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Abstract

Background: The use of electronic health (eHealth) technologies in practice often is lower than expected, mostly because there
is no optimal fit among a technology, the characteristics of prospective users, and their context. To improve this fit, a thorough
systematic development process is recommended. However, more knowledge about suitable development methods is necessary
to create a tool kit that guides researchers in choosing development methods that are appropriate for their context and users. In
addition, there is a need for reflection on the existing frameworks for eHealth development to be able to constantly improve them.

Objective: The two main objectives of this case study were to present and reflect on the (1) methods used in the development
process of a virtual reality application for forensic mental health care and (2) development model that was used: the CeHRes
Roadmap (the Centre for eHealth Research Roadmap).

Methods: In the development process, multiple methods were used to operationalize the first 2 phases of the CeHRes Roadmap:
the contextual inquiry and value specification. To summarize the most relevant information for the goals of this study, the following
information was extracted per method: (1) research goal, (2) explanation of the method used, (3) main results, (4) main conclusions,
and (5) lessons learned about the method.

Results: Information on 10 methods used is presented in a structured manner. These 10 methods were stakeholder identification,
project team composition, focus groups, literature study, semistructured interviews, idea generation with scenarios, Web-based
questionnaire, value specification, idea generation with prototyping, and a second round of interviews. The lessons learned showed
that although each method added new insights to the development process, not every method appeared to be the most appropriate
for each research goal.

Conclusions: Reflection on the methods used pointed out that brief methods with concrete examples or scenarios fit the forensic
psychiatric patients the best, among other things, because of difficulties with abstract reasoning and low motivation to invest
much time in participating in research. Formulating clear research questions based on a model’s underlying principles and
composing a multidisciplinary project team with prospective end users appeared to be important in this study. The research
questions supported the project team in keeping the complex development processes structured and prevented tunnel vision. With
regard to the CeHRes Roadmap, continuous stakeholder involvement and formative evaluations were evaluated as strong points.
A suggestion to further improve the Roadmap is to explicitly integrate the use of domain-specific theories and models. To create
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a tool kit with a broad range of methods for eHealth development and further improve development models, studies that report
and reflect on development processes in a consistent and structured manner are needed.

(J Med Internet Res 2019;21(8):e12972)  doi: 10.2196/12972

KEYWORDS

eHealth; technology development; virtual reality; forensic psychiatry; community-based participatory research; human-centered
design; case study

Introduction

Electronic health (eHealth)—a technology to support health,
well-being, and health care—can offer many benefits, such as
increased quality of care, easily accessible health care, and
increased self-management [1]. However, these benefits are
often not fully realized in practice [2]. A possible explanation
for this is that technology does not optimally fit the needs,
wishes, and characteristics of the involved end users and their
context [3-5]. A way to improve this fit is thorough participatory
eHealth development in which potential end users are
structurally involved in the development process [1,6-8].
Consequently, many efforts have been made to create models,
approaches, and guidelines for development of eHealth
technologies. Examples are the CeHRes Roadmap (the Centre
for eHealth Research Roadmap) [9], the person-based approach
[10], the accelerated creation-to-sustainment model [11],
intervention mapping [12], the persuasive system design model
[13], and the agile science approach [14]. Most of these models
and approaches do not offer concrete prescriptions for
ready-to-use research methods that fit specific contexts and
people. Instead, they present abstract guidelines for development
to support researchers in shaping their development process.
Although a step-by-step, detailed prescription of a specific
development process does not seem feasible because of different
characteristics of contexts, people, and technologies, there does
seem to be a need for more knowledge and guidelines on how
to apply these models in practice [14]. To support researchers
in operationalizing development models, we propose that a
general tool kit with a broad range of eHealth development
methods might be developed. Such a tool kit can provide an
overview of broad-range development methods and guidelines
on when and how to apply them. In this way, it can support
researchers in choosing appropriate methods for the context and
end users with which they are working and different phases of
their development process. Using a tool kit can prevent other
researchers from having to reinvent the wheel and result in more
efficient and better substantiated development processes.

To create a tool kit, more generalizable knowledge on eHealth
development methods is necessary. To build this knowledge
base, more case studies that explain and reflect on specific
development methods used seem to be necessary [15]. On top
of that, there also should be more critical reflection on eHealth
development models [2,10], mostly to be able to constantly
improve these models to keep them in line with the most recent

insights. Although there are several studies that describe
development processes of eHealth technologies [16-20], there
seems to be no standardized way of reporting and reflecting on
the methods used. Also, an in-depth critical reflection on the
development model used is often lacking. To fill these gaps in
the literature, this case study presents and reflects on the
development process of a virtual reality (VR) application for
forensic mental health care. This study had 2 main goals. First,
it aimed to increase knowledge on suitable methods for
participatory eHealth development. This contributes to creating
the aforementioned tool kit. Second, it aimed to reflect on the
development model used to guide the process: the CeHRes
Roadmap. Combined with other studies that reflect on this
model, this can result in further improvement of the Roadmap.

