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Abstract: Co-design is used for improving innovation, obtaining better solutions, and higher user
satisfaction. In this paper we present how the use of a walk-in virtual environment and actual-size
virtual prototypes support co-design. Unlike in most studies we presented the prototypes to users
in an early phase of the design process. This study examines the co-design of healthcare facilities
with multi-occupational groups. The practical case examines designing single-patient rooms for an
intensive care unit. In this design process 238 participants of different hospital professions evaluated
virtual prototypes in three iterative rounds. The participants improved the design by discussing
their work practices. The virtual environment situation and actual size virtual prototypes make
an easy environment for users to discuss and evaluate the design without any design knowledge.
In addition to describing the co-design results we also outline some important issues and guidelines
about creating the virtual prototypes and organizing the participants’ visits in a virtual environment.
Keywords: co-design; virtual prototypes; virtual environment; hospital

1. Introduction
For decades there has been a focus on making employees’ working environments better for them by
including workers’ work practice in the design process [1–4]. In order to succeed in this co-operation is
needed between the professional designers and the workers who will work in the designed environment
or with the designed products. When using co-design, the benefits are, for example, improved idea
generation, better understanding of users’ needs, and higher satisfaction of users [5]. In addition to
long-lasting user participation in the design process (as in Scandinavian participatory development
methods, see, e.g., [2,3]) users’ involvement for a limited timeframe also gives a strong impact to the
design process [6,7].
One problem in users’ participation in the design process is users’ difficulties in verbally describing
their work know-how, as it is tacit knowledge about their work practice [8]. Furthermore, when the
participants belong to different disciplines or professions, their underlying assumptions are different,
which makes discussion difficult [9]. Another possible problem in co-design is that users could leave
their own professional field and become more like designers [10–12]. Thus, they become less concerned
with their own occupational needs.
Our study focuses on the multi-occupational co-design, which is an actual topic in co-design
studies [13]. As our aim was to make it easy to participate in the process, the solution was to use
virtual prototypes. When virtual prototypes are used, their evaluation does not require any special
knowledge; instead, the participants can come there with their work knowledge and focus on their
work tasks. This works especially well when the virtual prototypes are presented in their actual size,
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as in a walk-in virtual environment (VE). In such a case, the users can try their actual work tasks within
the designed objects (see, e.g., [8]).
The research question examines what kind of virtual prototype use supports multi-occupational
co-design, more specifically, when a walk-in virtual reality solution is employed. In co-design it is
important for the users and designers to be simultaneously present in the virtual prototypes since
that supports their mutual understanding of the others’ work tasks and practices [3,8,14,15]. When
discussing the future work environment together, they can find a solution that fits everyone’s needs.
The answer to the research question is sought with one actual hospital design case. In it a
multi-occupational team evaluate and co-design a single patient room, bathroom and nurse station
in an intensive care unit. This Finnish hospital design project was to design the first intensive and
intermediate care unit based on a single-patient room concept. Evidence-based design supports the
new trend of using single-patient rooms due to multiple benefits on outcomes on care, such as fewer
hospital-acquired infections, fewer medical errors, and fewer patient transfers [16]. In addition to
construction designers, different kinds of hospital professions also evaluated the design under process.
In our case the end-users participate in the design process only in commenting on tasks by the
evaluation of virtual prototypes. By this solution we avoid the risk that is found in intensive co-design
processes; in them the participative end-users become, at least partly, designers [12]. In order to avoid
participants being expected to have designers’ skills, such as understanding the two-dimensional
design documents, we use virtual prototypes which are their actual size in a walk-in VE. This kind of
immersive VE has advantages in design, such as better spatial perception [17], and it can affect the
quality and duration of design reviews [18]. Furthermore, a 3D virtual prototype can be created in an
early design phase and then it commits potential users to the design, and the requirements and needs of
users can be obtained [19]. A walk-in VE is such an environment which works well for several people
to participate simultaneously, so it provides a good opportunity for increasing understanding of others’
work practice and their needs for the working environment. This is very important for designing an
intensive care unit as various occupations work there with the patient and the environment needs to
support all of that work. Our study provides a wider understanding of the possibilities VE gives for
multi-occupational co-design.
In this article we first describe the scientific background, which includes both co-design and
virtual prototypes. Then we describe our case, the co-design of intensive care rooms in a hospital
building. Then we describe two benefits which were reached by co-design with virtual prototypes.
These benefits are characterized based on the effect that the hospital staff participation had on the
design process. However, we connect them to other researchers’ findings. In addition to positive effects
we also encountered some challenges within the process. We describe them by giving our solutions of
how other co-design processes could avoid those possible problems. Finally, we end the article with a
discussion of the results.
2. Scientific Background
We present two issues with respect to the scientific background. The first one describes what is
meant with co-design. The second one presents tools for co-design, especially such virtual prototypes
which can be used together in teams. The latter one is the main issue of this study.
2.1. Co-Design
The term co-creation is based on the idea that consumers are active players who are co-creators of
value and co-developers of their own personalized experiences [20]. In addition to consumers, workers
are also included in the development of their work tools and environment. This was done for decades
based on work democracy, for example, in Scandinavia (e.g., [2,3]). Table 1 characterizes the main idea
of user participation in the design process. There are a large number of benefits when co-design is
used in the design process (see Table 2). The benefits can be observed based on the actor. The first
object is how the co-design changes the design project. It improves the idea generation process and
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improves the quality of innovations. The second object is the service user. For them co-design gives a
better outcome of the design process, that being the most important issue in the design process. The
third object is the organization, which can be either the designer organization or user organization.
Co-design improves cooperation between the different groups of people. [6]
Table 1. Features of user participation in the design process (based on Kyng [21], p. 52).
Element

