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This paper examines the potential of utilizing virtual mock-ups in end user
involvement processes. To access if virtual mock-ups can optimize existing
processes, current workflows using physical full-scale mock-ups on several
projects are explored. Requirements regarding the traditional workflows are
captured through a series of interviews and observational studies. The identified
use hereof is then analyzed and consolidated into system requirements and visions
of a potential virtual supplement. Based on the identified requirements, a live
prototype is developed supporting multiuser experiences in interactive
environments through multiple and various devices such as CAVEs, HMD´s and
touch devices supporting multi touch co-creation. Finally, the prototype is tested
together with end users in ongoing projects to validate the potential of virtual
mock-ups and to further detail the requirements to such a system.
Keywords: User Involvement, Virtual full-scale Mock-ups, Virtual Reality,
Co-creation

INTRODUCTION
Reliable and accurate feedback from end users in any
construction projects is critical to ensure that the ﬁnal
facility meets actual user needs. In complex projects,
it becomes even more imperative since ensuring that
user needs are retrieved and obtained during the
user involvement process becomes correspondingly
more complex and the consequences from failure to
do so increases dramatically. A building that meets
even budget, quality and deadline is still in risk of being both worth-, and useless if not compliant with
user needs.
Complex construction projects usually involve a
large span of diﬀerent actors with sometimes opposing agendas, which makes the capturing of user
needs and communication critical, in order to make

decisions based on actual user needs and to prevent misuse of unclear information. Advanced decision and illustration tools are needed to enable end
users to understand presented design proposals and
thereby being able to contribute with their valuable
input, and to support suﬃcient argumentation of
the decided solutions to intermediaries and decision
makers.
In hospital projects, the use of full-scale mockups is a widely used method to enable user input
and for general communication purposes between
the diﬀerent stakeholders (Dunston et al., 2011). This
method allows users who are not building industry
professionals to understand and interact with complex design proposals, enabling them to share knowledge and contribute through interaction.
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Despite the obvious need to involve the diverse
stakeholders in the process, and the increasing and
widespread adoption of 3D-modelling, BIM software
and use of VDC-technology within the AEC industry, only few solutions, and with limited functionality, support user involvement processes and collection and communication of the complex data that is
accumulated during these processes.
This paper examines existing processes and tools
for end user involvement in complex healthcare
projects utilizing physical full-scale mock-ups to ﬁt
and extend user needs regarding the user involvement process itself. To improve the existing processes of end user involvement this paper proposes
a BIM-based virtual environment system supporting
utilization of virtual mock-ups.

METHODOLOGY AND EMPIRICAL DATA
To collect empirical data regarding the use of physical mock-ups for end user involvement in complex
construction projects, the researchers have used the
methodologies of Contextual Design (Beyer et al.,
1998) and Interaction Design (Preece et al., 2011).
This method enabled the researchers to investigate

the use of physical mock-ups in a wide perspective,
from the hands on use of artifacts to the complex
communication between the large number of stakeholders.
Throughout the research period, a series of contextual interviews and observational studies were undertaken to collect empirical data, both in the users’
environments, as well as in laboratory like surroundings.
These data were analysed and prioritized using
the tools in Contextual Design to interpret and consolidate user needs, leading to optimization opportunities. To validate these opportunities, various levels of prototypes and test with users were carried out
and the results from the preliminary tests were then
reconsolidated into system requirements, which ﬁnally led to live test of prototypes with end users. Figure 1 shows an overview of the development process.
To understand the comprehensive communication and politics between the diverse stakeholders
involved in these complex projects, the researchers
have interviewed and observed user involvement facilitators, AEC consultants, as well as the end users
themselves (in this case only hospital employees).

Figure 1
System
development
process inspired by
Beyer et al. (1998).
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Table 1
Four levels of
full-scale mock-ups
supporting
diﬀerent purposes.

PHYSICAL MOCK-UPS IN END USER INVOLVEMENT
Through observational studies and contextual interviews on several on-going healthcare projects utilizing physical full-scale mock-ups to involve end users,
the researchers gained an in depth understanding of
the complex dynamics, which such mock-ups support.
The studies outlined several ﬁndings important
to the use of physical mock-ups in end user involvement, which the researchers divided into 6 main categories.