Methods

The CeHRes Roadmap
In this study, the aforementioned CeHRes Roadmap [9] was
applied to shape the development process of the VR application.
This development model specifically focuses on eHealth
development, implementation, and evaluation with structural
stakeholder involvement [1,6,9]. The Roadmap has been proven
useful for eHealth development in multiple settings [16,18,21]
and seems to be suitable for development in complex contexts
[9], such as forensic mental health care. The Roadmap is based
on 5 principles that are also acknowledged by other studies on
eHealth development:

• eHealth development should be a participatory
process—structurally and actively involving stakeholders
during development is important [7,10,12,21].

• eHealth should not be seen as a separate, stand-alone tool
but has to be integrated in a health care context, which also
implies changes in the way health care is delivered
[5,22,23].

• eHealth development and implementation should be
intertwined; implementation is a very complex activity that
should be accounted for from the start of the development
process [24,25].

• eHealth technologies should be based on theories from
persuasive design, which can be used to support behavior
and attitude change via technology [13].

• Continuous, formative evaluation in eHealth development
is important to enable creating by evaluation [7,8,14,26].
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Figure 1. The CeHRes Roadmap (the Centre for eHealth Research Roadmap) [9].

These principles are translated into a model with 5 phases with
accompanying goals, which are presented in Figure 1 [9]. This
model can be used by developers to shape their development
approach [3,6,9]. As the aim of this paper is to describe the
development of eHealth technology and not the implementation
or evaluation, the focus lies on the first 2 phases of the
Roadmap: the contextual inquiry and value specification. These
phases aim to create a thorough foundation for a technology
and account for the interrelationship among the context, the
people involved, and the technology. In the contextual inquiry,
relevant stakeholders are identified, their roles, tasks, and
opinions are analyzed, and the current situation and its weak
and strong points are described to determine if and in what way
technology can contribute. In the value specification, the values
of the key stakeholders have to be identified and prioritized to
determine what the added value of a technology should be.
These values have to be translated into specific requirements
that state what the technology should be able to do and look
like [6].

Case
Due to the involvement of 2 of the researchers in the
development process, this research can be labeled as an action
study. In this study, the development process of a VR application
for the treatment of forensic psychiatric patients is presented.
This project was initiated and mostly took place at Transfore,
a forensic hospital in the east of the Netherlands, which offers
forensic mental health care to both in- and outpatients. Forensic
mental health care is a complex branch of mental health care,
which is situated at the intersect between mental health care
and the law because it deals with the combination of mental
illness and delinquent behavior. In forensic mental health care,
inpatients who reside in a closed setting and outpatients who
are living at home are treated for sexual or aggressive criminal
behavior [20,21]. A primary goal is to prevent criminal
recidivism by means of treatment of offense-related factors,
such as antisocial behavior or coping skills. Owing to their low
motivation for treatment, low educational levels, and comorbid
psychiatric disorders [22-24], forensic psychiatric patients can
be characterized as a vulnerable patient population [25,26],
which can be hard to include in research [27].

Multiple studies have pointed out the potential of VR for the
assessment and treatment of forensic psychiatric patients

[27-29]. VR offers the possibility to practice coping skills
instead of talking about them, can be used to overcome practical
issues for inpatients residing in clinics, and can enable therapists
to observe patients’ reactions to offense-related stimuli or
situations, such as children, drugs, or aggressive persons [29-31].
In VR, users enter computer-generated worlds that substitute
their real-world sensory experiences with virtual ones [32],
resulting in a feeling of presence: a sense of actually being in
a virtual place [33]. Although VR applications have been used
in mental health care, especially in exposure therapy for phobias
[34], not much is known about its application in the treatment
of forensic psychiatric patients [27]. Furthermore, little attention
has been paid to how VR interventions should be developed for
mental health care in general [32]. In our recent systematic
review, we found that there are hardly any studies that discuss
the development of technologies for forensic mental health [28].
However, especially in such a complex context in which there
is little experience with the application of VR, thorough
development is important [10,27]. Consequently, a thorough
contextual inquiry and value specification to provide a good
foundation for the application were especially important.

Materials and Procedures
In this study, multiple methods were used to operationalize the
first 2 phases of the CeHRes Roadmap. The development
process started with the contextual inquiry. In this phase, the
stakeholders were identified, a literature review was conducted,
and a multidisciplinary project team to coordinate the project
was constituted. Also, focus groups and interviews with forensic
patients and therapists were held. In the value specification
phase, 6 scenarios with concepts for VR applications were
generated by the multidisciplinary project team. These concepts
were presented to the patients, therapists, and stakeholders in
a Web-based questionnaire. Next, values were formulated and
used to create a concept for a VR app. This concept was
visualized in a low-fidelity prototype and presented to the
patients and therapists in an interview to examine their opinions
and preferences. These activities were not performed
sequentially: several methods were conducted alongside each
other or were updated throughout the process [18]. Figure 2
provides an overview of the methods used in the development
process. The arrows represent the iterative nature of the process
and show that the methods and results of the contextual inquiry
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and value specification are not strictly separated but overlap.
For more in-depth information about the results of the interviews
and questionnaire, we refer readers to 2 other papers [29,30]

that focus more on the content of the results and potential of
VR for forensic mental health instead of a reflection on the
methods and overall development process.