Early Co-Design Process in the 1990s

Recent Co-Design

Workplace democracy; Supporting
user interest
Workers as opposed to managers and
owners

User involvement;
Better systems for all
Non-wage earners,
e.g., patients, customers
Non-workplaces,
e.g., homes
Experimental prototyping; professional
fieldwork

Ideals
Users
Settings

Workplaces

Techniques

Experimental prototyping; amateur
fieldwork

Table 2. Benefits of co-design in service design projects (based on Steen [5]).
Benefits for . . . Theme

. . . the Service Design Project

Improving idea
generations

Better ideas
Better knowledge about users’ needs
Better idea generations by bringing
together different kind of users.

Improving the service

Higher quality of service definition
More successful innovations

Improving the project
management

Better decision making
Continuous improvements

Improving long term
effects

. . . the Service
Users

. . . the Organization
Improving creativity
Improving focus on users
Better cooperation between
different people and across
disciplines

Higher quality of
service

Higher satisfaction
of users
Educating users

More successful innovations
Improved innovation practices
Better public relations

Although user participation in the design process has a long tradition, it varies in what is meant
by user involvement in the design process. On one hand, users are considered as informants who
can supply facts about work procedures but who have hardly any design knowledge and, therefore,
should have little to say about particular design issues [10]. Users stay in their own competence
area, and designers’ task is to understand them and collect information for the design process [22].
Here this approach is labeled Designers’ move towards users (Figure 1). On the other hand, there may
be user representatives who participate for years in design projects and learn the design practice.
Thus, users are expected to participate in the design process and know how designers think and work.
Here, this approach is labeled Users’ move towards designers (Figure 1). In that case, there is a risk that
users become professional design experts and neglect the maintenance of their work expertise [10–12].
In addition to dividing the human-centered approaches to actor’s roles (whose work is focused and
who is asked to be flexible), they can be divided by their focus on either presenting the present situation
(what is) or future situation (what could be) [22].

