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The primary goal of the present thesis was to enhance our knowledge about technology-
assisted interventions in the treatment of social anxiety disorder (SAD). Accordingly, we 
aimed (1) to provide an overview on the status quo of existing literature, (2) to examine 
the efficacy of existing technology-assisted interventions, (3) to develop a technology-
assisted intervention using virtual reality with verbal interaction to treat patients with 
generalized SAD and heterogeneous social fears, (4) to explore cognitive predictors of 
treatment outcome of exposure therapy (including virtual reality exposure therapy), 
(5) to examine assessment tools using different modalities to assess social anxiety and 
their ability to predict social anxiety in everyday life. This chapter will provide a general 
discussion of the findings resulting from Chapter 2-6. Following a short summery of 
the findings, implications, limitations, and conclusions of the conducted studies will be 
addressed. 

SUMMARY OF EMPIRICAL STUDIES

A systematic literature search, described in Chapter 2, revealed that there were 37 
randomized controlled trials with clinical samples on technology-assisted treatments. 
These treatments could be grouped into internet delivered cognitive behavioral 
therapy (ICBT), virtual reality exposure therapy (VRET), and cognitive bias modification 
(CBM). The subsequent meta-analyses showed that ICBT and VRET led to significant 
improvement regarding SAD symptoms compared to passive control conditions, 
with ICBT being more effective than active control conditions, and VRET showing 
comparable effects. CBM, however, was not significantly more effective than passive 
control conditions, with the exception when training was delivered in the laboratory. 
ICBT had small effects on depression symptoms and quality of life compared to active 
control conditions. 
 The results of a randomized controlled trial on the efficacy of VRET (described in 
Chapter 3) suggest that VRET comprising extensive verbal interaction and several 
virtual social scenarios, is an effective intervention for patients suffering from SAD with 
heterogeneous social fears. In comparison to a waiting-list control condition, individuals 
in the VRET and exposure in vivo condition significantly improved regarding social 
anxiety symptoms, duration of a speech, perceived stress, and avoidant personality 
disorder related beliefs from pre to post treatment. Yet, exposure in vivo was superior 
to VRET and only individuals in the former condition significantly improved, compared 
to the waiting-list condition, with regard to fear of negative evaluation, speech 
performance, general anxiety, depression, and quality of life. 
 Chapter 4 illustrates the investigation of possible cognitive predictors of treatment 
outcome of exposure therapy. The results of the study revealed that changes in 
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estimated social costs during the first six sessions predicted improvement of social 
anxiety symptoms in patients with SAD. Individuals who reported a greater decrease 
in estimated social costs showed greater improvement of social anxiety symptoms. 
Although changes in self-focused attention and self-efficacy predicted treatment 
outcome when examined in individual models, both were no significant predictors 
beyond estimated social costs in the final model. The effect of estimated social costs 
was independent of treatment modality (exposure in vivo and in virtual reality).
 In Chapter 5, the effects of exposure therapy on cognitive biases were examined. 
The results demonstrated that neither changes in attention bias nor in approach-
avoidance bias from pre- to posttreatment significantly differed between exposure 
therapy conditions (VRET and exposure in vivo) and a waiting-list control group. 
 To explore self-report questionnaires, behavioral assessment tasks, and implicit 
behavior measures as assessment tools of social anxiety (Chapter 6), we investigated 
whether in vivo and virtual reality behavioral assessment tasks, an approach avoidance 
task, and self-report measures predicted everyday social anxiety, experiential 
avoidance, and negative social events in a sample with subclinical anxiety levels on the 
seven consecutive days. The results showed that a self-report measure assessing fear 
of negative evaluation predicted social anxiety and experiential avoidance while a self-
report measure assessing fear and anxiety in social situations predicted experiential 
avoidance only. Neither approach-avoidance bias (for angry or disgusted faces) nor 
behavioral assessment tasks (in vivo and virtual reality) predicted any outcome variable. 

