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Abstract. The Virtual Reality laboratory (VR-Lab) at the University of Twente 
facilitates multi-stakeholder decision making processes. Using Synthetic Envi-
ronments (SE) to facilitate collaboration and to visualize consequences and de-
pendencies of choices, the lab stimulates optimal use of available expertise. The 
VR-lab embodies a flexible set of VR tools, software and working methods; 
therefore adequate facilitation of preparation and configuration of use is essen-
tial. For this purpose, a roadmap facilitates the attuning of the intents of (poten-
tial) user and the capabilities of the provider of the SE. This publication outlines 
the use of the VR-lab as a Synthetic Environment, as well as the preparations 
that a required to make that usage purposeful and efficient. 

Keywords: synthetic environments, virtual reality, multi-stakeholder, decision 
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1 Introduction 

Product development can be seen as a process of constantly making choices, often in 
consultation with multiple stakeholders from different fields of expertise. Within this 
team setting, developers have a need for support in communicating and for visualizing 
their problems and solutions, especially for gaining insight in the consequences and 
dependencies of choices.  

This publication provides an overview of the approach, development, use and out-
look of the Virtual Reality laboratory (VR-Lab) at the University of Twente [1]. This 
multi-stakeholder decision making laboratory facilitates the collaboration and deci-
sion making process in product development projects. 

1.1 Scope 

Within the field of product development, the need for support and facilitation of the 
various product development phases is obvious. In general, product developers also 
show enthusiasm for approaches that offer adequate support. Within the VR lab of the 
University of Twente, product developers are encouraged to address and optimize the 
development processes they employ in daily practice. The scope and emphasis is on 
supporting the decision-making processes that involve multiple stakeholders who aim 
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The combination of the abovementioned methodology, the Virtual Reality lab and the 
set of stakeholders together constitute a so-called Synthetic Environment (SE). This 
artificial environment represents an alternative reality, which acts as commensurable 
to a real environment as required. To allow for natural behavior, enabling intuitive 
use, the interaction possibilities provided in the synthetic environment correspond to 
real world interactions as adequate as is appropriate. This alternative reality uses both 
virtual and augmented reality techniques to allow the various stakeholders to interact 
with it (e.g. make adjustments to it) in a way that is easier, more transparent, more 
purposeful and more controllable than in reality, while requiring less effort. This 
makes it possible to quickly evaluate multiple configurations, and also to review the 
consequences of possible choices. A SE can be adjusted while it is in use in real time 
and it therefore allows stakeholders to deal with design information in an interactive 
way. Therefore, it is easier to evaluate features and experiences under a wide variety 
of circumstances. As a result, the stakeholders become more conscious of their deci-
sions and the related interdependencies. This is mainly because the information is 
presented to every stakeholder in an understandable format/way that is independent 
from the stakeholder’s background or expertise.   

These SE’s prove their usefulness best in development processes of new or com-
plex products, involving many stakeholders with various backgrounds. They can be 
used in nearly all phases of development processes; especially in the early stages SE’s 
may well help to describe current and future scenarios.  

The main characteristics and objectives of SE’s are to ensure validity of decisions 
by using realistic interactions, to simulate effects in a familiar context in order to 
achieve a realistic image of the future environment, and to present corresponding 
images of future situations to facilitate negotiations about consequences of their char-
acteristics [2]. 

In summary, Synthetic Environments can be depicted as well-considered composi-
tions of possible future environments, used to give more insight into the consequences 
of the choices in such compositions. To enable stakeholders to experience this envi-
ronment as veracious as possible, extensive use is made of virtual and augmented 
reality technologies. Bringing such tools to industrial practice becomes increasingly 
relevant, as the cost of hardware and software tend to decrease. Therefore, the ability 
to use SE’s in smaller companies increases continually. 

3 The VR-Lab as a Synthetic Environment 

As with every workshop, the end result that can be achieved depends on the crafts-
manship and expertise of the people using it; therefore, it is essential to adequately 
align the users’ requirements, functional specifications and capabilities with the ap-
propriate configuration of the lab and its tools. In other words, no fixed configuration 
can cater for all approaches, but a flexible and modular set of equipment can allow for 
quick creation of new settings.   