partly located over each other. In our study we have used the fundamental aspects of participatory
design [4], as our study focuses on worker situation and the target is mutual learning between users
and designers. However, we also utilize the features of co‐design, as the idea of user involvement
and better situation for all, and the use of experimental prototyping [21]. The location of our study is
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Figure 1. Different human-centered design approaches, with different starting points and emphases
(based on Steen [22]). The red point in the figure presents where our study is located.
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Virtual prototypes offer a new platform for discussing prospective use and possible improvements.
Virtual prototypes include using computers to visualize the prototype, but there is variation on how
realistic the visual image is. In addition to visual images, virtual prototypes might also include some
functions of the product. The benefit of using virtual prototypes is that they reveal more developing
ideas than physical prototypes [25]. Additionally, immersive virtual prototypes have the potential
to increase the quality of reviews and decrease the cost and duration of the design process [18].
Furthermore, virtual prototypes are easy to modify so new ideas can be quickly incorporated and new
versions can be taken under evaluation [25].
There is a wide variety of virtual prototypes and several methods of using them in co-design.
They are connected to each other: technology provides possibilities for co-design and the type of virtual
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prototype affects co-design. One end is the use of screen solutions in presenting virtual prototypes,
such as avatars in SecondLife [26], whereas the other end is to connect the prototype to a simulation
model, such as designing workplace ergonomics with simulated virtual prototypes [27]. Furthermore,
virtual prototypes can be presented in a walk-in VE. In such a case, users can try their work tasks with
the actual size virtual prototypes (e.g., [25]).
When focusing on the use of virtual prototypes in co-design two issues are important. First one is
the size in which the prototypes are presented. If the aim is that the users can try how they could act
within a designed environment, the virtual prototypes need to be in actual size. However, if a screen
solution, such as SecondLife, is used, then the virtual prototypes are small, and it is only possible to
imagine how the work tasks could be done. Instead, actual-size prototypes are presented in walk-in
VEs [28], as in the Cave, and in augmented reality, as with HoloLens.
The second issue is how the virtual prototype setting works for multiple people, which is needed
in a co-design situation. When the aim in co-design is that mutual communication in the organization
gets better, it is required that during the co-design process several people can be simultaneously in the
same room evaluating the virtual prototypes and presenting to others how they would perform their
work tasks within the prototypes. For such needs only a walk-in VE works, as the participants see the
same image (i.e., the same virtual prototypes) and each other. Thus, they see what others are doing but
also their nonverbal signs (gestures and expressions) during the co-design session. That is not possible
with most augmented reality lenses; for example, HoloLens is just for one person.
In their review Kim et al. [13] classified 150 journal papers (2005–2011) in the field of the built
environment concerning the use of virtual reality and virtual environment. Collaborative use of VR
systems was used in 36 articles (26%). Kim et al. also predicted that multidisciplinary collaboration
will become a standard in built environments [13].
When using virtual prototypes, the level of fidelity for prototypes needs to be decided. High-fidelity
prototypes look like final products with a large amount of detail, whereas low-fidelity prototypes
are insufficient, like sketches and virtual prototypes without texture or other details, for example.
There are opposite views as to what level of fidelity works best in user evaluation. On the one hand,
high-fidelity prototypes help professionals, and even non-professional participants, perform accurate
design reviews [18]. On the other hand, when low-fidelity prototypes are used, the non-technical users
have more space to evaluate and develop the presented prototypes [25,29]. In our case we used both
high- and low-fidelity prototypes.
3. Research Methods and the Case of Hospital Design
The research method of this study is action research. The practical problem, which we attempted
to solve, is the design of a new intensive and intermediate care unit. The theoretical knowledge
that is utilized in solving the practical problem is co-design and virtual prototypes. For the practical
case, this theoretical basis calls for nurses and other hospital workers’ presence during the design
process. In addition to using the theoretical knowledge in solving the practical problem, practical
problem-solving is used to attain theoretical knowledge.
In the health care sector, it is realized that workers’, i.e., nurses and doctors, participation in the
design process is important for supporting innovations (e.g., [30]), since new co-design languages to
facilitate cross-cultural communication are valued [11]. Our study utilizes these positive effects on
co-design within the health care sector.
This study was carried out within a hospital design and construction project (2014–2018) in
Seinäjoki, Finland. This hospital was the first hospital in Finland with single-patient rooms in intensive
and intermediate care units. Single-patient rooms were designed since studies prove that this solution
provides several benefits, such as fewer hospital-acquired infections, fewer medical errors, improved
patient sleep, improved patient privacy and confidentiality, and fewer patient transfers [16]. The design
project utilized multiple tools to support the hospital staff’s participation in the design project.
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prototype included some functionality, such as sliding doors and the possibility to move medical
ceiling-mounted joints.
3.2. Presenting the Virtual Prototypes
The designing of the new hospital unit required virtual prototypes, which included the two
single-patient rooms, bathroom, and nurse station. The final version of the unit plan was created in
three rounds of virtual prototypes. Between the rounds the new prototypes were modified based on
the users’ discussions of the earlier one.
The precision and fidelity of virtual prototypes increased round by round. The first and second
virtual prototypes included only the patient bed and ceiling-mounted booms. The requirements for
room size and shape, and furniture and equipment placement and quality were attempted to be
discovered with these virtual prototypes from participants. Low-fidelity virtual prototypes produced
discussions of missing furniture and equipment and their number and placement. The participants
evaluated the placement of furniture and the shape of the rooms relating to the visibility of the patients.
Additionally, the absence of windows in these earlier virtual prototypes caused a discussion of the
importance of natural light and views of nature.
The third virtual prototype included all needed furniture, equipment, and accessories. The virtual
prototype contained a window and a landscape painting to add comfort. The feedback of this last virtual
prototype from participants focused on placement and quality of furniture, equipment and accessories.
The VE visit started with presenting information about the project, the location of the VE,
the duration and the objects of the visits. The participants were informed that the rooms were
incomplete, so their comments were needed for their future design. Additionally, information
pertaining to videotaping, photographing, and recording their visits was provided. Before the actual
design session, the researcher introduced the project group, demonstrated how the work would happen
in practice in the VE, and explained outlines for the virtual prototype presentation. Participants were
told that they could interrupt and comment anytime during the presentation.
The project group had planned the route for the virtual prototype presentation. That included a
visit in an intensive care room, a bathroom, a nurse station, and then into another intermediate care
room and a bathroom. The architect presented spaces with the same description to all the groups.
The planned route took approximately 15 min. After that groups could return to the virtual rooms
they wanted to evaluate more closely. All the time the participants could interrupt and ask for details
or comment. The visit in the virtual rooms lasted between 30 and 40 min.
The setting of a VE visit is presented in Figure 3. The distribution of assignments in project group
was the following:
•
•
•
•
•

Architect presented the virtual rooms and answered comments on the technical and design side.
Navigator guided in the viewing of the rooms and used the 3D mouse.
Researcher opened the conversation if needed, asked for details and grounds for changes, gathered
the comments and change requests.
Project worker answered comments on the functional side.
Photographer took videos and photos.