Virtual reality in the treatment of social anxiety disorder
Although a growing body of literature indicates the effectiveness of VRET for several 
anxiety disorders (Meyerbröker & Emmelkamp, 2010; Morina, Ijntema, Meyerbröker, & 
Emmelkamp, 2015; Opriş et al., 2012; Parsons & Rizzo, 2008), the results of the systematic 
literature search described in Chapter 2 showed that research on VRET for SAD is still 
very limited. Existing research focused on public speaking anxiety only (Anderson et 
al., 2013; Wallach, Safir, & Bar-Zvi, 2009) and administered VRET in combination with 
cognitive therapy (Anderson et al., 2013; Bouchard et al., 2017). To the best of our 
knowledge, the study described in Chapter 3 was the first to examine VRET involving 
extensive verbal interaction as an intervention for patients with SAD and heterogeneous 
fears. 
 In line with previous research (Anderson et al., 2013; Bouchard et al., 2017), the VRET 
intervention described in this thesis effectively reduced SAD symptomatology on both 
self-report measures and as reflected by speech duration in a behavioral assessment 
task, which underlines our findings. However, VRET was less effective than the treatment 
of the active control group, exposure in vivo, which is not in line with previous studies on 
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SAD (Anderson et al., 2013; Bouchard et al., 2017), although in one study, an analogue 
trend but no significant difference between exposure in vivo plus cognitive therapy and 
VRET plus cognitive therapy was constituted (Anderson et al., 2013). That VRET can have 
robust effects on SAD symptoms even after four to six years was recently shown by 
Anderson, Edwards, and Goodnight (2017). 
 A closer look at the technical features of the implemented intervention might 
contribute to future improvement of the efficacy of VRET. As shown by research on 
technical requirements, virtual scenarios need to reach a certain level of realism to elicit 
anxiety in individuals (Diemer, Alpers, Peperkorn, Shiban, & Mühlberger, 2015). However, 
one might speculate, that depending on the fear content of a disorder, features of the 
virtual scenarios might differ in their importance for treatment to be effective. In the 
case of SAD, the graphical representation of faces might be more important because 
of their important role in communication than other body parts of virtual humans or 
the environment. The fear of negative evaluation is suggested to be a core feature of 
SAD (Turner, Beidel, & Townsley, 1992). In the study described in Chapter 3, in opposite 
to exposure in vivo, VRET did not lead to a significant improvement in fear of negative 
evaluation. Similar results were reported by Anderson et al. (2013). The virtual humans 
in our study had neutral facial expressions and did not display gestures. Yet, mimic and 
body language can be used by individuals with SAD as information source regarding 
possible negative evaluation by others and their absence in the virtual scenarios might 
explain why VRET did not affect fear of negative evaluation in our study, whereas 
exposure in vivo did. Similarly, information on negative evaluation might also be 
derived from the content of verbal interaction. Dialogues containing explicit negative 
evaluation might help to target this specific fear during VRET. As an example, Kang, 
Brinkman, Van Riemsdijk, and Neerincx (2016) created a virtual audience that can 
behave in different ways, for example bored, as reflected in mimic, body language and 
comments. Future research is needed to investigate whether adding facial expressions 
and gestures to virtual humans and focusing on negative evaluation in dialogues can 
increase the efficacy of VRET. 
  Virtual reality and related technologies are fast-paced. New technological 
developments can help us to improve existing virtual reality systems and also create 
new possibilities, for example, with regards to the verbal interaction in virtual scenarios. 
In the study described in Chapter 3, dialogues were pre-written following a certain 
storyline. The therapist could choose between several sentences that the virtual human 
could say by clicking on them in a computer program. Although alternative sentences 
were created to be able to respond according to the content of the patient’s answers, 
variety (especially when repeating exposure exercises) and compatibility of the virtual 
human’s responses to what the patients said, were limited. Two new technological 

