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Abstract 
 

Background: Treatment of offenders in forensic mental healthcare is complex. Forensic 

psychiatric patients have often low treatment motivation, suffer from multiple disorders, 

and have low education skills. Virtual reality (VR) and wearables may be able to improve 

treatment because of its potential to increase motivation and engagement. Therefore, a 

VR intervention “Triggers&Helpers” application is being developed in a participatory 

development process with input from different stakeholders. However, little is still known 

about suitable methods for the development of VR, such as usability testing. In addition, 

the use of wearables has been studied with the “Triggers&Helpers” application. 

Objective: The three research goals are to identify (1) points of improvements in the 

existing “Triggers&Helpers” application according to therapists, (2) positive points and 

points of improvements of the usability of VR according to outpatients and (3) possible 

ways of using wearables with the “Triggers&Helpers” application. 

Methods: The first usability test and interview were conducted online with five therapists 

to gain positive, negative and points of improvements about the dashboard of the 

“Triggers&Helpers” application. The usability test consisted of multiple tasks, which the 

therapist had to fulfil in the dashboard. During the usability test, the think aloud method 

was used. The second usability test and interview were conducted with five outpatients 

to gain first impressions about the “Triggers&Helpers” application and the usability of VR. 

The VR set with the “Triggers&Helpers” application, and the wearable Empatica E4 were 

used. The Empatica E4 was used to monitor physiological data, such as the heart rate and 

tension level of outpatients.  

Results: Usability tests with therapists resulted in fifteen usability issues that could be 

divided into five categories, namely login, new template, settings virtual character, 

settings location, and saving templates issues. Usability tests with outpatients resulted in 

eight usability issues that could divided in three categories, namely VR device, observation 

in VR, and moving in VR issues. With the data of the Empatica E4, a table was provided, 

which displayed the heart rate and tension level that was recorded per scenario. Identified 

peaks of tension level were related to an occurrence, which means something happened 

in the VR simulation.  

Conclusion: The results of both qualitative studies provided insights into the points of 

improvements of the “Triggers & Helpers” application and the use of VR according to 

therapists and outpatients. The use of a wearable could have an added value in treatment 

as an interoceptive awareness tool, together with the “Triggers&Helpers” application. 

Wearables are a promising tool to use to increase the interoceptive awareness of patients, 

but more research is needed before integrating wearables in treatments in the forensic 

mental healthcare. 
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1. Introduction 
Forensic psychiatric patients have increased in the past few years while treatment of these 

patients is regarded as complex in forensic mental healthcare [1]. Forensic mental 

healthcare focuses on patients who show aggressive or sexual delinquent behaviour that 

result in offending and suffer from at least one psychiatric disorder, which may refer to 

alcohol abuse, antisocial personality, or post-traumatic stress disorder [2]. The complexity 

of treating forensic psychiatric patients can be partly explained by characteristics of the 

patients’ population. The first barrier is that most forensic psychiatric patients lack 

motivation to participate their treatment. This barrier could result in a low effectiveness 

or possible renounce of treatments [3]. The second barrier is that most forensic 

psychiatric patients have difficulty in reflecting on their behaviour and emotions [4]. This 

barrier is common among forensic psychiatric patients and mostly due to low education, 

low cognitive skills, lack of social skills, or lack of reflecting skills [5, 6]. This means that it 

is difficult for them to effectively participate in their treatment, which mostly contains a 

lot of reflecting exercises. Third, treatment of forensic psychiatric patients is regarded as 

complex, because forensic psychiatric patient population is diverse, which refers to 

different types of offence, mental disorders, personal backgrounds, and personality types 

[7]. Forensic ment1al healthcare focuses on preventing criminal recidivism via 

approaching offence related risk factors, such as antisocial behaviour or coping skills [2, 

5]. These risk factors can be approached by therapies and interventions that are based on 

evidence-based approaches. Examples of these approaches are cognitive behaviour 

therapy (CBT) and risk-needs-responsivity (RNR) principles [8, 9]. However, developing and 

implementing such approaches in forensic mental healthcare has proven to be 

challenging. Meta analyses found low effectiveness on clinical measures of interventions 

that targeting abusers, juvenile delinquency, and relapse prevention of offenders [10].  To 

improve forensic mental healthcare, a solution could be the use of eHealth in treatment, 

such as virtual reality (VR) or wearables. eHealth can be defined as technologies to 

improve and support health, well-being, and quality of care [11]. 

There are multiple eHealth technologies that seem to be suitable for treatment in 

forensic mental healthcare. A review pointed out that eHealth technology was able to deal 

with the complex nature of the forensic psychiatric population [12]. VR technology can 

take low education of forensic psychiatric patients into account by creating real-life, 

interactive simulations in which skills can be trained [13]. Furthermore, data on reactions 

can be gathered via physiological measures which can be integrated in treatment, for 

example by using wearables [14]. Several studies have shown that VR and wearables are 

interesting technologies for psychological treatment, since mental health problems such 

as phobia disorders, post-traumatic stress disorder (PTSD) or addictions are closely 

intertwined with the perceived environment [15-17]. However, most of these types of 

technologies are not thoroughly studied in the context of forensic mental healthcare. 
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Thus, more studies on technologies such as VR or wearables are required to determine 

the added value for forensic psychiatric patients. 

   VR is an intervention that has been used to simulate, coach, and educate patients 

in mental healthcare. In VR, patients can enter computer-generated environments [18]. A 

great advantage of VR is that VR simulations are not real, but the patient experiences the 

situation as real. Patients are willing to face more difficult situations in VR, because of the 

immersive qualities of VR [19]. A recent review pointed out that forensic psychiatric 

patients might benefit from the immersive qualities of VR [12]. A second advantage, VR 

can increase motivation of patients because they enjoy the use of VR, which could be a 

solution for patients that are lacking motivation [20]. The third advantage is that 

treatment can be tailored to the needs of an individual patient with VR [21]. Behavioural 

skills and coping strategies can be trained in controlled environments that are tailored to 

the individual patient’s risk factors, without endangering others. Tailoring will create a 

better fit between VR and the individual patient, which can increase the engagement and 

effectiveness of the treatment [22]. All these advantages together make VR a promising 

technology for forensic mental healthcare. 

Wearables are also one of the technologies that seem to be suitable for treatment 

in forensic mental healthcare. Wearables have the ability to monitor physiological signals, 

such as heart rate and skin conductance by using biofeedback [23]. Sensors are used to 

measure various bodily signals and make them visible. With biofeedback, patients can 

gain more insight into their physical reactions and learn to control them, which is called 

interoceptive awareness [23]. The possibilities of wearables enable the patient to gain 

new insights and acquire skills. Because wearables measure objective data and can 

provide immediate feedback, the patient can reflect on what happened and why at that 

specific moment. For example, the patient can indicate how he or she is feeling, or what 

caused the anger. The possibilities that wearables offer to monitor this type of data also 

create new opportunities for coaching, for example “just-in-time” feedback. For example, 

therapists can indicate when the patient’s heart rate increases and start with relaxation 

exercises or providing tips [23]. In this way, wearables might be used with VR to increase 

the effectiveness of the treatment. 

