 *   
Residuals 9.00 5186.30 576.30         

R2: 0.42             
DV: Confidence - Correct Rejections b se df t p   r 
Sham tDCS 33.20 10.83 9.00 3.07 0.013  * 0.41 
Pre-tDCS Working Memory 5.25 7.98 9.00 0.66 0.527   0.26 
Pre-tx BAT-2 Peak Fear 0.54 7.76 9.00 0.07 0.946   0.09 
Sham tDCS vs. Active tDCS 5.96 14.78 9.00 0.40 0.696   0.21 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 288.50 288.47 0.41 0.537     
Pre-tx BAT-2 Peak Fear 1.00 1.10 1.08 0.00 0.970     
Sham tDCS vs. Active tDCS 1.00 113.90 113.88 0.16 0.696     
Residuals 9.00 6307.20 700.80         

R2: 0.06             
 
Note.  The table above presents results from the models of self-rated confidence for hits and 

correct rejections during the recognition memory phase of the incidental contextual memory 

task that was administered at the 1-month follow-up.  Estimates presented above were derived 

from a subset of data from contamination phobic participants, excluding other phobia domains.  

Models controlled for pre-tDCS working memory performance, based on % trials correct, pre-

treatment peak fear expression in the generalization context (BAT-2), and fear domain.  Local 

effect sizes (r) were derived from t-statistics, using the following formula: r = Ö(t / (t2 + df)).  
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Global effect sizes (R2) were derived by squaring the correlation between actual and predicted 

values.  *** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 54. Incidental Contextual Recognition Memory Confidence (Hits) Moderating 
tDCS Effects on Sensitivity (d') among Contamination-Phobic Participants 
DV: Sensitivity (d') b se df t p   r 
(Intercept) 0.34 0.24 7.00 1.39 0.208   0.39 
Pre-tDCS Working Memory -0.05 0.17 7.00 -0.33 0.754   0.21 
Pre-tx BAT-2 Peak Fear -0.11 0.13 7.00 -0.85 0.424   0.33 
tDCS 0.12 0.39 7.00 0.31 0.766   0.21 
Hit Confidence | Sham tDCS -0.04 0.28 7.00 -0.16 0.877   0.15 
Hit Confidence | Active tDCS 0.13 0.24 7.00 0.53 0.616   0.27 
Hit Confidence x tDCS 0.17 0.37 7.00 0.46 0.658   0.25 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 0.00 0.00 0.01 0.939     
Pre-tx BAT-2 Peak Fear 1.00 0.18 0.18 0.65 0.447     
tDCS 1.00 0.19 0.19 0.71 0.426     
Hit Confidence 1.00 0.02 0.02 0.08 0.781     
Hit Confidence x tDCS 1.00 0.06 0.06 0.21 0.658     
Residuals 7.00 1.90 0.27         

R2: 0.19             
 
Note.  The table above presents results from the model testing whether confidence in correctly 

identifying targets moderated tDCS effects on recognition memory performance (d’), as a 

means to assess tDCS effect on metacognitive performance.  The model controlled for pre-tDCS 

working memory performance, based on % trials correct, pre-treatment peak fear expression in 

the generalization context (BAT-2), and fear domain.  Local effect sizes (r) were derived from t-

statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by 

squaring the correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 55. Incidental Contextual Recognition Memory Confidence (Correct Rejections) 
Moderating tDCS Effects on Sensitivity (d') among Contamination-Phobic Participants 
DV: Sensitivity (d') b se df t p   r 
(Intercept) 0.47 0.13 7.00 3.78 0.007 *** 0.42 
Pre-tDCS Working Memory -0.10 0.08 7.00 -1.39 0.207   0.39 
Pre-tx BAT-2 Peak Fear 0.03 0.07 7.00 0.48 0.648   0.26 
tDCS -0.01 0.15 7.00 -0.06 0.953   0.09 
CR Confidence | Sham tDCS -0.04 0.12 7.00 -0.38 0.713   0.23 
CR Confidence | Active tDCS 0.48 0.09 7.00 5.09 0.001 ** 0.39 
CR Confidence x tDCS 0.52 0.16 7.00 3.22 0.015 * 0.43 
  Df SS MS F p     
Pre-tDCS Working Memory 1.00 0.00 0.00 0.03 0.871     
Pre-tx BAT-2 Peak Fear 1.00 0.18 0.18 2.95 0.129     
tDCS 1.00 0.19 0.19 3.25 0.114     
CR Confidence 1.00 0.95 0.95 15.85 0.005 **   
CR Confidence x tDCS 1.00 0.62 0.62 10.39 0.015 *   
Residuals 7.00 0.42 0.06         

R2: 0.82             
 
Note.  The table above presents results from the model testing whether confidence in correctly 

rejecting distractors moderated tDCS effects on recognition memory performance (d’), as a 

means to assess tDCS effect on metacognitive performance.  The model controlled for pre-tDCS 

working memory performance, based on % trials correct, pre-treatment peak fear expression in 

the generalization context (BAT-2), and fear domain.  Local effect sizes (r) were derived from t-

statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by 

squaring the correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 56. Incidental Contextual Visuospatial Memory for the Extinction Context among 
Contamination-Phobic Participants 
DV: Item Position Correct Recall b se df t p   r 
Sham tDCS 2.21 0.69 9.00 3.18 0.011 * 0.41 
Pre-tDCS Working Memory 0.20 0.51 9.00 0.39 0.709   0.21 
Pre-tx BAT-2 Peak Fear -0.64 0.50 9.00 -1.28 0.234   0.35 
Sham tDCS vs. Active tDCS -0.38 0.95 9.00 -0.40 0.696   0.21 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 1.06 1.06 0.37 0.560     
Pre-tx BAT-2 Peak Fear 1.00 4.50 4.50 1.56 0.243     
Sham tDCS vs. Active tDCS 1.00 0.47 0.47 0.16 0.696     
Residuals 9.00 25.97 2.89         

R2: 0.19             
DV: Item Position Recall Distance b se df t p   r 
Sham tDCS 1.74 0.13 9.00 13.20 0.000 *** 0.27 
Pre-tDCS Working Memory -0.02 0.10 9.00 -0.16 0.879   0.13 
Pre-tx BAT-2 Peak Fear 0.21 0.09 9.00 2.19 0.056 . 0.40 
Sham tDCS vs. Active tDCS 0.01 0.18 9.00 0.05 0.960   0.08 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 0.03 0.03 0.25 0.626     
Pre-tx BAT-2 Peak Fear 1.00 0.50 0.50 4.80 0.056 .   
Sham tDCS vs. Active tDCS 1.00 0.00 0.00 0.00 0.960     
Residuals 9.00 0.93 0.10         

R2: 0.36             
DV: Item Position Recall 
Confidence b se df t p   r 
Sham tDCS 14.30 5.17 9.00 2.76 0.022 * 0.41 
Pre-tDCS Working Memory 1.47 3.81 9.00 0.38 0.709   0.21 
Pre-tx BAT-2 Peak Fear -0.01 3.71 9.00 0.00 0.998   0.02 
Sham tDCS vs. Active tDCS 7.48 7.06 9.00 1.06 0.318   0.32 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 20.00 20.00 0.12 0.732     
Pre-tx BAT-2 Peak Fear 1.00 1.14 1.14 0.01 0.935     
Sham tDCS vs. Active tDCS 1.00 179.26 179.26 1.12 0.318     
Residuals 9.00 1440.87 160.10         

R2: 0.12             
 
Note.  The table above presents results from the visuospatial memory portion of the ICM task 

that was administered at the 1-month follow-up, including the sum of correctly positioned 
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items, the average magnitude of positioning error, and overall confidence in the positioning of 

target items.  Estimates presented above were derived from a subset of data from 

contamination phobic participants, excluding other phobia domains.  Models controlled for pre-

tDCS working memory performance, based on % trials correct, pre-treatment peak fear 

expression in the generalization context (BAT-2), and fear domain.  Local effect sizes (r) were 

derived from t-statistics, using the following formula: r = Ö(t / (t2 + df)).  Global effect sizes (R2) 

were derived by squaring the correlation between actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Table 57. Incidental Contextual Visuospatial Memory Confidence Moderating tDCS 
Effects on Visuospatial Memory Performance among Contamination-Phobic 
Participants 
DV: Item Position Correct Recall b se df t p   r 
(Intercept) 1.40 0.79 7.00 1.78 0.119   0.42 
Pre-tDCS Working Memory 0.15 0.48 7.00 0.31 0.767   0.21 
Pre-tx BAT-2 Peak Fear -0.49 0.37 7.00 -1.32 0.227   0.39 
tDCS -0.25 0.97 7.00 -0.26 0.802   0.19 
VM Confidence | Sham tDCS -1.11 1.09 7.00 -1.02 0.342   0.36 
VM Confidence | Active tDCS 0.85 0.54 7.00 1.57 0.160   0.41 
VM Confidence x tDCS 1.96 1.21 7.00 1.62 0.150   0.41 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 1.06 1.06 0.43 0.534     
Pre-tx BAT-2 Peak Fear 1.00 4.50 4.50 1.82 0.219     
tDCS 1.00 0.47 0.47 0.19 0.676     
VM Confidence 1.00 2.28 2.28 0.92 0.368     
VM Confidence x tDCS 1.00 6.43 6.43 2.61 0.150     
Residuals 7.00 17.26 2.47         

R2: 0.46             
DV: Item Position Distance b se df t p   r 
(Intercept) 1.93 0.12 7.00 16.40 0.000 *** 0.24 
Pre-tDCS Working Memory 0.00 0.07 7.00 0.06 0.957   0.09 
Pre-tx BAT-2 Peak Fear 0.16 0.05 7.00 2.93 0.022 * 0.43 
tDCS 0.03 0.14 7.00 0.20 0.846   0.17 
VM Confidence | Sham tDCS 0.15 0.16 7.00 0.93 0.382   0.34 
VM Confidence | Active tDCS -0.24 0.08 7.00 -3.02 0.019 * 0.43 
VM Confidence x tDCS -0.39 0.18 7.00 -2.18 0.065 . 0.43 
  df SS MS F p     
Pre-tDCS Working Memory 1.00 0.03 0.03 0.48 0.510     
Pre-tx BAT-2 Peak Fear 1.00 0.50 0.50 9.09 0.020 *   
tDCS 1.00 0.00 0.00 0.00 0.946     
VM Confidence 1.00 0.29 0.29 5.29 0.055 .   
VM Confidence x tDCS 1.00 0.26 0.26 4.76 0.066 .   
Residuals 7.00 0.38 0.05         

R2: 0.74             
 
Note. The table above presents results from the model testing whether overall confidence in 

target item positioning moderated tDCS effects on correct recall of item positions, and item 
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positioning distance (i.e., error), as a means to assess tDCS effect on metacognitive 

performance.  The model controlled for pre-tDCS working memory performance, based on % 

trials correct, pre-treatment peak fear expression in the generalization context (BAT-2), and 

fear domain.  Local effect sizes (r) were derived from t-statistics, using the following formula: r 

= Ö(t / (t2 + df)).  Global effect sizes (R2) were derived by squaring the correlation between 

actual and predicted values. 

*** = p < .001, ** = p < .01, * = p < .05, . = p < .10 
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Note. The above table presents frequency distributions of approach steps for the different fear 

domains, and the extinction (BAT-1) and generalization (BAT-2) contexts collapsing across 

outcome assessments at pre-treatment, post-treatment, and the 1-month follow-up. 

Table 58.  Approach Step Distributions by Phobia Domain 
 BAT-1 BAT-2 

 Animal Contamination Animal Contamination 
Step n % n % n % n % 
0 0 0.00 0 0.00 1 0.97 0 0.00 
1 6 5.83 1 2.56 4 3.88 2 5.13 
2 5 4.85 0 0.00 2 1.94 2 5.13 
3 7 6.80 1 2.56 7 6.80 0 0.00 
4 11 10.68 1 2.56 13 12.62 3 7.69 
5 7 6.80 7 17.95 6 5.83 6 15.38 
6 2 1.94 1 2.56 6 5.83 12 30.77 
7 2 1.94 7 17.95 3 2.91 5 12.82 
8 0 0.00 5 12.82 2 1.94 3 7.69 
9 5 4.85 11 28.21 10 9.71 3 7.69 
10 58 56.31 5 12.82 49 47.57 3 7.69 
Totals: 103 100.00 39 100.00 103 100.00 39 100.00 
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Figure 24. Visuospatial Working Memory Performance (% Correct) Across Time-points by tDCS 

Group.  The figure above depicts changes in working memory performance based on the 

percentage of correct trials on a standard delayed-match-to-sample task, including before and 

after receiving 20 min. of either sham tDCS (red line) or active tDCS (blue line).  Error bars 

reflect 95% confidence intervals. 
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Figure 25. Visuospatial Working Memory Performance (Encoding Time) Across Time-points by 

Treatment Group.  The figure above depicts changes in working memory performance based 

on the encoding time on a standard delayed-match-to-sample task, including before and after 

receiving 20 min. of either sham tDCS (red line) or active tDCS (blue line).  Error bars reflect 95% 

confidence intervals. 
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Figure 26. Visuospatial Working Memory Performance (Response Time) Across Time-points by 

Treatment Group.  The figure above depicts changes in working memory performance based 

on the response latency on a standard delayed-match-to-sample task, administered before and 

after receiving 20 min. of either sham tDCS (red line) or active tDCS (blue line).  Error bars 

reflect 95% confidence intervals. 
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Figure 27. Visuospatial Working Memory Performance (% Correct) by tDCS Group Across 

Levels of Encoding Time at the Post-tDCS Time-Point.  The figure above depicts the 

relationships between encoding time and the percentage of correct trials at the post-tDCS time-

point for those administered either 20 min. of sham tDCS (red line) or active tDCS (blue line).  

