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Especially in the recent decades, information technology (IT) has intensified the value 

creation in companies and also enabled a number of new ways to create value. This study aims 
to discover how virtuality in particular could help improving value creation in real estate 
business and by what means this would be possible. For this purpose, the ambiguous – as it 
turned out to be – concept of virtuality needed to be outlined as it is from the perspective of 
companies in the real estate business. 

A literature review was conducted in order to outline virtuality and to generate a value 
creation framework for evaluating the capability of creating value within the value streams of 
companies in the industry. This framework was based on Lean management principles. The 
empirical part of the study consisted of case studies. The information from the literature 
review was applied in the contexts of the case companies, which represent the real estate 
business in Finland. Means of data collection included interviews, questionnaires, workshops, 
and brainstorming sessions with the end customers and those participating in the value 
creation processes. 

After determining the current situation of the case companies in terms of value creation and 
its challenges the applications of virtuality to study further was narrowed to four: integration 
of information systems, telepresence, virtual model of a building, and building information 
modelling (BIM). Then the potential impact that utilising these applications would have on 
value creation was simulated on a hypothetical level. 

The main results of the study are not only based on the empirical part, but also on the 
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real estate business. 
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1 Introduction 

This master’s thesis study aimed to discover how virtuality could help 

improving value creation in real estate business. At the very early stage of 

the research process it became evident that virtuality has been in very 

colourful use in scientific research and needs clarification. The obscurity 

incorporated with virtuality is easy to understand – after all, virtual is 

something that almost exists, has the potential of existing, or is almost its 

non-virtual equivalent. A framework needed to be built based on the real 

estate research perspective. 

As virtuality hardly has emerged from the field of real estate research, but 

has rather been borrowed from other fields of science, it is necessary to 

have a highly interdisciplinary approach. The question that needed to be 

studied along the earlier stages of the process is: Did we borrow virtuality 

correctly in order to cover the whole of the real estate industry? This study 

will first tackle this question and then, based on the presented virtuality 

framework, address the primary research objective. 

1.1 Background 
 

During the past few decades, as information technology (IT) has intensified 

most office work tasks and also enabled a number of new ones, it has 

gradually gained its current position as an irreplaceable part of an office 

worker’s work setting. Considering its potential for improving productivity, 

this status is well-earned. IT has naturally gained very much attention in 

the scientific world as well. This is not only in the field of computer science 

as the most obvious one, but also in other fields that are more concerned on 

the implications that adopting IT has rather than the technology itself, as it 

is in computer science’s case. 

Organisational science is a good example of these other fields of science. 

In organisational science, IT-supported work has become widely referred to 

as virtual work. The same meaning for word virtual has been adapted to a 
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number of terms further forming the whole concept of virtuality. This 

concept of virtuality seems not to be unambiguous (Fang & Dutta 2005). 

Moving on to real estate research – real estate business being in the focus 

of this study – it seems the concept of virtuality referred to is often the one 

adapted from organisational science (e.g. Roulac 1996; Becker 1998; Hinks 

2002; Joroff 2002; Joroff et al. 2003). Most cases where virtuality is 

mentioned relate to workplace management as a part of facilities 

management. Workplace management has a strong connection to 

organisational science and this means that a similar approach to virtuality 

is taken. 

Nonetheless, the organisational science approach is not all there could be 

to the entity of virtuality from the perspective of real estate business overall. 

All of the virtuality related to real estate business does not fall in the 

category that is dominant in organisational science. This study presents a 

parallel perspective to virtuality that cannot simply by its definition be the 

same virtuality that is dominant in organisational science. In this way, the 

study approaches virtuality from a wider perspective than in real estate 

research before and intends to present a more comprehensive depiction of 

the entity of virtuality from the real estate perspective.  

As earlier research does not offer such comprehensive framework of 

virtuality, it was inevitable to create one in order to achieve the main goal of 

this study, which is finding out how virtuality could improve value creation 

in real estate business. The framework for identifying value and analysing 

value creation was applied from Lean management principles.  

1.2 Objective of the study 
 

The main objective of the study was to discover how virtuality could help 

improving value creation in real estate business. Value creation was 

evaluated by the capability of efficiently producing value to the end 

customers as they perceive it. As a secondary objective the actual means for 

improving value creation were to be identified. 

As the concept of virtuality turned out to be everything but unambiguous, 

it became apparent that the meaning of virtuality for real estate business 

needed to be determined first. Thus, as another secondary objective was set 

to outline what virtuality means from the perspective of companies in the 

real estate business. 
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1.3 Scope of the research 
 

Virtuality was approached from the perspective of companies in real estate 

business. Considering the interdisciplinary nature of virtuality, the 

examination had to involve multiple fields of science. 

The examination needed to be limited to technological applications as 

technology turned out to be what characterises the entity of virtuality as it is 

from the real estate perspective. The intention was not to find new 

technologies for the real estate industry, but only to investigate which 

technologies (software and hardware) are in use and which should be in use 

in order to achieve improved value creation. 

Some practical aspects such as limited availability of technologies, high 

cost, or other such obstacles were not considered. This means that some of 

the suggested technologies are not easily utilised yet today. Neither did the 

study intend to recognise the reasons for virtuality not being utilised to the 

optimum extent. 

The focus of the empirical part of the study was geographically limited to 

cover Finland. All the case studies concerned the case companies’ Finnish 

operations, even if some of the companies also have international 

operations. 

1.4 Research process 
 

First, a literature review was conducted. It covered books, articles, theses, 

and other scientific publications, but also commercial material and releases 

by public actors in order to consummate the picture of modern virtuality in 

real estate business. The literature review part of the study was important 

especially for the purpose of outlining virtuality. Some conclusions related 

to the role of virtuality could already be drawn based on the literature 

review. 

The literature review also focused on Lean management and value 

creation. A value creation framework needed to be generated to serve as the 

basis for evaluating the capability of creating value within the value streams 

of the case companies. This framework based on Lean management 

principles. 

The empirical part of the study consisted of case studies. The information 

from the literature review was applied in the contexts of the case 

companies, which represent the real estate business in Finland.  

The information on the three cases had been gathered in other parts of the 

ARVO research project. This data had been gathered by means of 
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interviews, questionnaires, workshops, and brainstorming sessions with the 

end customers and those participating in the value creation processes. 

Based on the gathered information on the case companies, as well as on 

the conclusions from the literature review, the cases were first preliminarily 

studied in order to narrow down the number of applications of virtuality to 

be studied further. The cases were then further analysed from the 

perspective of virtuality’s potential for improving value creation. The value 

creation improvement potential was identified by simulating on a 

hypothetical level the outcomes that higher utilisation of virtuality would 

have. The research was conducted as a qualitative analysis as quantitative 

examination would have been impossible considering the nature of 

virtuality as well as the broadness of this study as set by having virtuality as 

the scope. 
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2 Value creation principles 

The principles for evaluating value and value creation in this study are 

based on Lean management. Lean is a well-known, distinct way of 

managing a company and referred to as a philosophy of its own. The Lean 

philosophy originates from the early 20th century Japanese automotive 

industry. Nowadays its principles are broadly used across the world and 

across industries, also others than those focused on manufacturing. 

The roots of Lean philosophy are in the Toyota Production System (TPS). 

TPS is a set of management principles constituting the philosophy for 

Japanese Toyota Motor Corporation’s management. The Toyota’s unique 

success story from a small family business to one of the world’s largest car 

manufacturers acts as a solid proof of the effectiveness of Lean philosophy. 

(Liker 2004) 

The core of Lean philosophy is the elimination of waste, or muda in 

Japanese. The main idea behind TPS and Lean is that the use of resources 

for anything other than the creation of value for the end customer is 

wasteful and should therefore be eliminated. Some non-value-adding steps 

of a process can often be easily removed. On the other hand, it is very likely 

to find actions along the value stream that produce no value, but cannot be 

avoided. (Womack and Jones 1996) 

Lean and the TPS also promote a smooth flow of work. In order to 

smoothen processes, overburden (muri) and unevenness (mura) must be 

eliminated. Overburdening people or equipment leads to safety and quality 

problems. Irregular work schedule or fluctuating production volumes due 

to internal problems result in unevenness, which can then cause the other 

two. Thus, eliminating mura can help eliminating muda and muri. (Liker 

2004) 
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2.1 Five Lean principles 
 

Womack and Jones (Womack and Jones 1996) have concentrated the Lean 

philosophy to five principles, which Hines et al. (2008) have depicted as 

shown below in Figure 1. The five principles in the way depicted below and 

as suggested by Womack and Jones (1996) can be considered as a process, 

starting from step 1 in the figure. Once the process has been carried out, it 

is started again in pursue of constant improvement. 

 
Figure 1 The five Lean Principles (Hines et al. 2008) 

1. Specify value. Specifying value and what generates it is of crucial 

importance in Lean thinking. Value can only be defined by the end 

customer, because that is how the willingness to pay for the 

provided product is generated. Value must not be defined from the 

perspectives of individual companies and functions for example. 

This step emphasises how wasteful it is to provide the wrong good or 

service the right way. (Womack and Jones 1996; Hines et al. 2008) 

2. Identify the value stream. Identify the entirety of processes, 

functions, and tasks through which the product (a good, a service, or 

a combination of the two) is brought to the end customer. This 

allows highlighting the non-value-adding waste. The value stream 

can be visualised in the form of a value stream map, which shows all 

the steps of the value stream. (Womack and Jones 1996; Hines et al. 

2008) 
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3. Flow. Make the actions that are identified to create value to the end 

customer flow. Interruptions, detours, backflows, waiting, and scrap 

must be eliminated. For example handovers from a department to 

another or from a company to another often potentially create 

challenges for the flow of the value stream. This requires rethinking 

of conventional firms, functions, and careers. (Womack and Jones 

1996; Hines et al. 2008) 

4. Pull. A leaner, well flowing value stream enables responding to the 

end customer’s changing needs in order to produce what is actually 

pulled rather than just pushing what the existing process happens to 

be set up for. Products and their parts are only produced for an 

actual demand. In a manufacturing environment, this means 

avoiding large stocks of raw materials, unfinished products, and 

finished products.  

5. Perfection. Processes are under constant improvement. New 

layers of waste are eliminated as they are uncovered. Transparency 

promotes perfection: it is much easier to find better ways for value 

creation and unveil existing problems and hindrances when the 

value stream is made transparent to all of those who are involved in 

it. “Everyone involved must be able to see and must understand 

every aspect of the operation and its status at all times.” (Womack 

and Jones 1996) 

2.2 Types of waste 
 

Toyota has identified seven main types of muda: overproduction, waiting, 

unnecessary transport or conveyance, overprocessing or incorrect 

processing, excess inventory, unnecessary movement, and defects (Liker 

2004). Liker (2004) has added the eighth one, unused employee creativity, 

meaning the losing of time, skills, ideas, improvements, and learning 

opportunities by not engaging or listening to the employees. Womack and 

Jones (1996) have added another one, goods and services which don’t meet 

the needs of the customer. A highly efficient and perfectly flowing process 

hardly delivers any value to the end customer if the product is not what the 

end customer needs. 

Bicheno (2004) has added, among few other wastes, the waste of 

inappropriate systems. Not limited to inappropriate computer systems, this 

means overall the unnecessary record keeping, checking, and reconciling. 

Too often, it is the paperwork and systems that consume the resources 

rather than the actual operations. 
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While Bicheno (2004) claims most of the above wastes to be seen more 

from the organisation’s perspective, he suggests more focus on the 

customer’s perspective. In order to achieve this, the improvement should 

focus on the seven service wastes: 

� Delay causing the customer to wait for service, delivery or response. 

� Duplication. Re-entering data, repeating details on forms, copying 

information across as well as answering queries from several 

sources within the organisation. 

� Unnecessary movement. For example queuing several times and the 

lack of one stop. 

� Unclear communication and seeking clarification, confusion over 

service use, wasting time finding a location that may result in 

misuse or duplication. 

� Incorrect inventory. Out-of-stock, unable to get exactly what is 

demanded. 

� Opportunity lost to win or retain customers 

� Errors in the service transaction. 

2.3 Other Lean tools and concepts for better value creation 
 

In 1950, Toyota’s Taiichi Ohno invented the new system of flow 

management that is today known as Just-in-Time (JIT). The idea of JIT is 

to produce and deliver the needed items at the right time and in the right 

amounts. It is about upstream activities occurring right before downstream 

activities removing excess inventories and supporting a perfect flow of the 

entire value stream. Implementing JIT is enabled by adopting the concept 

of pull as described above and standard work. (Womack and Jones 1996) 

Lean promotes standardisation of work tasks. Each work activity should 

be described precisely and the work sequence of specific tasks needs to be 

specified. Standard work helps reducing mura, unevenness, and supports 

seek of perfection. Visual control is another means to achieve perfection. It 

means visualising in a plain way all the tools, parts, production activities, 

and indicators of production system performance to everyone involved. 

When everyone can clearly see and understand the value stream activities 

and their status at all times, become threats for smooth flow visible and 

easier to tackle in good time. (Womack and Jones 1996) 

Visual control can be implemented in obeya (big room), one of the more 

recent innovations by Toyota. It is a large ‘war room’ for the team to gather 

into and where visual management tools are displayed and maintained.  
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These tools may include for example the status of different tasks and 

processes compared to the schedule, budget, quality information, design 

graphics, etc. In obeya, the tools can be reviewed by any of the team 

members and deviation from schedule or performance target is 

immediately visible. Obeya serves mainly two purposes: information 

management and on-the-spot decision making. It enables fast and accurate 

decision-making, maintains alignment, improves communication, and 

speeds information gathering and sharing. (Liker 2004) 

Liker (2004) names long-term thinking as one of the most important 

factors behind Toyota’s success. He suggests basing “management decisions 

on a long-term philosophy, even at the expense of short-term financial 

goals”. This means having a philosophical sense of purpose and aligning the 

whole organisation toward this common purpose. As shown in Liker’s 

(2004) depiction of the four categories for the Toyota Way principles 

(Figure 2 below), everything bases on the philosophy of long-term thinking. 

 
Figure 2 "4 P" model of the Toyota Way (Liker 2004) 
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3 Defining virtuality 

3.1 What is virtuality? 
 

Finding a unified definition for virtuality appears to be surprisingly 

complicated. This is because virtuality is studied in many research areas 

and all of these have their own aspects to virtuality; not forgetting that 

under each area there are also various different approaches to the subject. 

The research areas include for example computer science and psychology. 