The evaluation of the rooms was completed in three rounds. The researcher gathered the
comments during the VE visits. The project group discussed the change propositions and evaluated
them. The ones that were evaluated to increase the prototypes or which had substantial reasoning,
were taken for further design.

Computers 2019, 8, 44

8 of 16

Computers 2019, 8, x FOR PEER REVIEW

8 of 16
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participants from other hospitals, too, and this brought into discussion differences between hospital
cultures.
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The requirements were partly similar, but partly contradicted each other. There were some participants
from other hospitals, too, and this brought into discussion differences between hospital cultures.
In addition to discussion of virtual prototypes there were discussions of visibility, work processes,
and the number of nurses. The method of working was changing due to single-patient rooms.
Additionally, the conversations in the VE included issues that cannot be evaluated in VE but are very
important for design, like floor materials.
3.4. The Analysis of the Gathered Data
Two kinds of data were used for this analysis. The first one was a questionnaire, which the
participants answered just after their VE visit. This data was analyzed statistically. The questionnaire
included seven statements about the functionality of the groups’ co-design within the VE visits and the
feeling in being in the VE. It was calculated how many participants agreed to the statement. This data
outlines participants’ (i.e., hospital staff’s) opinion of the co-design with virtual prototypes.
The second one is the discussion during the VE visit and the development of virtual prototypes.
These data are notes which the researcher made based on her observation of the VE visits. Although
she made them during the actual VE visit, they were also videotaped and it was possible to check from
the video what actually happened.
4. Results
The results consist of three issues. The first one outlines the general picture of participants’ views
of their visits in the VE and their participation in co-design. This part is based on the analysis of the
questionnaire. The second issue focuses on the benefit of organizing co-design sessions with virtual
prototypes. The result is that hospital staff’s work practice become visible to designer team and with it
they can create better designs. The third issue is the benefit that hospital staff discussed the risks which
the new design might include, and they co-operatively found solutions to overcome the risks. In the
next sections we present the three issues with examples from the empirical data.
4.1. General Picture: Useful Participation
Just after the VE visit, the participants filled out the questionnaire about the VE and the co-design
process. The results show that they found the co-design very useful, as presented in Figure 4.
The questionnaire included seven statements, which dealt with the functionality of the co-design with
virtual prototypes. The statements were evaluated by how much the participants agreed with them.
This was done with a five-point scale from “totally agreed” to “totally disagreed”. Figure 4 includes
the participants’ evaluations of the statements after all three VE visit rounds. The evaluations of the
rounds are presented together, although the virtual prototypes and their fidelity varied.
The questionnaire included five statements, which dealt with the following:
-

Participation was useful (totally and partly agreed 96%);
Designing in groups was a useful method (totally and partly agreed 95%);
In discussion, my opinion was taken into account (totally and partly agreed 85%);
Commenting was easy (totally and partly agreed 92%); and
Active participation was easy (totally and partly agreed 89%).

Additionally, the questionnaire included two statements, which focused on the immersion of the
VE. In the evaluation they were also quite highly agreed:
-

I felt like being inside virtual rooms (totally and partly agreed 96%); and
Space was real and natural (totally and partly agreed 94%).

The participants’ general feeling was that participation in co-design with virtual prototypes was
useful. This evaluation is done based on the answers in the questionnaire.
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our case. In the VE visits the participants brought up many issues that reflected their concerns for
future facilities.
The first issue was the size of the rooms. The virtual prototypes appear to be adequate in size
but whether this proves to be the case in a work situation depends on how full of equipment and staff
the room is in a critical situation. The participants listed the missing furniture and equipment and
presented their position related to the patient bed. Additionally, participants listed other items
needed in the room like a sink, storage units, armchairs for relatives, and accessories. Open floor
space around the patient bed is very important. Ceiling‐mounted booms for respirators and other
equipment and ceiling mounted patient lift and movable objects were evaluated to be practical by
sparing floor space and avoiding wires on the floor.

Computers 2019, 8, 44
Computers 2019, 8, x FOR PEER REVIEW

11 of 16
11 of 16

Figure
5. 5.
The
first
prototype.
Figure
The
first
prototype.