15329_i-Kampmann_BW.indd   135 03-04-18   08:26

GENERAL DISCUSSION | 135

7

SAD (Anderson et al., 2013; Bouchard et al., 2017), although in one study, an analogue 
trend but no significant difference between exposure in vivo plus cognitive therapy and 
VRET plus cognitive therapy was constituted (Anderson et al., 2013). That VRET can have 
robust effects on SAD symptoms even after four to six years was recently shown by 
Anderson, Edwards, and Goodnight (2017). 
 A closer look at the technical features of the implemented intervention might 
contribute to future improvement of the efficacy of VRET. As shown by research on 
technical requirements, virtual scenarios need to reach a certain level of realism to elicit 
anxiety in individuals (Diemer, Alpers, Peperkorn, Shiban, & Mühlberger, 2015). However, 
one might speculate, that depending on the fear content of a disorder, features of the 
virtual scenarios might differ in their importance for treatment to be effective. In the 
case of SAD, the graphical representation of faces might be more important because 
of their important role in communication than other body parts of virtual humans or 
the environment. The fear of negative evaluation is suggested to be a core feature of 
SAD (Turner, Beidel, & Townsley, 1992). In the study described in Chapter 3, in opposite 
to exposure in vivo, VRET did not lead to a significant improvement in fear of negative 
evaluation. Similar results were reported by Anderson et al. (2013). The virtual humans 
in our study had neutral facial expressions and did not display gestures. Yet, mimic and 
body language can be used by individuals with SAD as information source regarding 
possible negative evaluation by others and their absence in the virtual scenarios might 
explain why VRET did not affect fear of negative evaluation in our study, whereas 
exposure in vivo did. Similarly, information on negative evaluation might also be 
derived from the content of verbal interaction. Dialogues containing explicit negative 
evaluation might help to target this specific fear during VRET. As an example, Kang, 
Brinkman, Van Riemsdijk, and Neerincx (2016) created a virtual audience that can 
behave in different ways, for example bored, as reflected in mimic, body language and 
comments. Future research is needed to investigate whether adding facial expressions 
and gestures to virtual humans and focusing on negative evaluation in dialogues can 
increase the efficacy of VRET. 
  Virtual reality and related technologies are fast-paced. New technological 
developments can help us to improve existing virtual reality systems and also create 
new possibilities, for example, with regards to the verbal interaction in virtual scenarios. 
In the study described in Chapter 3, dialogues were pre-written following a certain 
storyline. The therapist could choose between several sentences that the virtual human 
could say by clicking on them in a computer program. Although alternative sentences 
were created to be able to respond according to the content of the patient’s answers, 
variety (especially when repeating exposure exercises) and compatibility of the virtual 
human’s responses to what the patients said, were limited. Two new technological 