In order to draw the context for virtuality, this chapter discusses the main 

characteristics of different views to virtuality as they are in the literature. 

First, the differences between the relevant areas of research are discussed. 

Those areas are computer science, organisational science, and real estate. 

Also sociology and psychology could be added to this list, but with regard to 

the focus of this study, those are left outside this examination. It should be 

borne in mind, that this division between research areas is a very rough 

simplification of the reality. 

Then, through examining the definition of virtual and different usages of 

word virtuality, two recognised main definitions – relevant considering the 

focus of this study – for virtuality are discussed. After examining both of 

those separately, they are placed into the same context and examined side 

by side concurrently discussing the implications that this duality of 

virtuality has to this study as well as on a broader scale. 

Virtuality in computer science 

Logically, computer science approaches virtuality from the ‘supply side’. 

Much of the research focuses on new technologies, their evaluation, 

applications, and categorisation. In computer science, with virtuality is 

usually referred to virtual reality. Virtuality is the virtual representation or 

extension of reality. In contrast, in the following two areas virtuality also 

includes subjects incorporating less sophisticated technologies. 

Virtuality in organisational science 
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In organisational science, it is the social aspects and the management of 

virtuality that are brought forward. Virtual organisations, virtual teams, 

virtual work and mobility are terms that arise often in organisational 

research concerning virtuality. Virtuality in the technological respect is seen 

as a medium for bringing together teams that are physically dispersed and 

also as a tool for improving the efficiency of work done. Also, its potential 

for knowledge management overall has been well noted.  

 

Virtuality in real estate research 

In real estate research, not such clear approach to virtuality can be pointed. 

Most cases where virtuality is mentioned relate to workplace management 

as a part of facilities management (e.g. Roulac 1996; Becker 1998; Hinks 

2002; Joroff 2002; Joroff et al. 2003; Roulac 1996). Workplace 

management being in strong connection to organisational science too 

means that a similar approach to virtuality is taken. Some of the research 

falling into the real estate category could almost as well be in the 

organisational science category and vice versa. What then separates the real 

estate research from organisational science on a broad scale is the focus on, 

or at least strong relation to, the physical space and less focus on social 

aspects. In this respect, virtuality could be seen as offering an extension to 

the physical space. 

This may have relation to the other type of references made to virtuality 

within real estate research. Those relate to virtual buildings or more 

broadly virtual spaces as three-dimensional digital representations of the 

actual space or building. For instance BIM is often associated to virtuality. 

3.2 Definition of virtual 
 

The variety of different aspects to virtuality as well as the relatively early 

stage of its adoption to different fields has led to the existing manifold 

terminology regarding virtuality. Some of the used terms are rather hazy 

and many have a number of synonyms. Also, the term virtuality has become 

very vaguely used. It seems to be often referred to without even the slightest 

intention to consider what it really means. A clarification of its meaning 

needs to be addressed. As virtuality does not yet have an established 

uniform definition, it needs to be defined by examining its root word 

virtual. Therefore, the literature review focused on different usages of the 

words virtuality and virtual in the context with some relation to real estate 

business.  
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Instead of going through the evolution of the word virtual from the Latin 

word virtus (proficiency, virtue, manliness) let us focus on what it means in 

today’s language. The dictionary definition is in general terms “almost or 

nearly as described, but not completely or according to strict definition” 

and in computing “not physically existing as such but made by software to 

appear to do so” (Oxford Dictionaries 2011). 

Lipnack and Stamps (2000) have three contemporary meanings for 

virtual: 

� ‘Appears to Exist’ meaning: virtual is something that is not real, but 

appears to exist and appears real to the senses; 

� ‘Almost Like’ meaning: virtual is not the same, but almost like or in 

essence the same as its non-virtual equivalent; and 

� ‘Virtual Reality’ meaning: virtual as it is in ‘virtual reality’, “a recent 

meaning invented for an emerging capability” 

 

According to Lipnack and Stamps’ (2000) philosophy of virtual, which 

falls in the organisational science category, the ‘Almost Like’ definition is on 

target. This is because a virtual team is in many ways similar, but also 

critically different from a conventional team working together in the same 

place. Virtual is used similarly in terms virtual organisation, virtual 

corporation, and virtual office. 

The ‘Appears to Exist’ meaning they disprove by saying that when they 

talk about virtual teams, they mean teams that certainly are real and not 

electronic representations of the real thing. The newest, ‘Virtual Reality’ 

meaning, they do not accept as it would attest to “…forces that have moved 

teams into an altogether different realm of existence – virtual reality – or, 

more precisely, digital reality. Electronic media together with computers 

enable the creation of new kinds of spaces. They are real to the groups that 

inhabit them, yet are not the same as physical locations.” (Lipnack and 

Stamps 2000) 

The definition chosen by Lipnack and Stamps seems to support the 

research of organisational science well and also seems to be dominant in 

the field, even if usually not expressed in a clear and definite way. Lipnack 

and Stamps’ (2000) definition for virtual team, “a group of people who 

work interdependently with a shared purpose across space, time, and 

organization boundaries using technology”, brings forward the linkages 

that the organisational science’s definition of virtual has: virtual 

organisations and virtual teams are dispersed and collaborate using (just 

any) digital technology. The more recent concept of virtual space (discussed 
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in more detail in chapter 0) brings more to this perspective to virtuality. It 

pushes some of the emphasis from collaboration to digital technology. The 

more traditional Lipnack and Stamps’ (2000) definition together with the 

concept of virtual space seem to form the essence of virtuality in 

organisational science as it is today. 

A researcher from the field of computer science focused on virtual reality 

would not be satisfied with this definition. For example, something in (or 

the whole) virtual environment (VE) may be ‘almost like’ something that 

exists also in a different form, in the same way as organisational science 

approaches virtuality – say a virtual team collaborating in a virtual 

environment – but that is not all there is to it as will be discussed in the 

following. 

Taking a closer look at the ‘Appears to Exist’ and ‘Virtual Reality’ 

meanings presented by Lipnack and Stamps (2000) – how recent in fact is 

the meaning of virtual as it is in virtual reality? Also, how different really is 

this meaning from the first one – ‘only appears real to the senses but is not 

in fact’? Going back to the computing-related definition of virtual, where 

virtual does not physically exist as such but is made by software to appear 

to do so. This would be exactly the same as in virtual reality when virtual 

reality is a synonym for a digital representation of either the real world or of 

an imaginary world that aims to mimic something that could really exist 

and to deliver the perception of this to the observer. But isn’t the 

computing-related definition for virtual also exactly the same as the 

‘Appears to Exist’ definition, only with the specification of using software to 

achieve this status? 

Instead of attesting to any forces, could it be that virtual reality is just an 

application of emerging technologies exploiting the idea of virtuality in the 

meaning ‘appears real to the senses’ and does not demand its own 

definition for virtual? This would then leave us with two relevant 

definitions for virtual, which both have their place in the real estate 

business. The following section introduces the two different virtualities to 

which the two described definitions of virtual respectively relate. 
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4 Two meanings for virtuality 

Even if differences between research areas have been pointed out, from real 

estate business point of view it is not convenient to approach this 

interdisciplinary subject just from the perspectives of different fields of 

science. In the following, the subject is discussed from the perspectives of 

the two identified virtualities with less consideration given to what field of 

science the views represent. 

In the literature, two different virtualities relevant from the real estate 

perspective can be identified: organisational virtuality and digital 
representation virtuality (DR-virtuality)1. In the following those are 

first described individually and then discussed together in broader context. 

4.1 Organisational virtuality 
 

The term organisational virtuality has not been in such widespread use as 

for instance terms virtual organisation and virtual team. Why the term 

should be in more widespread use, is that it specifies the type of virtuality at 

issue. In real estate research, when referred to virtuality, it is often the 

organisational virtuality which is dealt with � whether the particularisation 

is made and expressed or not (e.g. Roulac 1996; Becker 1998; Hinks 2002; 

Joroff 2002; Joroff et al. 2003).  

For organisational virtuality the ‘Almost Like’ i.e. “people acting virtually 

like an organization, a team, etc.” definition by Lipnack and Stamps (2000) 

for virtual fits well. It also supports the exhaustive definition for 

organisational virtuality presented by Fang and Dutta (2005). Based on the 

virtual organisation literature and the knowledge-based view, they have 

elaborated a definition for organisational virtuality as 

                                                   
1 It should be noted that the term DR-virtuality was generated as a part of the 
study for notation of the other identified virtuality. The term is not suggested to be 
used otherwise than for the distinction of the virtuality at issue. 
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…the capability of an organization to connect geographically 
dispersed entities to continuously work together by taking 
recourse to information system (IS) resources. 

 

According to Fang and Dutta (2005), organisational virtuality is something 

that can be measured. They suggest the level of organisational virtuality is 

high in an organisation where the need for knowledge exchange and the 

ability to engage in knowledge exchange amongst interested organisation 

members are both high. In addition to being intra-organisationally virtual 

firms can be interorganisationally virtual. This means that a firm connects 

its own in-house conducted business processes with outsourced business 

processes conducted outside the firm’s boundaries.  

Fang and Dutta’s (2005) major characteristics of a virtual organisation 

(geographical dispersion, functional diversity and extensive use of 

information technology) are rather vague, but this is in fact a good 

summary of the great number of characteristics named for virtual 

organisations in the literature. In the extensive amount of literature about 

virtual organisations, the following characteristics occur:  

� multiple members / people 

� shared purpose / common interest / common goal 

� collaboration 

� geographical dispersion 

� temporal dispersion / synchronous or asynchronous / temporary or 

constant 

� functional diversity / different activities 

� diversity of people / background, culture, language 

� organisation boundaries  

� information technology 

 

There seem to be some differences in how researchers see virtual 

organisations. For example, many emphasise the importance of 

information technology, but some do not find it important enough to be a 

defining characteristic for a virtual organisation. Also, it seems not to be 

unanimous whether virtual organisations need to be interorganisational or 

not. 
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4.1.1 Virtual, physical and mental/social space 
 

Virtuality in an organisation can also be approached through virtual space2. 

It is a part of the concept of dividing space into physical, virtual and 

mental/social spaces, which has risen especially in the past decade to 

become a part of organisational study. This division has been used for 

instance by Vartiainen (2006; 2008), who bases it on Nonaka et al.’s 

(2000) work. As a part of their study on knowledge creation and knowledge 

management, they introduce the Japanese concept of ‘Ba’: 

 

Knowledge needs a physical context to be created: “there is 
no creation without place”. ‘Ba’ (which roughly means 
‘place’) offers such a context. Based on a concept that was 
originally proposed by the Japanese philosopher Kitaro 
Nishida and was further developed by Shimizu, ba is here 
defined as a shared context in which knowledge is shared, 
created and utilized. 
 

As Nonaka et al. (2000) plant the concept of Ba into today’s work setting, 

they bring up the notion that it does not necessarily mean only physical 

space, but rather “unifies physical space such as an office space, virtual 

space such as e-mail, and mental space such as shared ideals.”  

It must be mentioned that the above is a very concise description of the 

concept of Ba, but in order to serve the purpose of this study, its further 

development should rather be considered in more detail. Thus, to return 

Vartiainen’s (2008) work, he – while strongly focusing on mobile work – 

claims that it is the physical, mental/social, and virtual working spaces 

where individuals and groups collaborate today. He describes these three 

spaces as follows. 

 

Physical spaces 

Vartiainen (2008) divides the physical environments that mobile 

employees use for working into five categories: home; the main workplace 

(i.e., main office); moving places such as cars, trains, planes, and ships; a 

customer’s and partner’s premises or their own company’s other premises 

(other workplaces); and hotels, cafés etc. (third workplaces). 

 

                                                   
2 The term virtual space has various meanings as discussed in more detail in 
chapter 4.3. 
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Mental spaces 

A mental/social space is the cognitive constructs, thoughts, beliefs, ideas, 

and mental states that employees share. In order to create and form shared 

mental spaces, communication and collaboration such as exchange of ideas 

in face-to-face or in virtual dialogs is needed. (Vartiainen 2008) 

 

Virtual spaces 

Virtual space is described as an electronic working environment, a virtual 

work space or a collaborative working environment consisting of various 

tools and media for individual employees, groups, and whole organisations. 

These include the internet and intranet as a platform to communicate, 

collaborate, and find knowledge using both simple tools and collaborative 

working environments. Simple tools would include for example e-mail, 

audio conferencing, videoconferencing, chat, group calendar, document 

management, and presence awareness tools. The latter ones include 

smartphones, groupware systems, and social software such as blogs, wikis, 

instant messaging, chat, and other communications systems hosting many-

to-many interactions, supporting groups, and community interaction. 

(Vartiainen 2008) 

This introduction to the concept of physical, mental/social, and virtual 

space was necessary in order to explain Vartiainen’s (2006; 2008) overall 

view to virtual organisation: “In a fully virtual organization, all the 

communication and collaboration takes place through ICT in the mental 

and virtual workspaces.” This is in conjunction with Lipnack and Stamps’ 

(2000) definition for virtual team as a group of people working 

interdependently, but with a shared purpose across space, time, and 

organisation boundaries using technology. Both of these views, as well as 

Fang and Dutta’s (2005), obviously emphasise the importance of 

technology for a virtual organisation. Even if some researchers do not find 

use of ICT a defining characteristic for a virtual organisation, it seems that 

most have the same approach as Vartiainen (2006; 2008). This approach 

concludes that an organisation is not virtual without ICT enabling 

communication and collaboration. 

4.1.2 Communication media richness 
 

The capability of ICT to enable communication in a virtual organisation has 

different degrees depending on the type of media used. Daft and Lengel 

(1983) propose information richness as a way of measuring this capability. 
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Information richness is defined as the potential information carrying 

capacity of data. The communication media used in an organisation 

determines the richness of information processed. Daft and Lengel (1983) 

present a continuum along which communication media fits. 

Based on the work by Daft and Lengel (1983), Newberry (2001) has rated 

different media on their ability to relay immediate feedback, transmit 

multiple cues such as body language, allow tailoring the message to the 

intended receiver for higher personalisation, and relay communicator 

feelings or emotions.  

 

Table 1 below demonstrates how the characteristics of a medium affect its 

ranking along the information richness continuum. 

 
Table 1 Hierarchy of information media richness (Daft and Lengel 1983; Newberry 2001) 

 

Synchronous and more natural forms of communication rate higher in 

information richness, face to face communication being the richest form. 