Several studies have shown that VR and wearables can offer many benefits for 

forensic mental healthcare, but there is still too little known about how they should be 

developed, implemented, and evaluated in practice [12, 24-26]. Therefore, a good 

development process is needed to guarantee a good fit between technology, people, and 

the context [20]. A way to do this is via participatory development, which supports 

cooperation with end-users and other stakeholders. In participatory development, a 

stakeholder can have different roles such as being an informant, who provides input into 

a product or design. A stakeholder can also be a co-creator, who is actively involved in 

creating ideas and products [27, 28]. Furthermore, stakeholders can also provide input 

with identifying problems where technology can be of added value, improving the design, 
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or identifying issues for implementation. Participatory development can be done by using 

methods from human-centred design (HCD), such as usability testing, prototyping and 

interviews [29]. 

Although participatory development is important, little is known about suitable 

methods for the development of VR and wearables, such as usability testing [29]. Usability 

testing is a method to test the functionality of a prototype by observing participants while 

they attempt to complete tasks on it. With this in mind, the VR application 

"Triggers&Helpers" is currently being developed in a participatory development process 

with different stakeholders. The “Triggers&Helpers” can simulate scenarios that are 

similar to real-life situations. In this study, usability tests are conducted with therapists to 

find out what they think of the “Triggers&Helpers”. By means of these usability tests, 

insights can be gained into what therapists and patients think of VR and where are points 

for improvements. Furthermore, previous research has pointed out the potential of 

combining biofeedback and VR, but not much is known about the possibilities [23]. This 

project will therefore provide insight into the participatory usability testing of VR by means 

of innovative research methods. The main goal of this thesis is to plan and execute 

usability tests of the VR application “Triggers&Helpers” with therapists and patients and 

to perform a pilot study about the possibilities of the use of wearables with VR. The three 

research goals are to identify (1) points of improvements in the existing “Triggers & 

Helpers” application according to therapists, (2) positive points and points of 

improvements of the usability of VR according to patients and (3) possible ways of using 

wearables with the “Triggers&Helpers” application that can improve current treatment. 
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2. Methods 

2.1 Setting 

Forensic mental healthcare focuses on identifying and treating risk factors of an individual 

patient [8]. The advantages of VR have led to a development of a new intervention by an 

interdisciplinary “VooRuit met VR” project team, consisting of key stakeholders such as 

patients, therapists, researchers, VR developers, and a health sciences student. In this 

study, usability tests were conducted with therapists and patients from two Dutch forensic 

mental clinics: Transfore and De Waag. Transfore and De Waag are organizations that 

offer forensic mental healthcare. Transfore treats patients in the east of the Netherlands 

who suffer from delinquent behaviour, such as problems with aggression or sexuality. 

Transfore treats more than 1500 people every year who exhibited transgressive 

behaviour. As a foundation, Transfore is part of the Dimence Group and has 

approximately 200 employees. Different in- and outpatient clinics are located in the 

Netherlands where patients go to be treated. De Waag was also participating the 

interdisciplinary project team and is a co-financier in this project.  

 

2.2 Triggers and Helpers 

Regardless of a forensic psychiatric patient’s offence, diagnosis, or type of treatment, 

forensic mental healthcare always focuses on what ‘triggers’ a patient. During treatment, 

factors that increase the chances of someone committing an offense again, will be 

studied. Those risk factors, such as dynamic risk factors, are important in treatment of 

offenders [30]. Once identified, these specific risk factors can be targeted in the treatment 

to decrease the chance of committing an offense. Acute dynamic risk factors are 

dependent on the context and state of the offender. Since these factors are only relevant 

during short periods of time and in specific situations, they are harder to target in 

treatment. Therefore, the application for VR was developed in collaboration with the 

company CleVR, called the “Triggers&Helpers” application. The “Triggers&Helpers” 

application is currently a functional prototype version, a working prototype built to 

validate the design. The goal is to identify triggers of patients and practice their helpers 

in personalized virtual environments. It is important to identify these triggers in order to 

deal with these challenging situations with helpers. Examples of these helpers are 

relaxation exercises, listening to music, or distracting oneself by playing games on a 

smartphone. The “Triggers&Helpers” can offer the therapist and patient many tools to 

identify personally relevant triggers in realistic context and to practice with helpers in a 

controlled setting. In order to use the “Triggers&Helpers” application, hardware is needed 

to launch the “Triggers&Helpers”, which consisted of multiple components. The hardware 

was provided by CleVR. The required components are shown in Figure 1. The tablet, which 

is wired with the VR glasses and laptop, launched the dashboard of the “Triggers&Helpers” 
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application. The voice-morphing microphone distorts the therapist's voice, which can be 

used in role-play with patients. 

 

 
Figure 1. Setup of VR consisted of laptop (a), tablet with dashboard of “Triggers&Helpers” application (b), voice-

morphing microphone (c), VR glasses (d), VR controllers (e), noise cancelling headphone (f).  

Therapists could use the application by navigating on the dashboard, that is 

launched on the tablet. The dashboard is made up of different building blocks to create a 

virtual session. The first block allowed the therapist to create a new session or to load a 

template that is saved. The second block is to select a type of exercise, such as walking 

around or role-play exercises. These are the only relevant exercises in this study, because 

only those are included in the usability test. With walking around exercises, patients could 

walk through virtual environments such as a shopping street. Virtual role-playing could 

also be used, in which the therapist “play” another virtual character via a voice-morphing 

microphone. When an exercise is selected, a specific environment can be chosen in the 

third block, for example on the corner of the shopping street. In the fourth building block, 

the settings are specific to the type of exercise that is chosen. For walk around exercise, 

types of virtual characters can be set, which will appear in the selected environment, and 

a specific location can be set for role-play exercise such as the corner of the street. In the 

fifth building block, social options, such as crowd and staring behaviour, can be set for 

walk around exercises. Two options can be set for role-play, which are the position of the 

virtual characters and the types of virtual characters. Triggers and helpers can be added 

in the last block. A list of triggers is provided, which is divided in different categories, and 

there is also an option to change the trigger to a helper.  

 

2.3 Study 1 – Usability test and interview with therapists 

2.3.1 Participants 

The target group for the first study were therapists that are specialized in forensic mental 

healthcare. These therapists are involved in any type of treatments that are focused on 
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outpatients, which are patients who attends a hospital or a clinic for treatment. 

Requirements for participating in this study were therapists who are potential end-users 

of the “Triggers&Helpers” application, and who are trained in the use of VR. A total of five 

therapists were included in the first study because studies have shown that about five 

participants are required in usability tests to identify most flaws and points of 

improvement [31]. Four therapists were recruited from De Waag and one therapist from 

Transfore by using convenience sampling via therapists and researchers who are affiliated 

with the “VooRuit met VR” project team. These therapists were not part of the “VooRuit 

met VR” project team and did not have experience in the use of the “Triggers&Helpers” 

application. Therapists were informed beforehand about the goal and nature of the study 

via verbal informed consent. They participated voluntary and were able to withdraw at 

any time during the study, which is communicated.  