Error bars reflect 95% confidence intervals. 
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Figure 28. Moderation of tDCS Effects by pre-tDCS Working Memory Performance (% Correct) 

on Changes in Working Memory Performance.  The figure above depicts patterns of change in 

working memory performance based on the percentage of correct trials for those administered 

either 20 min. of sham tDCS (red lines) or active tDCS (blue lines), with either a low (solid lines) 

or high (dotted lines) percentage of correct trials at the pre-tDCS time-point.  Error bars reflect 

95% confidence intervals. 
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Figure 29. Moderation of tDCS Effects by pre-tDCS Working Memory Performance (Encoding 

Time) on Changes in Working Memory Performance.  The figure above depicts patterns of 

change in working memory performance based on encoding time for those administered either 

20 min. of sham tDCS (red lines) or active tDCS (blue lines), with either a short (solid lines) or 

long (dotted lines) encoding times at the pre-tDCS time-point (i.e., -1 SD vs. +1 SD relative to 

sample mean encoding time).  Error bars reflect 95% confidence intervals. 
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Figure 30. Moderation of tDCS Effects by pre-tDCS Working Memory Performance (Response 

Time) on Changes in Working Memory Performance.  The figure above depicts patterns of 

change in working memory performance based on response latency for those administered 

either 20 min. of sham tDCS (red lines) or active tDCS (blue lines), with either a short (solid 

lines) or long (dotted lines) response times at the pre-tDCS time-point (i.e., -1 SD vs. +1 SD 

relative to sample mean response time).  Error bars reflect 95% confidence intervals. 
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Figure 31. Incidental Contextual Recognition Memory Sensitivity (d’) for the Extinction 

Context at the 1-Month Follow-up by tDCS Group.  The figure above depicts recognition 

memory performance, based on sensitivity for discriminating targets from distractors (d’) 

during the recognition phase of the ICM task that was administered 1 month after participants 

received either 20 min. of sham tDCS (red circle) or active tDCS (blue triangle) prior to in vivo 

exposure trials.  Encoding took place only during exposure trials, and was incidental, with no 

instructions to attend to or remember items.  Estimates are adjusted for pre-tDCS working 

memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 32. Incidental Contextual Recognition Memory Response Bias (b) for the Extinction 

Context at the 1-Month Follow-up by tDCS Group.  The figure above depicts response bias (b) 

during the recognition phase of the ICM task that was administered 1 month after participants 

received either 20 min. of sham tDCS (red circle) or active tDCS (blue triangle) prior to in vivo 

exposure trials.  Encoding took place only during exposure trials, and was incidental, with no 

instructions to attend to or remember items.  A value of 1 can be interpreted as unbiased 

responding, whereas values below and above 1, respectively, reflect tendencies to indicate 

familiarity and unfamiliarity with stimuli.  Estimates are adjusted for pre-tDCS working memory 

performance, based on % trials correct, peak fear expression in the generalization context (BAT-

2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 33. Incidental Contextual Recognition Memory Response Criterion (c) for the Extinction 

Context at the 1-Month Follow-up by tDCS Group.  The figure above depicts response criterion 

(c) during the recognition phase of the ICM task that was administered 1 month after 

participants received either 20 min. of sham tDCS (red circle) or active tDCS (blue triangle) prior 

to in vivo exposure trials.  Encoding took place only during exposure trials, and was incidental, 

with no instructions to attend to or remember items.  Criterion scores reflect the distance in 

standard deviation units between signal and noise distributions, and thus, can be interpreted as 

a continuum from conservative to liberal responding, reflecting tendencies to indicate 

unfamiliarity and familiarity with stimuli.  Estimates are adjusted for pre-tDCS working memory 

performance, based on % trials correct, peak fear expression in the generalization context (BAT-

2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 34. Incidental Contextual Recognition Memory for the Extinction Context: Confidence 

in Correctly Identifying Targets.  The figure above depicts average confidence ratings (0 to 100, 

where 0 = “not confident at all”, and 100 = “extremely confident”) for hits during the 

recognition phase of the ICM task that was administered 1 month after participants received 

either 20 min. of sham tDCS (red circle) or active tDCS (blue triangle) prior to in vivo exposure 

trials.  Encoding took place only in the extinction context, and was incidental, with no 

instructions to attend to or remember items.  Estimates are adjusted for pre-tDCS working 

memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 

0

10

20

30

40

50

Sham tDCS tDCS (mPFC+)

C
on

fid
en

ce
 in

 H
its

Sham tDCS

tDCS (mPFC+)



  

 
 

235 

 

Figure 35. Incidental Contextual Recognition Memory for the Extinction Context: Confidence 

in Correctly Rejecting Distractors.  The figure above depicts average confidence ratings (0 to 

100, where 0 = “not confident at all”, and 100 = “extremely confident”) for correct rejections 

during the recognition phase of the ICM task that was administered 1 month after participants 

received either 20 min. of sham tDCS (red circle) or active tDCS (blue triangle) prior to in vivo 

exposure trials.  Encoding took place only in the extinction context, and was incidental, with no 

instructions to attend to or remember items.  Estimates are adjusted for pre-tDCS working 

memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 36. tDCS Moderation by Confidence in Correctly Identifying Targets on Incidental 

Contextual Recognition Memory Sensitivity (d’) for the Extinction Context at the 1-Month 

Follow-up.  The figure above depicts recognition memory performance, based on sensitivity for 

discriminating targets from distractors (d’) during the recognition phase of the ICM task as a 

function of confidence in hits (correctly identifying targets) for those who received either 20 

min. of sham tDCS (red) or active tDCS (blue) prior to in vivo exposure trials.  Conditional effects 

of tDCS were estimated at 1 SD above and below the sample mean level of confidence, 

representing individuals with low (triangles) and high (circles) hit confidence.  Estimates were 

adjusted for pre-tDCS working memory performance, based on % trials correct, peak fear 

expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 95% 

confidence intervals. 
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Figure 37. Incidental Contextual Memory for the Extinction Context (Item Position Correct 

Recall) at 1-month following tDCS-augmented In Vivo Exposure.  The figure above depicts the 

number of item positions of target items that were correctly recalled for those who received 20 

min. of either sham tDCS (red, left) or active tDCS (blue, right) prior to 30 min. of in vivo 

exposure to target fear domains.  Estimates are adjusted for pre-tDCS working memory 

performance, based on % trials correct, peak fear expression in the generalization context (BAT-

2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 38. Incidental Contextual Memory for the Extinction Context (Item Position Distance) 

at 1-month following tDCS-augmented In Vivo Exposure.  The figure above depicts the average 

of absolute spatial differences between recalled and correct positions of target items for those 

who received 20 min. of either sham tDCS (red, left) or active tDCS (blue, right) prior to 30 min. 

of in vivo exposure to target fear domains.  Estimates are adjusted for pre-tDCS working 

memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 39. Incidental Contextual Memory for the Extinction Context (Item Position 

Confidence) at 1-month following tDCS-augmented In Vivo Exposure.  The figure above 

depicts self-rated overall confidence for recalled positions of target items for those who 

received 20 min. of either sham tDCS (red, left) or active tDCS (blue, right) prior to 30 min. of in 

vivo exposure to target fear domains.  Estimates are adjusted for pre-tDCS working memory 

performance, based on % trials correct, peak fear expression in the generalization context (BAT-

2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 40. tDCS Moderation by Confidence in Item Positioning on Incidental Visuospatial 

Memory (Correct Recall) for the Extinction Context at the 1-Month Follow-up.  The figure 

above depicts visuospatial memory performance, based on the number of correctly positioned 

target items during the visuospatial recall phase of the ICM task as a function of overall 

confidence in item positioning for those who received either 20 min. of sham tDCS (red) or 

active tDCS (blue) prior to in vivo exposure trials.  Conditional effects of tDCS were estimated at 

1 SD above and below the sample mean level of confidence, representing individuals with low 

(triangles) and high (circles) confidence.  Estimates were adjusted for pre-tDCS working 

memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 41. tDCS Moderation of Peak Emotional Distress during Exposure.  The figure above 

depicts moderation of peak emotional activation during exposure by tDCS group assignment on 

trajectories of change in emotional distress at pre-treatment, post-treatment, and the 1-month 

follow-up for individuals who received sham tDCS (red circles) or active tDCS (blue triangles) 

with low peak distress (dotted lines) or high peak distress (solid lines) during exposure.    
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Figure 42. tDCS Moderation by Phobia Type.  The figure above depicts tDCS moderation by 

phobia domain on emotional distress in the extinction context (BAT-1) at pre-treatment, post-

treatment, and the 1-month follow-up for individuals who received sham tDCS (red circles) or 

active tDCS (blue triangles) in the animal (solid lines) or contamination domain (dotted lines).    

 

 

  

20

40

60

80

Pre-tx Post-tx 1-Month

E
m

ot
io

na
l D

is
tre

ss
 (B

A
T-

1)

Sham tDCS

tDCS (mPFC+)

Animal

Contamination



  

 
 

243 

 

Figure 43. tDCS Moderation by Pre-treatment Anxiety Symptoms. The figure above depicts 

tDCS moderation by pre-treatment anxiety symptom severity on emotional distress in the 

extinction context (BAT-1) at pre-treatment, post-treatment, and the 1-month follow-up for 

individuals who received sham tDCS (red circles) or active tDCS (blue triangles) with low (dotted 

lines) or high (solid lines) baseline anxiety symptom severity.   
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Figure 44. tDCS Moderation by Pre-treatment Depression Symptoms. The figure above depicts 

tDCS moderation by pre-treatment depression symptom severity on emotional distress in the 

extinction context (BAT-1) at pre-treatment, post-treatment, and the 1-month follow-up for 

individuals who received sham tDCS (red circles) or active tDCS (blue triangles) with low (dotted 

lines) or high (solid lines) baseline depression symptom severity.   
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Figure 45. Incidental Contextual Recognition Memory Sensitivity (d’) for the Extinction 

Context at the 1-Month Follow-up by tDCS Group for the Contamination Fear Domain. The 

figure above depicts recognition memory performance, based on sensitivity for discriminating 

targets from distractors (d’) during the recognition phase of the ICM task that was administered 

1 month after participants received either 20 min. of sham tDCS (red circle) or active tDCS (blue 

triangle) prior to in vivo exposure trials.  Encoding took place only during exposure trials, and 

was incidental, with no instructions to attend to or remember items.  Estimates are adjusted for 

pre-tDCS working memory performance, based on % trials correct, peak fear expression in the 

generalization context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 46. Incidental Contextual Recognition Memory Response Bias (b) for the Extinction 

Context at the 1-Month Follow-up by tDCS Group for the Contamination Fear Domain.  The 

figure above depicts response bias (b) during the recognition phase of the ICM task that was 

administered 1 month after participants received either 20 min. of sham tDCS (red circle) or 

active tDCS (blue triangle) prior to in vivo exposure trials.  Encoding took place only during 

exposure trials, and was incidental, with no instructions to attend to or remember items.  A 

value of 1 can be interpreted as unbiased responding, whereas values below and above 1, 

respectively, reflect tendencies to indicate familiarity and unfamiliarity with stimuli.  Estimates 

are adjusted for pre-tDCS working memory performance, based on % trials correct, peak fear 

expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 95% 

confidence intervals. 
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Figure 47. Incidental Contextual Recognition Memory Response Criterion (c) for the Extinction 

Context at the 1-Month Follow-up by tDCS Group for the Contamination Fear Domain.  The 

figure above depicts response criterion (c) during the recognition phase of the ICM task that 

was administered 1 month after participants received either 20 min. of sham tDCS (red circle) 

or active tDCS (blue triangle) prior to in vivo exposure trials.  Encoding took place only during 

exposure trials, and was incidental, with no instructions to attend to or remember items.  

Criterion scores reflect the distance in standard deviation units between signal and noise 

distributions, and thus, can be interpreted as a continuum from conservative to liberal 

responding, reflecting tendencies to indicate unfamiliarity and familiarity with stimuli.  

Estimates are adjusted for pre-tDCS working memory performance, based on % trials correct, 

peak fear expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 

95% confidence intervals. 
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Figure 48. Incidental Contextual Recognition Memory for the Extinction Context: Confidence 

in Correctly Identifying Targets for the Contamination Fear Domain.  The figure above depicts 

average confidence ratings (0 to 100, where 0 = “not confident at all”, and 100 = “extremely 

confident”) for hits during the recognition phase of the ICM task that was administered 1 

month after participants received either 20 min. of sham tDCS (red circle) or active tDCS (blue 

triangle) prior to in vivo exposure trials.  Encoding took place only in the extinction context, and 

was incidental, with no instructions to attend to or remember items.  Estimates are adjusted for 

pre-tDCS working memory performance, based on % trials correct, peak fear expression in the 

generalization context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 

0

20

40

60

80

Sham tDCS tDCS (mPFC+)

C
on

fid
en

ce
 in

 H
its

Sham tDCS

tDCS (mPFC+)



  

 
 

249 

 

Figure 49. Incidental Contextual Recognition Memory for the Extinction Context: Confidence 

in Correctly Rejecting Distractors for the Contamination Fear Domain.  The figure above 

depicts average confidence ratings (0 to 100, where 0 = “not confident at all”, and 100 = 

“extremely confident”) for correct rejections during the recognition phase of the ICM task that 

was administered 1 month after participants received either 20 min. of sham tDCS (red circle) 

or active tDCS (blue triangle) prior to in vivo exposure trials.  Encoding took place only in the 

extinction context, and was incidental, with no instructions to attend to or remember items.  

Estimates are adjusted for pre-tDCS working memory performance, based on % trials correct, 

peak fear expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 

95% confidence intervals. 
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Figure 50. tDCS Moderation by Confidence in Correctly Identifying Targets on Incidental 

Contextual Recognition Memory Sensitivity (d’) for the Extinction Context at the 1-Month 

Follow-up for the Contamination Fear Domain.  The figure above depicts recognition memory 

performance, based on sensitivity for discriminating targets from distractors (d’) during the 

recognition phase of the ICM task as a function of confidence in hits (correctly identifying 

targets) for those who received either 20 min. of sham tDCS (red) or active tDCS (blue) prior to 

in vivo exposure trials.  Conditional effects of tDCS were estimated at 1 SD above and below the 

sample mean level of confidence, representing individuals with low (triangles) and high (circles) 

hit confidence.  Estimates were adjusted for pre-tDCS working memory performance, based on 

% trials correct, peak fear expression in the generalization context (BAT-2), and fear domain.  