Face to face communication provides immediate feedback enabling 

understanding to be checked and interpretations corrected. It also allows 

the simultaneous observation of multiple cues to convey information 

beyond the spoken message (e.g. body language, facial expression, and tone 

of voice). (Daft and Lengel 1983) 

Asynchronous, threaded communication in written would offer the lowest 

information richness due to slow feedback, impersonal delivery, and low 

number of cues supported. For simpler, routine communication needs the 

less rich media would serve just well, but for more complex topics richer 

Information 
richness Information medium Feedback Multiple cues

Message 
tailoring Emotions

High Face to face High High High High

Video conferencing High Medium Medium Medium

Synchronous audio 
(e.g. telephone) High Low Medium Medium

Text based chat High Low Low Low

E-mail Low Low Medium Low

Asynchronous audio Low Low Low Medium

Low Threaded discussion Low Low Low Low
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media is needed. This is in order to avoid insufficient conveyance of 

information to impede accurate decision making. (Daft and Lengel 1983) 

4.2 DR-virtuality 
 

Why is it that when spoken of virtuality, many of us connect it to things 

such as virtual reality, three-dimensional virtual environments and virtual 

worlds? This is hardly the exact same type of virtuality as in organisational 

virtuality as described above: e.g. where a company’s employee in Europe 

collaborates with another in Australia taking advantage of the possibilities 

offered by e-mail and document management? 

In the introduction of this thesis it was claimed that the virtuality often 

referred to in real estate research, above defined as organisational 

virtuality, is not all there could be to the entity of virtuality from the real 

estate perspective. The rationale behind this is easiest approached through 

an example. 

An example would be a three-dimensional virtual model of a building 

created using computer-aided design (CAD) software, often recognised as 

the ‘embodiment’ of building information modelling (BIM). What makes 

this digital 3D-representation of an existing or planned construction 

virtual? It hardly is virtual for the same reasons the virtual organisation is; 

geographical dispersion, functional diversity, and use of information 

technology as Fang and Dutta (2005) described. 

This is where the ‘Appears to Exist’ definition for virtual steps in. This 

definition is in conjunction with the other virtuality referred to earlier – 

DR-virtuality. The logic behind the name digital representation -virtuality is 

rather simple: what seems to characterise this virtuality is the use of the 

concept of the virtual environment (VE) – and more precisely – 3D virtual 

environment as a digital representation of something also observable or 

imaginable in the real world. Virtual reality is in close connection to this 

virtuality, but the use of virtual reality was chosen to be avoided due to the 

fact that it has been used in literature rather colourfully, for example as a 

synonym for some mystic alternative reality. 

One commonly known example of the usage of the word virtuality as a 

synonym for a three-dimensional virtual environment is the concept of 

reality-virtuality continuum (RV continuum). Milgram and Kishino (1994) 

presented their idea of a continuous scale between reality and virtuality, 

where there is completely real environment at one end and completely 

virtual environment at the other end. Introduction to the concept of reality-

virtuality continuum and its key notions in fact serves as a good 
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introduction to some of the basic concepts of mixing real objects with 

virtual objects, but before examining the concept of reality-virtuality 

continuum further, let us explore the less self-explanatory end of the 

continuum – virtual environment. 

This chapter will first explain what virtual environment means in order to 

give an outlook to the essence of DR-virtuality. Then, through introduction 

to Milgram and Kishino’s (1994) reality-virtuality continuum discusses 

different degrees of this virtuality and concludes in typical applications for 

this DR-virtuality to give a view of how it is and could be utilised for 

commercial purposes. 

4.2.1 Virtual environment (VE) 
 

Virtual environment, often also referred to using the vague term of virtual 

reality, is a fully computer-generated environment, that may as a whole be a 

representation, or include objects that represent, something also observable 

in the real world or be completely imaginary. With virtual environment is 

often referred to a three-dimensional (3D) virtual environment, but a VE 

can also be two-dimensional (2D). Potentially, a higher feeling of 

immersion can be reached in a 3D virtual environment. 

In a simpler form of 3D virtual environment, it can be explored via a 

regular computer or smartphone display. Examples of generally used 3D 

VEs would include computer games and online social virtual worlds such as 

Second Life. More immersive are virtual environments that are not only 3D 

representations, but are also viewed in 3D. Viewing in 3D can be 

implemented by taking advantage of stereoscopy, i.e. showing to the viewer 

two offset images of the same object or view, one to the left and the other to 

the right eye – just as we in practice see the real world around us and 

perceive the 3D depth (Ellis 1994). 

The technical solutions for stereoscopic view include for example 3D 

display screens that many of us nowadays have in our living rooms, and 

head-mounted displays (HMDs). The first show the two offset images from 

a single source, and need or need not to be viewed through special 3D 

eyeglasses to filter the correct image for each eye. The idea in a HMD then 

is that there are two separate displays, one for each eye. An HMD’s physical 

appearance may resemble a helmet or eye glasses. If an HMD is equipped 

with head tracking function, it allows higher natural interaction as the user 

can ‘look around’ in the virtual environment by turning one’s head, just as 

in the real environment. This way there is no need for a separate controller, 

such as computer mouse, to rotate the view. (Ellis 1994) 



  Two meanings for virtuality 
 

 

24 
 

A display with head tracking function is one example of how the virtual 

environment experience can be made more immersive by extending the 

number of means for human-computer interaction (HCI) (Mine 1995). 

These means of HCI are called modalities and they can be for both input 

and output. A system supporting interaction with multiple modalities is 

referred to as multimodal. A highly immersive multimodal system makes 

use of multiple human senses; for example sight, hearing, and touch (Vo 

and Waibel 1993). Haptic technology is an example of how the human sense 

of touch can be applied to a user interface; it serves as a tool for giving 

physical feedback from the system (Mine 1995). 

A highly immersive 3D virtual environment is a combination of 3D image 

and 3D sound (where voices seem to come from different directions) with 

intuitive user interface that allows a natural way to interact with the 

environment. In addition to head tracking, means for interaction include 

different kinds of controllers and suits, gloves, etc. that track body 

movements (input) and/or give haptic feedback (output). This kind of 

hardware allows for example manipulation of objects and moving around in 

the virtual environment. Body movements can also be tracked using devices 

that do not need to be in contact with the body, such as cameras and 

sensors. (Ellis 1994; Mine 1995; Regenbrecht et al. 2004) 

The ultimate purpose of all the above described technologies is to make 

the virtual environment experience feel as close to real as possible. This way 

total immersion, the aim of virtual environment as suggested by Milgram 

and Kishino (1994), can be achieved. 

4.2.2 Reality-virtuality continuum 
 

Milgram and Kishino (1994) describe the virtual environment or “virtual 

reality environment” as follows. 

 

The conventionally held view of a Virtual Reality (VR) 
environment is one in which the participant-observer is 
totally immersed in, and able to interact with, a completely 
synthetic world. Such a world may mimic the properties of 
some real-world environments, either existing or fictional; 
however, it can also exceed the bounds of physical reality by 
creating a world in which the physical laws ordinarily 
governing space, time, mechanics, material properties, etc. 
no longer hold. 
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The problem with this view, according to Milgram and Kishino (1994), is 

that virtual reality is also often used with reference to many other 

environments that are not completely synthetic and do not offer total 

immersion. These environments fall somewhere along their reality-

virtuality continuum. The widely used graphic presentation of the RV 

continuum is shown in Figure 3 below. 

 
Figure 3 Simplified representation of a RV continuum (Milgram et al. 1994) 

At the left end of the continuum is any environment that consists solely of 

real objects3 and “includes whatever might be observed when viewing a 

real-world scene either directly in person, or through some kind of a 

window, or via some sort of a (video) display” (Milgram et al. 1994). At the 

other end of the continuum are environments consisting solely of virtual 

objects4, “examples of which would include conventional computer graphic 

simulations, either monitor-based or immersive.” (Milgram et al. 1994)  

4.2.3 Mixed Reality 
 

In between the ends described above fall environments representing mixed 

reality (MR), also referred to as mediated reality or computer-mediated 

reality. In MR environments, real objects are presented together with 

virtual objects within a single display5. The methods for this are either 

augmenting real environment with virtual objects (augmented reality, AR) 

or augmenting virtual environment with real objects (augmented virtuality, 

AV). (Milgram and Kishino 1994) 

Augmented reality can be created by for example viewing real 

environment through glasses or partially reflective mirrors that act as a 

display overlaying the virtual objects onto the view in real time (optical see-

through). Another example of technology for AR are applications that shoot 

the real environment with a camera and then show it augmented with 

virtual objects in a display (video see-through). (Milgram et al. 1994) This 

                                                   
3 “Real objects are any objects that have an actual objective existence.” (Milgram and 
Kishino 1994) 
4 “Virtual objects are objects that exist in essence or effect, but not formally or 
actually.” (Milgram and Kishino 1994) 
5 Similarly as in publications by Milgram & Kishino (1994) and Milgram et al. 
(1994), it is the visual part of the mixed reality environments that is regarded in this 
study. Mixed reality may also mix for example real and computer-generated sound. 
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kind of devices may be wearable or handheld devices, such as smartphones. 

Examples of applications for augmented reality include visualisation of a 

3D-modeled building in its planned environment and visualisation of 

planned furnishing in an existing building. 

Augmented virtuality can be created by shooting a real object with a 

camera and placing it into the virtual environment real time. This is then 

observed through a display. (Milgram et al. 1994) Real objects placed in 

virtual environment can also be 3-dimensionally digitalised. Then they can 

be manipulated similarly as any virtual object, but looking exactly the same 

as the real object. (Milgram and Kishino 1994) Augmented virtuality can be 

used for example in 3D collaborative virtual environments (CVEs) where 

the participant’s avatar looks the same as the participant really looks or the 

participant can be placed into the environment real time. 

As computer graphics technology develops further, at some point we see 

mixed reality environments where it becomes difficult to distinguish 

between real and virtual objects.  

4.2.4 Typical applications for DR-virtuality 
 

Above some of the applications for VEs were already discussed, but those 

represent only a fraction of what DR-virtuality can offer. Below are listed 

the main categories for applications of DR-virtuality. It is not intended to 

be a definitive list as new applications are constantly being developed, but 

to give an overall view of what virtual environments can offer today. 

 

Collaborative work 

For example in the case of a geographically dispersed team, collaboration 

can take place in a real time virtual environment. The environment may be 

simply for the purpose of communication, but can also have other functions 

to support collaboration, for instance an integrated document sharing or 

the possibility to have audio-visual presentations inside the environment. 

 

Learning 

Similarly as collaborative work, also teaching can take place in a virtual 

environment. The virtual environment may for example represent a lecture 

hall. 
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Training 

In some cases, simulating some real life event in real environment for 

training purposes is too dangerous, expensive, or simply impossible. For 

this purpose, 3D virtual environment is the solution. For example air- and 

spacecraft pilots and sea captains are trained using simulators that take 

advantage of 3D virtual environments. 3D VEs can also be used for 

emergency procedures training. 

 

Production and manufacturing process simulation 

The operation of a production line can be simulated in a virtual 

environment in order to find the optimum process or to test how a planned 

line would perform. 

 

Design 

In computer-aided design (CAD), the designed object may be visualised, 

tested, and otherwise simulated virtually and three-dimensionally. 

Computer-aided design is widely used especially in manufacturing, 

construction, and architecture. 

In the case of three-dimensional computer-aided design of a building, the 

3D model may be a visual outcome of building information modelling 

(BIM). BIM goes a bit further than the 3D CAD, as it – in the optimum case 

– holds inside all the necessary information regarding the building and its 

systems for the whole of its lifecycle.  

 

Medical applications 

Medical applications for virtuality are numerous and in addition to the 

abovementioned learning and training (for example surgical simulation), 

include psychological diagnosis and treatment, rehabilitation, etc. (Riva 

2003) 

 

Scientific visualisation and simulation 

The applications of three-dimensional virtual environments with regard to 

scientific visualisation and simulation are virtually infinite. Molecular 

models can be pointed as an example that differs from other applications 

listed. 
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Entertainment 

For entertainment purposes, the major applications are games and online 

social virtual worlds.  Massively multiplayer online games (MMOGs) are a 

game category that uses 3D virtual environments. MMOGs may be for 

instance role-playing or strategy games, where the gameplay is objective-

based. In online social virtual worlds, there may not be any other objective 

than socialisation and they are often accessed easily from a web browser 

with no need for special hardware. Due to the commercial potential of 

online social virtual worlds and especially MMOGs, they both have had a 

considerable impact on the development of virtual reality technology. 

Overall, the applications of DR-virtuality are various. One of the main 

drivers for utilising DR-virtuality has been avoiding the potentially high 

cost of trial-and-error. This cost may be for example in money (in the case 

of prototyping, production and manufacturing process simulation, BIM, 

etc.) or in human health (in the case of simulators for air and spacecraft 

pilots, emergency procedures training, etc.). Even if developing different 

DR-applications is expensive, they come at a low cost compared to the real-

life trial-and-error.  

As different DR-virtuality applications are becoming easier to use and to 

produce, their utilisation becomes more affordable. This means that the 

driver for utilising DR-virtuality no longer needs to be for example the 

avoidance of very high cost of trial-and-error as it has been in older 

simulation applications. We can already observe DR-virtuality coming to 

many everyday applications – for example in smartphones and tablets, 

where it is not only about avoiding high cost, but also creating new business 

in a number of ways. 

4.3 The two virtualities – implications of the duality of virtuality 
 

Through the above introductions to both organisational virtuality and DR-

virtuality, the main characteristics of either one were brought forward. As a 

conclusion to the examination of virtuality and concurrently to the 

theoretical part of this study in this chapter are discussed the implications 

that this division has for this study as well as on a broader scale. 

Despite some divergent interpretations, it seems that for organisational 

virtuality the key words are collaboration, dispersion and ICT. If taken the 

technological approach, apparently no particular technologies need to be 

named as the only purpose for technology is to support collaboration of a 

team or organisation, whose members are dispersed in terms of geographic 
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location for instance. So even if technology is a defining characteristic for 

organisational virtuality, technology seldom is in the main focus when 

examining organisational virtuality. 

DR-virtuality perspective then is much more technology driven. It seems 

to be more about studying what virtual environments could offer to a 

specific industry, field of science, or group of people and what are the 

consequences of applying DR-virtuality in the object. For DR-virtuality, the 

idea is creating something that only exists in a digital form, but gives the 

observer the feeling that it could also exist in a more tangible form.  