 

2.3.2 Materials and procedure 

The five usability tests were conducted in March 2021 online via Zoom. The usability test 

consisted of six scenarios and an interview. An overview of the scenarios is provided in 

Table 1. In one scenario, multiple smaller tasks were provided, which the therapist had to 

fulfil in the application. The usability tests were conducted online by one researcher, one 

master student, and one engineer of CleVR and took approximately 45 minutes. The 

researcher (MK) was leading the usability tests, provided the therapists with tasks and 

conducted the interview. The master student (TV) observed the usability test, took notes, 

wrote down the number of mistakes that the therapist made, and the time the therapist 

needed to complete one task. The engineer is the software developer of company CleVR, 

which took care of the presentation of the “Triggers&Helpers” application via Zoom. The 

application was launched on the stakeholder’s computer and the screen was shared with 

the therapist. The controls were handed over, which allowed the therapist to use the 

application on his or her own computer via Zoom. During the usability test, the think aloud 

method was used, which is a stable method for understanding the thought processes and 

problems of test participants [32, 33]. The advantages of this method are that data during 

the usability test was continuously collected without many specific questions. The 

therapist was asked to think aloud to enable the researchers to gain insight into the first 

impressions and thinking process. The therapist was asked to say whatever comes into 

his or her mind.  

 
 
 
 

Table 1. Scenarios within the usability test, which therapists had to fulfil. 

Scenario Description 

1 Login the “Triggers&Helpers” application. 

2 Open new template and create a walking around situation in a bus half occupied 

with only women. 
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3 Save the template that was created in scenario 2, including accessibility for all 

therapists. 

4 Create a roleplay situation in grocery store with a security guard and grocery store 

employee. Add a trigger of your choice and start the roleplay. 

5 Create a new roleplay situation in a park with a police officer and man wearing a 

hoodie. 

6 Change the roleplay situation that is created in task 5 to a roleplay situation in a 

shopping street with one old man that is sitting on a bench.   

 

Afterwards, an interview with nine questions was conducted. The interview was 

based on four categories such as positive elements, difficulties that therapists have 

experienced, suggestions of improvements for existing components, and suggestions of 

points of improvements for new components. The interview was created by the 

researcher (MK). The overview of the interview is provided in Table 2. These questions 

supported the findings of the usability test to gain more insight into the results.  

 
Table 2. Overview of questions of the interview with therapists. 

# Questions 

1 What is your first impression of using the dashboard? 

2 What did you find difficult about using the dashboard? 

3 What did you find easy about using the dashboard? 

4 Did you need more information on the dashboard to build a scenario? If so, what 

information? 

5 What else would you like to change about the dashboard? 

6 What would you like to add to this dashboard to improve it? 

7 Are there any environments, characters or triggers and helpers that you are missing so 

far? 

8 Do you find the overview of triggers and helpers clear? How would you improve this? 

9 How would you use this VR application in treatment? Within which treatments? What 

could that look like? 

 

2.3.3 Data analysis 

After the usability tests were conducted, the recordings of the five participants were 

analysed by the researcher (MK) and the master student (TV). The data of the observation 

during the usability test were structured per therapist in a table with an issue 

identification, where the issue happened, task description, and a concise description of 

the issue. The table is provided in the result section in the Tables 6. Each usability issue 

had a grade of severity that is influenced by task criticality, issue frequency and issue 

impact. To prioritize the usability issue, the first thing was to set the criticality score of 

each task [34]. The criticality score rated the impact on the therapist if the task is not 

accomplished by a numeric value. The description of each numeric value is displayed in 

Table 3. The second thing to set, was the impact score, which rated how much the task 

has impacted the therapist that was trying to accomplish the task. This was done the same 

way as how the criticality score was set by using the numeric value. The last score that 
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had to set, was the issue frequency, which was determined by the total of participants 

that occurred the issue.  

 

Table 3. Description of the numeric values to determine the criticality score and impact score [34]. 

Numeric 

Value 

Description 

5 The issue prevents the participant from accomplishing the 

task. 

3 It causes frustration and/or delay. 

2 It has a minor effect on task performance. 

1 It is a suggestion from the participant. 

 

The severity of each issue is calculated by multiplying the three variables above, which is 

shown in Equation 1. When the severity value is known, the usability issues can be sorted 

with higher severity values having a higher priority than usability issues with a smaller 

severity value. This value can be calculated with the formula below when task criticality, 

frequency, and impact are known. Lastly, a summary of the main usability issues is given 

for each individual scenario. 

 

𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =  𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 ∗ 𝐼𝑚𝑝𝑎𝑐𝑡 𝑠𝑐𝑜𝑟𝑒 ∗
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠
       

Equation 1: Formula to calculate the severity score. 

 

The audio recordings of the interviews were transcribed verbatim and coded by the 

master student (TV). A coding scheme was deductively created with four main codes, 

which were based on the type of questions that are provided in Table 2. The answers of 

each interview were marked and subcodes were inductively drawn up based on those 

marked answers. The provided subcodes were sorted in types and counted how many 

subcodes of the same type occurred. Finally, the definition of the codes was added, and 

the number of times a subcode occurred in all interviews. After feedback from other 

researchers, the coding schemes were adapted and used to code all interviews.  

 

2.4 Study 2 – Usability test and interview with outpatients 

2.4.1 Participants 

The target group for the second study were outpatients who attended a forensic mental 

healthcare clinic for treatment. Three inclusion criteria have been drawn up for this study 

to recruit outpatients in order to gain insight into positive and negative aspects of the use 

of VR. The first inclusion criterium was that outpatients were willing to participate 

voluntary. The second criterium was including outpatients without experiences with VR 

and the “Triggers&Helpers” application to elicit their first impressions and experiences. 

The last inclusion criterion was that participation was only allowed when a therapist 

indicated that the usability test would not be uncomfortable or damaging for the 

outpatient. The usability tests were conducted with five male outpatients of an aggression 
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regulation group treatment from Transfore. With therapists were discussed, which 

outpatients could participate the study. Furthermore, an ethical approval was given by 

the Ethics Committee of the University of Twente (Behavioural, Management and Social 

Sciences; Request number 210177 and 210645). 

 

2.4.2 Materials and procedure 

The usability tests were conducted in June 2021 and took around 40 minutes per 

outpatient. For the usability test, the VR set with the “Triggers&Helpers” application, and 

the wearable Empatica E4 were used. The outpatients were put on the VR glasses, which 

they could enter a neutral virtual world that was launched by the application. By using a 

controller, the outpatients could walk around and explore the virtual world. The 

outpatients were also given an Empatica E4 wearable. It was mainly to get a first insight 

into whether the Empatica E4 could be an added value to use with the “Triggers&Helpers” 

application. The Empatica E4 was used to monitor physical data, such as the heart rate 

and tension level of outpatients. The Empatica E4 was worn on the wrist by the outpatient 

and was connected via Bluetooth to the “E4 Realtime” app that was installed on a 

smartphone. With this app, the measured physical data could be registered and stored. 

During this study, the outpatients’ therapist was present, next to one researcher 

(MK) and one master student (TV). The researcher (MK) conducted the usability test and 

evaluation interview. The master student (TV) kept track of time, started the recordings of 

VR and Empatica E4, and observed the level of tension of the outpatient by viewing real-

time data of the Empatica E4. All outpatients were informed beforehand about the goal 

and nature of this study and were also informed about the Empatica E4. All outpatients 

signed an informed consent form. The usability test consisted of four tasks, which 

illustrated how the “Triggers&Helpers application” might be used in treatment for 

outpatients. An overview of the task is provided in Table 4.  