Error bars reflect 95% confidence intervals. 
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Figure 51. tDCS Moderation by Confidence in Correctly Rejecting Distractors on Incidental 

Contextual Recognition Memory Sensitivity (d’) for the Extinction Context at the 1-Month 

Follow-up for the Contamination Fear Domain.  The figure above depicts recognition memory 

performance, based on sensitivity for discriminating targets from distractors (d’) during the 

recognition phase of the ICM task as a function of confidence in correct rejections (correctly 

rejecting distractors) for those who received either 20 min. of sham tDCS (red) or active tDCS 

(blue) prior to in vivo exposure trials.  Conditional effects of tDCS were estimated at 1 SD above 

and below the sample mean level of confidence, representing individuals with low (triangles) 

and high (circles) correct rejection confidence.  Estimates were adjusted for pre-tDCS working 

memory performance, based on % trials correct, peak fear expression in the generalization 

context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 52. Incidental Contextual Memory for the Extinction Context (Item Position Correct 

Recall) at 1-month following tDCS-augmented In Vivo Exposure for the Contamination Fear 

Domain.  The figure above depicts the number of item positions of target items that were 

correctly recalled for those who received 20 min. of either sham tDCS (red, left) or active tDCS 

(blue, right) prior to 30 min. of in vivo exposure to target fear domains.  Estimates are adjusted 

for pre-tDCS working memory performance, based on % trials correct, peak fear expression in 

the generalization context (BAT-2), and fear domain.  Error bars reflect 95% confidence 

intervals. 
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Figure 53. Incidental Contextual Memory for the Extinction Context (Item Position 

Confidence) at 1-month following tDCS-augmented In Vivo Exposure for the Contamination 

Fear Domain.  The figure above depicts self-rated overall confidence for recalled positions of 

target items for those who received 20 min. of either sham tDCS (red, left) or active tDCS (blue, 

right) prior to 30 min. of in vivo exposure to target fear domains.  Estimates are adjusted for 

pre-tDCS working memory performance, based on % trials correct, peak fear expression in the 

generalization context (BAT-2), and fear domain.  Error bars reflect 95% confidence intervals. 
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Figure 54. Incidental Contextual Memory for the Extinction Context (Item Position Distance) 

at 1-month following tDCS-augmented In Vivo Exposure for the Contamination Fear Domain.  

The figure above depicts the average of absolute spatial differences between recalled and 

correct positions of target items for those who received 20 min. of either sham tDCS (red, left) 

or active tDCS (blue, right) prior to 30 min. of in vivo exposure to target fear domains.  

Estimates are adjusted for pre-tDCS working memory performance, based on % trials correct, 

peak fear expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 

95% confidence intervals. 
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Figure 55. tDCS Moderation by Confidence in Item Positioning on Incidental Visuospatial 

Memory (Correct Recall) for the Extinction Context at the 1-Month Follow-up for the 

Contamination Fear Domain.  The figure above depicts visuospatial memory performance, 

based on the number of correctly positioned target items during the visuospatial recall phase of 

the ICM task as a function of overall confidence in item positioning for those who received 

either 20 min. of sham tDCS (red) or active tDCS (blue) prior to in vivo exposure trials.  

Conditional effects of tDCS were estimated at 1 SD above and below the sample mean level of 

confidence, representing individuals with low (triangles) and high (circles) confidence.  

Estimates were adjusted for pre-tDCS working memory performance, based on % trials correct, 

peak fear expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 

95% confidence intervals. 
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Figure 56. tDCS Moderation by Confidence in Item Positioning on Incidental Visuospatial 

Memory (Item Position Distance) for the Extinction Context at the 1-Month Follow-up for the 

Contamination Fear Domain.  The figure above depicts visuospatial memory performance, 

based on the average degree of error in target item positioning during the visuospatial recall 

phase of the ICM task as a function of overall confidence in item positioning for those who 

received either 20 min. of sham tDCS (red) or active tDCS (blue) prior to in vivo exposure trials.  

Conditional effects of tDCS were estimated at 1 SD above and below the sample mean level of 

confidence, representing individuals with low (triangles) and high (circles) confidence.  

Estimates were adjusted for pre-tDCS working memory performance, based on % trials correct, 

peak fear expression in the generalization context (BAT-2), and fear domain.  Error bars reflect 

95% confidence intervals. 
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Appendix: Measures

Study Introduction and Video

tDCS-Augmented Exposure Therapy - Study Introduction
I’m Dr. Michael Telch, director of the Laboratory for the Study of Anxiety Disorders.  Over
the last few decades, my laboratory has been devoted to understanding and enhancing
treatments for fear, anxiety and stress-related disorders. 
The focus of the study you are participating in is a treatment called in vivo exposure,
which is the most effective treatment for specific fears, as well as other forms of anxiety,
fear and stress-related disorders.  Our goal is to test whether in vivo exposure can be
enhanced by using a brain stimulation technique, called transcranial direct current
stimulation, or tDCS. 
During today’s visit, you will be asked to complete self-report and interview measures, as
well as two behavioral tasks that involve confronting and maintaining contact with a
feared situation.  You will also be asked to wear a physiological monitor during some of
these tasks.  

During the two behavioral tasks, we ask that you be courageous in approaching your
feared situation at the highest difficulty level you feel you can do, for as long as you feel
you are able. However, it is important to remember that the difficulty and length of time is
up to you.  You will select the difficulty level beforehand.  You can also stop the task at
any time.
Please ask the research member any questions you may have before you begin.  Thanks
very much for contributing to our research! 
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Informed Consent
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Informed Consent for Participation in Research
Title of Research Study
tDCS-Augmented Exposure Therapy for Pathological Fear

Introduction
The purpose of this form is to provide you information that may affect your decision as to
whether or not to participate in this research study. The person performing the research
will answer any of your questions. Read the information below and ask any questions
you might have before deciding whether or not to take part. If you decide to be involved
in this study, this form will be used to record your consent.

Principal Investigators:
Adam R. Cobb, MA, LPC, Doctoral Candidate, (325) 201-4228.
Michael J. Telch, Ph.D., Professor of Psychology, (512) 475-8488 or (512) 560-4100.

Funding Source:
Not applicable.

What is the purpose of this study?
You have been asked to participate in a research study investigating several types of
phobias, including fear of snakes, spiders, tightly enclosed spaces, and germs or
contamination. The purpose of this study is to determine the effects of a neurostimulation
technique known as transcranial direct current stimulation, or tDCS, on the benefits
of exposure-based therapy, which is the most effective existing treatment for helping
people overcome their fears.

This study is not intended to provide a medical or therapeutic diagnosis or treatment. The
assessment procedures provided in the course of this study are not necessarily
equivalent to the standard method of diagnosis of a health condition.

A description of this study will be available on http://www.ClinicalTrials.gov as required by
U.S. Law.  This web site will not include information that can identify you.  At most, the
web site will include a summary of the results.  You can search this web site at any time.

What will you to be asked to do?
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Participation in this study occurs in two parts. Today’s visit is the first part and will take
about 1 hour to complete. You will be asked to (a) answer questions about your personal
and medical information, and your fear and avoidance-tendencies associated with your
fear; (b) complete brief tasks that measure memory and attention performance; (c)
participate in a brief interview to assess your fear and avoidance, and (d) complete two
behavioral tests that assess your actual fear reactions while confronting feared
situations.  During these behavioral tests, you be asked to confront and approach your
feared target, and your physical (e.g., heart rate) and emotional reactions (e.g., fear) will
be continuously measured.

If you qualify, you may be asked to participate in the second part of this study. Your
participation in this second part will occur in two additional visits and last a total of 3
hours. The first visit will consist of a treatment session and assessment, and will take
approximately 2 hours. You will then be asked to return in 4 weeks for a follow-up visit
that will take approximately 1 hour.

If you qualify and agree to participate in the second part, you will be randomly assigned
to one of three experimental treatment groups.  During the second laboratory visit, all
three groups will receive 20 minutes of tDCS followed by 30 minutes of standard
exposure therapy.  Two of the groups will receive active brain stimulation using tDCS just
before exposure therapy, whereas the other group will receive sham or placebo tDCS
just before exposure therapy.  The two groups with active tDCS stimulation will receive
different patterns of tDCS.  This will allow us to test the effects of the pattern of tDCS on
your response to exposure therapy.  Following tDCS, the exposure part of the session
will involve confronting your feared situation to produce a gradual decline in your fear
through a process known as fear extinction learning. 

tDCS is a brain stimulation technique that uses a weak electrical current that passes
through the scalp and skull to affect the activity of brain regions – that is, making them
more or less active.  In terms of what to expect, the most common sensations associated
with tDCS include itching or tingling sensations.  tDCS will only be administered by
research staff trained in the safe and effective use of tDCS. 
Participants in all three groups will be asked to participate in a total of 3 assessments
occurring before treatment, at the end of treatment, and at a one-month follow-up visit. If
you do not respond to the treatment you will be offered contact information for local
providers that can provide additional treatment, which may cost money.
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How many participants will take part in this study?
There will be approximately 60 participants in this study.

What are the risks involved in this study? 
There are no foreseeable risks associated with filling out questionnaires, or completing
computerized tasks.  However, confronting and answering questions about feared
situations might cause temporary mild to moderate discomfort.

There are also risks associated with tDCS, although with proper use, the likelihood of
injury or harm is very low.  Among many published tDCS studies, there are very few
reports of injury, limited to temporary skin irritation where tDCS is applied.  Non-injurious
adverse effects are more common and include itching, tingling, or burning sensations,
headache, and discomfort.  Adverse effects will be monitored using a standard
questionnaire that assesses the presence and severity of common adverse effects, and
allows reporting of additional adverse effects not on the questionnaire.

What are the possible benefits of this study? 
The possible benefits of participation include learning more about phobias, and how they
are effectively treated.  You may also learn more about tDCS brain stimulation and how it
can be used to facilitate learning by enhancing the local excitability of particular brain
regions.  

If you qualify for the second phase of this study, you will receive treatment at no cost. You
may benefit from treatment, but this cannot be guaranteed. Regardless of whether you
qualify for the second phase of this study, your participation may benefit society by
enhancing the scientific understanding and improving treatments for fear, anxiety and
stress-related conditions. 

Do you have to participate? 
No, your participation is voluntary. You may decide not to participate at all or, if you start
the study, you are free to withdraw at any time. Withdrawal or refusing to participate will
not affect your relationship with The University of Texas at Austin in any way. 
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Will there be any compensation? 
You will not receive any type of monetary payment for participating in this study. If you
are a community volunteer, you will receive no form of compensation for participating in
this study. If you are a University of Texas student enrolled in PSY 301, your participation
in the first phase of this study will be worth one hour of experimental credit and your
participation in the second phase of this study will be worth four hours of experimental
credit. If you choose not to participate in this study, you have the option of participating in
other experiments for experimental credit. You will not receive any type of monetary
payment for participating in this study. 

What if you are injured because of the study? 
The University has no program or plan to provide treatment for research related injury or
payment in the event of a medical problem. If you are an eligible University student and
incur injuries as a result of study activity, you may be treated at the usual level of care
with the usual cost for services at the Student Health Center.  In the event of a research
related injury, please contact the principal investigators - Dr. Michael Telch at (512)
560-4100, and Adam R. Cobb at (325) 201-4228.

What are my confidentiality or privacy protections when participating in this
research study? 
Your privacy and the confidentiality of the data obtained during your participation in the
study will be protected. Steps for protecting your privacy and the confidentiality of your
research records include: (a) information that could identify you, such as your name,
SS#, phone number, and drivers license number, will NOT appear on any study
questionnaires or study materials; (b) research data files will be encrypted and stored on
a secure server at UT's Information Technology Services; (c) a master Study ID file
containing participants' names, phone numbers, and their anonymous study IDs will be
stored in a locked file cabinet in the PI's office (Seay 3.102); and (d) data kept in
identifiable form (recordings) will be destroyed by January 1, 2023; unless, under a
separate consent form, you give permission for us to retain this data indefinitely. Once all
data are collected, the link between identifying information and the data will be destroyed
by January 1, 2019. 

If in the unlikely event it becomes necessary for the Institutional Review Board to review
your research records, then The University of Texas at Austin will protect the
confidentiality of those records to the extent permitted by law. Your research records will
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not be released without your consent unless required by law or a court order. The data
resulting from your participation may be made available to other researchers in the future
for research purposes not detailed within this consent form. In these cases, the data will
contain no identifying information that could associate you with it, or with your
participation in any study. If the results of this research are published or presented at
scientific meetings, your identity will not be disclosed. 

Access to the data for this study will include: 
Michael Telch, Ph.D., University of Texas at Austin (UT), and members of his laboratory
staff in the Department of Psychology. The National Committee for Quality Assurance
and the Joint Commission for Accreditation of Healthcare Organizations. Other
researchers when a review board approves the sharing of the health information. Others,
if the law requires. 

Are there any exceptions to my information remaining confidential and private?
Yes.  During the course of your participation, if you express to research staff that you
have been having thoughts of wanting to harm yourself or others, or if you inform the
research staff about possible abuse or neglect of a child, elderly, or disabled person, your
information may be disclosed to appropriate authorities for the purpose of keeping you
and others safe, or to stop ongoing abuse or neglect.  Otherwise, your information will
remain confidential.  

Whom to contact for questions about the study?
Prior, during, or after your participation you can contact the Principal Investigators,
Michael Telch, PhD. by phone at (512) 475-8488 or (512) 560-4100 or by email
at telch@austin.utexas.edu; and Adam R. Cobb, MA, LPC by phone at (325) 201-4228 or
by email at adamrcobb@utexas.edu. 

Whom to contact for questions concerning your rights as a research participant?
For questions about your rights or any dissatisfaction with any part of this study, you can
contact, anonymously if you wish, the Institutional Review Board by phone at (512)
471-8871 or email at orsc@uts.cc.utexas.edu
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Participation 
If you would like to participate in this study, simply type your name and date in the
spaces provided below.   

Signature - Participant
You have been informed about this study's purpose, procedures, possible benefits and
risks, and you have received a copy of this form.  You have been given the opportunity to
ask questions before you sign, and you have been told that you can ask other questions
at any time.  You voluntarily agree to participate in this study.  By electronically signing
this form, you are not waiving any of your legal rights.

Signature - Researcher
As a representative of this study, I have explained the purpose, procedures, benefits, and
the risks involved in this research study.

DMQ

Demographic and Medical Questionnaire

Sex

Name of Participant

Date (mm/dd/yyyy)

Name of Person
Obtaining Consent
Date (mm/dd/yyyy)

Male

Female
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Age

Handedness

Relationship Status

Marital Status

Ethnicity

Right handed

Left handed

In a relationship

Not in a relationship

Never married

Married

Separated or divorced

Widowed

Not Hispanic or Latino

Hispanic or Latino
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Race

Are you currently pregnant, or do you expect to become pregnant?