From the technology perspective, there are some areas where the two 

virtualities overlap as depicted below in Figure 4. A good example of this 

overlap would be the collaborative virtual environment. The environment 

could be three-dimensional and highly immersive to the user, thus being at 

the core of DR-virtuality, but at the same time serve as a shared 

environment, where a team could collaborate as if they were all present in 

the same physical space despite being spread around the world. 

 
Figure 4 The two virtualities and some descriptive technologies 

On the other hand, in both virtualities there are areas that fall clearly very 

far from the other virtuality. To take the technology approach, an example 

is e-mail. It is a tool that most virtual organisations use. It represents ICT, 

so when used by a dispersed team for collaboration it would be enough to 

fill the technology-requirement for the team to be virtual. But how about 

when viewed from the other virtuality-perspective – there is in fact nothing 

virtual about e-mail; the connection between e-mail and 3D virtual 

environments is extremely remote. Similarly, there are a number of 3D VE-

applications that need not to aim at any kind of collaboration. They can be 

used by a single user only, and solely for the user’s own purposes; for 

instance a CAD-application. Clearly, then it is not even possible to speak of 
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an organisation or a team whatsoever; thus, the application has nothing to 

do with organisational virtuality. 

Basically the existence of the different virtualities is not a problem as long 

it is made clear which one is at issue, in fact, virtuality should never be 

referred to without being more specific when possibility for ambiguity 

exists. What seems to potentially cause problems in the current discussion 

regarding virtuality is terminology. Usage of prefix ‘e-’ and words ‘digital’, 

‘virtual’, and ‘cyber’ to produce new terms has become very confusing. In 

some cases there are multiple terms for the same object or the same term 

for multiple objects. 

The term virtual space is a good example of how one term has multiple 

uses. In chapter 0 virtual space was described as an electronic working 

environment, a virtual work space or a collaborative working environment 

consisting of various tools including e-mail, document management, 

smartphones etc. On the other hand, virtual space may also refer to a 

virtual representation of the space (where one can observe stars, planets, 

etc.). Virtual space is also broadly used as a synonym for three-dimensional 

virtual environment.  

4.4 Building information modelling – an example of the overlap 
of the two virtualities 

 

Based on the above definitions for virtuality, it would be practically 

impossible to view virtuality and real estate and leave building information 

modelling aside. This is because today BIM is recognised as one of the most 

promising technological applications that incorporate virtuality for the 

industry. BIM is a very good example of how the two virtualities may 

overlap within a single technological application: it is very strongly a 

collaboration tool, but also holds inside the 3D digital representation part. 

BIM has evolved during the past few decades from CAD technologies to an 

extensive system supporting the design, construction, and use of buildings 

and other constructions. It is a fundamentally different way of creating, 

using, and sharing data regarding a facility through its lifecycle (National 
Institute of Building Sciences 2007). Essential to BIM is the management of all 

the relevant information regarding a construction’s features and behaviour 

within one model containing the 3D data as well as attributes of each of its 

component. BIM is defined by United States National Institute of Building 

Sciences (2007) as follows. 
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A BIM is a digital representation of physical and functional 
characteristics of a facility.  As such it serves as a shared 
knowledge resource for information about a facility forming 
a reliable basis for decisions during its lifecycle from 
inception onward. 

 
The definition by Eastman et al. (2011) goes into a bit more detail focusing 

more on the model itself rather than its use. Their definition stresses BIM 

as a model constituted by a set of components: 

 

...a modelling technology and associated set of processes to 
produce, communicate, and analyze building models. 
Building models are characterized by: 

� Building components that are represented with 
digital representations (objects) that carry 
computable graphic and data attributes that identify 
them to software applications, as well as parametric 
rules that allow them to be manipulated in an 
intelligent fashion. 

� Components that include data that describe how they 
behave, as needed for analyses and work processes, 
for example, takeoff, specification, and energy 
analysis. 

� Consistent and nonredundant data such that changes 
to component data are represented in all views of the 
component and the assemblies of which it is a part. 

� Coordinated data such that all views of a model are 
represented in a coordinated way. 
 

BIM supports the collaboration by different stakeholders at different 

phases of the lifecycle of a facility to insert, extract, update, or modify 

information in the BIM. The BIM is a shared digital representation based 

on open standards for interoperability. The most important benefits that 

BIM offers are communication and the value of the information created by 

the process. BIM reduces the risks inherent in today’s construction industry 

and creates new revenue and service opportunities when done in a 

collaborative environment where analytical, decisional, and documentation 

activities are coordinated within the framework of a data model. BIM 

enables a better understanding of the information exchanges and data re-
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use opportunities that can be automated within collaborative workflows 

based on open data standards. (National Institute of Building Sciences 

2007) 

In order to have all the benefits that BIM offers, data standards must be 

open and highly interoperable. All different BIM tools must be able to use 

the same information in a shared form. At present, this is a challenge for 

the industry to overcome. (National Institute of Building Sciences 2007) 

United States National Institute of Building Sciences (2007) has 

categorised the BIM three ways:  

� BIM as a product or intelligent digital representation of data about 

a facility 

� The most recognisable category 

� BIM authoring tools, which generate original information and 

digital representations or intelligent virtual models, are used to 

create and aggregate information. Before BIM, this was done as 

separate tasks in a paper-centric process. 

� BIM as a collaborative process 

� Covers business drivers, automated process capabilities, and open 

information standards use for information sustainability and 

fidelity 

� BIM as a facility lifecycle management tool 

� Of information exchanges, workflows, and procedures for teams to 

use throughout the building lifecycle as a repeatable, verifiable, 

transparent, and sustainable information based environment 

Today, the building process faces increased pressures from a number of 

stakeholders. The current increasing pressures are of greater complexity of 

design, faster development, and improved sustainability while reducing the 

cost of design and construction as well as the building’s subsequent use. 

While the traditional practice is unable to respond to these pressures, the 

new practice using BIM technology with associated processes of analysis 

tools, Integrated Project Delivery (IPD)6, and Lean is. (Eastman et al. 2011) 

Eastman et al. (2011) have listed the following benefits of BIM. All of these 

benefits might not yet be reached, but they can be expected as BIM 

technology develops. 

                                                   
6 Integrated Project Delivery (IPD) is a method of improving productivity in the 
construction industry by promoting the core ideas of Lean Management. It is about 
aligning the interest and practices of the various participants of a construction 
project to rather consider the overall outcome than the outcome of their own 
individual work efforts. IPD promotes efficient, well organised collaboration by the 
entire project team. 
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� Preconstruction benefits to owner 

� Concept, feasibility and design benefits using an approximate 

building model with cost information 

� Increased building performance and quality through evaluation 

of functionality and sustainability of different design alternatives 

� Improved collaboration using Integrated Project Delivery; when 

the owner uses IPD for project procurement, BIM can help the 

team from the beginning of the design to improve understanding 

of project requirements and to extract cost estimates as the design 

is developed. 

� Design benefits 

� Earlier and more accurate visualisations of a design as the 3D 

model is designed directly rather than being generated from 

multiple 2D views 

� Automatic low-level corrections when changes are made to 
design 

� Generation of accurate and consistent 2D drawings at any stage 
of the design 

� Earlier collaboration of multiple design disciplines through BIM’s 

facilitation of simultaneous work 

� Easy verification of consistency to the design intent with earlier 

3D visualisations and automatic evaluations of quantitative and 

qualitative requirements 

� Extraction of cost estimates during the design stage 

� Improvement of energy efficiency and sustainability through 

earlier evaluation of energy use by linking the building model to 

energy analysis tools 

� Construction and fabrication benefits 

� Use of model as basis for fabricated components; as components 

are already defined in 3D, their automated fabrication using 

numerical control machinery is facilitated. 

� Quick reaction to design changes; impact of a suggested design 

change can be entered into the model and some changes to other 

objects will update automatically based on the established 

parametric rules. Additional updates can be checked and updated 

visually or through clash detection. 

� Discovery of design errors and omissions before construction 

because of a single 3D model instead of various, possibly 
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inconsistent 2D drawings. Conflicts and constructability problems 

are identified automatically or through 3D visualisation before 

they are detected onsite. 

� Synchronisation of design and construction planning; linking 

construction plan to the 3D objects in a design enables graphic 

simulation of the construction process to show how the building 

and site would look like at any point in time. This reveals sources 

of potential problems and opportunities for possible 

improvements (site, crew, equipment, space conflicts, safety, etc.). 

� Better implementation of Lean Construction techniques; 

providing an accurate model of the design and the material 

resources required for each segment of the work, BIM offers basis 

for improved planning and scheduling of subcontractors and helps 

to ensure JIT arrival of people, equipment, and materials. 

� Synchronisation of procurement with design and construction 

enabled by the complete model containing accurate quantities for 

the materials and objects 

� Post construction benefits 

� Improved commissioning and handover of facility information; 

all the information concerning installed materials and 

maintenance of the systems gathered during the construction 

process can be linked to the object in the model and then be 

handed over to the owner for use in their FM systems. 

� Better management and operation of facilities; the model serves 

as a repository for data (graphics and specifications) to be used for 

verifying the design decisions and to check that all systems work 

properly 

� Integration with facility operation and management systems; an 

up to date model provides an accurate source of information about 

the as-built spaces and systems to be used as a starting point for 

managing and operating the building. The model can be used for 

monitoring real-time control systems, and it provides a natural 

interface for sensors and remote operating management of 

facilities, etc. Many of the mentioned capabilities have not yet been 

developed, but BIM serves as an ideal platform for their 

deployment. 
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5 Empirical part of the study 

The empirical part of the research studied how the identified virtualities 

could be utilised in real estate business. This was implemented by case 

studies. The relevance of different applications of virtuality was evaluated 

on the capability of creating value to the end customer, who would be the 

user of the space. 

The basis for the empirical part of the study was formed by gathered 

information on three cases. The cases had been studied as a part of a 

broader study focused on value generation. In this broader study, the cases 

had been structured around three steps: 

1. The end customer value was identified by interviews and 

questionnaires. 

2. The current value creation processes were recognised by 

interviewing those employees of the companies who actually 

participate in creating the value. 

3. The identified value creation processes were reflected against value 

creation theory in workshops/brainstorming sessions and case 

study analysis. 

  

Table 2 below shows the number of interviews and other forms of data 

collection by case. 
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Table 2 Case data collection 

Case 

Strategic 
workplace 

management 
services 

Nursing home 
development 

Value delivery 
to office users 

Preliminary 
interviews 6 2 4 

End 
customer 
interviews 

13 20 7 

Employee 
interviews 13 10 (+ 2 with 

external architects) 11 

Workshops 2 2 2 

Additional 
data 

Illustrations of 
software and their 
functions, Request 

system data 

Illustrations of 
software and their 

functions 

Claim process 
study of a single 

property 

5.1 Background on the case companies 
 

The research material for the empirical part of this study consisted of three 

cases, each representing different fields of the real estate industry. The 

cases are below introduced each separately and then further discussed from 

the virtuality perspective in the results chapter. 

5.1.1 Nursing home development case 
 

The case company is one the largest construction companies in the world 

and in Finland providing services including construction, residential 

development, commercial property development, and infrastructure 

development. In the construction company case, the focus was on the 

company’s nursing home product. 

The main aim of the case was to evaluate how the construction company 

can support the core activities of private nursing home companies and their 

staff by their own nursing home concept and, thus, impact positively on 

their end customer satisfaction. The end customers in the case are the 

nursing home companies and their employees in Finland. The focus was on 

determining how the end customers perceive the value of nursing homes 

and how this value is created in the business processes of the construction 

company delivering the nursing home product. 

The case shows that there are a great number of separate organisations 

involved in the overall value stream. It is a complex network where the 

main roles are played by the construction company, the municipality where 

the nursing home is built, investor, end customer, and architect and other 
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contractors. The end customer provides nursing home services to the 

elderly selected by the municipality based on a service agreement between 

the end customer and the municipality. An investor, whose business is 

investing in real property, finances the nursing home project to then lease it 

to the nursing home company. It is on the construction company’s 

responsibility to make the entity work under the terms given by 

municipality, end customer, and investor. The construction company 

outsources some of the work to contractors – for example designing to 

architects with expertise on nursing homes. 

5.1.2 Delivering strategic workplace management services case 
 

The strategic workplace management services case was built around the 

corporate real estate management (CREM) unit of an organisation having 

one of the largest real estate portfolios in Finland and especially their 

workplace management services. The CREM unit is responsible for 

managing and letting the real estate assets of the organisation. It provides 

premises and associated services including asset, property, and facilities 

management as well as other premises related expert services to all the 

units within the organisation. The units referred to here and the CREM unit 

are alone large enough to constitute complete organisational entities and 

are therefore referred to as separate organisations in the following. 

In the strategic workplace management services case, the end customer 

was one of the occupier organisations and their employees. The main aim of 

the case was to evaluate how to have more satisfied end customers and 

commit them to the premises through workspace. The focus was on finding 

out how the end customers perceive the value of their workspace and how 

this value is created during the process of investing in the new premises as 

well as during occupancy. The examination focused on a modern office 

building in Espoo, which the organisation fully occupies. The building was 

built in early 2000s to meet their needs. 

The network of information, material, and service flows in the case is very 

complex. The main contributors in the value stream are CREM 

organisation, workplace (WP) consultant, other consultants, and the end 

customer. Within the investment process, there are also a number of other 

parties involved in delivering to the end customer the premises that meet 

their needs. While the WP and other consultants are in contractual 

relationship to the CREM organisation, ultimately the value is delivered to 

the occupier organisation and this is on the responsibility of the CREM 

organisation. 
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5.1.3 Value delivery to office users case 
 

In the case focused on value delivery to office users, the value stream is 

mainly constituted within two separate companies: property owner and 

property manager. The owner is a Finnish insurance company with the 

status of an authorised pension insurance company. In the end of year 

2010, the size of its real estate portfolio in area was more than a million 

square meters, including a great number of the Helsinki Central Business 

District (CBD) office buildings. The manager company is a real estate 

management company offering asset, property, and facilities management 

services. It is the property manager (PM) for the owner’s real estate 

portfolio. 

The main aim of the owner-manager case was on customer-oriented value 

stream. The end customers were the tenants in Helsinki CBD. The focus 

was on managing customer relationships during the lease term. 