The first issue was the size of the rooms. The virtual prototypes appear to be adequate in size but
The second critical issue in patient care is the transportation of a patient with all the equipment.
whether this proves to be the case in a work situation depends on how full of equipment and staff
The doors should be wide enough. Usually many staff members participate in the process. From that
the room is in a critical situation. The participants listed the missing furniture and equipment and
point of view the location of the bathroom was very critical. First, a patient is moved from the bed to
presented their position related to the patient bed. Additionally, participants listed other items needed
a stretcher or a wheelchair with all the necessary equipment and then transported to the bathroom.
in the room like a sink, storage units, armchairs for relatives, and accessories. Open floor space around
The route should be accessible and clear. The approved location for the bathroom was found in the
the patient bed is very important. Ceiling-mounted booms for respirators and other equipment and
third virtual prototype (Figure 6.).
ceiling mounted patient lift and movable objects were evaluated to be practical by sparing floor space
and avoiding wires on the floor.
The second critical issue in patient care is the transportation of a patient with all the equipment.
The doors should be wide enough. Usually many staff members participate in the process. From that
point of view the location of the bathroom was very critical. First, a patient is moved from the bed to
a stretcher or a wheelchair with all the necessary equipment and then transported to the bathroom.
The route should be accessible and clear. The approved location for the bathroom was found in the
third virtual prototype (Figure 6.).

Figure 6. The third prototype.

The third issue was that it was easy to comment on the virtual prototypes for participants. All
the participants had the same view and it was possible to show the item that needed to be changed.
Nurses and other hospital professionals could use their professional language describing their work

The second critical issue in patient care is the transportation of a patient with all the equipment.
The doors should be wide enough. Usually many staff members participate in the process. From that
point of view the location of the bathroom was very critical. First, a patient is moved from the bed to
a stretcher or a wheelchair with all the necessary equipment and then transported to the bathroom.
Computers
2019,
8, 44 be accessible and clear. The approved location for the bathroom was found 12
16
The route
should
inofthe
third virtual prototype (Figure 6.).

Figure 6. The third prototype.