Figure 2. An overview of the used methods in the contextual inquiry and value specification phases of this study.

Analysis
To reflect on the suitability of the methods and overall
development process, we provided the most relevant information
about each research method in a comprehensive table. The aim
of this table is to present the goals, methods, results, and
experiences with each method as clearly and concisely as
possible. For each development method, the following
information is reported:

• Research question: The research question for the
development activity.

• Method: The name of the method, including the most
relevant methodological information.

• Target group: If applicable, a description of the target group
of which the data were collected and characteristics of the
participants.

• Main results: A summary of the most important results and,
if necessary, a reference to a Multimedia Appendix with
further information about these results.

• Conclusions: The main conclusions and recommendations
for further steps of the development process, which were
drawn based on the results.

• Lessons learned: A reflection on the suitability of the
method for the specific development phase, target group,
and research question.

Results

Contextual Inquiry
In the contextual inquiry, we generated an overview of relevant
stakeholders and their roles and tasks. Furthermore, the current
situation and its points of improvement were analyzed to
determine if and in what way VR could contribute to treatment
in forensic mental health [6]. We used multiple methods that
are provided in Table 1 below.
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Table 1. An overview of the methods and outcomes and reflection on these methods of the contextual inquiry.

Lessons learnedConclusionsMain resultsTarget
group

MethodResearch goal

Stakeholder identifica-
tion was useful to

Identification of a
broad range of stake-

Not appli-
cable

Stakeholder identifica-
tion: Via desk re-
search, expert recom-

Creating an overview
of people and organi-
zations who had a

• This method served well as a start-
ing point for the project, but as in-
depth information about (key)identify potential fi-holders, such as end

mendations, andstake in the develop-
ment process

stakeholders was lacking, additional
research into stakeholder perspec-
tives was necessary, for example,

nancers, participants,
or institutions for data
collection and to look

users, financers of
care, knowledge insti-
tutes, and other foren-

snowball sampling
[31], constantly updat-

via interviews.for potential develop-
ment partners

sic care organiza-
tions—see Multime-
dia Appendix 1 (1.1)

ed throughout the
project • The stakeholder identification was

constantly revised over the course
of the project to keep it up-to-date.for a visualization of

the identified stake-
holders

• The identification proved to be im-
portant in preventing the relevant
stakeholders from being overlooked
in the development process and also
in supporting the researchers in
identifying participants for studies.

The multidisciplinary
project team was

The project team with
2 patients, 3 thera-

Not appli-
cable

Project team composi-
tion: In total, 5 poten-
tial end users (patients

Constituting a multi-
disciplinary project
team comprising pa-

• Including potential end users in the
project team was useful to ensure
that decisions were aligned withfound to be essentialpists, 2 researchers,

and therapists) weretients, therapists, their perspective. In hindsight, thefor the coordination ofand 1 policy advisor
asked to join the teammanagers, and re- team might have benefited fromthe project, mostly be-(n=8) was responsible
by the policy advisorsearchers to coordi-

nate the project
someone with more technical

knowledge on VRa, for example, a

cause of the integra-
tion of different per-
spectives.

for content-related
and practical activi-
ties, such as structur-
ing the development

of the organization in
which the project took
place (convenience

developer.
• Practical issues can influence the

project team composition, for exam-process, setting up
studies, and accompa-

sampling) to coordi-
nate the project [6]. A ple, sometimes therapists or patients

nying research goals,total of 2 researchers did not have enough time. It was
interpreting results,were added for important to make agreements on
decision making, and
planning

methodological and
theoretical knowledge

what to do when this occurred.
• Structure was needed to keep

members involved: setting regular
meetings, clear communication in
between meetings, and keeping
minutes of meetings. Coordination
by a project manager was important
to achieve this.

• The project team members had indi-
vidual, concrete, and specific tasks
that helped in keeping everyone
actively involved.

• Patients indicated that participating
in the project team gave them a
sense of purpose and helped them
with their treatment.
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Lessons learnedConclusionsMain resultsTarget
group

MethodResearch goal

• Focus groups were a good and effi-
cient way to start this broad, com-
plex project with many possible
outcomes, mostly to get an idea of
attitudes and potential end users.

• These focus groups aimed to gener-
ate idea, so provided little in-depth
information about needs and goals.
It was necessary to complement
them with other methods, such as
interviews.

• The way this focus group was set
up was seen as a strong point: there
was a clear structure without much
steering on content, which enabled
all participants to brainstorm freely
and individually. This resulted in a
very broad range of ideas, which
was relevant for this phase of the
development process.

• It was relatively easy to find partic-
ipants for the focus groups. An im-
portant reason for this seemed to be
the possibility to learn more about
and try out VR.

There appeared to be
many possibilities, but
further specification
and insight into why
and how VR should
be used was required

Most participants
were very positive
about VR. There was
a broad range of ideas
about using VR, for
example, to improve
skills, enhance insight
by therapists or loved
ones, or treat specific
disorders, such as
psychosis or posttrau-
matic stress disorder.
See Multimedia Ap-
pendix 1 (1.3) for a
table with the main
results of the focus
groups.