15329_i-Kampmann_BW.indd   135 03-04-18   08:26
        



136 | CHAPTER 7

developments might help to improve the verbal interaction between patient and 
virtual human in the treatment of SAD. First, speech recognition, a technology that 
automatically identifies spoken words, can help to process what the patient says and 
then to choose an appropriate answer. This allows for a significant greater choice 
of alternative sentences because processing of content and choice of response is 
automated. However, the answers still need to be pre-written. The second technology, a 
voice transformer, circumvents this issue. Here, the therapist can respond to the patient 
directly by talking in the virtual human’s place, the voice modified, so the patient does 
not recognize the therapist’s voice and to allow for various virtual characters (e.g., 
differing in age, gender). An advantage here is that the therapist can ad hoc adapt 
his/her answers to the needs of the individual patient in the situation. This might help 
to make the conversation more realistic and to target fear of uncertainty, which is 
associated with SAD (Boelen & Reijntjes, 2009; Carleton, Collimore, & Asmundson, 2010). 
 Besides the social interaction with the virtual human, the virtual environment plays 
a key role in the simulation of social situations relevant for a patient. In previous studies 
(including the study described in Chapter 3), social situations were simulated that 
are commonly feared by individuals with social anxiety (e.g., giving a talk in front of 
an audience). However, usually only one virtual scenario was created representing a 
certain type of social situation (e.g., a bus stop scenario to practice small talk). However, 
as described in Craske et al. (2008), exposure exercises in varying contexts are 
recommended to prevent the return of fear and therefore to maximize effects of 
exposure therapy. In future research, it would be important to investigate whether 
possibilities to vary characteristics of a certain virtual scenario (e.g., furniture, colors, 
appearance of virtual humans) and a greater number of virtual scenarios targeting a 
certain social fear would help to maximize treatment effects. 
 Another possibility to allow exposure exercises in varying contexts, even in the 
patient’s daily environment, might be the use of augmented reality. In opposite to 
virtual reality, augmented reality does not replace the real environment by a simulated 
environment but manipulates the perception of the real environment by adding 
computer-generated sensory input (e.g., objects). Research on the use of augmented 
reality in the treatment of anxiety disorders is rather limited. A recent randomized 
controlled trial by Botella and colleagues (2016) on the efficacy of exposure using 
augmented reality suggests comparable effects to exposure in vivo at follow-up in 
patients with specific phobia (animal type). There is no research on the use of augmented 
reality in the treatment of SAD so far. Applying augmented reality in case of public 
speaking anxiety, a virtual audience could be simulated and added to the perception of 
the real world. This technology would allow patients to practice (e.g., to give a talk) in their 
personal environment and varying contexts (e.g., several conference rooms at work). 
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 To what extent these technologies can contribute to the efficacy of VRET for SAD 
needs to be evaluated in future studies. Given that the importance of verbal interaction 
and context independence exposure exercises is not limited to the treatment of 
SAD, VRET targeting other disorders might also profit from the integration of these 
technological developments. Beside treatment purposes, the technology virtual reality 
might offer new possibilities to investigate fundamental processes and mechanisms in a 
highly controllable environment independent of the psychological disorder of interest. 
 

Cognitions and their role in virtual reality exposure therapy
The comparison of studies investigating the efficacy of VRET for SAD in Chapter 2  
showed that the studies by Anderson et al. (2013) and Bouchard et al. (2017) both 
reported higher effect sizes than the effect size we found in the randomized controlled 
trial described in Chapter 3. One might hypothesize that Anderson et al. (2013) 
found greater effects because they focused on public speaking anxiety and therefore 
investigated a specialized treatment for a more homogenous sample compared to our 
study with individuals with heterogeneous social fears. The fact that Bouchard et al. 
(2017) also reported greater effects although their study comprised a generalized SAD 
sample, contradicts this hypothesis. What both studies have in common, however, is 
that they administered VRET in combination with cognitive therapy. This combination 
makes it difficult to draw any conclusions about the efficacy of VRET as stand-alone 
treatment. 
 Dysfunctional cognitions, as proposed by cognitive models of SAD (Clark & Wells, 
1995; Rapee & Heimberg, 1997), contribute to the maintenance of the disorder. 
Individuals with SAD are assumed to have a preoccupation with negative thoughts 
related to themselves and how others see them. Cognitive therapy is supposed to work 
by changing these dysfunctional cognitions and adding cognitive therapy to VRET 
might therefore have facilitated these changes. Interestingly, we showed in Chapter 4  
that changes in cognitions, more specifically, in estimated social costs, predicted 
treatment outcome after in vivo and virtual reality exposure therapy. This is in line with 
research showing that exposure therapy, although not directly addressing cognitions, 
can produce comparable effects regarding cognitions as cognitive behavioral therapy 
(Acarturk, Cuijpers, van Straten, & de Graaf, 2009; Feske & Chambless, 1995; Powers, 
Sigmarsson, & Emmelkamp, 2008). Furthermore, it highlights the importance of 
changes in cognitions during exposure therapy. As suggested by Craske et al. (2008), 
exposure exercises can profit from emphasizing the testing of wrong expectations. 
Moreover, as suggested by Hofmann and Otto (2008), adding cognitive interventions 
to exposure therapy might help to guide “an adaptive interpretation of the meaning of 
a successful exposure”. Therefore, adding cognitive components to VRET and directly 
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targeting changes in estimated social costs might increase the efficacy of VRET for SAD. 
Future studies need to investigate whether this applies to VRET in individuals with 
heterogeneous social fears and which role presence, the extent to which a patient feels 
present in the virtual scenario, plays when targeting cognitions in VRET.
 