Just like in other cases, there are several parties that participate in value 

creation to the end customer. In addition to the owner and the manager, 

also a number of service providers contribute in the overall value stream – 

the maintenance company being one of the most significant. Different 

contractual relations play a big role in the value stream. While the owner is 

ultimately responsible to the end customers for the premises they lease, it 

has outsourced the management of these premises to the property 

management company. The PM company then manages a number of 

agreements for services delivering value to the end customer. 

Interorganisational information flows play a crucial role in this case where 

through outsourcing the interests of an organisation are being supervised 

by another: the PM company is not a party in the service agreements and 

lease agreements, but it supervises these in the favour of the owner within 

certain boundaries. This means that the information flows between the 

organisations of owner and manager need to solid and uninterrupted. 

5.2 Determining the applications of virtuality for further study 
 

The case companies were preliminarily studied based on the conclusions 

from the literature review. The purpose of the preliminary study was to 

narrow down the scope of the empirical part aiming to find out how 

virtuality could improve value creation. 

The examination needed to be limited to technological applications as 

technology turned out to be what links the two identified virtualities. The 

intention was not to find new technologies for the real estate industry, but 
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only to investigate which technologies (software and hardware) are 

currently in use and which should be in use or better utilised in order to 

achieve improved value creation. Some practical aspects such as limited 

availability of technologies, high cost, or other such obstacles were not 

considered. This means that some of the suggested technologies are not 

easily utilised yet today.  

Four applications of virtuality were chosen for further examination based 

on the following reasons: 

� Potential for value creation improvement based on the preliminary 

study 

� Coverage of the two-virtuality-framework generated at the earlier 

phase (as depicted in Figure 5 below) 

� Current interest in the industry 

 

After determining the applications to study further, the parts of the case 

companies’ value creation processes where applications of virtuality would 

currently have the most potential for improvement were identified. Then 

the potential impact that utilising these applications would have on value 

creation was simulated on a hypothetical level. Lean principles served as 

the framework for examining and evaluating value creation and 

improvements in it. 

5.3 The studied applications of virtuality 
 

The chosen applications of virtuality are integration of information systems, 

telepresence, virtual model of a building, and building information 

modelling (BIM). Below in Figure 5, the four studied applications of 

virtuality are placed in the depiction of the two overlapping virtualities 

already shown above. In the following, after a brief introduction to the 

application at issue, is explained why the applications place within the 

depiction as they do, i.e. how for example telepresence represents both the 

virtualities.  
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Figure 5 Studied applications of virtuality within the two-virtuality-framework 

 

Integration of information systems 

In brief, integration of information systems in this study means making 

computers communicate among themselves and automate tasks that are 

currently manual. In practice it is about having fewer information systems 

or at least fewer user interfaces. It is also about taking away the gaps 

between companies that are currently being filled by human labour and 

making the long information chains shorter. Information systems must be 

integrated in order to support the business processes (Hasselbring 2000). The 

longer the information chains are, the higher the possibility for inaccuracy 

is and the more time-consuming the overall process is.  

Integration of information systems represents organisational virtuality. It 

supports the operation and collaboration of dispersed members within a 

company as well as within a network of several companies working towards 

a shared goal. The potential of integrating information systems seems to lie 

especially in the latter, supporting interorganisational virtuality. In addition 

to organisational dispersion, the forms of dispersion that appear to be 

strongly present in the case studies include temporal and geographical i.e. 

team members are not necessarily from the same company and do not 

always work at the same and in the same location, but still all share the 

same goal. 

 

Telepresence 

While the exact meaning of telepresence may not be quite unambiguous 

(Steuer 1992; Draper, Kaber, and Usher 1998), it is generally about creating the 

feeling of being present in either temporally or spatially distant 
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environment. This environment can be either a really existing environment, 

for example a distant space viewed through a video camera, or a non-

existing, computer-generated environment (Steuer 1992). The sense of 

telepresence can be created by generating input from several sensory 

channels. For interaction, also output needs to be supported. Teleoperation, 

the possibility to physically affect the distant environment, is one 

dimension of telepresence and often considered an essential part of it. 

Telepresence applications may represent either one or both of the 

virtualities defined above. Telepresence applications, such as 

videoconferencing, are broadly used by dispersed teams and organisations 

for collaboration. They are a powerful way to diminish the hindrances for 

collaboration generated by physical distance. Telepresence is clearly a tool 

that supports organisational virtuality. On the other hand, it can also 

represent DR virtuality. This would be evident in the case of a three-

dimensional collaborative virtual environment. In a 3D CVE, the 

participants feel present in a shared computer-generated environment and 

can interact with each other as well as with the virtual environment. A CVE 

may be augmented by real objects when necessary for better collaboration. 

Such real objects could be the users’ avatars for example. The virtual 

environment could serve as a space for presentations similar to those held 

in real environment. Documents, drawings and other personal content can 

be spontaneously shared, displayed and presented as a part of the 

environment similarly to a shared desktop application, but with the 

difference of seemingly doing this in the same manner as in the actual real 

environment. 

In this study, telepresence was investigated as a means of collaboration. 

Therefore, for example teleoperation applications were not included in the 

study. The potential of such applications would lie somewhere else than in 

real estate business – in medicine through remote surgery for example. The 

telepresence applications discussed in this study are narrowed to include 

technologies that allow people to feel present in the same environment 

despite being physically in different locations. This shared environment can 

be either real or virtual. 

Without defining exactly the characteristics of the telepresence 

application, one is suggested that imitates the sense of being present in the 

same environment and allowing the level of communication and 

collaboration as close to actual presence as possible. While tele- and 

videoconference applications are the currently broadly used – also in the 

case companies to some extent – the study considered more sophisticated 
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telepresence applications that would rate as high as possible along the 

information media richness continuum. The purpose was to aim at higher 

perception of concurrent presence with other participants in the shared 

environment. Technological limitations were not considered.  

 

Virtual model of a building 

Virtual model of a building in this study means a three-dimensional, 

computer-generated model of a building. Such models are often viewed on 

a computer display. The modelled building may be an existing or a planned 

one. When referred to virtual model in this study, also models of partial 

buildings are considered as well as models including the immediate 

surroundings of a building. Here a model means a modelled space for the 

end customer to occupy and the focus is on dimensions and the visible parts 

while for instance structures beneath the surfaces are not that important. 

Virtual models of buildings are often connected to building information 

modelling which is explained by the fact that the 3D model is an essential 

part of BIM, delivering many of the advantages that usage of BIM offers. 

Virtual model can also exist completely separate from a BIM model. While 

BIM contains much more information regarding a construction needed for 

example in the construction process, for a virtual model, it is mainly the 

dimensions, proportions, and surface materials that are essential. When 

BIM is used extensively, the information needed to create a virtual model is 

available in the model. In some cases gathering the information to make a 

virtual model of an existing building or space may also be worthwhile. In 

this study, the virtual model was considered separately from the BIM due to 

the fact the ways in which the virtual model improves value creation do not 

all apply to BIM and vice versa. 

As defined above, the virtual model of a building is a three-dimensional, 

digital representation of a planned or an existing building. Therefore it is 

obviously at the core of DR-virtuality. While it does not represent the 

organisational virtuality too clearly, the study showed that virtual model of 

a building can be also utilised for supporting organisational virtuality. The 

virtual model can enhance the collaboration of a team by consummating 

communication, even if not really tackling the challenges generated by 

dispersion for example. 
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Building information modelling 

Virtual model of a building discusses BIM’s role as a three-dimensional 

design tool, stressing its benefits for visualisation purposes. As such, BIM 

offers a number of advantages. Still, solely from visualisation perspective, it 

does not offer anything that 3D CAD software cannot offer. In the BIM 

section, some of BIM’s other advances – those for organisational virtuality 

– are discussed. 

BIM is incorporated with both of the identified virtualities. As the three-

dimensional digital representation of the construction is an essential part of 

BIM, it strongly represents DR virtuality. However, this part of BIM is 

discussed under the heading Virtual model of a building, so in the BIM 

section some other functions of BIM are covered. 

At least as much as BIM is a virtual model tool, it is a collaboration tool. 

BIM has the potential to be an effective tool for supporting the 

collaboration of those involved in the production process of a building. In 

such process, BIM does not only alleviate the hindrances generated by 

geographical and temporal dispersion among the co-operating team, but 

also especially those generated by the interorganisational boundaries. Thus, 

BIM also represents organisational virtuality very strongly. 
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6 Results 

It would be impractical to structure the results of the empirical part 

similarly as those of the literature review part, i.e. by virtuality. This is due 

to the overlap discussed above: some applications of virtuality may 

represent both of the identified virtualities. Neither would it be practical to 

present the results by case. This is because some of the applications of 

virtuality are shared among the cases. Also, the fact that the results in this 

public paper cannot go in too much detail regarding the case companies’ 

business processes supports this decision. Hence, the results are presented 

by application of virtuality. 

The presentation of the results is structured under different applications 

of virtuality, discussing the ways in which each of them would improve 

value creation in the case companies; which parts of the value creation 

process it would make more efficient or which problems it addresses and by 

what means and how it could help creating increased value. 

6.1 Integration of information systems 
 

At present, the case companies have their own information systems meant 

for their internal use. There are various systems for storing and processing 

data, but delivery from an organisation to another is carried out manually. 

Also, in some cases the frequency of data delivery is high. Data is not only 

transferred manually among organisations, but also within an organisation 

from one system to another. 

The cases showed that currently much of the data transferred between 

companies is being transferred using e-mail. E-mail is obviously a poor 

application for storing data and therefore it is only used for delivery once 

storing is usually handled by a different application. In fact, in some cases 

data is also stored in e-mail, which means the data is only in the sender’s 

and recipient’s e-mail accounts and accessed by only them. The amount of 
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e-mail received by many of the employees is enormous, and only a part of it 

is important while some is completely unnecessary. 

The present situation in especially two of the cases is that there are a 

number of computer programs for many interrelated tasks. This means that 

taking care of a simple job demands use of several different programs each 

having its own user interface and maybe separate user account credentials. 

It is not only that data would be stored using one program, processed using 

another, and shared using a third program, but for each of the mentioned 

tasks there may be more than one program to use.  

One source of waste related to the fragmentation of information systems 

is the unstandardised working processes. Currently, the employees of the 

case companies often have the possibility to bypass the more or less 

standardised processes and tasks. They have several tools to choose from 

for the same task. Having one’s own way of carrying out different tasks 

becomes a problem when there is collaboration involved: when others do 

not know how one operates, waste is generated through duplicate work for 

instance. Unstandardised processes are highly dependent on individuals as 

information is not shared and stored in a manner that is generally 

acknowledged. Waste is generated especially when there are absences and 

when persons involved in the process change. In some of the studied value 

creation processes, most the people involved change at some point, i.e. 

responsibility for the value stream is passed on, which was noted to cause 

loss of information. In addition to inefficiency, unstandardised processes 

lead to variability in the service offered to the end customer or to the direct 

client. 

As information is scattered in different software systems and archiving is 

unstandardised, waste is generated when information needs to be sought. 

This unstandardised storage of data easily leads to lost information and 

duplicate work. It also makes it difficult to know if the found information is 

complete and still valid. Standardised storage of data would allow 

information to cumulate and therefore extra work could be avoided. 

One way to remove some of the manual steps is using information 

systems that allow access through the network of collaborating companies 

rather than only within the company itself. Instead of each organisation 

having their own information systems, the simpler solution would be to 

grant access, i.e. reading rights, to those to whom information is repeatedly 

delivered. For instance, the property manager could give access to its 

systems to the owner or to the end customer instead of taking the 

information from their own system, making an Excel report of it and 
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sending it through e-mail. This would answer to the identified need for 

more accurate and timely information by removing at least partially the 

need of manual reporting conducted either periodically or at request. The 

avoided wastes would the wasted resources on manual reporting and the 

waste of waiting for the information to be delivered. The downside would 

be the loss of individual service valued among some end customers. 

For even higher efficiency, the companies’ own separate information 

systems could be made compatible with each other allowing them to 

communicate among themselves. Another alternative toward higher 

efficiency would be replacing various systems by one single system 

removing the need for communication among systems. 

So the suggested integration of information systems does not only mean 

integrating the current systems, but also replacing some of the currently 

used computer programs by new ones. The new programs would each cover 

a larger number of the necessary functions and the number of used 

programs would decrease. This would lead to fewer user interfaces 

removing the wastes of unnecessary logins and manual transferring of data 

from a system to another. In practice this kind of software would need to be 

further tailor made. 

In particular the storing and sharing of data should be improved in the 

studied interorganisational networks. When using e-mail for data delivery, 

each time updates and other changes to files are made a new version needs 

to be sent. Also, the recipient’s access to the latest information is always 

dependent on the sender. Considering that the amount of e-mail received 

by many of the employees is enormous, handling information using e-mail 

becomes very challenging. In summary, a lot of inefficiency is incorporated 

in using e-mail instead of more sophisticated – and most importantly – 

shared information systems. As the information flows are anyway high, 

some of the periodical reporting and on-demand-reporting could be 

replaced by the possibility to go and look for oneself and in this way getting 

the first hand information instantly when the need arises instead of asking 

for it and then waiting it to be delivered by e-mail. 

Standardising the processes through which value for the end customer is 

created and delivered is one of Lean management’s main principles. 

Standardisation leaves less room for mistakes and defects and supports the 

idea of nourishing best practices. Information systems are a means of 

standardising working processes. A good information system would 

support, create the basis for, and guide through a standardised working 

process. As an example from the case companies – it could simply partially 
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replace the variably used e-mail as a tool for data management. In addition 

to offering the tools for conducting a process or a part of it and guiding 

through the process, the system could as well offer checklists for making 

sure all tasks and all parts of the process are covered. 

The standardised working process then should be according to what has 

been learnt as the best practice. Sharing best practices is a way of avoiding 

waste that has been clearly underutilised in the case companies. The same 

lessons are learnt not only once, but many times across the organisations. 

In an organisation with standardised processes, it should not be enough if 

each employee learns from one’s mistakes. Learning should be taken to 

organisational level. IT has been broadly acknowledged as a tool for 

managing knowledge in organisations and sharing best practices as a task 

of managing knowledge should not make an exception. Information 

systems integrated to support the standardised value creation processes 

should also allow the recording of learning from practice. 

A solution for this could be the creation of feedback loops, through which 

ideas for improvement could be taken from the operational level to the 

deciding level. This is something that Lean management principles 

encourage in various ways: promoting feedback, respecting the ideas and 

problem solving capability of each employee, and supporting constant 

improvement. It also supports the Lean management principle of taking the 

deciding and executing level closer to each other. 