The
comment
onon
thethe
virtual
prototypes
for for
participants.
All the
The third
third issue
issuewas
wasthat
thatititwas
waseasy
easytoto
comment
virtual
prototypes
participants.
All
participants
had
the
same
view
and
it
was
possible
to
show
the
item
that
needed
to
be
changed.
the participants had the same view and it was possible to show the item that needed to be changed.
Nurses
Nurses and
and other
other hospital
hospital professionals
professionals could
could use
use their
their professional
professional language
language describing
describing their
their work
work
processes and space requirements. It was easy to find shortcomings as well. As the groups were
multi-occupational the different requirements concerning the rooms were discovered and discussed.
The fourth issue discussed was the request for the design of the whole new unit with virtual
prototypes. It is important to see how different rooms are situated in relation to each other and the
distances between the rooms. During a work shift the staff must go to a storage room, a utility room,
a pharmacy room, a restroom and nurses’ office. The layout of the unit should be designed so that it
saves the steps taken during a shift. It was impossible to design the whole unit during the project,
but all the ideas about layout were driven forward.
4.3. Benefit 2: Discussions of Risks and the Solutions
In co-design the benefits for users are getting higher quality design outcomes and, in the longer
term, higher satisfaction [5]. For reaching these goals one part is to discuss and solve the possible
problems which users see when they evaluate the design. In our case the multi-occupational teams
discussed the possible risks when the virtual prototypes were observed and evaluated. In these
situations, two possible risks were commonly discussed. The first of them is how the nurses get
assistance, and the second one is the limited quantity of natural light in the rooms.
The changeover to single-patient rooms was the greatest challenge in the design process, because
it causes changes in work processes which also highlight the risks in care to be handled. The old unit
was multi-bedded. Patients were separated by curtains, so they were near each other. It was easy for
nurses to ask for assistance from other nurses. The new unit with single-patient rooms highlighted
three risks to solve. They are assistance, visibility, and audibility. The nurses were concerned how to
get assistance when they are working in different rooms. They were concerned that they cannot see
each other and the patients and hear the patients. Similar concerns can be found in earlier studies of
transitions to single-patient rooms [31].
In our study virtual prototypes were used for being sure that it was easy to get assistance by
having visibility between the rooms. The visibility was needed for nurses to see their patients and
other nurses. Audibility was also needed, so that nurses could hear what was happening, e.g., how
the patient was breathing or if other nurses needed assistance. The solution was studied with virtual
prototypes. The walls and sliding doors towards the corridor were made of glass providing visibility.
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Additionally, the nurse station between two patient rooms provides good visibility to these two rooms.
However, privacy was also needed, so that the patients could not see what was done to other patients
or even who the other patients were. The minimum height of the window between two patient rooms
was measured so that a patient lying in the bed could not see to the other room.
In discussion about the risks the second issue was windows and natural light in patient rooms.
Studies prove that natural light supports patients’ healing [16]. During the design occurred that some
patient rooms are not provided with windows. The proposed solution was to design the layout so that
most of the patient rooms will have windows and skylight windows in the corridors.
In our case of designing a hospital intensive care unit, the hospital staff discussed their concerns
for when the unit planned to change from multi patient rooms to single-patient rooms. The discussion
happened in a walk-in VE with virtual prototypes in multi-professional teams. The hospital staff’s
concerns were taken seriously, and the solutions were found.
5. Practical Guidelines for Organizing VE visits
In our study we used a walk-in VE for multi-occupational co-design. The hospital staff participated
in the design process by evaluating the virtual prototypes and improving the design. During the
co-design a high number of VE visits with 238 participants were organized in a short period. The three
rounds of VE visits and development of the virtual prototypes were carried out in three months. As the
timetable was tight and the number of participants high, we needed to plan the VE visits carefully.
Within organizing the VE visits we made practical findings and we want to share our knowledge to
others who use virtual prototypes in co-design.
Guideline 1: Prototype. The participants expressed the wish to design the whole area. In larger
layouts a bird’s eye view is helpful to comprehend the whole design, although it increases the risk
for simulation sickness [32]. In our case the virtual prototypes were modelled so that the floor level
was fixed (flying was impossible); it was also impossible to get out of the prototype. Still, some of
the participants had dizziness and inconvenience in balance and they did not like the visit due to
those symptoms. These problems occurred when using automated navigation in which the layout
was presented with a route that was decided beforehand. As it caused problems to some participants,
the speed of the tour was too high.
In addition to the whole landscape the outfit of the prototypes under evaluation needs to be
decided. An important point is the level of fidelity, since it affects the users’ evaluation [25,33]. In our
case, the first prototypes were low-fidelity and the participants then focused on the missing elements
of the prototype. The last prototype was higher fidelity and then the focus was on the details, such
as the placement and type of furniture and accessories. As de Casenave and Lugo [18] claim in their
article, high-fidelity prototypes help professionals, and even non-professional participants, to perform
accurate design reviews. Furthermore, with this prototype less improvements were presented.
Guideline 2: Improving the prototype. In using virtual prototypes in co-design, the idea is that
the prototypes are improved between the evaluation rounds. The first step is to analyze the users’
comments and improvement ideas and then decide which ones will be taken to the next evaluation
round. After that is the implementation task, which depends on the used VE environment and the
implementation tools how quickly the changes are possible to be made. In our case, some weeks
between the evaluation rounds was too short a time and there was not enough time to test the improved
prototype before the next VE visit. The final task before new VE visits is testing the new virtual
prototype by the project group.
Guideline 3: Groups and rounds. One of the main benefits of co-design is to increase the mutual
understanding of workplace work [5]. To reach that, multi-occupational groups need to be organized.
In our case the groups were formed based on the staff’s working timetable and ensured that several
different occupational members participated in each group. Another solution could be on the bases of
work processes. The other issue about groups that must be decided is how many evaluation rounds
the same persons take part in. In our case, most participants participated only once. The participants
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who participated two or three times commented that it was easier to concentrate on evaluating the
virtual prototypes when the VE was familiar. However, if the same persons participate in too many
evaluation rounds, it is possible that they become more like designers [12].
Guideline 4: Navigation. The navigation arrangements should be considered carefully, since some
VE visitors like to use the navigation tool (3D tool), whereas others avoid using it, and that does not
depend on how difficult they find the use of a 3D tool [34]. It is recommended that the navigation task
is given to a supported person, not to anyone from the evaluation group [35]. In our case, in most of
the VE visits the navigation was done by an experienced navigator and that would have been a good
solution for all the VE visits.
Guideline 5: Duration of the VE visit. When deciding the duration of the VE visit two kinds of issues
need to be considered. For the participants the VE visit is a difficult task that demands concentration,
so the visit must not be too long. A VE visit with new technology requires learning from the participants.
Furthermore, the evaluation task done in a multi-occupational group is also a challenging task. We
used approximately 30–40 min per group in VE.
The other issue that needs to be considered is the cost of the VE visits. The visits take many
working hours. In addition to the work of the design project team the participants use their working
time for the evaluation task. In our case that part was almost 300 h, as there was some distance
from their workplace to the VE laboratory. The other part of the costs is the use of the VE laboratory.
However, the costs of VE are coming down as more technological options come to market.
6. Discussion
We presented an action research study in which the practical part is a real hospital design case.
In our case the design target was to move from a multi-bedded intensive care unit to single-patient
rooms. The new wing to the hospital building was under design but also the nurses’ work practice
was changing. Single-patient rooms are known to have many benefits, however, there were also
many risks [16,31]. When the design plan was under multi-occupational evaluation with using virtual
prototypes, the possible risks were discussed and solutions were found. The participants evaluated the
VE visits and valued co-design high, as presented in Figure 4. The design was done in 2015, then the
new building as built and taken into use in 2018. The result will be evaluated in the autumn of 2019.
Our study outlines co-design, which Steen [22] localizes to human-centered design approaches, as
shown in Figure 1. The location of the approaches is presented by two dimensions, which are:
1.
2.