Patients
(n=14)
and thera-
pists
(n=23)

Focus groups: Struc-
ture: presentations on
VR by 2 companies,
trying out VR by par-
ticipants, individually
coming up with ideas
about VR in treat-
ment, creating ideas
in groups of 4, present-
ing the ideas to the
entire group ; The du-
ration of the focus
groups was 2 hours
and data were collect-
ed via researchers’
notes and templates
filled in by the partici-
pants (see Multimedia
Appendix 1: 1.2).

Determining how far
there is support and

enthusiasm for VRa in
forensic mental health
care and identifying
the ideas of therapists
and patients about po-
tential ways of using
VR in treatment

• Especially, desk research proved to
be relevant for the project because
there were no publications (yet)
about many recent, ongoing initia-
tives/projects.

• The strategy for desk research could
have been more structured, for ex-
ample, by creating an activity plan
and planning recent updates of desk
research.

• It was important to look outside of
the focus of the project (eg, studies
on VR in general), either by con-
ducting a literature study (which is
time consuming) or by searching
for published reviews or meta-
analyses.

• It might have been useful to system-
atically collect the literature on
theories and models on delinquent
behavior, as in this project, it was
done in a more ad hoc manner.

Not much is known
about VR in forensic
mental health care in
both practice and re-
search, so there ap-
peared to be a need
for a bottom-up devel-
opment process to
identify why and in
what way VR could
be used

In July 2017, only 6
relevant studies were
found, mostly focused
on the assessment of
sexual delinquents
[32-35] or general lit-
erature studies on VR
[36,37]. Multiple on-
going projects were
identified via desk re-
search but with no ac-
companying scientific
publications or avail-
able products

Not appli-
cable

Literature study and
desk research: Scien-
tific database, search
string (virtual reality
OR VR OR augment-
ed reality OR AR)
AND (treatment OR
intervention OR thera-
py) AND (forensic
OR offend* OR
crim*) and searching
the internet, talking to
stakeholders, and visit-
ing conferences

Gaining an overview
of all studies and cur-
rent initiatives con-
cerning VR in treat-
ment of (forensic)
psychiatric patients

The interviews gave
much information
about why and how
VR could be of added
value. However, there
were still too many
possible directions to
make a grounded deci-
sion about the goal
and content of VR.
Additional research
into the needs and
wishes of end users
was required

Thera-
pists
(n=8) and
patients
(n=3),
working
or treated
at multi-
ple loca-
tions of
Trans-
fore, the
forensic
hospital.

Interviews: current
situation: The first
part of the interview
scheme focused on
points of improve-
ment of the current
treatment (regardless
of VR) [21], the sec-
ond part focused on
the possibilities of VR
to improve the current
treatment. The out-
comes of the focus
groups were used to
structure the interview
scheme

Identifying points of
improvement in the
existing forensic men-
tal health treatment of
in- and outpatients
and possible applica-
tions of VR, which
could improve the
current situation, ac-
cording to therapists
and patients
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Lessons learnedConclusionsMain resultsTarget
group

MethodResearch goal

• The participants were asked to pro-
vide scenarios about their own ex-
periences and ideas in an open, ex-
plorative manner to prevent too
much steering by the researchers.
To gain in-depth information, good
interviewing skills and probing
questions appeared to be important.

• Eliciting scenarios in participants
proved to be unsuitable for (most)
patients, mostly because of the
broad questions that required much
abstract reasoning. The part with
examples from the focus groups
worked better but was still experi-
enced as difficult. Also, the inter-
view took 1 hour, which proved to
be a threshold for participating and
resulted in difficulties with inclu-
sion.

• The type of information collected
via the interviews would have been
hard to retrieve via questionnaires
because of the need for probing
questions. The research questions
might have also been answered by
means of (small) in-depth focus
groups, which might have been less
time-consuming.

Via inductive coding
[36], 2 types of codes
were identified in line
with the 2 research
questions. Points of
improvement were re-
lated to patients’ re-
turn to society; specif-
ic patient characteris-
tics, such as treatment
motivation; and treat-
ment characteristics,
such as skills training.
Possibilities of VR
were skills training
with interaction, obser-
vation of patients’ re-
actions, and creating
insight for others. The
codes can be found in
Multimedia Appendix
1 (1.4)

aVR: virtual reality.

Value Specification
In the value specification phase, the outcomes of the contextual
inquiry were used to further specify what the added value of a
technology should be according to the key stakeholders. Again,

multiple methods were used to identify the stakeholders’
preferences and opinions on VR in forensic treatment and
prototypes to specify these abstract values were created. These
methods are provided in Table 2.
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Table 2. An overview of the methods and outcomes and reflection on these methods of the value specification.