Have you started a new medication, or have you changed your dose, or the way you take
any medications in the past 6 weeks?

Please list and describe below any new medications or changes to your current
medications.

White

Asian

Black or African American

American Indian or Alaska Native

Native Hawaiian or Pacific Islander

Other

No / not applicable

Yes

No

Yes
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Are you currently receiving treatment to overcome a specific fear?

Do you have any current serious medical conditions or illnesses? 

Please list below your current medical conditions or illnesses.

Do you have any visual impairments?

tDCS Safety Assessment

tDCS Safety Assessment

No

Yes

No

Yes

No

Yes, but it's corrected with contacts or glasses.

Yes, and it's not corrected with contacts or glasses.
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Have you ever had an adverse reaction to tDCS?

Have you ever had a seizure?

Have you ever had a head injury or neurosurgery?

Have you ever had any illness that caused brain injury?

Have you ever had any other brain-related medical condition?

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No
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Have you ever been diagnosed with a neurological or psychiatric disorder?

Do you have any metal in your head (outside the mouth) such as shrapnel, surgical clips,
or fragments from welding or metalwork?

Do you have a sensitive scalp (is your skin very dry, or do you use products designed for
people with a sensitive scalp)?

If any item above was marked yes, please explain by providing a brief comment below:

Please list all medications you are currently taking:

Yes

No

Yes

No

Yes

No
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Consent for tDCS Administration and Acknowledgment of Potential tDCS-
Associated Risks

By electronically signing and dating below, you are acknowledging that the possible
hazards of tDCS have been explained to you, and that you understand you can withdraw
at this point for any reason, and that you do not have to disclose the reason to the
experimenter.  

MINI Diagnostic Interview Summary

Participant's
Signature
Date (mm/dd/yyyy)
Researcher's
Signature
Date (mm/dd/yyyy)
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MINI Diagnostic Interview Summary Form

Does
Not

Meet
Criteria

Meets
Criteria

Primary
Diagnosis

Major Depressive Episode - Current (2 weeks)

Major Depressive Episode - Past

Major Depressive Episode - Recurrent

Major Depressive Disorder - Current (2 weeks)

Major Depressive Disorder - Past

Major Depressive Disorder - Recurrent

Suicidality - Current (Past Month) - Low

Suicidality - Current (Past Month) - Moderate

Suicidality - Current (Past Month) - High

Manic Episode - Current

Manic Episode - Past

Hypomanic Episode - Current

Hypomanic Episode - Past

Bipolar I Disorder - Current

Bipolar I Disorder - Past

Bipolar II Disorder - Current

Bipolar II Disorder - Past

Bipolar Disorder NOS - Current

Generalized Anxiety Disorder - Current (Past 6
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For all diagnoses, have medical, organic, or drug causes been ruled out?

Provide any necessary explanations or notes pertaining to diagnoses in the space below.

ADIS-5 Diagnostic Interview

ADIS-5 Diagnostic Interview

Currently, do you fear or avoid situations in which you are or may be exposed to small enclosed

spaces?

Yes

No

Uncertain

No

Yes
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On a scale from 0 to 8, where 0 equals no fear, 4 equals a moderate fear, and 8 equals a very severe

fear, how would you rate your current fear?

On a scale from 0 to 8, where 0 indicates you never avoid, 4 indicates you sometimes avoid, and 8

indicates you always avoid, how would you rate your current avoidance of small enclosed spaces?

What are you concerned will happen when you are exposed to small enclosed spaces?

Do you feel anxious nearly every time you're exposed to [Feared Target], or when you are faced with

the possibility of having to be exposed to small enclosed spaces?

Rate Fear

No Fear Moderate Fear Very Severe Fear

0 1 2 3 5 6 7 8

Rate Avoidance

Never Avoid Sometimes Avoid Always Avoid

0 1 2 3 5 6 7 8

No

Yes
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Does the anxiety occur as soon as you enter the situation or are about to enter the situation, or is the

anxiety sometimes delayed or unexpected?

Are you anxious about these situations because you are afraid you will have a
panic attack?

Other than times when you are exposed to [Feared Target], have you experienced an unexpected

rush of fear/anxiety

If YES, describe the situations when this has occurred

In what ways has this fear interfered with your life (e.g., daily routine, job, social
activities)?

Immediate

Delayed

No

Yes

No

Yes
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On a scale from 0 to 8, where 0 indicates no interference, 4 indicates moderate interference, and 8
indicates severe interference, how would you rate how much your fear has interfered with your life.

How much are you bothered by this fear?  

When did your fear and avoidance of small enclosed spaces become a problem? (Determine when the
Specific Phobia met DSM-5 threshold; i.e., when the fear/avoidance of the object/situation became
sufficient prominent to cause clinically significant interference and distress.)

Can you recall anything that might have led to this fear?  Please explain in the space provided.

Rate Interference

No Interference Moderate
Interference

Severe
Interference

0 1 2 3 5 6 7 8

Rate Distress

No Distress Moderate Distress Severe distress

0 1 2 3 5 6 7 8

Month

Year
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Besides this current period, have there been other, separate periods of time before this when you
were bothered by this same fear (inquire about discrete, previous episodes of Specific Phobia for this

object/situation that were followed by periods of remission)?

If YES, When did this/these past period(s) of fears and avoidance occur?

TP1 CLQ

No

Yes

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

20 of 62 9/29/17, 10:23 AM



  

 
 

277 

Please rate how anxious or fearful you would feel in the following places or situations.
 Select the most appropriate number to indicate your level of fear or anxiety, where 0
indicates no fear or anxiety, and 4 indicates extreme fear or anxiety.

Not at all
Anxious

Slightly
Anxious

Moderately
Anxious

Very
Anxious

Extremely
Anxious

Swimming while
wearing a nose
plug.

Working under a
sink for 15 min.

Standing in an
elevator on the
ground floor with
the doors closed.

Trying to catch
your breath during
vigorous exercise.

Having a bad cold
and finding it
difficult to breathe
through your
nose.

Snorkeling in a
safe practice tank
for 15 min.

Using an oxygen
mask.

Lying on a bottom
bunk bed.

Standing in the
middl of the third
row at a packed
concert realizing
that you will be
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TP1 OCI-R
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TP1 OCI-R
The following statements refer to experiences that many people have in their everyday
lives.  Choose the response that best describes HOW MUCH that experience
has DISTRESSED or BOTHERED you during the PAST MONTH. 

Not at all A little Moderately A lot Extremely

1. I have saved up
so many things
that they get in the
way

Not at all A little Moderately A lot Extremely

2. I check things
more often than
necessary

Not at all A little Moderately A lot Extremely

3. I get upset if
objects are not
arranged properly

Not at all A little Moderately A lot Extremely

4. I feel compelled
to count while I am
doing things

Not at all A little Moderately A lot Extremely

5. I find it difficult
to touch an object
when I know it has
been touched by
strangers or
certain people

Not at all A little Moderately A lot Extremely

6. I find it difficult
to control my own
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TP1 FSQ - Snakes
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This scale addresses one’s fear of snakes. Read each statement carefully and rate to what extent

you agree with it by choosing a response next to each statement. Base your answers on how you

feel NOW. The possible ratings are presented in the scale below:

Strongly
disagree Disagree Slightly

disagree
Not
sure

Slightly
agree Agree Strongly

agree

1. If I came
across a
snake now, I
would get
help from
someone
else to
remove it.

Strongly
disagree Disagree

Slightly
disagree

Not
sure

Slightly
agree Agree

Strongly
agree

2. Currently,
I am
sometimes
on the look
out for
snake.

Strongly
disagree Disagree

Slightly
disagree

Not
sure

Slightly
agree Agree

Strongly
agree

3. If I saw a
snake now, I
would think
it will harm
me.

Strongly
disagree Disagree

Slightly
disagree

Not
sure

Slightly
agree Agree

Strongly
agree

4. I now
think a lot
about
snakes.

Strongly Slightly Not Slightly Strongly
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TP1 FSQ - Spiders
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This scale addresses one’s fear of spiders. Read each statement carefully and rate to what

extent you agree with it by choosing a response next to each statement. Base your answers on

how you feel NOW. The possible ratings are presented in the scale below:

Strongly
disagree Disagree Slightly

disagree
Not
sure

Slightly
agree Agree Strongly

agree

1. If I came
across a
spider now, I
would get
help from
someone
else to
remove it.

Strongly
disagree Disagree

Slightly
disagree

Not
sure

Slightly
agree Agree

Strongly
agree

2. Currently,
I am
sometimes
on the look
out for
spiders.

Strongly
disagree Disagree

Slightly
disagree

Not
sure

Slightly
agree Agree

Strongly
agree

3. If I saw a
spider now, I
would think
it will harm
me.

Strongly
disagree Disagree

Slightly
disagree

Not
sure

Slightly
agree Agree

Strongly
agree

4. I now
think a lot
about
spiders.

Strongly Slightly Not Slightly Strongly
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TP1 BAI
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TP1 BAI
Instructions: Below is a list of common symptoms of anxiety.  Please carefully read
each item in the list.  Indicate how much you have been bothered by that symptom during
the past month, including today, by clicking the button in the corresponding space in the
column next to each symptom.

Not at all

Mildly, but
it didn't

bother me
much

Moderately
- it wasn't

pleasant at
times

Severely -
it

bothered
me a lot.

None at
all

Numbness or
tingling

Feeling hot

Wobbliness in legs

Unable to relax

Fear of worst
happening

Dizzy or
lightheaded

Heart pounding /
racing

Unsteady

Terrified or afraid

Nervous

Feeling of choking

Hands trembling

Shaky / unsteady

Fear of losing
control
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TP1 BDI-II

TP1 BDI-II
The questionnaire consists of 21 groups of statements.  Please read each group of
statements carefully, and then pick out the one statement in each group that best
describes the way you have been feeling during the past two weeks, including today.

Sadness

Pessimism

Past Failure

I do not feel sad.

I feel sad much of the time.

I am sad all the time.

I feel my future is hopeless and will only get worse.

I am not discouraged about my future.

I feel more discouraged about my future that I used to be.

I do not expect things to work out for me.

I feel my future is hopeless and will only get worse.
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Loss of Pleasure

Guilty Feelings

Punishment Feelings

I do not feel like a failure.

I have failed more than I should have.

As I look back, I see a lot of failures.

I feel I am a total failure as a person.

I get as much pleasure as I ever did from the things I enjoy.

I don’t enjoy things as much as I used to.

I get very little pleasure from the things I used to enjoy.

I can’t get any pleasure from the things I used to enjoy.

I don’t feel particularly guilty.

I feel guilty over many things I have done or should have done.

I feel quite guilty most of the time.

I feel guilty all of the time.
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Self-dislike

Self-criticalness

Suicidal thoughts or wishes

I don’t feel I am being punished.

I feel I may be punished.

I expect to be punished.

I feel I am being punished.

I feel the same about myself as ever.

I have lost confidence in myself.

I am disappointed in myself.

I dislike myself.

I don’t criticize or blame myself more than usual.

I am more critical of myself than I used to be.

I criticize myself for all of my faults.

I blame myself for everything bad that happens.
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Crying

Agitation

Loss of Interest

I don’t have any thoughts of killing myself.

I have thoughts of killing myself, but I would not carry them out.

I would like to kill myself.

I would kill myself if I had the chance.

I don’t cry anymore than I used to.

I cry more than I used to.

I cry over every little thing.

I feel like crying, but I can’t.

I am no more restless or wound up than usual.

I feel more restless or wound up than usual.

I am so restless or agitated that it’s hard to stay still.

I am so restless or agitated that I have to keep moving or doing something.
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Indecisiveness

Worthlessness

Loss of Energy

I have not lost interest in other people or activities.

I am less interested in other people or things than before.

I have lost most of my interest in other people or things.

It’s hard to get interested in anything.

I make decisions about as well as ever.

I find it more difficult to make decisions than usual.

I have much greater difficulty in making decisions than I used to.

I have trouble making any decisions.

I do not feel I am worthless.

I don’t consider myself as worthwhile and useful as I used to.

I feel more worthless compared to other people.

I feel utterly worthless.
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Changes in Sleeping Pattern

Irritability

I have as much energy as ever.

I have less energy than I used to have.

I don’t have enough energy to do very much.

I don’t have enough energy to do anything.

I have not experienced any change in my sleeping pattern.

I sleep somewhat more than usual.

I sleep somewhat less than usual.

I sleep a lot more than usual.

I sleep a lot less than usual.

I sleep most of the day.

I wake up 1-2 hours early and can’t get back to sleep.

I am no more irritable than usual.

I am more irritable than usual.

I am much more irritable than usual.

I am irritable all the time.

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

35 of 62 9/29/17, 10:23 AM



  

 
 

292 

Changes in appetite

Concentration Difficulty

Tiredness or Fatigue

I have not experienced any change in my appetite.

My appetite somewhat less than usual.

My appetite somewhat greater than usual.

My appetite is much less than usual.

My appetite is much greater than usual.

I have no appetite at all.

I crave food all the time.

I can concentrate as well as ever.

I can’t concentrate as well as usual.

It’s hard to keep my mind on anything for very long.

I find I can’t concentrate on anything.
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Loss of Interest in Sex

TP1 ASI-3

I am no more tired or fatigued than usual.

I get more tired or fatigued more easily than usual.

I am too tired or fatigued to do a lot of the things I used to do.

I am too tired or fatigued to do most of the things I used to do.

I have not noticed any recent change in my interest in sex.

I am less interested in sex than I used to be.

I am much less interested in sex now.

I have lost interest in sex completely.
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TP1 ASI-3
Please select the answer that best corresponds to how much youagree with each item.  If
any items concern something that you have neverexperienced (e.g., fainting in public)
answer on the basis of how you think you mightfeel if you had such an experience.
 Otherwise, answer all items on the basis of yourown experience. 

Very little A little Some Much Very
much

It is important for
me not to appear
nervous.

Very little A little Some Much
Very
much

When I cannot
keep my mind on a
task, I worry that I
might be going
crazy.

Very little A little Some Much
Very
much

It scares me when
my heart beats
rapidly.

Very little A little Some Much
Very
much

When my stomach
is upset, I worry
that I might be
seriously ill.

Very little A little Some Much
Very
much

It scares me when
I am unable to
keep my mind on a
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TP1 BEAQ
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TP1 BEAQ
Please indicate the degree to which you agree or disagree with the following statements.