Cognitive biases in the treatment of social anxiety disorder
Cognitive biases have been linked to increased vulnerability for anxiety more than a 
decade ago and accumulating research supports the notion that cognitive biases 
are involved in the etiology and maintenance of SAD (Morrison & Heimberg, 2013). 
Traditional treatments that have been shown to be effective for SAD often do not 
address cognitive biases directly. Therefore, we investigated to what extent an effective 
treatment for SAD might cause changes in cognitive biases even though not focusing 
on them. Previous research on cognitive behavioral therapy yielded mixed results 
(Barry, Sewart, Arch, & Craske, 2015; Davis et al., 2016; Pishyar et al., 2008) and as 
described in Chapter 4, we did not find any support for the hypothesis that exposure 
therapy (in vivo or virtual reality) might affect attention bias and approach avoidance 
bias. Accordingly, given that cognitive biases might represent a risk factor for SAD and 
relapse after treatment on one hand, and the fact that traditional treatments might not 
affect these biases on the other hand, further research is warranted in order to find ways 
to reduce cognitive biases in SAD.
 Research has shown that cognitive bias modification trainings can reduce social 
anxiety in individuals with generalized SAD (Amir et al., 2009) and hence, the idea of 
combining bias modification with a bona fide treatment appears straightforward. In a 
study on treatment of alcoholic patients, a combination of approach avoidance bias 
training and regular treatment led to better treatment outcome one year later (Wiers, 
Eberl, Rinck, Becker, & Lindenmeyer, 2011). However, results of studies that investigated 
a combination of attention training (at home) and in-person delivered cognitive 
behavioral therapy for SAD (Rapee et al., 2013) and a combination of both delivered via 
internet for social anxiety (Boettcher, Hasselrot, Sund, Andersson, & Carlbring, 2014) did 
not suggest that adding attention bias training to cognitive behavioral therapy had any 
beneficial effects. Yet, the results of our meta-analysis as described in Chapter 1 might 
explain these findings. Cognitive bias modification for SAD seems to be only effective 
when delivered in the laboratory and not at home. More variables of importance have 
been identified recently, such as stimulus duration and number of trials. Based on their 
meta-analysis, Bantin, Stevens, Gerlach, and Hermann (2016) recommend stimulus 
durations shorter than 500 ms and Price and colleagues (2017) reported an interesting 
dose-response effect, namely, that attention bias training with less trials was superior 
regarding social anxiety improvement and attention bias to trainings with a higher 
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number of trials. Therefore, future studies are needed investigating the integration of 
cognitive bias modification to SAD treatment considering necessary requirements that 
have been identified of cognitive bias modification to be effective. 
 Another lead how to address cognitive biases in SAD might lie in the prevention of 
developing SAD and the prevention of relapse after treatment. A study on depression 
showed that attention bias training (using face stimuli not word stimuli) led to less 
depression symptoms and lower cortisol responses, both representing recurrence 
indicators, one month after training (Browning, Holmes, Charles, Cowen, & Harmer, 
2012). Regarding social anxiety, a study by de Hullu, Sportel, Nauta, and de Jong (2017) 
compared long term effects of cognitive bias modification (attention and interpretation) 
and cognitive behavioral therapy for adolescents with social anxiety or test anxiety who 
had an elevated risk to develop SAD. The results showed that both treatments did not 
differ regarding anxiety reduction and number of individuals who developed SAD at 
two-year follow-up. However, literature on the role of cognitive bias modification in the 
prevention of SAD is very limited and future studies need to examine further whether 
reducing cognitive biases in individuals with elevated risk can prevent the onset of SAD.
 A problem that is associated with most bias modification trainings and that patients 
of the study in Chapter 4 have reported several times is that these trainings are 
very repetitive and can become boring after several trials. A paradigm that has been 
commonly used for assessment and modification of attention bias and that we used in 
Chapter 4 is the dot probe task (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 
2002). One can hypothesize that the repetitive character of the task might partly explain 
why cognitive bias modification is only effective when delivered at the laboratory, 
perhaps with the experimenter in the next room, motivating the patient beforehand. 
Recently, Notebaert, Clarke, Grafton, and MacLeod (2015) introduced a novel task, the 
person-identity-matching task, which effectively modifies attention bias while having a 
game-like character because participants can collect points to reach a high score. 
 A relevant question for future research could be whether using more realistic stimuli 
and adding more game-like features could increase efficacy and patients’ compliance. 
Perhaps, creating a cognitive bias training with more ecological validity, such as an 
attention training that is embedded in a virtual scenario during which patients learn 
to shift their attention to virtual humans with a certain facial expression (e.g., smile) 
and away from virtual humans with other facial expressions (e.g., angry, disgust), 
could be more effective than traditional cognitive bias trainings using pictures of 
facial expressions (e.g., dot probe task). The same could be possible for interpretation 
bias trainings during which patients with SAD could learn to react more positively to 
ambiguous statements that virtual humans make. The recent integration of eye-tracking 
technology into the head mounted display used for virtual reality might also allow the 
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development of a novel form of attention bias training targeting disengagement bias 
based on eye movement, as proposed in a study by Ferrari, Möbius, van Opdorp, Becker, 
and Rinck (2016) on depression. Although more research on the efficacy of cognitive 
bias trainings for SAD is needed first, especially with research designs including active 
control groups, the implementation of trainings in a later stage might profit of adding 
game-like features, such as different tasks that the patients has to fulfil in order to get to 
the next level of the game, to motivate patients to regularly carry out the training. 