Lessons learnedConclusionsMain resultsTarget
group

MethodResearch goal

The videos made clear
that there are a lot of

A short video was
created for each of the

Not appli-
cable

Idea generation—sce-
narios: In 3 sessions,
all project team mem-

Generating multiple
ideas on the use of

VRa in forensic men-

• The structured approach in which
multiple templates were used
worked well in this project: it
forced all different members of the

promising possibilities
for VR in forensic

6 ideas. All videos
had the same underly-bers individuallytal health care, based

project team to work and think in amental health, so iting structure: the goalbrainstormed abouton the outcomes of
the contextual inquiry similar way.appeared to be neces-

sary to make decisions
of VR, its use during
treatment, an exam-

ideas for VR applica-
tions. The 6 most • Each member of the project team

had a clear role with individual re-about what to priori-
tize and why

ple, and the desired
outcomes. The videos
(with English subti-

promising ideas were
worked out in a tem-
plate (see Multimedia

sponsibilities. This was experienced
as helpful in motivating the team

tles) can be watchedAppendix 1: 1.5) by members and ensuring that all of
on YouTube [38]. Anmultiple project team their perspectives were present in
example of a scenariomembers. On the ba- the 6 ideas.
can be found in Multi-sis of these templates, • Creating scripts and videos was

very time-consuming, so motivatedmedia Appendix 1
(1.6)

scripts were written
and 6 short videos
were filmed

members who are willing to invest
time and effort and enough budget
were necessary preconditions for
making videos.

The results of the
questionnaire were

There were no signifi-
cant differences be-

Patients
(n=19);

Web-based question-
naire: After asking

Identifying (1) the
preferences of stake-

• The answers of the patients fitted
the research questions of the ques-

mostly in line with thetween the grades andtherapistssociodemographicholders of the 6 ideas tionnaire better than the answers
interviews but provid-PII scores for ideas. A(n=89);questions, the 6and (2) the stakehold- that were given by patients in the
ed more detailed andbroad range of posi-othervideos were presenteders’ values regarding interviews. This indicated that the
specific information,tive and negative as-stakehold-to the participants inVR in forensic mental

health care
concrete, scenario-based videos
were a better way to include the
patient perspective than the broad,

for example, how VR
should be personal-

pects and remarks
were identified via in-

ers
(n=38),

random order. After

each video, the PIIb

abstract interviews.ized and which skills
should be trained

ductive coding. These
can be found in Multi-
media Appendix 1
(1.7)

such as
parole of-
ficers or
re-
searchers

[39,40] a question
about the participant’s
grade for the idea, and
3 open questions on
positive points, points

• Although the goal was to make this
method less time-consuming, filling
in the questionnaire still took about
30 minutes, which might explain
why a large share of the participantsfrom dif-of improvement, and
(55.4%) did not fully complete it.ferentsuggestions for the

idea were provided A shorter questionnaire might have
led to more response but also would

Dutch
forensic

mean that less information wouldinstitu-
tions have been retrieved.

• The quantitative measures indicated
no major differences between
opinions about ideas. Although it
was not clear if this was an issue
regarding validity or if there actual-
ly were no differences, it was still
useful to ask for a grade for each
idea. The PII was not of added val-
ue in this questionnaire.

• Although this method proved to be
useful to further specify previously
found results, it would not have
been suitable as an initial method
to gather in-depth information,
partly because no probing questions
could be asked, and answers were
relatively short.
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Lessons learnedConclusionsMain resultsTarget
group

MethodResearch goal

• Values might be difficult to under-
stand for outsiders as they are ab-
stract, concise summaries of the
needs and wishes. Consequently,
clear definitions of the values were
provided to prevent misunderstand-
ings.

• Besides their importance for devel-
opment, the project team deter-
mined that values could also be
useful to determine what to evalu-
ate: to what extent was the added
value actually achieved in practice?
This way of thinking about values
allowed the project team to think
ahead in terms of implementation
and evaluation and facilitated a
broader view on the VR application.

• In hindsight, the process of formu-
lating values was more complex
than expected. The project team had
to account for the results of all used
research methods, combine them in
an abstract way, and make decisions
about conflicting values, such as
the importance of visual realism. A
clear guideline for formulating val-
ues would have been useful.

Formulating values
proved to be a very
good way to get to the
point and summarize
the essence of the re-
sults so far. It forced
the project team to
critically think about
the overall added val-
ue and goals of the
VR app and prevented
them from getting lost
in details or a tunnel
vision

A total of 43 attributes
and 13 values were
formulated. An exam-
ple of how a value
was created can be
found in Multimedia
Appendix 1 (1.8). The
following values were
formulated: fit with
patient; improvement
of skills; insights into
behavior, thoughts,
and feelings; bridge
between treatment
room and practice;
generalization of
skills to daily life;
safety; treatment moti-
vation; unique addi-
tion to current treat-
ment; ease of use
within treatment; coop-
eration between pa-
tient and therapist;
wide applicability; af-
fordability; and con-
stant adaptation of the
application

Not appli-
cable

Value formulation:
On the basis of all
previous results, 2 re-
searchers created at-
tributes that summa-
rized the needs or
wishes of stakeholders
[17]. On the basis of
categories of related
attributes, accompany-
ing values that stated
what VR should
achieve, improve, or
add according to the
stakeholders [6,17]
were formulated. The
values were discussed
by the project team
and minor adjust-
ments were made ac-
cordingly

Formulating values
that capture what the
added value of the
technology should be
for people and con-
text, according to the
stakeholders

• To ensure the consistency of the
development process, the idea gen-
eration process started with dis-
cussing the implications of all earli-
er conducted studies, even though
it was more appealing for the
project team to start creating the
idea right away.