 
Table 4. Task within the usability test with outpatients. 

Task  

1 Getting the outpatient used to VR glasses and noise-cancelling headphone. 

2 Walk around exercise in shopping street with a few people walking around quietly and 

little noise in the background. There is a neutral atmosphere. 

3 Walk around exercise in shopping street with few more people walking around, more 

noise in the background, and sounds of car brakes and car driving away. There is a 

neutral atmosphere. 

4 Role-play exercise with virtual male character about the weather and neutral hand 

gestures, such as thumps up and goodbye wave. 

 

 

Between every task, outpatients were taking a break and asked how they experienced the 

task. Furthermore, the tension level of outpatients was checked by asking them about 

these levels on a scale of one to ten and by observing the data of the Empatica E4. When 

the tension level exceeded the value of twenty micro-Siemens (µS), the test should be 
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stopped for a while before it could escalate [35]. At the end, outpatients were asked seven 

evaluation questions, provided in Table 5. The interview was based on three categories, 

which was positive elements, difficulties that outpatients have experienced and points of 

improvements. The interview was created by the researcher (MK). To conclude the 

session, questions were asked about the whole experience with VR, and each outpatient 

was thanked for their collaboration with a VVV-voucher with value of ten euros. 

 

Table 5. Overview of questions of the interview with outpatients.  
# Questions 

1 What is your first impression of VR? 

2 What did you like/positive/good about VR? 

3 Are there things that you liked less/less good/negative about VR? 

4 How realistic/real did it feel? 

5 What did you notice about yourself? 

6 What struck you when you were in VR? 

7 Would you like to use VR in a treatment? What should we take into account? 

 

2.4.3 Data analysis 

After performing the usability tests, three types of data were obtained, namely the screen 

recordings from the VR, audio from the entire usability test and interview, and recordings 

from the Empatica E4. These three raw datasets were merged into one video by using a 

video editor. The part of the usability test was analysed and again structured per 

outpatient in a table as in the first study. Each usability issue had again a grade of severity 

that is influenced by task criticality, issue frequency and issue impact. The most important 

usability issue had the highest severity value. A summary of the main usability issues is 

given for each individual scenario. The audio recordings of the interviews were 

transcribed verbatim and coded by the master student (TV). A coding scheme was 

deductively created with three main codes, which were based on the type of questions 

that are provided in Table 5. For each interview, the answers were marked for each main 

code. Subcodes were drawn up based on the marked answers. Finally, the definition of 

the codes was added, and the number of times a subcode occurred in all interviews. After 

feedback from other researchers, the coding schemes were adapted and used to code all 

interviews. The data from the Empatica E4 was analysed for heart rate and tension level 

of each outpatient. For each scenario, it was checked whether there were peaks visible. 

When a peak was registered, the peak was compared to what was occurred in the screen 

recordings. A table was created with a description of the occurred event and how high the 

peak level was. 

3. Results 

3.1 Study 1 – Usability test with therapists 

All five therapists went through six scenarios of the usability test, which were divided in 

smaller tasks. In total, there were fifteen usability issues that could be divided into five 
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categories. In Figure 2 is shown that issues that were related to settings for characters 

occurred the most, followed by settings for location and creating new templates. For 

example, therapists could not find or recognize the correct type of virtual characters, such 

as a security guard. The severity of these usability issues was higher compared to other 

usability issues. Saving templates and login problems were the least common.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Overview of the usability issues from therapists, divided into five categories. 

 

An overview of the obtained usability issues per scenario is shown in Table 6. The table is 

divided in different columns, which are displayed the gradings of task criticality, impact, 

frequency, and severity for each usability issue. Each usability issue in Table 6 is also 

provided with a description of the issue and where in the dashboard the issue occurred. 

 

14%

22%

29%
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Login

New template

Settings for virtual
characters

Setting for location

Saving template
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Table 6: Overview of smaller tasks within six scenarios that occurred issues for therapists. 
   

ID 

 

Task 

 

Category Task 

criticality 

Description 

 

Impact 

 

Frequency Severity1 

Scenario 1: Login in application  

1 Fill in name therapist Login  1 Therapist had to delete "login name" to fill 

own name 

1 1 0,2 

2 Fill in name outpatient Login 1 Therapist had to delete "login name" to fill 

outpatient’s name 

1 1 0,2 

Scenario 2: Walking around session in bus half full occupied 

3 Set profile group occupation 

 

 Settings for 

characters 

5 The function of this option was unclear, 

and therapists did not know what the 

numbers were standing for 

5 5 25 

4 Set occupation in bus half full Location 

settings 

2 Therapist set occupation to maximum; 

Therapist wanted to set occupation with 

people icons 

3 2 2,4 

5 Select profile group with only 

female characters 

Settings for 

characters 

2 Therapist did not use "select all" button to 

select female characters; Some female 

characters did not look like woman 

1 2 0,8 

Scenario 3: Saving created template 

6 Select access to 

patient/therapist/everyone 

Saving 3 For therapist unclear what difference was 

between "save for therapists" and "save 

for patient" 

2 2 2,4 

7 Fill in description of template Saving 1 Therapist did not see "fill in description" 

bar 

5 1 1 

Scenario 4: Role-play in grocery store 

8 Selecting characters (security & 

grocery employee) 

Settings for 

characters 

5 For therapist was not clear which is the 

right character because list of characters 

not clearly displayed with name/function; 

Position of a character is not clear 

5 5 25 
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1 The severity is calculated by the formula: 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =  𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 ∗ 𝐼𝑚𝑝𝑎𝑐𝑡 𝑠𝑐𝑜𝑟𝑒 ∗
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠
 

  

9 Select location in grocery store 

with right number of characters 

Location 

settings 

3 For therapist not clear that the number of 

characters was displayed in pictures; 

Therapist though the outpatient also 

counts as character 

5 3 9 

10 Create new template New 

template 

1 Not clear how to create a new template 

after completing previous one 

3 2 1,2 

Scenario 5: Role-play in park 

11 Create new template New 

template 

1 Not clear how to create a new template 

after completing one 

3 1 0,6 

Scenario 6: Adjust previous role-play 

12 Select location in shopping street 

with right number of characters 

Location 

settings 

3 Filter option for selecting location is not 

clearly visible 

3 1 1,8 

13 Selecting characters (police & old 

man) 

Settings for 

characters 

3 Old characters do not look old enough 1 1 0,6 

14 Adjust current template New 

template 

1 Therapist saved current template and 

started new one 

2 1 0,4 



3.1.1 Scenario 1: Login in application 

The first scenario, where therapists had to use the login function, was overall successfully 

completed. Only one therapist had trouble with filling in the name (ID 1 & ID 2). The 

therapist had to remove the “type your name” indicator that was filled in automatically.  

 

3.1.2 Scenario 2: Walking around in bus half full occupied 

Therapists were experiencing more usability issues in the second scenario, especially with 

settings for virtual characters and location. Selecting only female characters was 

especially difficult and unclear for everyone, which had the highest severity of 25 (ID 3). 