In practice the feedback loop could be integrated into the information 

systems used. Whenever a worker runs into a difficulty or source of 

inefficiency, or comes up with an idea that could make the value creation 

process better, feedback could be easily given straight away without further 

e-mails, discussions or work groups. Improvements could be small and a 

part of daily or weekly routines rather than heavy processes, which are 

shunned by some of the employees at least in one of the case companies. 

The improvement ideas could be about the system itself as well as about the 

process from broader perspective; for example, ‘when the next time our 

team or some other team in our organisation is at this stage of the process, 

remember to avoid this or remember to do that”. This would support 

organisation-wide learning and answer the problem that has been 

identified that lessons learnt and best practices do not become shared. 

The constant changes in the operating environment and in adapting best 

practices set their challenges for the information systems used. It is not 

enough if the information systems support taking forth the ideas for 

constant improvement, but they should also support their implementation. 
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This means that the systems need to be flexible enough to meet the 

changing needs. The currently used computer programs are mainly very 

inflexible and therefore may even form an obstacle for further improvement 

of value creation processes. 

According to the case data, another problem seems to be getting all the 

associated committed to use the information systems properly. Software 

offering some of the functionalities called for already exists, but it is not 

used properly or is bypassed. While reasons for this were not 

comprehensively mapped, the complexity of the used software systems was 

mentioned in the interviews. Good usability would encourage also 

occasional users to use them more properly. In order for standardisation to 

work, everyone involved in the process would need to use the chosen 

information systems and should not have the possibility to bypass the 

standardised procedures. 

The value creation improvement potential that integration of information 

systems has is based on the following logic: Disregarding some practical 

problems, in the optimum case, once certain datum has been input into one 

system, there should be no need to input it into another. The obvious 

rationale behind this is that taking information from a system and then 

inputting it into another manually means wasted resources. By removing 

these manual steps the value stream can be made not only more efficient, 

but also more accurate. The increased accuracy comes from avoiding the 

possibility for human error. Human errors may come in the form of 

information loss or information distortion. This may then lead to waste 

when the information needs to be sought or when the false information 

leads to inaccurate actions. 

6.1.1 An example from practice: claim processes 
 

Above the results related to integration of information systems were 

discussed on a more general level. This chapter will go into more detail in 

one of the studied processes: the claim process. The purpose of this chapter 

is to give a single, more practical example of how integration of information 

systems could improve value creation within two of the studied cases. 

In the case focused on value delivery to office users and the strategic 

workplace management case, waste has been identified in the claim 

processes. Through the claim process, the user of the space gives 

information about a defect or a fault in the premises, which may only be as 

small as a broken lamp, but also be related to a system serving the whole 
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building for example. Repairing the defect or fault then depends on its 

nature and contractual aspects. 

From the end customer’s perspective all faults and defects are purely 

waste. Their existence means that the offered premises do not meet the 

needs of the occupier to the extent intended. This leads to decreased value 

delivered to the end customer and causes waste in the form of the need for 

reporting the fault to initiate the claim process through which it is repaired. 

The time from indicating a fault to it being fixed varies greatly. The claim 

process is an important process as the time of fixing especially critical faults 

can greatly impact the customer satisfaction. 

Most end customers expect defects and faults to be repaired as fast as 

possible. They find those disturbing their operation in the premises. 

Contact persons are expected to be available when a fault occurs. In 

addition, the end customers expect timely information along the process on 

its progress. Some expect information to be provided proactively without 

having to ask for it first. 

At present, in both the cases where claim processes were studied, the 

process was found to be unstandardised. The end customer can indicate a 

fault using either e-mail, telephone or the internet. There are also many 

contact persons to call or e-mail to. Several software systems are used along 

the processes and some of them have overlapping functions. 

The process could be streamlined by handling the whole process either in 

one program or in programs that would be integrated, regardless of the type 

of the fault. All steps of the process would be handled in one system: the 

indication of fault, its processing by service company/property 

manager/facilities manager, calling bids, approval, sign off, archiving all 

the information, and informing the user about completion. 

The tenant should have a single point for making the claim. It could be 

made through a web-based user interface in order to be used by any 

hardware with internet connection and a web browser, for instance 

personal computer or smartphone. This kind of system is always available, 

unlike a person receiving the fault indication through telephone. The end 

customers expect to be able to make the claim at any time. Having this 

single way for indicating a defect would allow all claims to be always 

registered and documented in a uniform way. 

The system would collect all the relevant information the user of the 

premises can give. Based on certain attributes given about the fault, the 

claim could automatically go to the right person, who could then forward it 

to the correct person and give approval if needed – all within the same 



  Results 
 

 

50 
 

system. The system should be available on a handheld device, so the 

property manager or other relevant person can give approval through it 

when visiting the property for checking the fault and also add more 

information to the fault report if needed. 

The system could be connected to the lease administration system used, 

so that when a new lease agreement is made, tenant’s and landlord’s 

responsibilities come to the system using the same classification as has 

been used in the lease administration system. This way, once the tenant has 

filled the fault report, its receiver could also be informed whether it should 

be repaired on the landlord’s account or not. The waste avoided here is 

property manager’s time spent on investigating whether the repair is on 

tenant’s or landlord’s responsibility according to the lease agreement. 

The system should also be integrated to call for bids. At the point of going 

to bid-calling process, the fault is already comprehensively documented, so 

forwarding the query to service providers as selected by the property 

manager in their service provider register would be simple. 

Confirmation by the service man or other executor of repair and a possible 

check-up made by the property manager would also be registered into the 

system. This way follow-up and documentation would be uniform. Also 

automatic confirmation to the end customer should be supported. Using 

this kind of system, faults and their repairs would be archived and 

responses to the claims could be easily followed. A time and executor stamp 

would be included for each step and then all parties, including the end 

customer, could follow the progress in real time.  

Overall, the described system would make the whole process smoother, 

more automated and thus faster. As repairing faults would become faster, 

value generation to the end customer would be enhanced. The system 

would also help identifying possible problems in the process, as the 

duration of different parts of the process can be followed separately.  

Parts of the described system are already covered in the case companies 

by separate software systems. Higher efficiency could be achieved by 

standardising the processes to be carried out using the same software and 

also by integrating different software systems to one functional entity. The 

amount of manual work needed could potentially be greatly decreased. 

The above applies for viewing the claim process from the process-oriented 

value creation perspective. Sometimes an efficient process may not deliver 

the highest value to the end customer as she/he perceives it, but the end 

customer perceives value also in the potentially less efficient personal 

service. This rose up especially in the case of end customers being Helsinki 
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CBD tenants. They expect to have not only fast, but also individual and 

customer oriented service. The downside of the described effective process 

is the lack of personal service, but on the other hand all the resources that 

can be freed from the claim process could be used for delivering value to the 

end customer in other ways. After all, the claim process is purely waste to 

the end customer anyway. 

6.2 Telepresence 
 

Currently, the generally used means of communication in the case 

companies are telephone, e-mail, and face-to-face meetings. All these have 

their advantages and disadvantages. While the first two do not offer rich 

communication in the way meeting in person does, they do offer a relatively 

effortless means of communication. In the case companies, the less rich 

communication by e-mail was noted to cause misunderstandings and 

therefore generate hindrances in the value creation processes. On the other 

hand the laboriousness of face-to-face meetings leads to skipping them 

once one might be of use. Asymmetric information between different 

parties has caused inefficiencies when a meeting or participation in it for 

sharing information has not been possible. Telepresence offers a timelier 

and less time consuming way to share information compared to physical 

meetings and thus reduces these inefficiencies. 

Telepresence shows potential in each of the studied cases. The often 

addressed benefits of telepresence apply also for the case companies and 

have not been exploited to an optimum level yet. In general, replacing more 

of the face-to-face meetings by virtual ones would help reducing waste in a 

number of ways. When unnecessary traveling is avoided, time and money 

are not wasted for getting from one place to another. In addition, 

environment is not impacted unnecessarily. Some of the same wastes are 

avoided through reduced need of physical space. Not so many conference 

rooms are needed when the meeting takes place in a virtual environment 

and participants could basically sit at their work desks. This leads to 

reduced need of physical space and therefore less wasted resources. 

Telepresence should not only be seen as reducing the need for face-to-face 

communication, but also enabling something closer to the actual meeting 

when such would not otherwise be possible. In the case companies, waste is 

often generated by misunderstandings caused by inadequate or incorrect 

communication. If the communication medium used for a certain task 

could effortlessly be taken a notch or few towards the richer end of the 
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information richness continuum, i.e. closer to face-to-face meeting, such 

misunderstandings could potentially be avoided.  

Nursing home development case showed that insufficient communication 

among the end customer, the designers, and the construction company 

leads to misunderstandings related to for example the direction the process 

is managed, the needs and expectations of the end customer, or the features 

of the product. These misunderstandings then result in wasted resources. 

In the studied construction company’s projects, better results have been 

achieved in cases where participation in on-site, design, and other such 

meetings has been high. If meetings were held virtually or if participation in 

a physical meeting virtually was supported, timetable and locational 

problems could to a larger extent be avoided. Through higher participation, 

problems could be avoided and the outcome would better meet the needs of 

the end customer. 

One way to avoid timetable and locational problems is having highly 

mobile applications for virtual meetings. A telepresence application should 

be easy to use and run seamlessly not only on desktop and laptop 

computers, but also on smaller portable devices such as tablet computers 

and even smartphones. Using this kind of application to replace and imitate 

actual presence means that meetings can be held more spontaneously, 

when necessary and where necessary, similarly as telephone conversations. 

Of course, the modes for input and output and qualities for them supported 

by smaller portable devices may not fully promote rich collaboration, but 

still many of the benefits of telepresence could be achieved on these 

portable devices as well. 

In all the cases, the importance of having close and as complete as 

possible communication to the end customer became evident. One 

important reason why good communication is important that applies to 

each case is that in order to create value to the end customer, one must 

know what brings value to the end customer. Their needs must be clearly 

defined and understood. Another important reason that came up in the 

cases focused on strategic workplace management and value delivery to 

office users is that the end customer perceives value in good 

communication and also in personal service. 

According to the interviews, occupants in the Helsinki CBD office 

buildings expect regular meetings with the owner and/or property manager 

and value that these do not hide themselves behind computer software, but 

give faces to their service. Similarly, the strategic workplace management 

clients expect regular communication and visibility from the service 
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provider. Communication and presence have been identified as 

contributors to visibility. In other words personal service is valued. 

Telepresence enables offering more personal service when physical 

presence is not possible suggesting to providing rather telepresence than 

‘no-presence’. In this way telepresence would bring increased value to the 

end customer. On the other hand, when telepresence is used for replacing 

physical presence, the resources saved can be used for creating value to the 

end customer in other ways.  

The above uses for telepresence clearly demand an application that is 

available to all organisations in the networks, including the more occasional 

contacted end customers. One of the current solutions for this is having 

applications ran on internet browsers as then special hardware and 

software is not needed. Whichever would be the technological solution, 

people collaborating across organisational boundaries could connect to 

each other more easily.  

The telepresence application should allow recording of meetings and 

other events in order to partially answer the problems in collaboration of 

temporally dispersed teams. When an involved party is not able to 

participate for instance in a meeting held in a virtual environment, she 

should be able to at least view it later. This way information would be 

shared to at least her direction for perhaps commenting or adding to it 

later, even if not being able to participate and share information during the 

event. 

Organisational learning and its importance were addressed under 

integration of information systems. Telepresence would have its benefits in 

this perspective as well. In two of the cases, similar projects are carried out 

by separate teams in different geographic locations and at different points 

in time; for example this year the team in Southern Finland has a 

construction project similar to the one the team of Northern Finland had 

last year. A meeting or few to share the best practices and lessons learnt 

from the previous one at the early stage of the current project would 

potentially bring significant benefits as was noticed in the cases. 

Unfortunately it is not always possible to have such meetings due to 

geographical distance and tight schedules. Resources are wasted as the 

same mistakes are repeated and new ideas are not shared. If the meetings 

to share best practices were virtual, geographic dispersion would not be an 

issue and these resources would not need to be wasted. 
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6.2.1 Virtual Obeya – an example of utilising telepresence in case 
companies 

 

One special way of utilising telepresence in case companies combines a 

Lean tool to both the identified virtualities. A concept recognised by Lean, 

Obeya, or ‘big room’ was identified as a useful generalised project 

management tool for the case companies. Meetings that cover some of the 

Obeya’s advances are already held, but not in the same way as Obeya 

suggests. The concept of Obeya is similar to that of the more traditional 

‘war rooms’. The idea is to enable more effective, timely, and cross-

functional communication and decision-making in a shared space with 

highly visual information sharing.  

Lean basically suggests Obeya as a room for a collaborating team to gather 

into spontaneously to solve problems and make decisions quickly. In order 

for the team to be able to gather into the same room spontaneously, they 

would need to be within the same building or at least in the vicinity. This is 

not the setting in our case companies, where collaboration is 

interorganisational and physical distance between collaborators exists. In 

order to solve the issue of physical distance, the Obeya should be virtual. It 

could be a collaborative virtual environment established for the life span of 

a single project for instance.  

Using collaborative virtual environment to practice Obeya would 

strengthen some of the benefits of a physical Obeya. In summary, it would: 

� make it easier to get everyone necessary to be concurrently present 

in the same (virtual) space and therefore contribute to achieve 

results that meet the needs of the end customer 

� enable more spontaneous meetings for dispersed teams 

� would not demand a physical space 

� provide a flexible project management room that can be left as it is 

in between meetings 

� help in data visualisation to consummate communication and do 

this by going a bit further than usage of so called virtual white 

boards does 

� enable automatic updating of charts etc. that would be on paper for 

example in a physical Obeya 

� allow recording of meetings to be reviewed later 
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6.3 Virtual model of a building  
 

Utilising virtual models for simulation and visualisation purposes was 

identified to potentially improve value creation in each of the cases. The 

ways and the extent to which virtual models can help improve value 

creation vary among the case companies, but the main principles behind 

each application are the same: they support human comprehension of 

imaginary constructions and therefore consummate communication 

between people; for example between space users and designers.  

As the studied cases give a broad view to the different phases of a 

building’s life-cycle, applications supporting both the design and operation 

phases were considered. Obviously, the nursing home development case 

gives a view to the early stages while the other two focus more on the 

operation of a building. 

Any building and space is presumably built to meet the needs of its likely 

occupier in order to deliver highest possible value and therefore make the 

occupier willing to pay for it. The case material supports this: in general, 

the space users expect the space to support the operations conducted in it. 