The dimension of whose profession is dominating (designers or users); and
The time dimension from present situation (what is) to future possibilities (what could be).

Our study was located quite in the middle, just in the time dimension and a bit more to the future.
Furthermore, Steen’s figure includes alternative methods of human-centered design approaches [22].
Our study belongs to co-design, but also takes elements from participatory design. The concept of
co-design is more focused on consumers’ role on design [20], whereas our case focuses on workers’
participation, as is done in participatory design [3,4].
Our study proves that discussion between designers and multi-occupational users can happen in
a neutral space, in which neither profession dominates. There is a large risk in co-design that users
become designers if the co-design process is long and the method requires design knowledge [12].
We created a neutral space for discussion about the design with virtual prototypes which are presented
in a walk-in VE. In such a situation users do not need to understand design methods or tools; instead
they can focus on their work tasks and present them to designers, who can include those needs in the
design process.
When virtual prototypes are used one issue that needs to be solved is the level of fidelity of the
prototypes. Some studies (e.g., [18]) claim that the higher the fidelity level, the easier it is for users to
evaluate the prototype. Some other studies (e.g., [25,29]) claim that lower fidelity gives more freedom
to users to evaluate the prototype, as the high-fidelity prototypes might seem to users that they are
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ready designs, not under development anymore. In our study we used both high- and low-fidelity
prototypes. In our case, during the first two VE rounds the virtual prototypes were of lower fidelity,
e.g., the texture was missing, whereas in the third VE round the virtual prototypes were of higher
fidelity. In our case, both the high- and low-fidelity virtual prototypes supported the mutual discussion
in the VE visits.
Author Contributions: T.T.: theoretical background and supervision; T.J.: participating and analyzing the practical
case; and T.T. and T.J.: wrote the paper together.
Funding: This research was funded by Tekes.
Acknowledgments: Jutta-Noora Kuosa for improving the language.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.

16.

17.

18.

Clement, A.; Van den Besselaar, P. A retrospective look at PD projects. Commun. ACM. 1993, 36, 29–37.
[CrossRef]
Ehn, P. Work-oriented Design of Computer Artifact; Arbetslivscentrum: Stockholm, Sweden, 1988.
Bjerknes, G.; Bratteteig, T. User participation and Democracy: A Discussion of Scandinavian Research on
System Development. Scand. J. Inf. Syst. 1995, 7, 73–97.
Halskov, K.; Hansen, N.B. The diversity of participatory design research practice at PDC 2002-2012. Int. J
Hum. Comput. Stud. 2015, 74, 81–92. [CrossRef]
Steen, M.; Manschot, M.; De Koning, N. Benefits of Co-design in Service Design Projects. Int. J. Des. 2011, 5,
53–60.
Brandt, E. How tangible mock-ups support design collaboration. J. Knowl. Technol. Policy 2007, 20, 179–192.
[CrossRef]
Westerlund, B. A workshop method that involves users talking, doing and making. In Proceedings of the
international conference on human-machine interaction, Human07, Timimoun, Algeria, 12–14 March 2007.
Tiainen, T.; Ellman, A.; Kaapu, T. Workers’ tacit knowledge transferred to conceptual design: The case of
mobile work machine. In Proceedings of the Co-Creation. The Boundary-Crossing Conference on Co-Design
in Innovation, Espoo, Finland, 17–19 June 2013; pp. 709–720.
Kuosa, T.; Basden, A. Predispositions as Determinants of the Future. Futures 2000, 32, 833–852. [CrossRef]
Olsson, E. What active users and designers contribute in the design process. Interact. Comput. 2004, 16,
377–401. [CrossRef]
Sanders, E.B.; Stappers, P.J. Co-creation and the new landscapes of design. Co-Design 2008, 4, 5–18. [CrossRef]
Taffe, S. The hybrid designer/end-user: Revealing paradoxes in co-design. Design Stud. 2015, 40, 39–59.
[CrossRef]
Kim, M.J.; Wang, X.; Love, P.E.D.; Li, H.; Kang, S.-C. Virtual Reality for the Built Environment: A Critical
Review of Recent Advances. J. Inf. Technol. Constr. 2013, 18, 279–305.
Clement, A. Computing at Work: Empowering Action by Low-Level users. Commun. ACM 1993, 40, 52–65.
Tiainen, T. Bounded of Empowered by Technology? Information System Specialists’ Views on People’s
Freedom within Technology. In Information Society and the Workplace: Spaces, Boundaries and Agency;
Heiskanen, T., Hearn, J., Eds.; Taylor and Francis Ltd.: London, UK, 2004; pp. 29–46.
Ulrich, R.S.; Zimring, C.; Zhu, X.; DuBose, J.; Seo, H.-B.; Choi, Y.-S.; Quan, X.; Joseph, A. A Review of the
Research Literature on Evidence-Based Healthcare Design. HERD: Health Environ. Res. Des. J. 2008, 1, 61–125.
[CrossRef]
Paes, D.; Arantes, E.; Irizarry, J. Immersive environment for improving the understanding of architectural
3D models: Comparing user spatial perception between immersive and traditional virtual reality systems.
Autom. Constr. 2017, 84, 292–303. [CrossRef]
De Casenave, L.; Lugo, J.E. Effects of Immersion on Virtual Reality Prototype Design Reviews of Mechanic
Assemblies. In Proceedings of the ASME 2018 International Design Engineering Technical Conferences and
Computers and Information in Engineering Conference, Quebec, QC, Canada, 26–29 August 2018.