All therapists stated that the description and function were unclear, which led to ignoring 

or randomly selecting a value for this option. As a result, not only female characters were 

appearing, but also male characters. Additionally, issues occurred with settings for 

locations. Therapists found it difficult to set the occupation of the bus to a maximum of a 

half (ID 4). Two therapists were not able to use a slide bar to set the occupation of the bus.   

 

3.1.3 Scenario 3: Saving created template  

Saving created templates in the third task was overall successfully completed. Only one 

issue occurred during this scenario. One therapist overlooked the option to fill in a 

description before saving the template (ID 7). As a result, the therapist could not save the 

template.  

 

3.1.4 Scenario 4: Role-play in grocery store 

In the fourth session, therapists had to create a role-play session in a grocery store. 

Therapists were experiencing more usability issues that were mostly related to settings of 

virtual characters and location. Firstly, three therapists were experiencing difficulties with 

selecting the right location for role-playing (ID 9). For example, when a virtual environment 

has been chosen in the third building block, a specific location in the environment can be 

set in the fourth building block, such as at the entrance of the grocery store. Different 

options of locations were displayed on the location tab with pictures, which shows the 

location and the number of virtual characters in VR. However, for three therapists was 

this unclear. It was unclear that the number of characters were displayed on the pictures, 

and they assumed that the user wearing the VR glasses also counted as a character.  

Second, none of the therapists were able to select the right character, such as the 

security guard and grocery employee (ID 8). Therapists were looking for a filter to display 

only characters with professions, but that option did not exist. As a result, none of them 

were able to pick the security guard and grocery personnel without help of the researcher. 

It also happened that the characters were standing in the wrong place in the created 

scenario. In the simulation, the grocery employee was standing next to the counter and 

the security guard behind the counter, which was not correct if the situation was in real-

life. None of the therapists were realizing that without help of the researcher. 
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3.1.5 Scenario 5: Role-play in park 

The fifth scenario was especially focused on creating a role-play exercise in a park with a 

police officer and man wearing a hoodie, which was overall successfully completed. Only 

one issue, that was more related to new templates, occurred during this scenario. One 

therapist could still not find the “create new template” button to start a new template after 

completing the previous one (ID 11). 

 

3.1.6 Scenario 6: Adjust previous role-play 

The last scenario was overall successfully completed. The number of characters, that is 

displayed on the location tab with pictures, was still unclear for one therapist (ID 12). The 

therapist did not see the filter option to display the number of characters on a location. 

One therapist could not easily find an old man character because old characters do not 

look old enough (ID 13). One therapist started a new template instead of adjusting the 

template that was created in the fifth scenario (ID 14). 

 

3.2 Study 1 - Interview with therapists 

After the usability test, five therapists evaluated what they have experienced while using 

the dashboard. The main and subcodes that resulted from the answers are provided in 

Table 7. 

 
Table 7: Results of interviews with therapists in code scheme. 

Main codes Subcodes Definition Total 

Positive points of 

the dashboard 

First impression Positive opinion about the usability of 

the VR dashboard after first use.  

5 

Clear design Dashboard is easy to use because of 

logical visualization of options and 

settings. 

3 

Overview of the 

settings 

A summary of the composite scenario, 

displayed on the left side of the 

dashboard, is a good feature which 

gives the therapists a good overview of 

the chosen settings immediately. 

2 

Clear overview of 

triggers 

The overview of the list of triggers is 

clearly visible. 

2 

Easy to learn The dashboard is overall easy to learn 

after using it a few times. 

1 

 

Negative points of 

the dashboard 

Selecting characters The function for selecting virtual 

characters is difficult to understand 

and not clearly visible.  

3 

Long list triggers The list of triggers with character 

sentences is too long.  

3 

Profile group The function for setting a profile group 

for a specific scenario is difficult to 

understand. 

2 



University of Twente Health Sciences 20 

Number of 

characters 

Unclear to see how many characters 

are present on a specific location. 

1 

Unclear words Some words are difficult to 

understand. 

1 

 

Suggestions for 

improvements: 

existing 

components 

More character types Therapists wanted to see more 

different types of characters to choose 

from. 

2 

Switch positions of 

triggers 

The long lists of triggers should be 

placed on the bottom of the 

dashboard. 

2 

Fold-out option for 

triggers 

A feature to fold-out a specific type of 

triggers.  

2 

Position of character Better visualization settings for 

position of a character on a location.  

1 

Filter for location Better visualization for filter to select a 

location with the right number of 

characters. 

1 

Realistic environment Virtual environments may look more 

like the real life. 

1 

 

Suggestions for 

improvements: new 

components 

New filter options for 

characters 

Adding filter options to search for a 

virtual character with a specific job or 

virtual characters with a specific 

length. 

3 

Add behavioural 

triggers 

Adding new triggers that are related to 

the category behavioural triggers. 

2 

New environments Adding more new virtual 

environments.  

1 

Overview created 

session 

A visual overview of the selected 

options to see how it looks before 

starting a session.  

1 

Add subgroup 

triggers 

Adding subgroups for each category of 

triggers for a clearer overview  

1 

Add forensic triggers Adding more forensic related triggers 1 

 

3.2.1 Positive points of the dashboard  
This main code referred to all the positive characteristics of the dashboard after using the 

dashboard according to the therapists. According to three therapists, the application was 

easy to use because of clear visualization of options and settings [Clear design]. Therapist 

1 clarified this with:  

“It is just easy because of the icons that clearly indicate what it stands for.” 

Furthermore, two therapists stated that the overview on the left was an incredibly useful 

feature [Overview of the settings]. The overview was designed so that therapists could 

see which settings have been made. Therapist 5 explained why it was useful: 

“I also like to see the left overview with the green checkmarks, which indicate if it is set 

correctly.”  
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3.2.2 Negative points of the dashboard  
Therapists have experienced some difficulties while using the dashboard. Three 

therapists stated again that searching for the right character was difficult [Selecting 

characters]. It was not clearly visual which character was, for example, a security guard 

or a grocery store employee. Therapist 2 stated: 

“Searching for those characters is time-consuming. Now I know, for example, where the 

police officer is, but I didn't find it quickly. 

Two therapists stated once again that settings for profile group were unclear and difficult 

[Profile group]. With profile group, types of virtual characters could be set that will appear 

in the scenario, such as female characters. Therapist 2 explained that with: 

“What that crowd will look like is unclear. You don't know in advance how the profile  

group will look like.” 

One therapist was confused about the options that are displayed on the location tab with 

pictures, which were displaying the number of possible characters that the therapist could 

set on that specific location [Number of characters]. Therapist 3 clarified that with: 

“I was confused by the security guard that was displayed [on the example screen in the 

location tab]. But I know now that I have to pay attention to the number of characters.” 

 

3.2.3 Suggestions for improvements: existing components  
Therapists provided points that could be improved. Firstly, two therapists indicated that 

more types of virtual characters could be added that are more related to the forensic 

mental healthcare [More character types]. Therapist 5 explained further with:    

“You can add characters that look more intimidating. I have a client who has a problem 

with people that look too casual. Maybe there could also be characters in it that look 

like civil servants.” 