In the nursing home development case, the occupier would be the nursing 

home companies and their staff. Based on the interviews determining how 

the end customers perceive value created by the product, details in design 

were found important. The final product should meet the needs of the 

user’s daily operation as well as possible in order to create a functional and 

healthy environment. To achieve the optimum outcome in this respect, 

collaboration and communication between the nursing home company, 

their staff, the architect, and construction company needs to be as complete 

as possible. 

The interviews of the case showed that the end customer wants to be 

involved in the designing of the product. Also, the end customer would find 

the use of virtual models attractive. Usage of virtual models was seen 

especially attractive in 

� designing the product (both visualising and simulating operation in 

the nursing home) 

� guiding of its usage to the staff 

� guiding evacuation of the nursing home to the staff and residents 

� presenting the room to its future resident 

� presenting the nursing home on their web page 
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The end customer does not seem to be willing to pay extra for the 

possibility to use virtual models, though. 

The case data supported the obvious fact that the user of the facility must 

be incorporated in its design phase. In history, the higher the participation 

has been, the better the results have been in terms of the final product’s 

ability to deliver value to the user. By experience, when the features of the 

final product have been gone through in detail among the user and the 

designer, the spaces have been exactly as they are needed to be. 

The case data showed that insufficient communication among the end 

customer, the designers, and the construction company leads to 

misunderstandings that cause waste. The needs and expectations of the end 

customer are not always clearly communicated to those involved in the 

design and construction process. On the other hand, the planned features of 

the final product are not always clearly communicated to the end customer. 

This leads to a product that does not meet the user’s needs. 

Insufficient communication leads to defects in design of the spaces that 

hinder their usability. These defects concern for example the materials, 

dimensions, or furniture. When the defects need to be repaired later on, 

waste is generated in the form of duplicate work. If the defect is not such 

that can be repaired, it will continue generating waste throughout the 

operation period, as the operation is not as efficient or effective as it could 

be. The virtual model of a building can help avoiding these wastes through 

visualisation and through simulation. 

The designer being a professional in designing buildings means that 

interpreting two-dimensional figures and lines to conceptualise the final 

product may be quite easy. The same does not apply to end customers. The 

drawings used by professionals deliver considerably less information to the 

user, whose expertise lays obviously somewhere else than in interpreting 

design drawings. 

Miniature model is a traditional example of how the designer could 

communicate the dimensions of the final product to the end customer prior 

to commencing the construction works, but a contemporary and more 

efficient way of doing this is the 3D virtual model. When the final product 

can be easily visualised to the users as it is intended to be, they can more 

easily conceptualise it in terms of dimensions and from aesthetic aspects. 

Simulation would go a bit further. A simulator would let the employee, 

resident, or other occupant to wander in the building and experience it and 

the tasks and processes to be conducted within it already at the design 

phase. 
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When the users see or experience the product exactly as it will be, they can 

better affect how the final product will be prior to starting the relatively 

expensive construction works. If the alternative would be to first time see 

the product in 3D when it has been built, using a virtual model means the 

waste generated by trial-and-error could potentially be avoided. 

It rose up in the nursing home development case that at present, the focus 

has been too much on refining the design and construction process as 

efficient as possible. Too little focus is put on the actual processes for which 

the facility is built. Higher value for the end customer would be delivered by 

a facility that as fully as possible supports the processes conducted within it 

through its lifecycle. 

The studied nursing home operator has standardised certain attributes for 

a nursing home building that have been identified to lower the costs from 

operation. For example, with a certain size and shape for a nursing home, 

the number of night nurses needed has been reduced to a certain level. 

Reduction of one in the number of nurses needed means saving tens of 

thousands of Euros each year. Obviously, significant efforts would be 

worthwhile if such savings could be gained.  

The virtual model of a building is the tool for this purpose. While 

visualisation could already help the user to figure how the operation in the 

building would be, simulation goes a few steps further in this. Above 

simulation was discussed from a single user’s perspective, but it can also be 

utilised in a more comprehensive way. Complete processes – processes that 

perhaps incorporate multiple users may as well be simulated. These kinds 

of simulations have been used for instance in factory settings. 

Simulating the operation of the building in such a comprehensive way 

would enable optimising its shape, size and other features to meet the end 

customer’s needs as fully as possible. As a result, the end customer would 

save resources throughout the lifecycle of the product. 

The advantages of virtual models are not limited to the design phase. 

Simulation can be used for virtual demonstration of the use of a new 

facility. The nursing home end customers find the possibility for this 

attractive. The is able to become familiar with the new building and its 

operation prior to its completion, which would shorten the introduction 

period and have the new facility in full operation and delivering value to the 

end customer sooner. 

Currently, emergency procedure training is not too standardised in 

nursing homes. Virtual models could help in this respect as well. 

Emergency situations could be simulated in a virtual environment. This 
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would allow many more alternative situations to be created and rehearsed 

as costs for simulating dangerous situations in real environment would not 

be an obstacle. For example fires of different kinds could be simulated.  

6.4 BIM 
 

Based on the data, BIM shows potential especially in the nursing home 

development case, but also in the strategic workplace management case. 

Both companies already have BIM in use, but only to a certain extent, and 

more comprehensive utilisation of BIM would help improving the value 

creation. Some benefit could be gained also in the case focused on value 

delivery to office users. 

In nursing home development and strategic workplace management 

cases, especially the earlier phases of the studied processes were identified 

to have many sources of uncertainty. Those lead to a rather instable set of 

premises to work on. Uncertainty in the early stage and how BIM answers 

to it is discussed in the following. 

The construction company sells its nursing home product in a highly 

competitive business environment. There are quite few client companies for 

which several construction companies must compete. In many cases, the 

company that can first deliver the finished product gets the client. 

Therefore, the process of producing a nursing home must be already begun 

before there is certainty of the company that will occupy it. This means the 

construction company does not even have any possibility to know all the 

detailed needs of the end customer when the designing starts, not to even 

mention when the plot is acquired. Overall, the interviews and discussions 

showed that the constant hurry is a defining factor for the whole process. 

In the strategic workplace management case, the studied process is 

initiated basing on the changed needs of the client organisation. When the 

organisation’s facilities do not support their operation anymore, new or 

altered facilities are needed. At the early stage the client organisation’s 

needs are mapped and then the most suitable possible solution is being 

sought and then implemented. Along this process, after the decision to 

invest in a new facility has been made, the main drivers for the process 

switch from the end customer needs to include also project managerial 

matters. Such things as schedule, costs, and quality start steering the 

process. 

As the process is long, the needs of the client organisation may change 

between the initiation of the process and the conclusion of the construction. 

For example the business environment of the client organisation changes 
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and this forces the client to change the structure of their organisation 

accordingly. The longer the process takes, the more probable are the 

changes in the end customer’s needs. 

Exactly the same applies for nursing home development case. It is very 

common for the needs and wishes of the end customer to change along the 

process and also during the design phase. The needs may change because of 

new technologies or service innovations, new policies by municipalities or 

changed managers in the nursing home company for example. 

All the changes described above are something the design team or 

workplace team must be able to react on. BIM is a helpful tool in this 

respect. Whether it is a new building to be built or an existing one to be 

altered, BIM enables flexibility. This flexibility comes from the possibility to 

easily compare different design alternatives such as layouts and materials 

and the feasibility and the costs of these different alternatives. 

To give an example of BIM’s advances in this respect, let us consider a 

situation where the client organisation changes one of their processes to be 

conducted within the already designed but not yet built facility. Figure 6 

below shows how this ultimately impacts the studied process. 

 
Figure 6 Effects of changed end customer needs  

A change in the end customer’s needs results in a number of collaborative 

tasks and considerations to be carried out by the design team. Depending 

on the stage of the process, the response may need to be very swift. BIM 

enables faster collaboration by the design team pursuing to find alternatives 

to meet the changed needs. BIM also makes it easier and faster to test how 

feasible the different alternatives are. Technical feasibility as well as effect 

on the project costs must be evaluated.  

BIM does not only facilitate finding the optimum solutions by giving 

opportunities for continuous improvements, but also makes the co-

operation of the design and construction team more responsive to the 
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changing needs. BIM makes the team more agile in terms of responding to 

changed premises. The avoided wastes include unnecessary work on an 

alternative that does not become implemented and unnecessary waiting 

that is related to each member of the design team working on their own 

separate drawings. 

Utilising BIM’s advances also for project managerial matters takes the 

agility of the team another notch further. Despite the studied construction 

company already uses BIM more comprehensively than most competitors, 

these benefits offered by BIM are still left unused. It is still rather only 

certain components of BIM that are used, mainly for design purposes, 

leaving the project management and scheduling functions unutilised. So 

basically it is still mainly the DR-virtuality side rather than organisational 

virtuality side of the BIM that is being utilised. 

At present, another source of waste in the design phase in the strategic 

workplace management case is waiting for others to upload their drawings 

and other documents into the data bank. In the worst case, this has taken as 

long as six months. These delays produce waste also in the form of 

unnecessary reminders sent by the project manager to get the data bank up 

to date. 

In the nursing home development case, insufficient communication 

among the parties was identified to lead to misunderstandings causing 

waste. On the other hand, also the flood of information was identified to 

cause waste. This comes in the form of enormous amounts of unstructured 

information flooding among the parties leading to a situation where a 

particular piece of information is very difficult to find when needed. Time 

and other resources are wasted seeking the information. 

BIM answers to these problems and even more so when it is a single data 

model on a server. The so called server BIM fulfills the idea of a single 

model that all the project participants – architects, engineers, contractors, 

etc. use and complement. In the optimum case considering all the benefits 

that BIM could offer, the model is on a server and all the parties use it from 

there over the internet connection. This way everyone always has the latest 

model in their use without any waiting for others to send updated 

information. 

Server BIM enables accessing the up to date model anywhere and anytime 

using mobile devices, for example at the site using a tablet computer. Also 

real time editing is supported, so changes can be made on site. This way 

BIM could very strongly promote parallel designing and collaboration 

among the team. No time needs to be spent waiting for others to share their 
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work. This then takes further the efficiency and effectiveness of work in 

order to deliver the right value to the end customer faster. 

Bringing together the pieces and larger entities of information into a 

system with fewer user interfaces, BIM has the potential of being a means 

of integrating information systems. In fact, in the optimum case BIM is very 

much a means of integrating various information systems. This is one of 

BIM’s main ideas, which unfortunately does not always actualise. Optimally 

the model would be a single data model that is read and developed by 

various users simultaneously as discussed above. Unfortunately server BIM 

is not yet easily deployed due to compatibility issues for instance. 

Overall, usage of a shared server BIM model would emphasise the shared 

goal that all the different organisations involved in a construction project 

have. Especially in the history, but still today, the industry and the 

collaboration setting have been highly fragmented. Now if all of the design 

work is towards a shared, complete digital model of the building, 

contractual matters aligned with this, the nature of the process being a flow 

aiming at delivering a highly usable product i.e. high value to the end 

customer would be promoted. This way BIM is a tool helping to apply the 

Lean principles in the industry. 

While BIM necessitates standard form for the data, it does not necessitate 

everyone to use the same computer programs. There are still several 

programs to choose from for the same task. When BIM is used, especially in 

such large organisations as those studied in this research, it means the 

same programs should be used throughout the organisation. This is for the 

sake of compatibility and standardisation as suggested by Lean principles 

in order to achieve the improvement in value creation discussed above 

under heading Integration of information systems. 

Unfortunately, a single organisation’s efforts are not always enough in the 

overall value stream as a lot of work is done by contractors, subcontractors, 

etc. The process involves a number of organisations as discussed above. It 

might be difficult to get all the parties to use the same or even compatible 

software. In fact, it rose up in a nursing home development case workshop 

that it is in some cases difficult to get the subcontractors to use BIM at all. 
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7 Discussion 

The key findings of the study are not only based on the empirical part, but 

some conclusions could already be drawn based on the literature review. 

Similarly as the report, this discussion section will first address the findings 

from literature review and then process the results of the empirical part. 

Discussion on the empirical part is structured similarly as above, under the 

studied applications of virtuality and then concluding with discussing the 

results in general. 

 

Meaning of virtual / virtuality 

At a very early stage of the research process, it became evident that the set 

focus of the study, virtuality, is a manifold subject and as a term has various 

interpretations in the literature. Therefore, before being able to focus on the 

primary aim of the study – finding out how virtuality could help improving 

value creation in real estate business – virtuality itself needed to be studied. 

Terms virtual and virtuality turned out to have been used somewhat 

contradictorily in the literature and previous research. The definition for 

virtuality generally used in real estate research did not suffice, but needed 

to be extended to cover digital representations of physical space. As a result, 

a framework was created to more comprehensively cover virtuality from the 

real estate business perspective.  

A reason that has led to the obscurity incorporated with virtuality may be 

that at some point virtual and its derivatives became words that have been 

used only because they were fashionable. From the scientific perspective 

these kinds of ‘buzzwords’ should not have a place in literature without 

their objective consideration and evaluation. Another reason for the 

colourful discussion on virtuality may be that it is a complex subject with 

some even philosophical features related to existence. 

In its earlier days, virtuality met with quite enough mystifying, so perhaps 

it would be time to approach it more objectively. The study suggests that 
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words virtuality, virtual, and many related terms should be used in a more 

careful and coherent manner. When discussing about virtuality, it should 

made clear which one is at issue when possibility for ambiguity exists. Also, 

based on the literature, it would be relevant to ask the question: If it is 

about dispersed, mobile, digital, or collaborative, why not to use the 

respective term instead of the term virtual? 

 

Integration of information systems 

As described above, one idea of integrating information systems was 

removing the gaps between companies currently filled by human labour. 

The potential of integrating information systems seems to lie especially in 

removing these gaps and thus supporting interorganisational virtuality. 

Currently, each organisation seems to view the value stream excessively 

only from their own perspectives. This shows also in how information 

systems are developed. For better efficiency, the value stream needs to be 

viewed as a whole and information systems built to support this. This is in 

line with Hasselbring’s (2000) notion of the importance of information 

systems integration for effective business processes. 

Currently the value creation process is viewed in parts rather than as an 

entity as has been also pointed by Jylhä and Junnila (2011). The same 

applies for the information systems used. While the stakeholders change 

during the process, sometimes within the same organisation, but also 

across organisational boundaries, managing information becomes even 

more important. While information systems could potentially support this 

and help in defragmenting the process, they are currently made for separate 

tasks and not for the whole process. 