Strongly
disagree

Moderately
disagree

Slightly
disagree

Slightly
agree

Moderately
agree

Strongly
agree

1. The key to
a good life is
never feeling
any pain.

Strongly
disagree

Moderately
disagree

Slightly
disagree

Slightly
agree

Moderately
agree

Strongly
agree

2. I'm quick to
leave any
situation that
makes me
feel uneasy.

Strongly
disagree

Moderately
disagree

Slightly
disagree

Slightly
agree

Moderately
agree

Strongly
agree

3. When
unpleasant
memories
come to me, I
try to put
them out of
my mind.

Strongly
disagree

Moderately
disagree

Slightly
disagree

Slightly
agree

Moderately
agree

Strongly
agree

4. I feel
disconnected
from my
emotions.

Strongly
disagree

Moderately
disagree

Slightly
disagree

Slightly
agree

Moderately
agree

Strongly
agree

5. I won't do
something
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STOP

Please let the experimenter know that you have finished the self-report measures before
progressing to the next screen.

TP1 BAT1 Approach Level Selection

The next part of today’s visit is a test of your ability to approach a feared situation for as
long as you comfortably can.  This is not meant to be a test of courage.  You are free to
stop the task at any point.  If you do wish to stop the task, please let the research team
member know.  You are also able to choose the difficulty level of the task.

Listed below are behavioral approach steps organized from least difficult to most difficult.
 Please indicate the highest level or step that you feel you are capable of approaching.
 Once selected, you will be asked to complete the first of two behavioral approach tasks,
with the difficulty level based on your selection.

The first behavioral approach task will involve exposure to a enclosed chamber.  Please
take a look below at an image of the actual chamber that you will be asked to get inside.
 In the image, the chamber is 50% full of play pit balls, but note that you will be able to
select how many, if any play pit balls, you feel you are able to tolerate inside the
chamber.  

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

41 of 62 9/29/17, 10:23 AM



  

 
 

298 

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

42 of 62 9/29/17, 10:23 AM



  

 
 

299 

Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the chamber for AT LEAST 15 MINUTES.

TP1 Weight and Height

Note to experimenter: Measure participant's weight and height.

TP1 Pre-BAT-1 (Training)

In the same room with the chamber.

Inside open chamber.

Inside closed and latched chamber.

Inside latched chamber, ~7% full of play-pit balls.

Inside latched chamber, ~15% full of play-pit balls.

Inside latched chamber, ~22% full of play-pit balls.

Inside latched chamber, ~30% full of play-pit balls.

Inside latched chamber, ~37% full of play-pit balls.

Inside latched chamber, ~45% full of play-pit balls.

Inside latched chamber, ~52% full of play-pit balls.

Inside latched chamber ~60% full of play-pit balls.

Weight (lbs)

Height (in)
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TP1 Pre-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

0 10 20 30 40 50 60 70 80 90 100

Expected fear level
during the upcoming

trial:

0 10 20 30 40 50 60 70 80 90 100

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

44 of 62 9/29/17, 10:23 AM



  

 
 

301 

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT1 Checklist

Behavioral Approach Task - 1 (Training) Procedure Checklist

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-1
(Training) context.
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For Experimenter: Please select the highest level of approach the participant actually
acheived during BAT-1

For Experimenter: Please indicate the amount of space given up by the participant
during BAT-1.  To do so, use the wooden panel to place on top of the balls in the
chamber.  Ensure it is level.  Next, use the measuring stick to measure in cm the height
of the wooden panel from the bottom of the chamber floor.

Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

In the same room with the chamber.

Inside open chamber.

Inside closed and latched chamber.

Inside latched chamber, ~7% full of play-pit balls.

Inside latched chamber, ~15% full of play-pit balls.

Inside latched chamber, ~22% full of play-pit balls.

Inside latched chamber, ~30% full of play-pit balls.

Inside latched chamber, ~37% full of play-pit balls.

Inside latched chamber, ~45% full of play-pit balls.

Inside latched chamber, ~52% full of play-pit balls.

Inside latched chamber ~60% full of play-pit balls.

Height from bottom
of chamber floor
(cm)
% of vertical space
given up (out of
36cm)
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TP1 Post-BAT1 (Training)

TP1 Post-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

0 10 20 30 40 50 60 70 80 90 100
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TP1 BAT2 Approach Level Selection

Next, we will complete the second behavioral approach task, which will involve exposure
to an enclosed mock MRI machine.  Please take a look below at an image of the actual
mock MRI machine that you will be exposed to.

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear (e.g.,

distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear
(e.g., breathing

techniques, actively
checking to make

sure you can
breathe and/or

escape, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the mock MRI machine for AT LEAST 15 MINUTES.

TP1 Pre-BAT2 (Generalization)

TP1 Pre-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

0. In the same room with mock MRI.

1. Laying on back on MRI table, fully outside bore.

2. Head at bore entrance.

3. Head inside bore.

4. Shoulders inside bore.

5. Torso 50% inside bore.

6. Torso 100% inside bore.

7. Torso 100% inside bore.

8. Upper legs inside bore, with face guard.

9. Upper legs inside bore, with face guard, and 1 memory foam pillow.

10. Upper legs inside bore, with face guard, and 2 memory foam pillows.

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

At this very moment,
how anxious / afraid

are you?

0 10 20 30 40 50 60 70 80 90 100

Expected fear level
during the upcoming

trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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TP1 BAT2 Checklist

Behavioral Approach Task - 2 (Generalization) Procedure Checklist

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-2
(Generalization)
context.

Record resting HR
recording after
BAT-2 for 2 min.
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For Experimenter: Please select the highest level of approach the participant actually
acheived during BAT-2.

Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

TP1 Post-BAT2 (Generalization)

0. In the same room with mock MRI.

1. Laying on back on MRI table, fully outside bore.

2. Head at bore entrance.

3. Head inside bore entrance.

4. Shoulders just inside bore.

5. Torso 50% inside bore.

6. Torso 100% inside bore.

7. Upper legs inside bore.

8. Upper legs inside bore, with face guard.

9. Upper legs inside bore, with face guard, 1 memory foam pillow.

10. Upper legs inside bore, face guard, 2 memory foam pillows.
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TP1 Post-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

0 10 20 30 40 50 60 70 80 90 100
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Eligibility Assessment

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear (e.g.,

distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear
(e.g., breathing

techniques, actively
checking to make

sure you can
breathe and/or

escape, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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The next set of items are to be completed by the experimenter.  The following are study
inclusion criteria.  Ensure that the participant meets criteria for inclusion.

Meets Inclusion Criteria Does Not Meet Inclusion
Criteria

Age 18-65.

Fluent in English.

Score on CLQ > 1
SDs above the
subject pool
prescreen mean.

Peak fear or
disgust ≥ 50 on
BATs 1 and 2.
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The following are study exclusion criteria.  Verify that the participant does not meet any of
these criteria, as they warrant exclusion from treatment and further study participation.
 Select does not meet exclusion criteria if the criteria are absent.

Does Not Meet Exclusion
Criteria Meets Exclusion Criteria

Currently receiving
treatment for the
primary fear
domain (based on
clinical interview).

Unstable dose of
psychotropic
medications within
6 weeks prior to
baseline
assessment
(based on the
DMQ; see
measures).

Medical condition
that would
contraindicate
participation in
treatment or
assessment
activities (e.g.,
cardiovascular
problems; based
on the DMQ; see
measures).

Pregnancy (based
on the DMQ; see
measures).

Current major
depressive
disorder (based on
MINI; see
measures).
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Based on the data provided, this participant fully qualifies for randomization to treatment.
 Do you agree?

Based on the data provided, this participant does not qualify for randomization to
treatment.  Do you agree?

Post-TP1 Checklist

Yes

No

Yes

No
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Experimenter TP1 Post-Visit Checklist
Indicate below whether each of the following have been completed.

Yes No Not Applicable

Review importance of
returning for all study visits
(unlike other studies, the
success of this study relies
on whether participants
return for TP3)

Review experiment
participation credit for PSY
301 students (TP1 = 1
hour; Treatment = TP2 = 1
hour; TP3 = 3 hours).

Remind PSY 301 students
they only need 5 credits
(and so don't need to look
elsewhere for credits).

Thank participant,
reminding them that the
data they provide will
ultimately be used to help
others and inform ways to
improve existing
treatments.

Remind participant that
they are free to withdrawal
at any time, but make sure
they commit to returning
for all subsequent visits.
Otherwise, do not enroll
them in the study.

4-week follow-up visit has
been scheduled and
entered in the
tDCSfearstudy@gmail.com
calendar, with alerts /
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For participants who qualify for the study, schedule all remaining visits including (1)
treatment and TP2 (1 week after TP1), and (2) TP3 (5 weeks after TP1).  Indicate below
that all remaining visits have been scheduled and entered in the
tDCSfearstudy@gmail.com calendar, with alerts / reminders.

The next step is random assignment to treatment condition.  To do so, refer to the excel
file entitled "tDCS Randomization Set" in UT Box.  Information needed for randomization
include peak fear level during BAT2, and target fear domain.  Enter the participant's
treatment assignment below, based on the "tDCS Randomization Set" excel file:

Debriefing for DNQs

Yes

No, but will follow-up with participant for scheduling.

tDCS (Green-Blue).

tDCS (Blue-Green).

tDCS sham (Green-Blue).

tDCS sham (Blue-Green).

Unable to randomize to treatment at this time.
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Debriefing for Participation in Research
(ONLY FOR THOSE WHO DO NOT QUALIFY!)

tDCS-Augmented Exposure Therapy for Pathological Fear
Thank you for participating in our research study investigating the effects of transcranial direct
current stimulation, or tDCS, on fear extinction learning.  The purpose of this form is to provide
you more specific information about the study, including the rationale and study hypotheses.  You
were selected because you reported anxiety and avoidance for one of several common forms of
specific phobias.  A large body of work has shown that irrational fears can be overcome by having
individuals repeatedly confront feared situations.  This technique is known as in vivo exposure,
which is currently the most effective existing treatment for specific fears.  However, there is ample
room for improving exposure therapy, which is a central mission of our laboratory’s work.
In this study, we evaluated whether tDCS could be used to affect the activity of brain regions
involved in the expression and extinction of fear.  tDCS works by passing a weak electrical current
through the scalp, producing local effects on the excitability of brain regions under electrode
sites.  Specifically, tDCS can be used to simultaneously enhance brain activity in one region
(under the anodal electrode site), while reducing brain activity in another (under the cathodal
electrode site).  We targeted two specific brain regions in this study, including the left medial
prefrontal cortex (lmPFC), which is involved in the reduction of learned fear, and the right
dorsolateral prefrontal cortex (rdlPFC), which is involved in the expression of negative emotions
(including fear). 
If you had qualified for the study, you would have been assigned to one of three treatment groups,
including two groups receiving active tDCS with real stimulation, or another group receiving
sham tDCS with placebo stimulation.  The two active tDCS groups were administed tDCS using
the same electrode positioning, but with the direction of current reversed.  Thus, one active tDCS
group received tDCS that enhanced excitability of the lmPFC, while reducing excitability of the
rdlPFC.  The other active tDCS group received tDCS that reduced lmPFC activity, and enhanced
rdlPFC activity.  We predicted that the first active tDCS group would experience greater and more
rapid fear reduction relative to the second active tDCS group, and relative to sham tDCS.  Your
completion of the measures and tasks in this study before and after treamtent provided the data to
test these hypotheses. 
If you have further questions about this experiment, or if you wish to know more about alternative
treatments for other fears and anxiety conditions, please feel free to ask.  Also, if you were in the
relaxation condition, which was a placebo condition for this study, you may, if you wish,
participate in an active treatment condition.  Let us know if you wish to do so.  We greatly
appreciate your participation in this study. 

I acknowledge that I have been informed about the purpose, procedures, benefits, and
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Powered by Qualtrics

Reason for DNQs

For those that do not qualify, use the space provided to describe the reason for not
qualifying.
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STOP

Please let the experimenter know that you have finished the self-report measures before
progressing to the next screen.

TP1 BAT1 Approach Level Selection

The next part of today’s visit is a test of your ability to approach a feared situation for as
long as you comfortably can.  This is not meant to be a test of courage.  You are free to
stop the task at any point.  If you do wish to stop the task, please let the research team
member know.  You are also able to choose the difficulty level of the task.

Listed below are behavioral approach steps organized from least difficult to most difficult.
 Please indicate the highest level or step that you feel you are capable of approaching.
 Once selected, you will be asked to complete the first of two behavioral approach tasks,
with the difficulty level based on your selection.

The first behavioral approach task will involve exposure to a box filled with dirt, animal
hair and dead crickets.  Please take a look below at an image of the actual box that you
will be exposed to.
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Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the box for AT LEAST 15 MINUTES.

TP1 Pre-BAT-1 (Training)

In the same room with the box.

Hands inside box, but not touching contents.

One finger touching inside of box, but not contents.

Full hand touching inside of box, but not contents.

One finger touching contents.

One hand touching contents (placed on surface).

One hand touching contents (buried).

Two hands touching contents (buried)

Two hands shifting contents around (buried)

Repeatedly using both hands to shift contents around (buried), then rubbing hands
together vigorously (outside box).

Repeatedly using both hands to shift contents around (buried), then rubbing hands on
self from head to toe, touching clothes, bare skin, and hair.
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TP1 Pre-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

At this very moment,
how much disgust

do you feel?

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT1 Checklist

Expected fear level
during the upcoming

trial:

Expected disgust
level during the
upcoming trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Behavioral Approach Task - 1 (Training) Procedure Checklist

For Experimenter: Please select among the following the most difficult behavioral
approach level the participant actually achieved during BAT-1.

Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-1
(Training) context.

In the same room with the box.

Hands inside box, but not touching contents.

One finger touching inside of box, but not contents.

Full hand touching inside of box, but not contents.

One finger touching contents.

One hand touching contents (placed on surface).

One hand touching contents (buried).

Two hands touching contents (buried)

Two hands shifting contents around (buried)

Repeatedly using both hands to shift contents around (buried), then rubbing hands
together vigorously (outside box).

Repeatedly using both hands to shift contents around (buried), then rubbing hands on
self from head to toe, touching clothes, bare skin, and hair.
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TP1 Post-BAT1 (Training)

TP1 Post-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

Highest disgust level
at any point during

the last trial:

Disgust level at the
end of the last trial:

0 10 20 30 40 50 60 70 80 90 100
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TP1 BAT2 Approach Level Selection

Next, we will complete the second behavioral approach task, which will involve exposure
to a used, dirty toilet.  Please take a look below at an image of the actual toilet that you
will be exposed to.