Virtual reality in the assessment of social anxiety disorder 
Traditionally, in addition to semi-structured interviews administered by clinicians, social 
anxiety is often assessed using self-report measures. Both assessment methods are 
limited by the fact that they are prone to recall bias and depending on the patient’s 
willingness and ability to share information. Instead of relying on these measures only, 
valuable information could be gathered by observing behavior (Baumeister, Vohs, & 
Funder, 2007; Furr, 2009). 
 For public speaking anxiety, a behavioral assessment task comprising a speech task 
in front of a camera has been commonly used in research context (e.g., Amir, Weber, 
Beard, Bomyea, & Taylor, 2008; Anderson et al., 2013; Kampmann et al., 2016). However, 
in the assessment of generalized SAD, one social situation might not be sufficient 
because social fears are diverse and public speaking situations might not be anxiety-
provoking for all patients. Moreover, it might not always be feasible in therapy context 
to observe SAD related behavior, especially if behavior is situation specific and relevant 
situations are difficult for the therapist to attend to (e.g., social situations at work) or to 
simulate realistically (e.g., big audience). 
 The study in Chapter 6 was a first attempt to integrate virtual reality in a behavioral 
assessment for social anxiety. The results showed, however, that self-rated anxiety during 
the virtual behavioral assessment task (i.e., conversation with a stranger and attending 
a foreign language class) did not predict social anxiety in everyday life. As mentioned 
earlier, a limitation of this study was that anxiety during the virtual behavioral assessment 
task and social anxiety in everyday situations was measured by self-ratings of the 
participants. Although assessing anxiety in the behavioral assessment task addresses 
the problem of recall bias, measurement still depends on information provided by the 
participant. Therefore, applying more objective measures of anxiety (e.g., physiological 
measures) or performance related measures might help to circumvent this limitation. 
 An example of a performance measure independent of patients’ appraisal can be 
found in a study by Ruse et al. (2014) which investigated the use of a virtual reality tool 
covering situations with topics that are typically difficult for patients with schizophrenia 
(i.e., finances, transportation, planning) to measure functional capacity. Results 
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indicated that performance on variables regarding time and errors was significantly 
lower in patients with schizophrenia than healthy controls. This idea could be translated 
to the assessment of SAD by developing an assessment tool comprising a variety of 
virtual social scenarios in order to address the heterogeneous fears of patients and by 
measuring performance variables (e.g., time of a speech) and anxiety related variables 
other than self-report (e.g., heart rate, startle reflex, skin conductance, gaze behavior). 
 Dechant, Trimpl, Wolff, Mühlberger, and Shiban (2017) conducted a pilot study 
recently, in which skin conductance and gaze behavior was assessed while participants 
with high and low levels of social anxiety completed tasks in two virtual scenarios. 
Results suggest that high-anxious participants might show significantly shorter 
durations of face gazing behavior than low-anxious participants. Skin conductance did 
not reliably differentiate between the two groups. Although gaze behavior might be 
promising variable to assess, results need to be replicated in a clinical sample in order to 
find out whether gazing behavior also distinguishes between individuals with clinical- 
and subclinical levels of social anxiety. Moreover, Dechant et al. (2017) investigated 
whether participants divided into two groups based on self-report measure scores 
differed in gaze behavior. In future studies, it would be interesting to explore whether 
gaze behavior in virtual social situations predicts behavior and social anxiety levels in 
everyday life. 
 Moreover, a standardized assessment tool could be developed to complement the 
already existing assessment measures with behavior related information. First, it would 
be essential to create a great number of virtual social scenarios in order to cover the 
wide range of social fears reported by individuals with generalized SAD. Then, one could 
investigate which combination of scenarios is most predictive of social anxiety disorder. 