• Visualization of ideas via low fideli-
ty (lo-fi) prototypes appeared to
work well during the idea genera-
tion process to make abstract con-
cepts more concrete. For example,
the team drew multiple dashboards
and visualized the structure of the
dashboard with post-its. This was
experienced as helpful by all mem-
bers of the project team.

The developed con-
cept was a combina-
tion of elements of all
6 videos that were
created by the project
team. Also, important
concepts that already
arose from the inter-
views were present in
the idea, for example,
personalization, skills
training, and new in-
sights

The main goal of the
VR application was to
support therapists and
patients in identifying
triggers that can elicit
undesired behavior
and search for helpers
that can support the
patient in dealing with
these triggers. Patient
and therapist can to-
gether build personal-
ized scenarios via a
dashboard with sever-
al categories that con-
tain elements that can
be added to a scenario
(see Multimedia Ap-
pendix 1: 1.9 for the
prototype)

Not appli-
cable

Idea generation—pro-
totyping: The project
team discussed the
values, attributes, and
outcomes of all re-
search activities and
their implications for
a VR application. Via
multiple brainstorm-
ing sessions in which
multiple low-fidelity
prototypes were creat-
ed, a first version of
an idea was developed

Generating a concept
for a VR application
based on the values
and previously gath-
ered results

Overall, the idea fits
the values of the par-
ticipant, mostly with
regard to the unique
added value to treat-
ment. No major
changes to the basic
idea were necessary.
In later stages, atten-
tion should be paid to
the usability of the ap-
plication, training, and
protocols to success-
fully embed VR in
treatment

Patients
(n=10)
and thera-
pists
(n=8)
from all
different
locations
of Trans-
fore, the
forensic
hospital

Investigating (1) how
far the stakeholders’
opinions of the con-
cept match the previ-
ously formulated val-
ues and (2) if changes
to the concept are re-
quired for it to opti-
mally fit the stakehold-
ers’ preferences
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Lessons learnedConclusionsMain resultsTarget
group

MethodResearch goal

The first part was
coded deductively us-
ing the constructs of
the TAM (see Multi-
media Appendix 1:
1.10), the second part
was coded deductive-
ly with the 13 formu-
lated values (see Mul-
timedia Appendix 1:
1.11). Overall, the
idea was evaluated
positively, but there
were some concerns
about the ease of use
of the application. All
values were, to some
extent, present in the
participants’ answers.
Most positive remarks
were about the added
value for treatment,
for example, fit with
patient and new in-
sights. Points of atten-
tion were related to
the implementation in
treatment

Interviews—idea final-
ization: In the first
part, open-ended
questions, based on an
adapted version of the

TAMc [41], were
asked to check the atti-
tudes toward the con-
cept of the VR applica-
tion. The second part
focused on the partici-
pant’s overall opinion
of the VR application.
The developed low-fi-
delity prototype and a
scenario on its use in
treatment were used

• This second set of interviews was
considerably shorter than the first
one: they only took about 15 to 20
minutes. It proved to be easier to
include patients, which might be
because of the relatively little time
that was required to participate.

• Using the values to code these inter-
views was useful to determine the
positive and negative aspects of the
idea in relation to the added value
that it should have had. In this way,
it became very clear what the points
of improvements were, which might
not have been the case with an in-
ductive, bottom-up coding process.
It also allowed the project team to
check whether the idea was still in
line with the values.

• The TAM was used in the interview
scheme and coding process. Al-
though it helped to structurally ask
about and analyze the participants’
attitudes and intentions, it provided
hardly any information about the
treatment context and characteris-
tics of (other) persons [42,43]. The
second part, in which the added
value in general was discussed, ap-
peared to be necessary to paint a
full picture of the participants’
opinion.

• Merely using the TAM would not
have sufficed in this interview.

aVR: virtual reality.
bPII: personal involvement inventory.
cTAM: technology acceptance model.

Discussion

Reflection on Development Methods
The main goals of this study were to analyze the suitability of
the development methods for participatory eHealth development
in a complex context and reflect on the development model
used: the CeHRes Roadmap. This study can contribute to the
development of a broad tool kit from which researchers can
choose appropriate methods for the stage of their development
process, participants, and context. In hindsight, this study would
have benefited from such a tool kit, as the results showed that
all methods generated valuable information, but not each method
proved to be very suitable for the target group and their context.
Besides generating knowledge on suitable methods, this type
of study can also facilitate reflection and accompanying
improvements of the development model used. Although this
study offers a contribution, more studies that pay attention to
development methods and models are required to make
generalizable statements about methods and models.