The second point was a better visualization of the settings for changing the position of a 

virtual character in VR [Position of character]. For example, the grocery employee was 

standing next to the counter and the security behind the counter, which was incorrect. 

These settings to change the position was hidden on the right side of the screen, but 

therapists stated that it was easy to overlook that. Therapist 1 explained that with: 

“Perhaps the sidebar where you can switch those characters from place could be 

clearer. It is still unclear what position a character is in.” 

Third, three therapists specifically stated that the list with trigger sentences is too long 

[Long list triggers]. However, therapists have provided points to improve the list of 

triggers. Two therapists have suggested switching the position of the triggers. The longest 

list with triggers should be at the bottom, while short lists of triggers should be shown 

first. Furthermore, two therapists suggested using a fold-out feature for each category of 

triggers, which if you click on a category, it expands with all associated triggers. Another 

therapist stated to add subgroups for each category of triggers. Therapist 3 explained that 

with: 
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“I think it's fine without fold-out function, but in subgroups, such as neutral, questions, 

reactions. You can also make a subgroup with negative comments, for example.” 

 

3.2.4 Suggestions for improvements: new components  
Therapists stated with different options to improve the dashboard. Two therapists wanted 

to see a filter option to easily find characters with certain professions [New filter options 

for characters]. The therapist also stated that it could be useful to have a filter for 

characters with different lengths. Therapist 4 explained that with: 

“Because occasionally you have clients who are tall, and they already look intimidating. 

Then it sometimes helps to make a role-play with a character of the same height." 

Therapists also indicated that there could be added more virtual environments, such as a 

construction site, or certain existing environments were too neat [New environments]. 

Therapist 5 stated that with: 

“In terms of environment, I find workplaces a bit limited, such as missing a construction 

site. Slightly more physical workplaces.” 

Lastly, one therapist stated that it could be useful to have an overview of how the created 

environment will look like before the simulation starts [Overview created session]. This 

way, it is easier to adjust a setting without closing the whole simulation. Therapist 1 

explained that with: 

“It would be nice, as a therapist, to see the created concept by yourself, perhaps by 

clicking a special button in the last step.” 
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3.3 Study 2 – Usability test with outpatients 

All five outpatients went through four tasks of the usability test, which were divided in 

smaller tasks. In total, there were eight usability issues that could be divided into three 

categories. In Figure 3 is shown that issues that were related to observation in VR occurred 

the most, followed by issues with the VR device and moving in VR. In general, outpatients 

were experiencing most difficulties with observations in VR. For example, they indicated 

that the VR simulation did not look realistic enough. The controls to walk in VR had the 

highest severity value.  

 
Figure 3: Overview of the usability issues from outpatients, divided into three categories. 

 

An overview of the obtained usability issues is shown in Table 8. The table is divided in 

different columns, which are displayed the gradings of task criticality, impact, frequency, 

and severity for each usability issue. Each usability issue in Table 8 is also provided with 

a description of the issue and where the outpatient is located when the VR-glasses is put 

on. 
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Table 8:  Overview of smaller tasks within four scenarios that occurred issues for outpatients. 

ID 

 

Task 

 

Category Task 

criticality 

Description 

 

Impact 

 

Frequency Severity1 

Scenario 1: Getting used to VR 

1 Put VR glasses on first time VR device 2 Outpatient had to get used to VR 2 2 1,6 

2 Looking around in VR first 

time 

Observation in 

VR 

3 Surrounding seemed not realistic without 

details; little dizzy after using VR 

2 1 1,2 

3 Walking around in VR using 

joystick first time 

Moving in VR 0 No issues occurred 0 0 0 

  

Scenario 2: Walking in shopping street with few virtual characters 

4 Put VR glasses and headphone 

on second time 

VR device 0 No issues occurred 0 0 0 

5 Looking around in VR second 

time 

Observation in 

VR 

3 Virtual characters were walking far-

fetched; little dizzy after using VR 

2 2 2,4 

6 Walking around in VR using 

joystick second time 

Moving in VR 5 The controls were difficult to use; walking 

speed too slow 

3 2 6 

  

Scenario 3: Walking in shopping street with more virtual characters and car sounds 

7 Put VR glasses and headphone 

on third time 

VR device 0 No issues occurred 0 0 0 

8 Looking around in VR third 

time 

Observation in 

VR 

3 Surrounding seemed not realistic enough 2 1 1,2 

9 Walking around in VR using 

joystick third time 

Moving in VR 5 The controls were difficult to use; walking 

speed too slow 

3 2 6 

10 Car sounds Interaction in 

VR 

0 No issues occurred 0 0 0 

  

Scenario 4: Role-play with conversation about weather 

11 Put VR glasses and headphone 

on fourth time 

VR device 2 Looking through VR was blurry without 

own glasses 

2 1 0,8 
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1 The severity is calculated by the formula: 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦 =  𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 ∗ 𝐼𝑚𝑝𝑎𝑐𝑡 𝑠𝑐𝑜𝑟𝑒 ∗
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠
 

 

  

12 Virtual character is standing in 

front of outpatient 

Observation in 

VR 

3 Virtual character seemed not realistic 

enough (2x) 

2 2 2,4 

13 Conversation about weather 

with hand gestures 

Interaction in 

VR 

0 No issues occurred 0 0 0 
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3.3.1 Scenario 1: Getting used to VR 

In the first task, the aim was to get the outpatients used to the VR glasses by putting on 

the glasses on outpatients and letting them walk around in a virtual waiting room. There 

were no major issues. Outpatients 4 and 5 indicated that it took some time to get used to 

VR (ID 1) and outpatient 3 reported feeling a little dizzy after completing the first scenario 

(ID 2). 

 

3.3.2 Scenario 2: Shopping Street with few virtual characters 

In the second scenario, outpatients had to walk through a shopping street which was quiet 

with some virtual characters that were walking around. Outpatient 1 indicated that virtual 

characters did not look realistic (ID 5). Additionally, the biggest issue were the controls to 

walk in VR (ID 6). Outpatients 2 and 5 indicated that it was difficult to walk around in VR. 

The outpatients had some difficulties with walking forward with the joystick and steering 

with the head at the same time. Furthermore, outpatient 2 also indicated that the speed 

of walking was too slow. 

 

3.3.3 Scenario 3: Shopping Street with more virtual characters and car sounds 

In the third scenario, outpatients had to walk through the same shopping street again, 

but there were more virtual characters presented. There were no major issues occurred 

during this scenario. Outpatients 2 and 5 indicated again that the controls were difficult 

to use (ID 9). Outpatient 3 indicated that the surroundings did not look realistic enough. 

“I look at the details and notice that I don't see my limbs. Small details are still missing. 

You can clearly see that it is a computer image.”  

 

3.3.4 Scenario 4: Role-play with conversation 

The last scenario was a role-play with a virtual character. This scenario was also divided 

into different tasks. Outpatient 2 indicated that the image was blurry without his glasses 

when he put on the VR glasses (ID 11). For outpatients 3 and 5, the virtual character did 

not look realistic enough (ID 12). 

 

3.4 Study 2 - Interview with outpatients 

After the usability test, outpatients evaluated what they have experienced while using VR. 