Limitations, implications, and conclusions
Although research on technology-assisted treatments for SAD is growing, there is still 
a long way to go before these treatments will become pervasive in the mental health 
healthcare sector. As a first step, this thesis contributed to the knowledge on the efficacy 
of technology-assisted interventions for SAD by providing a systematic overview of the 
existing treatments and their efficacy which can inform both researchers in the field and 
therapists on the existing literature including strengths and limitations of studies. It can 
be concluded that higher quality of reporting in the documentation of future studies 
is desirable (Chapter 2). Moreover, the investigation of effects of technology-assisted 
interventions should be broadened from SAD symptoms to general functioning and 
common comorbidities (e.g., depression). Additionally, more follow-up assessments for 
the long term are needed to examine the robustness of effects of technology-assisted 
interventions.
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 By zooming in on one relatively new technology in particular, virtual reality, this 
thesis provided preliminary support of the efficacy of VRET for generalized SAD including 
extensive social interaction. What is important to keep in mind though is that all studies 
reported in this thesis were conducted in an academic setting. Even though we found 
support for VRET being effective in patients with SAD, the results cannot be generalized 
to a clinical setting. Patients participating in our studies volunteered to undergo a new 
form of treatment and they therefore might differ from patients in clinical settings (e.g., 
regarding treatment motivation and openness for technology). On the other hand, a 
virtual reality system (i.e., virtual social scenarios, dialogues) being developed for the 
purpose of a clinical study is also associated with limited financial resources and hence, 
limited efficacy of VRET should not be attributed to technological limitations only 
because the full potential of virtual reality technology in VRET might not have been 
reached in this context. Future systems developed for the clinical context might lead to 
increased treatment efficacy. 
 Another important aspect that has not been sufficiently investigated yet and which 
is not limited to the treatment of SAD is how the implementation of technology affects 
therapy sessions. Using technology during a therapy session might challenge therapists 
by adding a new aspect that they have to be trained in before giving therapy and that 
they have to pay attention to during therapy sessions. It needs to be explored to what 
extent previous technical knowledge and technical insight in both therapists and 
patients might influence the efficacy of technology-assisted interventions. Moreover, a 
potential point of concern associated with technology-assisted interventions, especially 
when delivered via internet, is data privacy. Regulations or general guidelines might 
be needed to guarantee patients’ privacy in the future. Additionally, intervention-like 
programs (e.g., in form of apps) can be developed and launched independent of whether 
its efficacy has been (sufficiently) investigated. Public awareness for this problem needs 
to be extended and future research is imperative for the general public, therapists, and 
patients to make well-informed decisions regarding technology-assisted interventions. 
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