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the toilet for AT LEAST 15 MINUTES.

TP1 Pre-BAT2 (Generalization)

In the same room with the toilet.

Hands hovering within 12 inches of toilet, but not touching.

One finger touching clean part of toilet lid.

One finger touching dirty part of toilet lid.

One finger from both hands touching dirty part of toilet lid.

All fingertips from both hands touching lid.

Palm and fingertips from both hands touching lid.

Palms and fingertips from both hands touching inside of toilet.

Palms and fingertips from both hands rubbing around inside the toilet.

Repeatedly touching palms and fingertips from both hands around inside the toilet, then
rubbing hands together vigorously.

Repeatedly touching palms and fingertips from both hands around inside the toilet, then
rubbing hands on self from head to toe, touching your clothes, bare skin, and hair.
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TP1 Pre-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

At this very moment,
how much disgust

do you feel?

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT2 Checklist

Expected fear level
during the upcoming

trial:

Expected disgust
level during the
upcoming trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Behavioral Approach Task - 2 (Generalization) Procedure Checklist

For Experimenter: Please select among the following the most difficult behavioral
approach level the participant actually achieved during BAT-2.

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-1
(Training) context.

Record resting HR
recording after
BAT-2 for 2 min.

In the same room with the toilet.

Hands hovering within 12 inches of toilet, but not touching.

One finger touching clean part of toilet lid.

One finger touching dirty part of toilet lid.

One finger from both hands touching dirty part of toilet lid.

All fingertips from both hands touching lid.

Palm and fingertips from both hands touching lid.

Palms and fingertips from both hands touching inside of toilet.

Palms and fingertips from both hands rubbing around inside the toilet.

Repeatedly touching palms and fingertips from both hands around inside the toilet, then
rubbing hands together vigorously.

Repeatedly touching palms and fingertips from both hands around inside the toilet, then
rubbing hands on self from head to toe, touching your clothes, bare skin, and hair.
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Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

TP1 Post-BAT2 (Generalization)

TP1 Post-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

Highest disgust level
at any point during

the last trial:

Disgust level at the
end of the last trial:

0 10 20 30 40 50 60 70 80 90 100

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

55 of 63 9/29/17, 10:24 AM



  

 
 

333 

Eligibility Assessment

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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STOP

Please let the experimenter know that you have finished the self-report measures before
progressing to the next screen.

TP1 BAT1 Approach Level Selection

The next part of today’s visit is a test of your ability to approach a feared situation for as
long as you comfortably can.  This is not meant to be a test of courage.  You are free to
stop the task at any point.  If you do wish to stop the task, please let the research team
member know.  You are also able to choose the difficulty level of the task.

Listed below are behavioral approach steps organized from least difficult to most difficult.
 Please indicate the highest level or step that you feel you are capable of approaching.
 Once selected, you will be asked to complete the first of two behavioral approach tasks,
with the difficulty level based on your selection.

The first behavioral approach task will involve exposure to a snake.  Please take a look
below at an image of the actual snake that you will be exposed to.

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

41 of 61 9/29/17, 10:20 AM



  

 
 

335 

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

42 of 61 9/29/17, 10:20 AM



  

 
 

336 

Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the snake for AT LEAST 15 MINUTES.

TP1 Pre-BAT-1 (Training)

Standing in room more than 5 feet from snake tank.

Standing in room 5 feet from snake tank.

Standing in room 3 feet from snake tank.

Standing directly in front (within 1 foot) of snake tank.

Dangling one hand so that fingertips are even with top of snake tank.

Dangling one hand halfway into snake tank.

Touching bottom of the snake tank with fingertips.

Touching the snake with a Q-tip.

Touching the snake with a gloved hand.

Touching the snake with a bare fingertip.

Holding the snake in both hands (with fear and disgust level less than 50, on a scale from
0 to 100, where 0 = none and 100 = extreme).
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TP1 Pre-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

At this very moment,
how much disgust

do you feel?

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT1 Checklist

Expected fear level
during the upcoming

trial:

Expected disgust
level during the
upcoming trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Behavioral Approach Task - 1 (Training) Procedure Checklist

For Experimenter: Please indicate the highest approach level actually achieved by the
participant during BAT-1.

Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-1
(Training) context.

Standing in room more than 5 feet from snake tank.

Standing in room 5 feet from snake tank.

Standing in room 3 feet from snake tank.

Standing directly in front (within 1 foot) of snake tank.

Dangling one hand so that fingertips are even with top of snake tank.

Dangling one hand halfway into snake tank.

Touching bottom of the snake tank with fingertips.

Touching the snake with a Q-tip.

Touching the snake with a gloved hand.

Touching the snake with a bare fingertip.

Holding the snake in both hands (with fear and disgust level less than 50, on a scale from
0 to 100, where 0 = none and 100 = extreme).
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TP1 Post-BAT1 (Training)

TP1 Post-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

Highest disgust level
at any point during

the last trial:

Disgust level at the
end of the last trial:

0 10 20 30 40 50 60 70 80 90 100
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TP1 BAT2 Approach Level Selection

Next, we will complete the second behavioral approach task, which will involve exposure
to a different snake.  Please take a look below at an image of the actual snake that you
will be exposed to.

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the snake for AT LEAST 15 MINUTES.

Standing in room more than 5 feet from snake tank.

Standing in room 5 feet from snake tank.

Standing in room 3 feet from snake tank.

Standing directly in front (within 1 foot) of snake tank.

Dangling one hand so that fingertips are even with top of snake tank.

Dangling one hand halfway into snake tank.

Touching bottom of the snake tank with fingertips.

Touching the snake with a Q-tip.

Touching the snake with a gloved hand.

Touching the snake with a bare fingertip.

Holding the snake in both hands (with fear and disgust level less than 50, on a scale from
0 to 100, where 0 = none and 100 = extreme).

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

49 of 61 9/29/17, 10:20 AM



  

 
 

343 

TP1 Pre-BAT2 (Generalization)

TP1 Pre-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

At this very moment,
how much disgust

do you feel?

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT2 Checklist

Expected fear level
during the upcoming

trial:

Expected disgust
level during the
upcoming trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Behavioral Approach Task - 2 (Generalization) Procedure Checklist

For Experimenter: Please indicate the highest approach level actually achieved by the
participant during BAT-2.

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-2
(Generalization)
context.

Record resting HR
recording after
BAT-2 for 2 min.

Standing in room more than 5 feet from snake tank.

Standing in room 5 feet from snake tank.

Standing in room 3 feet from snake tank.

Standing directly in front (within 1 foot) of snake tank.

Dangling one hand so that fingertips are even with top of snake tank.

Dangling one hand halfway into snake tank.

Touching bottom of the snake tank with fingertips.

Touching the snake with a Q-tip.

Touching the snake with a gloved hand.

Touching the snake with a bare fingertip.

Holding the snake in both hands (with fear and disgust level less than 50, on a scale from
0 to 100, where 0 = none and 100 = extreme).
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Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

TP1 Post-BAT2 (Generalization)

TP1 Post-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

Highest disgust level
at any point during

the last trial:

Disgust level at the
end of the last trial:

0 10 20 30 40 50 60 70 80 90 100
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Eligibility Assessment

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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STOP

Please let the experimenter know that you have finished the self-report measures before
progressing to the next screen.

TP1 BAT1 Approach Level Selection

The next part of today’s visit is a test of your ability to approach a feared situation for as
long as you comfortably can.  This is not meant to be a test of courage.  You are free to
stop the task at any point.  If you do wish to stop the task, please let the research team
member know.  You are also able to choose the difficulty level of the task.

Listed below are behavioral approach steps organized from least difficult to most difficult.
 Please indicate the highest level or step that you feel you are capable of approaching.
 Once selected, you will be asked to complete the first of two behavioral approach tasks,
with the difficulty level based on your selection.

The first behavioral approach task will involve exposure to a Mexican Red Knee
tarantula.  Please take a look below at an image of the actual tarantula that you will be
exposed to.
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Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the tarantula for AT LEAST 15 MINUTES.

TP1 Pre-BAT-1 (Training)

Standing in room more than 5 feet from tarantula tank.

Standing in room 5 feet from tarantula tank.

Standing in room 3 feet from tarantula tank.

Standing directly in front (within 1 foot) of tarantula tank.

Dangling one hand so that fingertips are even with top of tarantula tank.

Dangling one hand halfway into tarantula tank.

Touching bottom of the tarantula tank with fingertips.

Touching the tarantula with a Q-tip.

Touching the tarantula with a gloved hand.

Touching the tarantula with a bare fingertip.

Holding the spider in both hands (with fear and disgust level less than 50, on a scale
from 0 to 100, where 0 = none and 100 = extreme).
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TP1 Pre-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

At this very moment,
how much disgust

do you feel?

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT1 Checklist

Expected fear level
during the upcoming

trial:

Expected disgust
level during the
upcoming trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Behavioral Approach Task - 1 (Training) Procedure Checklist

For Experimenter: Please indicate the highest approach level actually achieved by the
participant during BAT-1.

Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-1
(Training) context.

Standing in room more than 5 feet from tarantula tank.

Standing in room 5 feet from tarantula tank.

Standing in room 3 feet from tarantula tank.

Standing directly in front (within 1 foot) of tarantula tank.

Dangling one hand so that fingertips are even with top of tarantula tank.

Dangling one hand halfway into tarantula tank.

Touching bottom of the tarantula tank with fingertips.

Touching the tarantula with a Q-tip.

Touching the tarantula with a gloved hand.

Touching the tarantula with a bare fingertip.

Holding the spider in both hands (with fear and disgust level less than 50, on a scale
from 0 to 100, where 0 = none and 100 = extreme).
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TP1 Post-BAT1 (Training)

TP1 Post-BAT-1 (Training) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

Highest disgust level
at any point during

the last trial:

Disgust level at the
end of the last trial:

0 10 20 30 40 50 60 70 80 90 100
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TP1 BAT2 Approach Level Selection

Next, we will complete the second behavioral approach task, which will involve exposure
to a Chilean Rose tarantula.  Please take a look below at an image of the actual tarantula
that you will be exposed to.

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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Please select among the following the most difficult level at which you feel you would
be able to maintain contact with the tarantula for AT LEAST 15 MINUTES.

TP1 Pre-BAT2 (Generalization)

Standing in room more than 5 feet from tarantula tank.

Standing in room 5 feet from tarantula tank.

Standing in room 3 feet from tarantula tank.

Standing directly in front (within 1 foot) of tarantula tank.

Dangling one hand so that fingertips are even with top of tarantula tank.

Dangling one hand halfway into tarantula tank.

Touching bottom of the tarantula tank with fingertips.

Touching the tarantula with a Q-tip.

Touching the tarantula with a gloved hand.

Touching the tarantula with a bare fingertip.

Holding the spider in both hands (with fear and disgust level less than 50, on a scale
from 0 to 100, where 0 = none and 100 = extreme).
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TP1 Pre-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,
please rate how confident you feel about approaching your feared target.

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current
distress”, please indicate how you feel right now (i.e., in the present moment).

Confidence that you
can cope with your
emotional distress:

Confidence that you
can physically stay
in contact with the

feared stimuli for the
duration of the trial:

0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?

At this very moment,
how much disgust

do you feel?

0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress
expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely
dangerous”, please indicate the level of danger (i.e., belief that you may be harmed) you
anticipate for the upcoming trial.

TP1 BAT2 Checklist

Expected fear level
during the upcoming

trial:

Expected disgust
level during the
upcoming trial:

0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical
harm during the

upcoming trial

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Behavioral Approach Task - 2 (Generalization) Procedure Checklist

For Experimenter: Please indicate the highest approach level actually achieved by the
participant during BAT-2.

Completed?

Yes No

Record HR at start
of BAT-2 for 1 min.

Exposure to BAT-2
(Generalization)
context.

Record resting HR
recording after
BAT-2 for 2 min.

Standing in room more than 5 feet from tarantula tank.

Standing in room 5 feet from tarantula tank.

Standing in room 3 feet from tarantula tank.

Standing directly in front (within 1 foot) of tarantula tank.

Dangling one hand so that fingertips are even with top of tarantula tank.

Dangling one hand halfway into tarantula tank.

Touching bottom of the tarantula tank with fingertips.

Touching the tarantula with a Q-tip.

Touching the tarantula with a gloved hand.

Touching the tarantula with a bare fingertip.

Holding the spider in both hands (with fear and disgust level less than 50, on a scale
from 0 to 100, where 0 = none and 100 = extreme).
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Note to Experimenter: Please use this space to enter any important behavioral
observations or protocol deviations.

TP1 Post-BAT2 (Generalization)

TP1 Post-BAT-2 (Generalization) Measures
On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”, please
indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:

Fear level at the end
of the last trial.

Highest disgust level
at any point during

the last trial:

Disgust level at the
end of the last trial:

0 10 20 30 40 50 60 70 80 90 100
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Eligibility Assessment

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

Never Rarely Sometimes Often Most of
the time

All the
time

0 10 20 30 40 50 60 70 80 90 100
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Psychoeducation and Treatment Rationale
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tDCS-Augmented Exposure Therapy - Overview of Procedures and Treatment Rationale

Today, you will receive what is currently the most effective form of treatment for speci7c

fears – a treatment known as in vivo exposure. This treatment involves repeatedly

confronting a feared situation in order to produce a gradual reduction in your fear, through

a process known as fear extinction learning.  

In this study, we are testing whether in vivo exposure can be enhanced by using a safe and

effective brain stimulation technique, called transcranial direct current stimulation, or

tDCS. tDCS works by passing a weak electrical current through the scalp to inDuence brain

activity.  Hundreds of studies have shown tDCS can enhance different forms of learning. 

By participating, you will help us determine if tDCS can be used to enhance the bene7ts of

exposure therapy, by enhancing fear extinction learning.

Throughout today’s visit, you will be asked to complete self-report measures and computer

tasks, and for some tasks you will be asked to wear physiological monitors, and we will

track your eye movements.  By using a wide range of measures, this will allow us to more

completely assess your emotional and bodily response to treatment.

Now for a summary of today's procedures:

First, you will be asked to complete some questionnaires and computer tasks.  

Next, you will receive 20 minutes of tDCS while you watch a video, after which, you

will complete a second round of questionnaires and computer tasks.  