The first goal of this study was to reflect on the suitability of
different development methods. The relevance of this goal

became clear from the experiences of the project team, as a
major challenge was to identify the suitable methods for the
forensic psychiatric patient population. These types of
vulnerable patient populations are often difficult to involve in
research, and not much is known about the suitable methods
for these types of population [27,44]. On the basis of the
experiences with methods used in this study, several conclusions
and recommendations can be drawn on the suitability of
methods.

A first set of recommendations focuses on involving patients
in research. First of all, working with concrete examples seemed
to work better than merely asking patients for their opinion or
ideas without much guidance or input [4]. Using existing or
potential examples is also possible in the earliest stages of the
process, when not much is known yet, and can be done by using
methods derived from a human-centered design, such as
scenarios, personas, or prototypes [45,46]. A second
recommendation based on the findings of this study is to keep
data collection as short as possible, because patients might have
difficulties with concentration or are not motivated to invest a
lot of time. This recommendation is also relevant for health care
professionals, because although researchers often want to collect
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as much data as possible, the professionals often not have a lot
of time to participate [17]. The balance between how much
in-depth information should be collected and the duration of
data collection was experienced as difficult, so more research
on this topic is needed. Finally, participating in research should
be perceived as personally relevant or rewarding [47]. Although
we used rewards such as VR goggles in the questionnaire and
interviews, including participants for the focus groups proved
to be easier. A reason for this might have been that participants
could experience VR during the focus groups, which was
perceived as new and exciting by both patients and therapists.
Consequently, it appears to be worthwhile to spend time on
identifying personally relevant rewards for participants.

The second set of recommendations centers on combining
multiple methods and perspectives to paint a clear and complete
picture of the context and stakeholder perspective. First,
although involving patients proved to be very valuable, the
development process also benefited from the perspectives of
other types of stakeholders, such as therapists, managers,
researchers, and technology developers, as they might have
different needs or a more overarching view [28,48]. For
example, the analysis of the first set of interviews showed that
patients mostly mentioned the use of VR to observe situations
and stimuli, whereas therapists also pointed out the importance
of other possibilities, such as skill training, which was not
mentioned by the patients. Second, involving participants via
multiple methods enabled the project team to gain different
types of information that supported them in getting a good grasp
of all perspectives on VR in forensic mental health care. Finally,
it can be concluded that more knowledge on suitable methods
for involving patients, therapists, and other stakeholders in
eHealth development is needed to be able to make more
generalizable statements and create a tool kit [47].

Operationalization of the Development Model
Besides reflections on development methods, this study also
aimed to reflect on the application of the development model
that was used: the CeHRes Roadmap. It is of course not possible
to conclude whether the development process guided by the
CeHRes Roadmap resulted in better outcomes than another
development method, partly because that would require 2
parallel development processes in identical settings [18], which
is difficult both practically and conceptually. Nevertheless,
based on the experiences of the project team, it can be concluded
that the CeHRes Roadmap provided a valuable guidance for
the development process. This process resulted in a concept for
a VR application that is based on the wishes and preferences of
the therapists and patients. The fit with their wishes became
especially clear in the second round of interviews that showed
that participants were enthusiastic about the concept and their
opinions closely matched the previously formulated values.

On the basis of the experiences of this study, several
recommendations can be made on how to operationalize the
CeHRes Roadmap and similar development models. First of
all, an important principle of eHealth development is that it
should comprise multiple formative evaluation cycles. The
experiences of this study confirmed that the Roadmap should
not be used as a linear, sequential approach with a fixed order

of phases and accompanying activities [18]. To illustrate, the
first set of interviews and focus groups provided information
that was relevant for both the contextual inquiry and value
specification phase. Also, during the value specification,
activities from the design phase, such as prototyping and
scenarios, were used to elicit opinions. Consequently, although
the phases of the Roadmap are visualized as separate blocks
(see Figure 1), they should be used as overlapping, interwoven
sets of principles and methodologies. A thorough understanding
of the principles of the Roadmap appeared to be more important
than strictly following the order of separate phases.

A second important finding was that the formulation of clear,
specific research goals was pivotal in structuring this
development process. A pitfall of an elaborate development
process in a complex setting is that it might become unstructured
or vague [6,14]. We tried to prevent this by formulating multiple
clear, specific research questions that were based on the goals
of the Roadmap’s phases and its 5 underlying principles [6].
To keep the process coherent, the project team carefully thought
about how these research questions related to the outcomes of
the previous development activities. Also, we added multiple
formative evaluations to check whether the outcomes of different
activities remained consistent with each other. This process is
visualized in Figure 3.