One reason for this could be that there are parties from several 

organisations involved in the processes, each having their own objectives, 

which are not always aligned. In many cases the co-operating companies 

may be in a contractual relationship only on a temporary basis. For 

example, the temporariness may be due to the partnership finishing once 

the shared goal has been reached with no certainty of future co-operation 

(e.g. construction company-contractor). 

This uncertainty concerning future means that the potentially laborious 

and expensive processes of developing information systems may not seem 

as good investments as they would if they were internal, even if 

considerable long term benefits could be achieved in return. If most 

companies in the same industry would be using either the same or 

compatible software systems, the situation would be completely different. 
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At least some of the hindrances of developing information systems for 

interorganisational use can potentially be removed by the use of cloud 

computing technology as it enables lower costs for establishing 

interorganisational information systems and offers higher flexibility. 

One obstacle in having the described information systems is that 

developing them takes large investments. Unluckily the commercial 

potential of these kinds of systems is little compared to systems used by 

larger masses, which means that the organisations themselves would need 

to invest in the development work. 

 

Telepresence 

Two kinds of ways in which telepresence could help improving value 

creation in the cases can be identified. The first kind is by reducing the need 

for actual face-to-face meetings through replacing those by virtual ones. 

This is often referred to as one of the main benefits of telepresence 

technology and ICT supported communication overall. The other kind of 

ways suggests a different approach; thinking the other way around. It is 

about taking the virtual communication closer to actual meeting. While 

nowadays much of the communication is by e-mail or telephone for 

example, by taking better use of ICT, richer communication could help 

making the right things and therefore improve value creation. In brief, the 

first way makes collaboration more efficient while the latter one makes it 

more effective. 

In the collaboration setting where physical dispersion exists, telepresence 

can be seen to offer ‘JIT presence’. One can be virtually present without 

taking the time to travel to the same location with other participants. More 

spontaneous meetings do not only make decision-making faster, but can 

also potentially increase innovation when new ideas can be shared 

promptly. In the case where a team member would have time for a one hour 

meeting, but not for three hours of travelling for example, telepresence 

allows having a meeting that would not otherwise be held. One of such 

meetings might just be the crucial one in terms of innovation. 

In addition to JIT presence, telepresence using virtual environments can 

offer JIT space for collaboration to replace for the conference room, 

auditorium, etc. Availability of space for collaboration did not rise up as an 

issue in the case companies, but arrangements of some kind are usually 

needed in order to have a meeting room available at a given time for 

example. For spontaneous meetings, space may not always be available. A 

virtual environment on the contrary is practically always available. This 
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incorporates the presumption that everyone already has some space to 

work in. In many cases this space would be a desk at the office. 

While the above two paragraphs discuss telepresence’s solutions for 

rather practical issues, it has a lot more to offer. Overall, when building 

trust among the networks of organisations, physical presence and personal 

communication need to be stressed. Telepresence can help in this when it is 

used for higher effectiveness rather than better efficiency as explained 

above. In other words, when telepresence is not used for replacing face-to-

face meetings, but for replacing usage of communication media from the 

poorer end of the information richness continuum. 

When Lean might easily be associated with making things more efficient, 

that is not what is suggested by this study – or at least not in such a straight 

forward manner as just reducing time spent travelling for instance. When 

telepresence is used for rather making communication more effective, value 

creation to the end customer is made more effective as a) what creates value 

can be more easily communicated, and b) communication within the value 

stream is better hence making it work better and more efficiently. 

The above is more easily said than done. While the integration of 

information systems can be executed using technology that is already 

broadly used, telepresence technologies as applications of virtuality are 

somewhat more sophisticated. In the simpler forms the technologies are 

already widely used, but virtual environment applications are yet to be 

embraced by companies in the real estate industry. On the other hand, the 

same applies for companies in many other industries as well. The 

technologies are not yet easily available.  

 

Virtual model of a building 

The study showed potential for the usage of virtual models to only the 

building itself. With an AR application, the virtual 3D model of the planned 

building could be visualised in its planned real surroundings as described 

above in the theory section. The potential of such application would rather 

lie in aesthetic values, which is probably why AR virtual model application 

was not identified as one of the main ways for virtuality to improve value 

creation in the cases. 

While 3D virtual models are already being used for visualisation, 

simulation is somewhat more challenging. Generating a simulation that 

feels as real as possible to the user is expensive and time consuming. 

Affordable technologies demanding only little work for developing the 

simulator from the design model for construction purposes would be 
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needed. Also, having all or most of the users experiencing the planned 

building is very time consuming and time was identified to be very scarce in 

the process. On the other hand, this could be overcome if sufficient 

emphasis would be given to the operation period rather than production 

period as suggested above. Then the time spent in the design phase would 

be seen as time very well spent. 

Overall, many of the main benefits of using virtual model for visualisation 

and simulation purposes derive from the inherent characteristics that a 

building as a product has: 

� high production cost 

� considerable amount of resources needed for production 

� purpose to optimally support the end customer’s operation within it 

� more or less tailor made 

� corrections in the product made later are potentially expensive 

 

These characteristics explain what rose up in the research material: the 

communication between the end user and the designers needs to be as 

perfect as possible. This is in order to deliver the right kind of product at 

once as otherwise the amount of wasted resources will inevitably be high. 

The requirement for perfect communication applies in both directions: the 

end customer needs to be able to communicate the needs to the designer 

while the designer needs to communicate the properties of the designed 

product to the end customer. The virtual model is an effective tool for this 

purpose. This aspect has been brought forward also by Bouchlaghem et al. 

(2005).  

  

BIM 

This study emphasises the shared knowledge resource function of BIM’s, 

which seems not to be well utilised yet today. BIM offers a platform for 

managing data needed by the parties involved in the design and 

construction phases and it should therefore be seen as a tool for 

collaboration. 

BIM could offer benefits for value creation in a number of ways (Eastman 
et al. 2011) as listed in the theory part of this report. Only a part of those was 

identified to have potential for the case companies. This is due to the focus 

of the study: many of the benefits do not clearly incorporate better 

utilisation of either one of the identified virtualities, i.e. the benefits do not 

come from promoting the collaboration of a team or from utilising 3D 

virtual environments. This is the reason why for example BIM’s advantages 
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in the later stages of a buildings life-cycle have not been discussed in the 

results of the study. Even if not so strongly related to either one of the 

virtualities, BIM’s post construction benefits show potential for all the cases 

based on the data.  

The case data showed that at the moment, disproportionately more focus 

is given on the costs from construction rather than on those from the 

operation of the facility; life-cycle costs should gain more emphasis. BIM’s 

simulation functions enable better consideration of these. Similarly, 

environmental impact of the facility can be better simulated. The 

importance of environmental values became apparent in all cases: most of 

the interviewed Helsinki CBD office occupiers appreciate environment 

friendliness and consider energy efficient buildings attractive. Also the end 

customers in strategic workplace management case appreciate a building 

that has been built to be environmentally efficient. Nursing home end 

customers find attractive the possibility to follow carbon footprint during 

operation of the building. 

When a new building is built utilising BIM, a comprehensive model of the 

building is created and the model and all its information is there to be used 

for various applications also during the usage of the building. As long as all 

these applications support a unified format, a lot can be built upon the 

model. The applications are for the benefit of a number of concerned: 

owner of the premises, workplace designer, architect for tenant 

improvement and renovation projects, user of the premises, user’s CREM 

and/or FM unit, etc.  

For example, if integrated to building automation systems, based on the 

information from the model including areas, volumes, and technical 

solutions, it would be possible to automatically point out potential for 

enhancing energy efficiency. This could be conducted by comparing to 

benchmark data from the user’s own portfolio or from an external 

information provider. 

BIM offers a tool for managing the whole portfolio of an owner or an 

occupier. For example different environmental calculations, such as 

determining the overall carbon footprint can be based on the data from the 

model. Similarly, the stock of space for an occupier can be managed by 

BIM. The facility management unit of a large corporation could use the data 

from BIM to keep track of what types of spaces they have and in which 

quantities.  

This potential of BIM’s would seem to have its use for the studied CREM 

unit, who instead of building new facilities should rather find solutions 
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within their current portfolio. After all, they do aim at higher space 

efficiency and as a result, space need per person is declining. If the 

construction of just one new facility could be made unnecessary, the 

amount of avoided waste would be enormous. BIM’s benefits in this 

perspective are twofold: first, having a better knowledge of the quality and 

quantity of the existing space stock and second, enabling more advanced 

planning of space use in the existing facilities. 

BIM should be a repository of data for FM, a living document for owners 

to use for managing and building their facilities. BIM’s role as a tool for FM 

is perhaps its most important one, but is still today only yet beginning to be 

explored. This Ashcraft’s (2008) claim is supported by the case data, despite 

being outside the focus of this study.  

 

The findings in general 

While the literature review was not anticipated to give such results as it did, 

the results of the empirical part of the study were expected. Already the 

preliminary study of the case companies made evident that virtuality has 

unutilised potential to offer for value creation. 

Traditionally Lean has been about making production flow. In the studied 

cases, much of the delivered product is information; information to the end 

customer as well as to other parties collaborating along the value stream, so 

in order to apply Lean principles in the cases, they should be applied on 

information flows. Virtuality has the potential to promote Lean principles 

when its good utilisation enables information to be transferred both timely 

and undistorted among the concerned within the value stream. 

In fact, the common denominator for all the ways in which virtuality was 

identified to improve value creation seems to be through enhancing 

information flows, either directly or indirectly. From the organisational 

virtuality perspective this is not surprising as the study focused on 

technological applications and in organisational virtuality the purpose of 

such applications is to enable communication and collaboration. From the 

DR virtuality perspective virtuality does not necessarily have to deal with 

information flows, but nevertheless, this is how virtuality was identified to 

potentially improve value creation in the studied organisations. 
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8 Conclusions 

The study aimed to discover how virtuality could help improving value 

creation in real estate business. First, a literature review was conducted. It 

focused on virtuality from the real estate business perspective as well as on 

value creation based on Lean management principles. 

The concept of virtuality turned out to be ambiguous. Approaching 

virtuality from the real estate business perspective, the literature review 

concluded in a framework presenting two distinct concepts of virtuality. 

These concepts are organisational virtuality and digital representation 

virtuality (DR-virtuality). 

Organisational virtuality is the organisation’s capability to connect 

dispersed entities to collaborate by means of information and 

communication technology (Fang and Dutta 2005). DR-virtuality is about 

utilising 3D virtual environment technology to produce digital 

representations of something also observable or imaginable in the real 

world. Virtual reality is in close connection with DR-virtuality. The two 

virtualities have different definitions for virtual. 
From the technology perspective, the two virtualities may overlap. This 

would be the case with a technological application that addresses the 

challenges of a dispersed, collaborating team and does this by taking 

advantage of 3D virtual environment technology. 

In real estate research, the often referred virtuality is organisational 

virtuality, but this specification is not articulated which then leads to 

obscure discussion. The distinction between these two virtualities shoud be 

acknowledged as they both have their place in real estate business. 

After the above virtuality framework had been generated, it was applied in 

a case study consisting of three cases. Case data was collected by means of 

interviews, questionnaires, workshops, brainstorming sessions with the end 

customers and those participating in the value creation processes. This 

empirical part of the study focused on the primary aim of the study.  
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The case companies were preliminarily studied based on the virtuality 

framework in order to determine a feasible scope for the empirical part. As 

the result of the preliminary study, four applications of virtuality were 

chosen for further examination aiming to find out how virtuality could 

improve value creation. The applications of virtuality were integration of 

information systems, telepresence, virtual model of a building, and building 

information modelling (BIM). 

Then the potential impact that utilising these applications would have on 

value creation was simulated on a hypothetical level. Examination and 

evaluation of value creation and improvements in it were based on Lean 

management principles. The study showed that some of the potential that 

virtuality has, is currently left untapped in the Finnish real estate business. 

In all the cases, there are networks of organisations that contribute to the 

overall value creation to the end customer. Within the value streams, 

resources are wasted due to incomplete and inaccurate communication and 

data delivery, waiting, manual work that could be automated, etc. Some of 

this waste could be avoided with better utilisation of virtuality. Virtuality 

could especially address the challenges of managing the enormous flows of 

information within and among the organisations. It could also support 

standardisation of processes along the value streams. 

With Lean management is often incorporated the process-oriented focus 

on making things more efficiently. What Lean really suggests is to make 

more with less. Similarly, this study suggests that virtuality should not be 

considered only as new technology enabling enhanced mobility or flexibility 

in time and location. It is also about giving possibilities for processes and 

actions that offer the level of quality, effectiveness, and efficiency that could 

not have been achieved without the technology. Virtuality offers 

possibilities to create added value the end customer would be willing to pay 

for. 

The studied cases gave a fairly broad view to the Finnish real estate 

business: the perspectives of user organisations, property owner, 

construction company, and property manager were covered. On the other 

hand, only one or few of each type of organisation was studied. Therefore, 

broader generalisations based on the results are not justified. 

The study did not consider many of the obstacles that making better use 

of virtuality has. Very high tech solutions do exist, but today’s real estate 

business in Finland and the software at hand are still at a stage where those 

cannot be fully exploited. For future research, further study to identify the 



  Conclusions 
 

 

71 
 

exact obstacles for better utilisation of virtuality and finding out what 

should be done to overcome these obstacles is suggested. 

Another limitation of the study relates to the delimitation of applications 

of virtuality based on the preliminary study of the cases. Four applications 

were chosen mainly driven by the natures of the case companies and the 

current issues they have. With different companies within the industry, 

different applications may have been chosen. Still, it is highly unlikely that 

other companies make significantly better use of virtuality due to the 

abovementioned obstacles. 

The literature review focused on virtuality from the real estate 

perspective. With a different perspective virtuality might become outlined 

differently. Therefore the virtuality framework should not be regarded as 

the all-inclusive mapping of virtuality. 

Consequently to the above, an interdisciplinary conceptual framework for 

virtuality is needed that would cover the whole entity of virtuality from the 

perspectives of each industry and field of science that have some connection 

to it. Such framework would also help in defining terms and thus avoiding 

ambiguity. All the different terms related to virtuality should be brought 

together to a glossary in order to solve contradictions, inconsistencies, and 

overlaps. 

This study has identified the problem and addressed the need for a more 

interdisciplinary conversation on virtuality. Also, a framework for the real 

estate research has been created. 
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