Next, you will receive 30 minutes of in vivo exposure. 

Finally, you will be asked to complete the post-treatment assessment, which will be

briefer, but very similar to your 7rst visit to the lab. 

Please ask the research member any questions you may have before you begin.  Thanks

very much for contributing to our research! 
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CEQ
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At this point, how logical does the treatment offered to you seem (i.e., tDCS +
Exposure Therapy)?

At this point how successful do you think the treatment will be in reducing your
fear?

How con7dent would you be in recommending this treatment to a friend who
experiences similar problems?

                     

  Not at all logical Very logical

 0 10 20 30 40 50 60 70 80 90 100

                     

  Not at all successful Very successful

 0 10 20 30 40 50 60 70 80 90 100

                     

  Not at all con7dent Very con7dent

 0 10 20 30 40 50 60 70 80 90 100
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By the end of the therapy period, how much improvement in your fear do you
think will occur?

Pre-tDCS Cognitive and State Affect Measures

Note to Experimenter: Administer pre-tDCS measures, including the TVT, WMT, and

PANAS according to participants assigned order based on counterbalancing.  Each

participant's assigned order should be consistent across repeated measurements.

To obtain counterbalancing order, refer to the excel 7le entitled "tDCS Randomization Sets",

and look at worksheet 2.  The order should correspond to the participant's ID number.

 Assign new order, if not already assigned, and administer in that order.

                     

  Not at all improved (0%) Very improved (100%)

 0 10 20 30 40 50 60 70 80 90 100
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For Experimenter: Indicate below the assigned order of the cognitive and state-
affect measures.  For any given participant, the order indicated should remain
consistent across repeated measurements and study visits.

(A). PANAS, TVT, DMS

(B). DMS, PANAS, TVT

(C). TVT, DMS, PANAS

(D). PANAS, DMS, TVT

(E). TVT, PANAS, DMS

(F). DMS, TVT, PANAS
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Pre-tDCS PANAS

This scale consists of a number of words that describe different feelings andemotions.

Read each item and then mark the appropriate answer in the space next to that word.

 Indicate to what extent you feel this way right now – that is, in the present

moment.  Use the following scale to record your answers:

    
Very

slightly or
Not at all

A little Moderately Quite a bit Extremely

Interested   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Distressed   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Excited   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Upset   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Strong   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Guilty   
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Pre-tDCS Working Memory Task (DMS)

Pre-tDCS Threat Vigilance Task (TVT)

tDCS Preparation and Administration Checklist

Number of correct
trials
Memory retrieval
latency (RT)

Engagement bias
(100ms)
Disengagement
bias (100ms)
Engagement bias
(500ms)
Disengagement
bias (500ms)
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Experimenter tDCS Preparation and Administration Checklist
Administer 20 minutes of tDCS according to assigned condition. 

participants may select a video to watch among our selections: Carl Sagan's "Cosmos".

     Completed

Not
Completed
(Explain if
selected)

Review tDCS rationale, and check participant
understanding.   

Review potential tDCS-risks (side-effects, discomfort),
and check participant understanding.   

Con7rm that participant meets safety criteria for tDCS.   

Have participant select episode of Carl Sagan's
"Cosmos" to watch during tDCS administration.   

Moisten sponge electrodes with saline solution.   

Con7gure tDCS device (foc.us v2, NeuroConn strap,
leads, sponge electrodes).   

Using NeuroConn strap, secure moistened sponge
electrodes on FP1, and F4, with lead color (blue vs.
green) placement (left vs. right) according to assigned
tDCS condition.

  

Verify placement and sponge-to-skin contact.
Electrodes should be at least 7 cm apart, so adjust
accordingly. If too close, current may Dow through the
skin between electrodes.

  

Administer 20 min. of tDCS according to assigned
treatment condition Ensure participant comfort before
playing selected video.

  

Observe and monitor patient for comfort and any signs
of pain. Stop tDCS if patient endorses or expresses
having sensations of pain.
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Please explain below any procedures above that were not completed.  Also note
any remarkable observations occurring during tDCS administration, including
deviations from the protocol.

Post-tDCS Cognitive and State Affect Measures

Note to Experimenter: Administer pre-tDCS measures, including the TVT, WMT, and

PANAS according to participants assigned order based on counterbalancing.  Each

participant's assigned order should be consistent across repeated measurements.  

For Experimenter: Indicate below the assigned order of the cognitive and state-
affect measures.  For any given participant, the order indicated should remain
consistent across repeated measurements and study visits.

(A). PANAS, TVT, DMS

(B). DMS, PANAS, TVT

(C). TVT, DMS, PANAS

(D). PANAS, DMS, TVT

(E). TVT, PANAS, DMS

(F). DMS, TVT, PANAS
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Post-tDCS PANAS

This scale consists of a number of words that describe different feelings andemotions.

Read each item and then mark the appropriate answer in the space next to that word.

 Indicate to what extent you feel this way right now – that is, in the present

moment.  Use the following scale to record your answers:

    
Very

slightly or
Not at all

A little Moderately Quite a bit Extremely

Interested   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Distressed   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Excited   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Upset   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Strong   

    

Very
slightly or
Not at all A little Moderately Quite a bit Extremely

Guilty   
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Post-tDCS Working Memory Task

Post-tDCS Threat Vigilance Task

tDCS Placebo and Side Effects Questionnaire

1. Do you believe you received real tDCS, or placebo stimulation?

2. Please indicate your level of con7dence in your answer.

Number of correct
trials
Memory retrieval
latency (RT)

Engagement bias
(100ms)
Disengagement
bias (100ms)
Engagement bias
(500ms)
Disengagement
bias (500ms)

tDCS Placebo

Not at all con7dent

Somewhat con7dent

Moderately con7dent

Strongly con7dent

Extremely con7dent
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4. Did you experience any of the following symptoms or side-effects?

In Vivo Exposure

Note to Experimenter: 

Enter a value in the space below
indicating severity If present: Is this related to tDCS?

Absent Mild Moderate Severe Not
possible

Remotely
possible

Headache

Neck Pain

Scalp pain

Tingling

Itching

Burning sensation

Absent Mild Moderate Severe Not
possible

Remotely
possible

Skin redness

Sleepiness

Trouble concentrating

Acute mood change

Other (please specify)
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Prepare for and administer six 5-minute trials of graduated in vivo exposure therapy, with 2

minute inter-trial intervals, according to treatment manual.

Complete pre-trial measures before each trial.

Complete post-trial measures after each trial.  

Start and stop HR recording for each trial.  Begin recording HR at beginning of each trial.

 End HR recording at the beginning of the next trial.

Use stopwatch to keep track of total duration of participants' contact with stimulus. 

Ensure ICM presented during exposure only.

Experimenter Script:

We are almost ready to begin your first of six 5-minute exposure trials.  For each trial,

you will be asked to get inside the chamber and lay down with your eyes open, and

remain there for as long as you can.  I will signal you when the trial is over by opening

the door. 

Please try to stay in the chamber for the full 5 minutes.  However, if you feel the need to

have me open the chamber, that is okay.  If you do have me open the door, you will be

encouraged to get back inside the chamber with the door closed.  Once 5 minutes have

passed, the trial will end.  

Before we get started, I'd like you to complete a few measures about how you feel right

now, and how you feel about the upcoming exposure trial.

Pre-Trial 1
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Pre-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,

please rate how confident you feel about the upcoming trial.  

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current

distress”, please indicate how you feel right now (i.e., in the present moment).

On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress

expected”, please indicate how you feel about the upcoming trial.

Con7dence that you
can cope with your
emotional distress:

                   

Con7dence that you
can physically stay in

contact with the
feared stimuli for the

duration of the trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?
                   

 
 0 10 20 30 40 50 60 70 80 90 100

Expected fear level
during the upcoming

trial:
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely

dangerous”, please indicate the level of danger (i.e., belief that you may be harmed)

you anticipate for the upcoming trial.

T1 Exposure Instructions

In Vivo Exposure Instructions

We will now begin your 1st exposure trial.  Here is a reminder about the procedures:

Try your best to stay in the chamber with the door closed and latched for the full 5

minutes.

If you ask me to open the door, you will be encouraged to get back inside the

chamber with the door closed.

Keep your eyes open while you are inside the chamber (blinking, of course, is

okay).

T1 BO

Expected danger /
threat of physical

harm during the
upcoming trial

                   

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

                   

 
 0 10 20 30 40 50 60 70 80 90 100
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T1 Behavioral Observations: 

Note to Experimenter: 

Set timer to ensure 5 minutes of total exposure.  
Use stopwatch with pause function to record total duration of physical contact with
the stimulus.  
Report times below in seconds.

Post-Trial 1

1. Duration (in
seconds) of
physical contact
with feared target.
2. Number of times
participant initiates
physical contact
with feared target.
3. Record here any
important
observations about
the trial.
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Post-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”,
please indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:
                   

Fear level at the end
of the last trial.                    

Highest fear of
suffocating at any

point during the last
trial:

                   

Fear of suffocating
at the end of the last

trial:
                   

Highest fear of being
trapped at any point
during the last trial:

                   

Fear of being trapped
at the end of the last

trial:
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “Not at all” and 100 = “Extremely”, please
indicate the extent to which you feel receiving tDCS helped you to reduce your
fear during the last trial.

 

Extent to which tDCS
helped reduce my

fear.
                   

 
 0 10 20 30 40 50 60 70 80 90 100

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear (e.g.,

distraction,
meditation, mental

imagery, etc.)

                   

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear

(e.g., breathing
techniques, actively

checking to make
sure you can breathe
and/or escape, etc.)

                   

  Never Rarely Sometimes Often Most of
the time

All the
time

 0 10 20 30 40 50 60 70 80 90 100
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Prepare for and administer six 5-minute trials of exposure therapy, with 2 minute inter-trial

intervals, according to treatment manual.

Complete pre-trial measures before each trial.

Complete post-trial measures after each trial.  

Start and stop HR recording for each trial.  Begin recording HR at beginning of each trial.

 End HR recording at the beginning of the next trial.

Use stopwatch to keep track of total duration of participants' physical contact with

stimulus. 

Ensure ICM presented during exposure only.

Experimenter Script:

We are almost ready to begin your first of six 5-minute exposure trials.  For each trial,

you will be asked to touch the inside of the box with both hands for 5 minutes. Please

attempt to touch the dirt mixture for the full 5 minutes. However, if you feel the need to

pull away, that is okay.  If you pull away from the box prematurely, you will be encouraged

to touch the box again.  Once 5 minutes have passed, the trial will end.  

 
It is important to note that you will not be allowed to wash your hands at any point

during exposure.  Before we get started, I'd like you to complete a few measures about

how you feel right now, and how you feel about the upcoming exposure trial.

Pre-Trial 1
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Pre-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,

please rate how confident you feel about the upcoming trial.  

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current

distress”, please indicate how you feel right now (i.e., in the present moment).

Con7dence that you
can cope with your
emotional distress:

                   

Con7dence that you
can physically stay in

contact with the
feared stimuli for the

duration of the trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?
                   

At this very moment,
how much disgust

do you feel?
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress

expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely

dangerous”, please indicate the level of danger (i.e., belief that you may be harmed)

you anticipate for the upcoming trial.

T1 Exposure Instructions

In Vivo Exposure Instructions

Expected fear level
during the upcoming

trial:
                   

Expected disgust
level during the
upcoming trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical

harm during the
upcoming trial

                   

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

                   

 
 0 10 20 30 40 50 60 70 80 90 100
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We will now begin your 1st exposure trial.  Here is a reminder about the
procedures:

Try your best to touch the dirt mixture for the full 5 minutes.
If you pull away, you will be encouraged to touch the dirt mixture again.
You will not be allowed to wash your hands at any point during the
exposure.

T1 BO

T1 Behavioral Observations: 

Note to Experimenter: 

Set timer to ensure 5 minutes of total exposure.  
Use stopwatch with pause function to record total duration of physical contact with
the stimulus.  
Report times below in seconds.

1. Duration (in
seconds) of
physical contact
with feared target.
2. Number of times
participant initiates
physical contact
with feared target.
3. Record here any
important
observations about
the trial.
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Post-Trial 1

Post-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”,
please indicate how you feel about the previous trial.

Highest fear level at
any point during the

last trial:
                   

Fear level at the end
of the last trial.                    

Highest disgust level
at any point during

the last trial:
                   

Disgust level at the
end of the last trial:                    

 
 0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “Not at all” and 100 = “Extremely”, please
indicate the extent to which you feel receiving tDCS helped you to reduce your
fear during the last trial.

Extent to which tDCS
helped reduce my

fear.
                   

Extent to which tDCS
helped reduce my

disgust.
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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Pre-Trial 2

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

                   

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

                   

  Never Rarely Sometimes Often Most of
the time

All the
time

 0 10 20 30 40 50 60 70 80 90 100
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Prepare for and administer six 5-minute trials of graduated in vivo exposure therapy,

with 2 minute inter-trial intervals, according to treatment manual.

Complete pre-trial measures before each trial.

Complete post-trial measures after each trial.  

Start and stop HR recording for each trial.  Begin recording HR at beginning of each

trial.  End HR recording at the beginning of the next trial.

Use stopwatch to keep track of total duration of participants' contact with stimulus. 

Ensure ICM presented during exposure only.

Experimenter Script:

We are almost ready to begin your first of six 5-minute exposure trials.  For each trial,

you will be asked to approach the snake, following a series of steps ranging from least

difficult to most difficult.  The step, or difficulty level we attempt will depend on your fear

levels.  I'll be asking you your fear levels each minute for each trial.  When your fear

drops below a moderate level, you'll be asked to move up to the next difficulty level.

 
Please try your best to continue to look at the snake throughout each exposure trial, and to

also maintain the step or dikculty level that we are at for the full 5 minutes.
However, if you feel the need to pull away, that is okay.  If you pull away from

the snake prematurely, you will be encouraged to approach the snake again.  Once 5

minutes have passed, the trial will end.  

 
Before we get started, I'd like you to complete a few measures about how you feel right

now, and how you feel about the upcoming exposure trial.

For exposure, you will be asked to approach one of the same snakes you were exposed to

during your 7rst visit.  Please take a look below at an image of the actual snake that you

will be exposed to.
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Please select among the following the most diOcult level at which you feel you would be

able to maintain contact with the snake for AT LEAST 5 MINUTES with a fear and disgust

level less than 50 (where 0 = none, and 100 = extreme).