Third, although constituting and managing an interdisciplinary
project team was complex and time-consuming, the team was
found to be an important part of the development process as it
facilitated decision making from multiple perspectives
[22,49,50]. Multidisciplinary teamwork in health care is often
complex [51], so several measures were taken to increase the
chances on a successful collaboration. Among other things,
patients and therapists that participated in the project team were
involved as active co-designers instead of passive informants
[52,53] and thus took part in activities, such as designing studies,
interpreting results, and creating and adapting ideas. To achieve
this, the project leader ensured that each project team member
had a clear task, as was, for example, done in the creation of
scenarios, where each member actively participated in creating
an idea and writing the script for 2 of the videos. Fourth, much
attention was paid to the functioning of the team. Among other
things, roles and tasks of all team members were made clear;
regular, bimonthly meetings were held and there was ample
communication in between meetings; individual members got
the opportunity to be involved in activities of their own choice;
there was a mix of skills and interests of members; there was a
positive climate of trust and common respect; and, importantly,
the team had a common, clear goal [51]. However, as these
findings are based on only 1 development process, they are not
generalizable. As the functioning of a project team seems to be
a relevant topic in eHealth development, more studies on how
to compose and organize multidisciplinary project teams should
be conducted to be able to draw generalizable conclusions and
recommendations. Finally, when operationalizing the CeHRes
Roadmap—or any other development model—a thorough
understanding of the model’s underlying principles, continuous
formative evaluations to prevent tunnel vision, clear research
questions with suitable methods, and a well-functioning
multidisciplinary team were found to be important.
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Figure 3. The structure of the goal-driven development process with multiple formative evaluation cycles.

Reflection on the CeHRes Roadmap
While using the CeHRes Roadmap to shape the development
process, we identified several strong points but also some points
of improvement. First of all, the participatory development
principle was used to determine what the main goal of the VR
application should be in a bottom-up manner. According to this
principle, it is important to involve users from the start to ensure
that a technology addresses actual problems or points of
improvement and is of added value for them [54]. However, in
many cases, the goal of an eHealth technology is determined
by researchers and/or developers, and stakeholders are involved
as mere informants in later stages to provide feedback on
concepts that were created in a top-down manner [55]. In this
project, we tried to prevent this by actively involving
stakeholders from the start, among other things, by asking them
about points of improvement of the current situation and
enabling them to come up with their own ideas about VR.
Further along the process, values were formulated to specify
the goal of the VR application. These values forced the project
team to explicitly state the added value that a technology should
have for patients and therapists. However, during the value
specification, we noticed that there was a lack of clear guidelines
on how to formulate these values and what topics they should
cover. Although this value-driven approach was experienced
as useful to keep an eye on people and their context, there is
still much uncharted territory. We recommend that more studies
using values in their development process should be conducted
to be able to create clear guidelines.

Second, the Roadmap emphasizes the importance of formative
evaluation and use of multiple methods. This indeed proved to
be essential in this development process, especially because at
the start of the project, there was no knowledge about the use
of VR in forensic treatment. Consequently, much information

had to be generated to make substantiated choices for the goal
and content of the VR app. Just using 1 or 2 research methods
would not have sufficed. This can be illustrated by the following
example on personalization of VR. The first interviews and
literature study indeed pointed out that personalization was
important [35-37] but did not provide in-depth information
about this topic. The results of the questionnaire offered more
insights into what stakeholders wanted to be able to personalize:
virtual people, environments, and scenarios. Throughout the
process, the project team further specified these preferences and
translated them into concepts for personalized VR applications
via low-fidelity prototypes that were evaluated with stakeholders
and fine-tuned accordingly. If only 1 interview study would
have been conducted, the project team would not have had
enough input to create a personalized VR application. A
disadvantage of the multimethod, iterative approach was that
it was very time-consuming. It might be possible that, if more
would have been known about VR in forensic mental health
care or suitable development methods, less research would have
been required, which might have resulted in a shorter and more
efficient development process. But again, more research on
different types of development methods is required to draw
more conclusions on this topic.

Finally, when reflecting on the development process, a more
systematic approach toward involving domain-specific theories
and models could have been used. Owing to the involvement
of researchers and professionals with much knowledge on
existing treatment models and theories on offending, this
information was included but in an ad hoc manner. As other
studies and models such as intervention mapping point out, it
is important to incorporate theories that explain and change
behavior in eHealth interventions [7,12,56,57]. In this project,
this relates to models that explain delinquent behavior or theories
that underpin treatment of forensic psychiatric patients, such as
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the general theory of crime [58] or the risk-need-responsivity
model [59]. Consequently, we recommend that the use of
domain-specific theories and models to explain behavior and
treatment can be explicitly integrated in the Roadmap. To do
this, the pillar on persuasive design could be adapted. In its
current state, it focuses on behavior change via persuasive
design. We suggest a change to this pillar, so that, besides
persuasive theory, it also entails the use of domain-specific
theories and models throughout the entire development process.
Goals and activities derived from this adapted principle could
be added to the contextual inquiry and value specification phases
to add more focus on domain-specific theories at the beginning
of the development process.

Conclusions
This study described and reflected on the methods and
development model used in a development process of a VR
application for a complex setting: forensic mental health care.
To take the domain of eHealth development to the next level,
more studies need to report and reflect on the development
processes in a standardized way to generate more knowledge
on suitable methods. This might result in a tool kit that
researchers can use to choose and operationalize methods. Based
on this study, we conclude that eHealth development is much
more than programing a technology or just going with the flow;
it requires thorough research via methods that fit the participants,
stage in the development process and context, structured project
coordination by a multidisciplinary project team, a flexible and
open mind-set, and the inclusion of multiple perspectives in
every decision.
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