The basic approach, as mentioned in the previous section, leads to an atmosphere 
in which initially a conjoint view of the problem, its setting as well as a better under-
standing of dependencies between all stakeholders is realized. From that systematic 
beginning, solution paths can be explored effectively and efficiently by employing 
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4 Projects 

Over the years, the VR lab has served as facilitator of Synthetic Environments for a 
large variety of projects in several phases of development. It is in the diversity of the 
projects that the flexibility of the use of the lab is evident. The diversification includes 
the number of stakeholders involved, the phase of the project, the equipment and the 
time required. But especially the content and objective of such projects is never the 
same, and does not allow for a one-to-one copy to other projects. Although the focus 
of the VR-lab is mainly on product development processes, it often shows that the 
methodology and approach is also applicable to decision-making processes in general. 
The core value mainly lies in the support of multiple stakeholders in creating and 
balancing multiple choices/decisions. 

The researchers of the VR lab perceive clear similarities in the way of approach for 
the different projects. Because different devices and techniques are used in multiple 
ways, the VR-lab is a good example of a facilitator for SE’s. Since the lab contains a 
selection of commercially available and custom made hardware and software, combi-
nations of hardware and software that are frequently used together gradually emerge 
as a kind of higher-level building blocks. Every combination of VR-lab equipment 
and intended use in a SE allows the researchers to assess how successful the combina-
tion is or if the combination proposes any challenges. In any case, the gained experi-
ence provides input for use in future projects. In addition, during project execution, 
demands for adjustments and additions to the SE can be addressed. For example, ad-
ditional support may be necessary in the process, which provides directions for new 
equipment or methods that need to be developed or purchased in the near future.  

Not only the results of composing a SE often shows parallels for the researchers of 
the VR-lab, also the similarities in the underlying activities in establishing the SE 
provide ample guidance. To optimize stakeholder involvement in this, it is important 
to make good use of dedicated roadmaps. This makes it easier for each stakeholder to 
indicate and clarify the goal of the process, and makes it easier for the facilitator to 
come up with the most appropriate configuration of equipment, software and working 
methods. In addition, it gives all parties a sense of suitability and therefore brings 
more confidence in the choices of support and feedback methods in the environment. 
The roadmap simultaneously is the checklist and the guideline for the arrangement of 
a SE. 

Future projects of the VR lab focus more on integrating different types of da-
ta/information sources. This not only results in increased integration of different types 
of documents, images and simulations, but mainly in using multiple types of 3D mod-
els in the environment. In addition to static virtual 3D models, the use of dynamic 3D 
models is explored and exploited, even in combination with e.g. tactile and haptic 
models. In addition, the possibilities of integrating multiple research disciplines dur-
ing the exploitation of an SE are expanded. During the development and assessment 
of a product or environment, more information can be obtained about the potential 
risks, the expected maintenance costs, life cycle analysis or guidelines for suggested 
improvements. 
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In addition, the integration of 3D projected images, such as holograms, will be ex-
panded further. The introduction of such new techniques that make it possible to view 
voluminous 3D models with multiple stakeholders at the same time from different 
angles provides easier understanding of future products and environments. As such, 
the transition from virtual to real, and vice versa, will gradually dissolve. 

5 Conclusion 

Using the VR-lab as a flexible toolbox has the inherent consequence that there is a 
continuous need and possibility to add new or improved tools. On the one hand this 
may seem to hamper the trouble-free employment of SE’s in everyday practice, but 
more important, it also provides insight in what is expected in future tools. After 
every single project in the VR-lab, the design and implementation of the preparation 
roadmap is extended and improved, and is better aligned with the experience gained. 
Also, the range of available (VR) tools is constantly increasing, whereas the price of 
hardware and software is decreasing. This ensures that the use of Synthetic Environ-
ments for smaller project groups increasingly comes within reach. Simultaneously, it 
allows the VR-lab to be applicable and useful for a wider audience. The experiences 
of previous projects in the VR-lab also challenge the researchers to define more gen-
eral implementable tools; at the same time it offers more opportunities to customize 
and personalize them before or even during use. 
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