1. Utilization of physical mock-ups in user
involvement processes
The ﬁrst and most important ﬁnding was understanding the reason to and how users are involved in
the projects since the purpose of user involvement
outlines the overall requirements of a future virtual
alternative or complementary solution.
The physical mock-ups were used throughout
the process from the early design stages and continued even after the beginning of the construction

phase and included conceptual design, quality assurance and pre-use training. Users were involved in interior design to extract user experience and to assure
quality of planned designs and based on the ﬁnal results, pre-use training was executed.
Since the applications, in which the physical
mock-ups are used, vary depending on the nature
of the issue that is being investigated, so does the
mock-ups themselves. Depending on the project
stage and purpose of the user involvement process,
the mock-ups, the artefacts used in the mock-ups,
and the type of interaction with the mock-ups vary.
In the studied cases, the researchers found at least 4
levels of full-scale mock-ups, which outlines the wide
spanning application hereof.
The levels listed in Table 1 illustrates that physical
full-scale scale mock-ups are being used throughout
the diﬀerent stages of a project, and that the need of
more detailed mock-ups with real-life interaction increases as the projects progress.
To make the end users able to fully understand
the complex material they are presented to, it is important to simplify the means of communication.
This is the overall idea behind involving them in the

BIM - Volume 1 - eCAADe 35 | 113

process based on full-scale mock-ups, as full-scale
mock-ups let the users experience the spaces as they
do in their everyday life.
In the earliest stages of a project, geometric
shape of speciﬁc rooms and distribution of square
meters might not even be assigned yet, which makes
detailed mock-ups like level 3, and 4 as illustrated in
Table 1 hard to achieve with physical mock-ups. By
using virtual mock-ups as a supplement, we could
potentially close that gap and provide the users with
a more realistic environment even in the early stages
of a project, enabling them to better understand the
mock-ups they are testing, and co-creating.
Since the level of abstraction inﬂuence the degree to which the end users are able to comment
and give feedback to speciﬁc mock-ups, using virtual mock-ups might bring great value to the user involvement process in the early stages of a project just
by improving the communication alone.
Furthermore the physical full-scale mock-ups
also have to ﬁt into a physical facility and are thereby
limited to ﬁt that facility´s natural boundaries. This
makes it diﬃcult to create mock-ups of entire levels
of a project, and to test logistics between areas that
a not in near proximity. Viewing a full-scale section
of a large project displaced from its context creates
a need for alternative ways of displaying the immediate surroundings to the user. To that extent, the
physical mock-ups have to be accompanied with additional tools to provide the users with the information needed.

2. Use of additional tools
In the projects studied, several tools and artefacts
were used to support the user involvement in diﬀerent stages of the process. To support debates about
overview topics related to logistics and context related matters in general, which cannot be tested
without a more comprehensive context, board game
style miniature mock-ups and large printouts on wax
dew were used as illustrated below.
Board games were used to create an overview of
larger areas to place full-scale mock-ups in their con-
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text, and in a Lego-like manner enabling the users
to move walls and interior in co-creation with other
users. The board game served the purpose of communication of logistics relations and as a compensation for limitations due to the lack of physical space
in the full-scale test-facility.
Figure 2
Example showing
the diﬀerence
between the
artefact in use, and
the actual real-life
counterparts.

In relation to this, physical full-scale mock-ups of different level of detail, in diﬀerent project stages, were
constructed and tested by the users, allowing them
to explore and test design intents in 1:1 scale from
fully customizable low level mock-ups to constrained
high level mock-ups. These diverse levels of mockups enabled the users to investigate alternatives to
space utilization and interior equipment freely, as
well as, the result of previous mock-up iterations,
e.g. decided designs - limited by its actual dimensions and equipment. The full-scale mock-ups therefore enabled the users to interact with and in realtime experience the resulting change of their interaction with either objects or other users. The full-scale
mock-up acts as a design tool as well as a training
facility, where learning by doing supported by roleplays and scenarios can ensure quality and usability
of the future healthcare facilities.
To prepare users for their future workspace and
thereby ensuring as smooth a transition to the new
facilities and organization as possible, both full scale
mock-ups of smaller areas and large printouts displaying entire wards were used. Accompanied with
Lego objects the large printouts supported training
sessions to prepare users for their future workplace
utilizing roleplays described in scenarios prior to the
sessions by a facilitator. The pre-use training was
used to prepare the users for logistical aspects of the

Figure 3
Data collection
from a user
involvement
session using
physical full-scale
mockups.