Pre-Trial 1

Standing in room more than 5 feet from snake tank.

Standing in room 5 feet from snake tank.

Standing in room 3 feet from snake tank.

Standing directly in front (within 1 foot) of snake tank.

Dangling one hand so that 7ngertips are even with top of snake tank.

Dangling one hand halfway into snake tank.

Touching bottom of the snake tank with 7ngertips.

Touching the snake with a Q-tip.

Touching the snake with a gloved hand.

Touching the snake with a bare 7ngertip.

Holding the snake in both hands (with fear and disgust level less than 50, on a scale from 0
to 100, where 0 = none and 100 = extreme).
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Pre-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,

please rate how confident you feel about the upcoming trial.  

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current

distress”, please indicate how you feel right now (i.e., in the present moment).

Con7dence that you
can cope with your
emotional distress:

                   

Con7dence that you
can physically stay in

contact with the
feared stimuli for the

duration of the trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?
                   

At this very moment,
how much disgust

do you feel?
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress

expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely

dangerous”, please indicate the level of danger (i.e., belief that you may be harmed)

you anticipate for the upcoming trial.

T1 Exposure Instructions

In Vivo Exposure Instructions

Expected fear level
during the upcoming

trial:
                   

Expected disgust
level during the
upcoming trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical

harm during the
upcoming trial

                   

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

                   

 
 0 10 20 30 40 50 60 70 80 90 100
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We will now begin your 1st exposure trial.  Here is a reminder about the procedures: 

Try your best to continue to look at the snake, and to also maintain the step or dikculty

level you selected for the full 5 minutes.  if you feel the need to pull away, you will be

encouraged to approach the snake again.  Once 5 minutes have passed, the trial will

end.  

T1 BO
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T1 Experimenter Behavioral Observations

 
For Experimenter: Set timer to ensure 5 minutes of total exposure.   Ask participant for
fear levels (SUDS) each minute.  Move up 1 behavioral approach step if fear drops to 30
or less (where 0 = no fear; 100 = extreme fear).   Use stopwatch with pause function to
record total duration of actual exposure (eye contact with maintained approach level).  
Report times below in seconds.

Minute 1 Fear
(0-100)                     
Minute 1 Approach
(0-10)                     
Minute 2 Fear
(0-100)                     
Minute 2 Approach
(0-10)                     
Minute 3 Fear
(0-100)                     
Minute 3 Approach
(0-10)                     
Minute 4 Fear
(0-100)                     
Minute 4 Approach
(0-10)                     
Minute 5 Fear
(0-100)                     
Minute 5 Approach
(0-10)
                     
Duration (in
seconds) of
exposure.
                     
Number of times
participant initiates
exposure with
feared target.
                     

Record here any
important
observations about
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For Experimenter: Please select the highest approach level actually acheived by the

participant for at least 1 minute during the last trial.

Post-Trial 1

Standing in room more than 5 feet from snake tank.

Standing in room 5 feet from snake tank.

Standing in room 3 feet from snake tank.

Standing directly in front (within 1 foot) of snake tank.

Dangling one hand so that 7ngertips are even with top of snake tank.

Dangling one hand halfway into snake tank.

Touching bottom of the snake tank with 7ngertips.

Touching the snake with a Q-tip.

Touching the snake with a gloved hand.

Touching the snake with a bare 7ngertip.

Holding the snake in both hands (with fear and disgust level less than 50, on a scale from 0
to 100, where 0 = none and 100 = extreme).
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Post-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”,
please indicate how you feel about the previous trial.

On a scale from 0 to 100, where 0 = “Not at all” and 100 = “Extremely”, please
indicate the extent to which you feel receiving tDCS helped you to reduce your
fear during the last trial.

Highest fear level at
any point during the

last trial:
                   

Fear level at the end
of the last trial.                    

Highest disgust level
at any point during

the last trial:
                   

Disgust level at the
end of the last trial:                    

 
 0 10 20 30 40 50 60 70 80 90 100

Extent to which tDCS
helped reduce my

fear.
                   

Extent to which tDCS
helped reduce my

disgust.
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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Pre-Trial 2

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

                   

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

                   

  Never Rarely Sometimes Often Most of
the time

All the
time

 0 10 20 30 40 50 60 70 80 90 100
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Prepare for and administer six 5-minute trials of graduated in vivo exposure therapy,

with 2 minute inter-trial intervals, according to treatment manual.

Complete pre-trial measures before each trial.

Complete post-trial measures after each trial.  

Start and stop HR recording for each trial.  Begin recording HR at beginning of each

trial.  End HR recording at the beginning of the next trial.

Use stopwatch to keep track of total duration of participants' contact with stimulus. 

Ensure ICM presented during exposure only.

Experimenter Script:

We are almost ready to begin your first of six 5-minute exposure trials.  For each trial,

you will be asked to approach the tarantula, following a series of steps ranging from least

difficult to most difficult.  The step, or difficulty level we attempt will depend on your fear

levels.  I'll be asking you your fear levels each minute for each trial.  When your fear

drops below a moderate level, you'll be asked to move up to the next difficulty level.

 
Please try your best to continue to look at the tarantula throughout each exposure trial,

and to also maintain the step or difficulty level that we are at for the full 5 minutes.

However, if you feel the need to pull away, that is okay.  If you pull away from the

tarantula prematurely, you will be encouraged to approach the tarantula again.  Once 5

minutes have passed, the trial will end.  

 
Before we get started, I'd like you to complete a few measures about how you feel right

now, and how you feel about the upcoming exposure trial.

For exposure, you will be asked to approach the same Mexican Red Knee tarantula you

were exposed to during your 7rst visit.  Please take a look below at an image of the actual

tarantula that you will be exposed to.
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Please select among the following the most diOcult level at which you feel you would be

able to maintain contact with the tarantula for AT LEAST 5 MINUTES with a fear and

disgust level less than 50 (where 0 = none, and 100 = extreme).

Pre-Trial 1

Standing in room more than 5 feet from tarantula tank.

Standing in room 5 feet from tarantula tank.

Standing in room 3 feet from tarantula tank.

Standing directly in front (within 1 foot) of tarantula tank.

Dangling one hand so that 7ngertips are even with top of tarantula tank.

Dangling one hand halfway into tarantula tank.

Touching bottom of the tarantula tank with 7ngertips.

Touching the tarantula with a Q-tip.

Touching the tarantula with a gloved hand.

Touching the tarantula with a bare 7ngertip.

Holding the spider in both hands (with fear and disgust level less than 50, on a scale from
0 to 100, where 0 = none and 100 = extreme).
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Pre-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No confidence”, and 100 = “Extreme confidence”,

please rate how confident you feel about the upcoming trial.  

On a scale from 0 to 100, where 0 = “No current distress” and 100 = “Extreme current

distress”, please indicate how you feel right now (i.e., in the present moment).

Con7dence that you
can cope with your
emotional distress:

                   

Con7dence that you
can physically stay in

contact with the
feared stimuli for the

duration of the trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

At this very moment,
how anxious / afraid

are you?
                   

At this very moment,
how much disgust

do you feel?
                   

 
 0 10 20 30 40 50 60 70 80 90 100
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On a scale from 0 to 100, where 0 = “No distress expected” and 100 = “Extreme distress

expected”, please indicate how you feel about the upcoming trial.

On a scale from 0 to 100, where 0 = “Not dangerous at all” and 100 = “Extremely

dangerous”, please indicate the level of danger (i.e., belief that you may be harmed)

you anticipate for the upcoming trial.

T1 Exposure Instructions

In Vivo Exposure Instructions

Expected fear level
during the upcoming

trial:
                   

Expected disgust
level during the
upcoming trial:

                   

 
 0 10 20 30 40 50 60 70 80 90 100

Expected danger /
threat of physical

harm during the
upcoming trial

                   

Expected emotional
harm during the

upcoming trial (e.g.,
being "traumatized")

                   

 
 0 10 20 30 40 50 60 70 80 90 100
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We will now begin your 1st exposure trial.  Here is a reminder about the procedures: 

Try your best to continue to look at the tarantula, and to also maintain the step or dipculty

level you selected for the full 5 minutes.  if you feel the need to pull away, you will be

encouraged to approach the tarantula again.  Once 5 minutes have passed, the trial will

end.  

T1 BO
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T1 Experimenter Behavioral Observations

 
For Experimenter: Set timer to ensure 5 minutes of total exposure.   Ask participant for
fear levels (SUDS) each minute.  Move up 1 behavioral approach step if fear drops to 30
or less (where 0 = no fear; 100 = extreme fear).   Use stopwatch with pause function to
record total duration of actual exposure (eye contact with maintained approach level).  
Report times below in seconds.

Minute 1 Fear
(0-100)                     
Minute 1 Approach
(0-10)                     
Minute 2 Fear
(0-100)                     
Minute 2 Approach
(0-10)                     
Minute 3 Fear
(0-100)                     
Minute 3 Approach
(0-10)                     
Minute 4 Fear
(0-100)                     
Minute 4 Approach
(0-10)                     
Minute 5 Fear
(0-100)                     
Minute 5 Approach
(0-10)
                     
Duration (in
seconds) of
exposure.
                     
Number of times
participant initiates
exposure with
feared target.
                     

Record here any
important
observations about
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For Experimenter: Please select the highest approach level actually acheived by the

participant for at least 1 minute during the last trial.

Post-Trial 1

Standing in room more than 5 feet from tarantula tank.

Standing in room 5 feet from tarantula tank.

Standing in room 3 feet from tarantula tank.

Standing directly in front (within 1 foot) of tarantula tank.

Dangling one hand so that 7ngertips are even with top of tarantula tank.

Dangling one hand halfway into tarantula tank.

Touching bottom of the tarantula tank with 7ngertips.

Touching the tarantula with a Q-tip.

Touching the tarantula with a gloved hand.

Touching the tarantula with a bare 7ngertip.

Holding the spider in both hands (with fear and disgust level less than 50, on a scale from
0 to 100, where 0 = none and 100 = extreme).
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Post-Trial 1 Measures

On a scale from 0 to 100, where 0 = “No distress” and 100 = “Extreme distress”,
please indicate how you feel about the previous trial.

On a scale from 0 to 100, where 0 = “Not at all” and 100 = “Extremely”, please
indicate the extent to which you feel receiving tDCS helped you to reduce your
fear during the last trial.

Highest fear level at
any point during the

last trial:
                   

Fear level at the end
of the last trial.                    

Highest disgust level
at any point during

the last trial:
                   

Disgust level at the
end of the last trial:                    

 
 0 10 20 30 40 50 60 70 80 90 100

Extent to which tDCS
helped reduce my

fear.
                   

Extent to which tDCS
helped reduce my

disgust.
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Pre-Trial 2

Please indicate how
often, during this

past trial, you
engaged in mental

actions to reduce
your fear or disgust

(e.g., distraction,
meditation, mental

imagery, etc.)

                   

Please indicate how
often, during this

past trial, you
engaged in

behavioral actions to
reduce your fear or

disgust (e.g., pulling
away, hesitating,

avoiding, etc.)

                   

  Never Rarely Sometimes Often Most of
the time

All the
time

 0 10 20 30 40 50 60 70 80 90 100
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Instructions

Contextual Memory Task

During your last visit to the lab, you encountered a poster with several line drawings of

objects on it after receiving tDCS.   For each of the images below, please indicate whether

you think the object was present on the poster (yes or no), as well as your degree of

con@dence in your answer (0 = not at all con9dent; 100 = extremely con9dent). 

Flag
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Can

Yes

No

Con@dence                    

 
 0 10 20 30 40 50 60 70 80 90 100
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Pumpkin

Yes

No

Click to write Choice
1                    

 
 0 10 20 30 40 50 60 70 80 90 100
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Clown

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Windmill_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Snowman

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Pipe

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Coffeemug

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Stepladder

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Wrench

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Toaster

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Plug

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Sewingmachine

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Saw

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Scissors_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Paintbrush

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Mask

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Vest

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Rollerskate

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Hat

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Tie

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Leatherjacket

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Motorcycle

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Wagon_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Carrot

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Birthdaycake

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Leaf

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Berryplant

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Rose_Target

Yes

No

Con@dence                    

 
 0 10 20 30 40 50 60 70 80 90 100

Qualtrics Survey Software https://utexas.qualtrics.com/ControlPanel/Ajax.php?action=Get...

29 of 46 9/29/17, 10:31 AM



  

 
 

438 

Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Mouse_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Bird_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Musical Notes_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Ice Cream Cone_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Airplane_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Shoe_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Shopping Cart_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Light Bulb_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Umbrella_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Tree_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Elephant_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Whistle_Target

Yes

No

Con@dence                    
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Was this object present on the poster?

How con@dent are you in your answer to the question above?  
 
0= "Not at all Con)dent", 50= "Somewhat Con)dent", 100= "Extremely Con)dent"

Spatial Memory Task

Yes

No

Con@dence                    
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Each of the images presented to you during your last visit were displayed on a
large 4 x 4 grid.  
The images below were on the LEFT side of the poster grid (2 left-most
columns), as indicated by the green squares in the following @gure.

For each image, please drag and drop it to the correct position in columns 1 and
2.
 
 
 

Column 1 Column 2
Items

Music notes  

Bird  
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Please rate your overall con@dence (0 = not at all con9dent; 100 = extremely
con9dent) that you have placed each object in the correct position.

Con@dence                    

  Not at all con@dent Extremely con@dent

 0 10 20 30 40 50 60 70 80 90 100
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The images below were on the RIGHT side of the poster grid (2 right-most
columns), as indicated by the green squares in the following @gure.
 

For each image, please drag and drop it to the correct position in columns 3 and
4.

Column 3 Column 4
Items

Whistle  

Shoe  

Wagon  
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Powered by Qualtrics

Please rate your overall con@dence (0 = not at all con9dent; 100 = extremely
con9dent) that you have placed each object in the correct position.

End

END OF TASK. Please tell the experimenter that you have completed the task. 

Con@dence                    

  Not at all con@dent Extremely con@dent

 0 10 20 30 40 50 60 70 80 90 100
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Figure 2. Illustrative trial of the threat vigilance task. 

 

 

Figure 3. Illustrative trial for the visuospatial working memory task. 

 

 

 

 

Threat	Vigilance	Task

Working	Memory	Task	(Delayed	Match	to	Sample)	
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Figure 4. Stimuli for the incidental contextual memory task.  
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