The codes that resulted from the answers are provided in Table 9. Furthermore, 

description of the codes has been given and the total of outpatients that stated the 

provided code in the interview.   
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Table 9: Results of interviews with outpatients in code scheme. 

Main code Sub code Description Total 

Positive points of 

VR 

 

Positive first 

impression 

First opinion of the use of VR was 

positive. 

4 

Identifying issues VR is a nice intervention to use in 

treatment to detect forensic related 

issues. 

1 

    

Negative points of 

VR 

Not realistic  Virtual characters and environments 

did not look like the real world. 

4 

Controls are 

difficult 

Outpatients were not used to these 

controls. They are normally used to 

the controls in game consoles. 

3 

VR image blurry Outpatient did not see clearly 

through the VR glasses. 

2 

    

Suggestions for 

improvements 

Characters more 

realistic 

Virtual characters should look more 

real to have more effects on 

outpatients. 

3 

Controls like 

games 

Controls in VR of how to walk should 

be the same as current game 

devices, such as PlayStation. 

2 

Walking speed An option to walk faster in VR. 2 

 

3.4.1 Positive points of VR 

The first main code refers to all the positive characteristics of using VR according to the 

outpatients. Four outpatients indicated that they enjoyed using VR [Positive first 

impression]. Moreover, outpatient 5 indicated that this is a good idea to use in treatment. 

Using VR will make it easier to make things clearer by showing them in VR simulations 

instead of just a conversation with therapists. Outpatient 5 stated that with: 

“It's great that you can make things even clearer with VR. Telling is more difficult than 

showing.” 
 

3.4.2 Negative points of VR 

Outpatients were also given points that they disliked when using VR. Four outpatients 

stated that virtual characters and environments did not look realistic enough [Not 

realistic]. Outpatient 2 stated that with: 

“The movements and appearance of the characters are still unnatural.” 

Moreover, the controls were difficult to use [Controls are difficult]. For the outpatients, 

it was unnatural to walk forward with the joystick while steering with your head. As a 

result, they unknowingly steered in the wrong direction, leading them somewhere they 

preferred not to go. Outpatient 2 explained that with: 

“Only the movement is still weird and does not work smoothly because you have to 

move the joystick forward while you have to move your head to steer. Actually, it should 

be like in games.” 
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Two outpatients also indicated that the image of VR sometimes became blurry [VR image 

blurry]. One of them uses glasses in daily life but took them off during the usability test. 

 

3.4.3 Suggestions for improvements 

Outpatients provided different points to improve the “Triggers&Helpers” application. Two 

outpatients suggested adding an option to walk faster in VR because the speed of walking 

around in VR was too slow [Walking speed]. Moreover, three outpatients suggested to 

make virtual characters more realistic [Characters more realistic]. Outpatient 1 

explained that with: 

“It does help a bit more if you see a real character in front of you instead of an animated 

one. I think it will have more impact.” 

 

3.5 Study 2 - Physiological arousal of outpatients 

The Empatica E4 wearable was used by all five outpatients during the usability test. The 

recorded physiological data of each outpatient were analysed, which is shown in Table 10. 

No data were included from outpatient 3, because the Empatica E4 did not connect 

properly with the “E4 Realtime” app. The table displayed the heart rate and tension level 

for each outpatient and showed that heart rates of all outpatients remained constant 

during the whole usability test. Several peaks of the tension level have been detected from 

the data. For each scenario, a description of “peak moments” has been given, which stated 

what happened when heart rate or tension levels rose.  

What stood out was that the tension level of outpatient 2 constantly rose during 

the whole usability test. His tension level did not drop since the start of the usability test. 

However, outpatient 2 stated that his tension level was low. The outpatient particularly 

indicated that he was irritated by the controls, which was the same moment when his 

tension level started to rise. Furthermore, it was noticed that the tension level of each 

outpatient rose when a conversation started with a virtual character.  

 

Table 10: Recorded physical data of each outpatient, with a description of “peak moments”. 

Scenario HR 

(bpm) 

Tension level 

(µS) 

Descriptions of peaks 

Outpatient 1 

1 No data No data No peaks detected. 

2 90 – 100 2.4 – 3.5 No peaks detected. 

3 No data 2.5 – 4 Outpatient bumped into virtual character. Tension 

level briefly rose to 4. 

4 No data 2.5 – 4 Tension level rose to 4 when outpatient started 

conversation with the virtual character and dropped 

after conversation. 

Outpatient 2 

1 90 – 100 3.0 – 7.8 Tension level rose while observing the waiting room. 

The outpatient indicated that it took some time to get 

used to. 
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2 90 – 100 10 – 17.5 As soon as the outpatient put on the VR glasses, the 

tension level rose constantly. 

3 90 – 100 11.5 – 17.5 Tension level rose constantly during this scenario. The 

outpatient indicated that he was irritated by the 

controls. 

4 90 – 100 12.5 – 18.5 Tension level rose when outpatient started 

conversation with the virtual character and dropped 

after conversation. 

Outpatient 4 

1 70 – 80 0.75 – 1.5 No peaks detected. 

2 70 – 80 1.0 – 2.5 No peaks detected. 

3 70 – 80 2.5 – 3.5 No peaks detected. 

4 70 – 80 2.75 – 4.5 Tension level rose when outpatient started 

conversation with the virtual character and dropped 

after conversation. 

Outpatient 5 

1 80 – 90 1.5 – 2.5 No peaks detected. 

2 80 – 90 2.0 – 4.0 No peaks detected. 

3 90 – 100 4.5 – 9.5 Tension level rose constantly during this scenario. The 

outpatient indicated that he was irritated by the 

controls. 

4 80 – 90 9.5 – 13.5 Tension level rose when outpatient started 

conversation with the virtual character and dropped 

after conversation. 
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4. Discussion 
The aim of this study was to identify points of improvements of the existing 

“Triggers&Helpers” application according to therapists, positive and points of 

improvements of the usability of VR according to patients and possible ways of using 

wearables with the “Triggers&Helpers” application that can improve current treatment. 

Several points arose from the two usability tests and interviews. Therapists found it 

especially important that the “Triggers&Helpers” application should have a clear overview. 

Therapists indicated that the overview on the left side of the dashboard was useful to see 

what has already been set and which settings still needed to be set. Despite the overview 

on the left side of the dashboard, therapists had to use many settings to build a scenario. 

It sometimes happened that therapists lost track of what they were trying to set and did 

not exactly know what the scenario would look like. Therapists indicated that this can be 

solved by adding several filters to the settings, such as selecting professions or locations 

to speed up the building process. In the second usability test, outpatients were also 

positive about the use of VR device and the “Triggers&Helpers” application. Most 

outpatients have seen or used VR before for gaming but indicated that VR could be used 

in treatment to detect forensic related issues. However, outpatients also indicated in 

interviews that the controls were difficult to use, because the controls were different than 

they were used to with gaming. According to outpatients, this can be improved by making 

the controls the same as in games. A second point that could be improved was the 

appearance of the virtual characters and the environment. Outpatients indicated that it 

was not very realistic, but they still wanted to use the “Triggers&Helpers” application 

because they do feel a presence of people when they walked in the virtual world. The 

Empatica E4 wearable was used during usability tests with outpatients to mainly monitor 

heart rates and tension levels. There were no abnormalities in the measured heart rates. 