new facility as well as new ways of working caused by
use of new technology and new organizational structures.
To support the above-mentioned tools, traditional drawings, 3D-visualizations and walkthrough
videos were used to explain and communicate complex details, which were not possible to visualize in
the physical prototypes.
The observational studies made the researchers
aware of the following aspects:
• Volumetric realism is key to gain trustworthy
input from end users
• Understanding the context is important and
necessary for training purposes, but can be
diﬃcult to communicate in full-scale due to
limitations of physical space.
• Multiuser interaction and Co-creation in the
physical mock-ups is essential to enable user
input in a quick and dirty manner, and
• Facilitated plenum discussions in full-scale
environments are eﬀective ways of bringing
forth profession based knowledge.
When trying to supplement these complex work processes with a system enabling use of virtual mockups, the aspects above should be considered as the
basic requirements of such a system.

3. Artefacts and realism hereof
In more than one occasion it was observed in the
studied cases that the lack of present artefacts led
to the use of less realistic artefacts as illustrated in
Figure 2, which counteracted the purpose of involv-

ing users through physical full-scale mock-ups by increasing the level of abstraction leaving the perception of design intent to the user imagination. In other
cases, too much detail impeded the user involvement
process, since the users couldn´t abstract from the
details presented and the actual focus of the session
at hand.
In a BIM based virtual environment, there problems would potentially no longer be an issue since
the number of available objects would no longer be
limited by the possibility to obtain the actual piece of
equipment. In a virtual environment object libraries
could be vast and support diﬀerent levels of detail pr.
object supporting multiple requirements in terms of
presentation quality e.g. textures and geometric details.

4. Interaction with the artefacts and users
The user involvement processes were in all the studied cases highly dominated by the presence of multiple users and highly inﬂuenced by the co-creation
and roleplay methodology used, the user involvement processes also stated the need for multiple and
simultaneous interaction with objects.
When analysing the users’ interaction with the
mock-ups, it became clear that the virtual supplement would have to support diﬀerent types of interaction from diﬀerent devices, which comes down to
interaction with:
• The full-scale mock-ups in the virtual environment
• Other users in the virtual environment, and

BIM - Volume 1 - eCAADe 35 | 115

• A top down representation of the full-scale
mock-up including the context
Each of the above furthermore have a connection to
the others.
In the case of utilization of the overview tools
(e.g. the board games and large printouts) the tool
was linked - in practise by duplication of some parts
to the full-scale mock-up and in case of the training
session carried out from the large printouts these scenarios were supplemented with 3D interactive models to demonstrate the vertical dimension and to help
communication of the area presented to the users.
In parallel, the full-scale mock-ups were supplemented with additional tools to communicate information about the surrounding context of the speciﬁc
mock-up.
A virtual mock-up would be able to combine
these by supporting diﬀerent types of displays and
interaction:
• Head Mounted Displays combined with interaction devices to support detailed manipulation with the virtual environment
• CAVEs to enable group participation and debate of activities within the virtual environment, by still having a full-scale representation of the environment.
• Touch devices to support overview through
2D-plan views, co-creation
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To better support the work processes already observed through the use of physical full-scale mockups, the virtual supplement should synchronize
events between the three, to achieve the potential
synergies by combining them.

5. User roles and facilitation of the user involvement process
During the user involvement process, diﬀerent user
roles were needed to perform the tests. Besides the
end user, a facilitator and representatives from the
advisors were present. The end users were divided
into diﬀerent user-roles corresponding to diﬀerent
professions within the healthcare facility, the facilitator of the process oversaw and supported the cocreation and roleplays and the consultants pitched
in to answer questions - mainly concerning third dimension uncertainties to the end users.
A shared need for all of the above, was the need
to observe one another. The facilitator especially had
a need to be able to oversee the users actions, and
ideas which in a virtual environment is not automatically given. To provide this functionality, the virtual
environment should support a spectate functionality and also multidevice connectivity to that environment.
If the solution could be be made online, it would
be possible to participate in user involvement sessions remotely - thereby potentially minimizing the
need for transportation of users to speciﬁc test facilities.

Figure 4
Snapshot of
whiteboard from
discussion of
navigation and
interaction
functionality with
end user
representatives
(left). Resulting user
interface for
entering the system
(right).