Computers 2019, 8, 44

19.
20.
21.
22.
23.

24.
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.

35.

16 of 16

Bullinger, H.-J.; Bauer, W.; Wenzel, G.; Blach, R. Towards user centred design (UCD) in architecture based on
immersive virtual environments. Comput. Ind. 2010, 61, 372–379. [CrossRef]
Prahalad, C.K.; Ramaswamy, V. Co-opting customer experience. Harv. Bus. Rev. 2000, 78, 79–87.
Kyng, M. Bringing the Gap Between Politics and Techniques. On the next practices of participatory design.
Scand. J. Inf. Syst. 2010, 22, 49–68.
Steen, M. Tensions in human-centred design. Co-Design 2011, 7, 45–60. [CrossRef]
Hughes, M.U.; Bendoni, W.K.; Pehlivan, E. Storygiving as a co-creation tool for luxury brands in the age
of the internet: A love story by Tiffany and thousands of lovers. J. Prod. Brand Manag. 2016, 25, 357–364.
[CrossRef]
Pera, R. Empowering the new traveller: Storytelling as a co-creative behaviour in tourism. Curr. Issues Tour.
2017, 20, 331–338. [CrossRef]
Tiainen, T.; Ellman, A.; Kaapu, T. Virtual prototypes reveal more development ideas: Comparison between
customers’ evaluation of virtual and physical prototypes. VirtualPhys. Prototyp. 2014, 9, 169–180. [CrossRef]
Kohler, T.; Fueller, J.; Matzier, K.; Stieger, D. Co-creation in virtual words: The design of the user experience.
MIS Q. 2011, 35, 773–788. [CrossRef]
Caputo, F.; Greco, A.; D’Amato, I.; Spada, S. On the use of Virtual Reality for a human-centered workplace
design. In Proceedings of the AIAS 2017 International Conference on Stress Analysis, AIAS 2017, Pisa, Italy,
6–9 September 2017.
Dunston, P.S.; Arns, L.L.; McGlothlin, J.D. Virtual reality mock-ups for healthcare design and a model for
technology hub collaboration. J. Build. Perform. Simul. 2010, 3, 185–195. [CrossRef]
Yang, M.C. A study of prototypes, design activity, and design outcome. Design Stud. 2005, 26, 649–669.
[CrossRef]
Wolstenholme, D.; Grindell, C.; Dearden, A. A co-design approach to service improvement resulted in teams
exhibiting characteristics that support innovation. Design Health 2017, 1, 42–58. [CrossRef]
Bonuel, N.; Cesario, S. Review of the Literature. Acuity-Adaptable Patient Room. Crit. Care Nurs. Q. 2013,
36, 251–271. [CrossRef]
Kennedy, R.S.; Lane, N.E.; Berbaum, K.S.; Lilienthal, M.G. Simulator Sickness Questionnaire: An Enhanced
Method for Quantifying Simulator Sickness. Int. J. Aviat. Psychol. 1993, 3, 203–220. [CrossRef]
Egger, F.N. Lo-Fi vs. Hi-Fi prototyping: How real does the real thing have to be? In Proceedings of the
Teaching HCI Workshop, OZCHI2000, Sydney, Australia, 14–19 December 2000.
Tiainen, T.; Ellman, A.; Kaapu, T. Evidence against correlation between ease of use and actual use of a
device in a walk-in virtual environment. Hum. Technol. An Interdiscip. J. Hum. ICT Environ. 2013, 9, 56–71.
[CrossRef]
Tiainen, T.; Ellman, A.; Kaapu, T.; Roberts, D. Effect of Navigation Task on Recalling Content: The Case of
Occasional in Restricted, Cavelike Virtual Environment. In Proceedings of the 11th IEEE / ACM International
Symposium on Distributed Simulation and Real-Time Applications, Chania, Crete Island, Greece, 22–24
October 2007; pp. 209–216.
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