The heart rate of all outpatients was constant and there were no outliers. What especially 

stood out were the findings of tension levels. The Empatica E4 showed changes in 

physiological measures, which may indicate that an outpatient was irritated, startled, or 

nervous. An example was that the tension level started to rise when an outpatient 

bumped into a virtual character.  

An important finding that arose, was that therapists found it important that the 

dashboard of the “Triggers&Helpers” application should be clear and structured. Building 

scenarios for each forensic psychiatric patient will take a lot of time, especially if the 

dashboard is not clearly structured or is lacking an overview of how the scenario will look 

like.  Treatment of these forensic psychiatric patients is already regarded as complex due 

to its diversity and a time-consuming process [6, 7, 36]. Therapists often have several 

patients, each with an individual problem. Therefore, having a structured dashboard 

could be more supportive by means of tunneling, which means that therapists should be 

guided by the dashboard through every building block that is needed to build a 
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personalized scenario [37]. This way, therapists do not have to work as hard to build every 

personalized scenario and could focus more on their patients. 

Another important point that arose, was that outpatients stated that virtual 

characters do not look realistic enough. Several outpatients indicated in interviews that 

the VR simulation had less effect on them, because they noticed that the virtual characters 

were not real. Although outpatients indicated that they did have the feeling that there was 

“someone” standing in front of them during role-play, they were reminded again that it 

was not a real person when they looked closely at the virtual character. However, the 

Empatica E4 showed that their tension was rising when role-play was started, which could 

imply that they did feel a presence. A recent study has shown that people can react and 

behave in a realistic way in VR environments [38]. Experiencing behaviour in VR is 

correlated with the “sense of presence” [39, 40]. This sense of presence can improve 

behaviour skills and knowledge transfer, partly because of a situated performance in VR 

[38]. Because the scenarios in the usability test were neutral, outpatients may have had 

more freedom to look at details and were therefore not triggered by any forensic content. 

It could be that if scenarios were more focussed on the individual problems, their 

attention would be more focused on experiencing and performing behaviour in a forensic 

related setting. However, more research is required on the added value of the 

“Triggers&Helpers” application with forensic related scenarios. 

A third important finding is related to the possible added value of the Empatica E4 

as an interoceptive awareness tool and the possible effectiveness of biofeedback. In this 

study, for example, the measured tension level was rising when an outpatient virtually 

bumps into something or someone. One of the assumptions is that these measured 

physiological data could lead to increases in interoceptive awareness, which will help 

patients to regulate their physiology better [41-44]. Interoceptive awareness is the ability 

to sense and interpret physiological signals [45-47]. Several studies have argued that 

interoceptive awareness is a key component to many interventions and may be the 

primary mechanism, by which therapists derive benefits from the treatment [48, 49]. One 

of the barriers of forensic psychiatric patients is that they find it difficult to reflect their 

behaviour and emotions [4-6]. It becomes even more difficult to reflect when they are 

focused on the virtual world in which they find themselves. In these cases, the Empatica 

E4 could support therapists in monitoring patient’s physiological data. Outpatients indeed 

indicated in the second study that virtual characters and environments did not look 

realistic, but the Empatica E4 showed that they did feel something because their tension 

increased at certain moments. These moments can be discussed together with the 

therapist, which could improve their interoceptive awareness. Furthermore, interoceptive 

awareness has been positively related to decision making, which could be a benefit for 

both therapists and patients [50]. They could discuss together what they saw in the 

physiological data when tension was rising, and how the patient could recognize and deal 
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with it the next time. However, this was just a pilot study with five outpatients and more 

research needs to be done to confirm these assumptions in a forensic related setting. 

 

4.1 Strengths and Limitations 

The strength of this study is the use of usability tests and interviews in combination with 

the think-aloud method in order to gather several new insights. This combination of 

methods resulted in conclusions and recommendations for the future. Because therapists 

and outpatients communicated their thoughts orally, an amount of data was collected 

while they were familiarising themselves with the “Triggers&Helpers” application and VR 

[51]. The obtained data could be analysed immediately after the usability test and coding 

schemes were deductively drawn up without further changes. In the interviews, 

outpatients and therapists were asked about their experiences and ideas in an open, 

explorative way. Moreover, different stakeholders were often involved as informants in 

the whole developing process who provided valuable feedback and points that otherwise 

would have been overlooked by the researchers. 

A limitation of this study is the fact that only five outpatients were included. 

Although sources say that a minimum of five participants is enough to get results from 

usability tests, this was not enough for this study [31]. All five outpatients came from the 

same aggression regulation group of Transfore and wanted to participate in the test with 

VR. Self-selection bias could have influenced the results because outpatients with a 

possible negative attitude towards VR might not have participated in this study.  However, 

the outpatients were asked in interviews to provide a broader perspective than their own 

experiences, for example by asking about the opinions and ideas to use VR in treatment 

for other forensic related issues. 

 

4.2 Implications for future research & practice 

As a recommendation for further research in the future, the usability tests could be done 

with multiple outpatients from another group or organization. Despite the self-selection 

bias limitation, it would be useful to extend the current findings by examining another 

group with another type of problem to obtain broader insights of the “Triggers&Helpers” 

application and VR. Furthermore, scenarios for the usability test with outpatients could 

also be drawn up that is more forensic related, but it must remain ethically responsible. 

To do this, it must be done in a treatment setting, under the guidance of a trained 

therapist. The Empatica E4 has been used by five outpatients of the same treatment 

group, which could be again a self-selection bias. There is only investigated what 

possibilities the Empatica E4 can offer and whether it has added value for treatments. The 

findings of the Empatica E4 in this study implied that it could be useful to use wearables 

with VR, but that was only in a neutral setting. For further research, it is recommended to 

study more outpatients from another group in order to gain a broader insight of the 

Empatica E4. This can be done the same as with the “Triggers&Helpers” application. A 
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usability test and interview combined with think-aloud method could be drawn up that is 

more focused on the use of the Empatica E4 with both therapists and outpatients. In this 

way, positive, negative, and points for improvement can be obtained from therapists and 

outpatients. 

5. Conclusion 
The results of both qualitative studies provide insights into the points of improvements 

of the “Triggers&Helpers” application and the use of VR according to therapists and 

outpatients. This study pointed out that therapists found it necessary that the dashboard 

is structured so that it is faster and easier to use. The VR scenarios could be designed 

more realistically according to the outpatients. However, the usability test was only 

conducted with five outpatients from the same treatment group and consisted of only 

neutral scenarios. For further research, more outpatients from other groups could be 

included and scenarios could be built that are more related to forensic mental healthcare. 

The use of a wearable could have an added value in treatment as an interoceptive 

awareness tool together with the “Triggers&Helpers” application, but more research is 

needed. Therapists and more outpatients could be involved in the future to elicit their 

opinion that is more focused on the use of wearables in treatment. All in all, applying VR 

in combination with wearables has the potential to improve the current forensic mental 

healthcare by beneficially supporting both the patient and the therapist as a interoceptive 

awareness tool. 
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