6. Data collection and communication
hereof
Data produced during the user involvement sessions
were mainly captured on hand-drawn sketches and
photos (see examples in Figure 3), although the facilitators mentioned that video recordings had also
been used in the past.
To help the facilitators and architects to understand the identity of the sometimes abstract artefacts, and the reason for their placement and necessity to the end users work, post-its and whiteboard markers were used. The data captured were
then re-entered into the BIM-tools and distributed
to non-participating users/colleagues through traditional 2D-drawings and 3D images.
This process could potentially by optimized be
linking object databases, the BIM environment and
the virtual mock-ups to centralize the user inputs
minimizing the risk of data loss and repeated tasks.

nologies. These included CAVE-technologies, Head
Mounted Displays, touchscreens and additional motion tracking devices to enable more natural ways of
interaction with the virtual environment than traditional joysticks, and to further improve and investigate potentials found in previously developed prototypes for virtual mock-ups in user involvement (Svidt
& Sørensen, 2016). Based on comments from users
of the ﬁrst prototype, diﬀerent ways of interaction
with the virtual environment were discussed. Figure
4 shows on the left, notes from discussion of relevant
combinations of avatars and navigation devices and
to the right the resulting user interface for entering
the virtual environment. Similarly, based on user demands, a touch screen interface was designed featuring a ﬂoor plan view with rotatatable menus for selection of preloaded items to insert into the virtual environment as well as a customizable 3D view (Figure
5).

SYSTEM DEVELOPMENT

TEST OF SYSTEM

Based on the above-mentioned case studies and literature studies, e.g.: “Patient Rooms of a California Based Hospital: Beneﬁts of Physical Mock-ups
vs. Virtual Mock-ups” (Johansson, 2012), the researchers found a considerable potential for optimization through the use of digital counterparts.
In order to verify the beneﬁts from utilizing
virtual mock-ups, prototypes were developed and
tested.
The aim was to develop a multi-user
distributed environment, supporting real-time cocreation and interaction with BIM-based models allowing users to experience the design intents in
settings as realistic and easy to percept as possible. In this way supporting the same workﬂows by
combining various tools, the use of drawings, 3Dvisualization, board games and large printouts into
one system.
To mimic and extend the capabilities of previously used methods of communication within the
end user involvement domain in a new digital solution, the proposed and evaluated prototype was
created with a combination of diﬀerent display tech-

The system was tested in a case where end users were
involved in furnishing of a university building for 150
employees and 450 students. A group of 20 end users
representing management, employees, students and
maintenance staﬀ, as well as representatives of the
furniture providers took part in a 1.5 day workshop
which led to decision of all furniture acquirements
for 9 diﬀerent room types in the building. The results of this test are reported by Petrova et al. (2017)
and Rasmussen et al. (2017). They found that despite
the diﬀerent professional backgrounds of the users,
they managed to achieve a common understanding
of the rooms and a broad acceptance of the VR system as an easy-to-use technological solution. It was
found valuable and time-saving that end users could
test their ideas by directly manipulating the models
in an intuitive way instead of explaining their ideas
to a CAD operator. However, some limitations were
also identiﬁed. In the current version of the system,
users could not save diﬀerent design proposals for
later comparison and negotiation. Consequently, a
number of 2D printed design proposals were the ba-
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Figure 5
Touch screen
interface with ﬂoor
plan and rotatable
menus for inserting
artefacts into the
virtual
environment.

sis for discussions and ﬁnal decision. Rasmussen et
al. (2017) also found that a few users were reluctant
to start using the technology, especially when they
needed to wear the Head Mounted Displays to enter
the virtual environment. The authors of the present
paper observed in other cases that users felt less discomfort in experiencing the virtual environment in a
CAVE than by using Head Mounted Displays.

CONCLUSIONS
Studies of existing work processes based on physical mock-ups underlined signiﬁcant improvement
potentials in terms of development costs, scalability,
level of abstraction, availability of artefacts and ultimately data-gathering and further re-use of data.
To reach the potential beneﬁts from the virtual mock-ups, they should enable users to understand and interact with the environment in intuitive
ways similar to the physical counterpart. Evaluations of the proposed BIM-based virtual environment
showed that end users were successfully involved
using these, bringing new possibilities to the end
user involvement domain, including location independent involvement, more comprehensive mockups, improved realism and availability on artefacts
and a more uniﬁed link between user involvement
and the project planning.
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