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Preface

this report is the graduation thesis representing the finalization of the master study ‘manage-
ment in the Built environment’ of the technical University of Delft, faculty of architecture. the 
graduation theme for this report is ‘Smart real estate management’ (Srem) focussing on the 
development of Smart tools to support real estate management.

the objective of this research is to develop a Smart tool to provide information for the align-
ment of space demand and supply, for both the user and corporate real estate management 
(crem).
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foreWorD

there are several reasons that led to choosing this research subject. of course, the notion 
that we need to move to a more sustainable world is widely spread. considering the impact 
of the built environment on the production of co2, my interest was sparked in finding solu-
tions within my studies. therefore, in my former graduation research at higher education (Hva) 
I also chose the subject Smart Building. the research set out to find solutions in primitive ar-
chitecture to deal with the energy issues of today, mostly focussing on building engineering 
at the detail level. 

In the period between graduating and studying at tU Delft, I had a part time job working as 
sales and support at an It startup company. therefore, I came in contact with web- and mo-
bile-application building and, even though I never developed in my time there, I was engaged 
in system thinking, workflows and intuitive interfaces for end users.

With the recent hype surrounding the Internet of things (Iot), I began to think about the impli-
cations of Iot for the built environment. Like every smart device is able to provide information 
on its use, a smart built environment should provide information on buildings and cities. even 
more so, it provides an interaction with real estate which, in my opinion is currently absent. 
this interaction can ultimately possibly lead to a new appreciation for the built environment.

In my travels from amsterdam to Delft I was already using a mobile app (oV9292) daily, which 
provided me with information on train departures and transfers, in order to calculate my jour-
ney. When arriving on campus or any other building in which I needed to find a place to study, 
information on the availability and aspects of space was absent. this led to the realisation 
that there is an absence of a Smart tool that provides this daily practical information. 

the graduation subject ‘Smart real estate management’ deals exactly with the above de-
scribed problem, but how it was going to done still needed discovering. thus, by selecting 
Smart real estate management as my graduation subject, I was given the opportunity to 
make this Smart tool myself, a user of the campus, which I gladly took.

this thesis represents the journey of the development of a smart tool. I hope you will enjoy 
reading this research report. 

Sven ter Veer



content InformatIon   l   IV

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

acKnoWLeDGementS

Since September, I have commenced the research for this master thesis in the theme of smart 
real estate management. this has been the lengthiest and most extensive project I have 
worked on to date. During the time leading up to this moment, I have had much help from 
many angles. therefore, one can argue that this thesis was not the effort of a individual per-
son, but rather a collaborative one. this manifested itself in friends who engaged in thinking 
actively, mentors who provided guidance or colleagues contributing with valuable insights.

considering my interests and my expectations of the future, this theme proved to be right 
up my alley. However, there were still some doubts in the beginning which, fortunately the 
theme coordinator monique arkesteijn was able to steer me through. She had placed me with 
alexandra den Heijer, who was very understanding and patient with me from the outset, to 
make sure I understood everything that was communicated. It also became clear, that oth-
er graduation students were researching this subject each having a unique perspective. By 
getting in contact with them the opportunities that exist in this field were confirmed, which 
was able to motivate me further. from that point on, I started to gain momentum towards the 
research proposal.

I had always been interested in doing an internship, and once my research proposal was 
finished I started to look for an interesting company. Luckily, Lonerooftop was located very 
close to where I lived which made stopping by less daunting. once I started conversations 
with them, it was clear the interests of both parties were there, but a logical collaboration 
needed to be found. fortunately, we were able work this out, as retrospectively the internship 
proved to be very fruitful for the development of my research.

considering all of this, i would like to thank my friends and fellow students with similar re-
searches who were willing to share information and discuss the topic. I would like to thank 
everyone of Lonerooftop for taking me under your wing and providing me with a pleasant 
place to study. I would like to thank rein for his help with my model and taking the extra time 
needed to code or explain principles. I would like thank alexandra for being patient with me 
and making sure the message got across, even if this meant repeating it multiple times. final-
ly, I would like to thank my parents for supporting me during my studies, their help has been 
the backbone of this achievement. 
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aBStract
Context
Digitalisation enables students to study virtually everywhere. However, demand for study space on 
the campus remains high and is even increasing. additionally, students place higher demands on the 
quality and availability of facilities (Valks, arkesteijn, den Heijer, & Van de Putte, 2016, p. 15). However, 
recent research on Dutch campuses (campus nL,2016) shows several problems were identified regard-
ing the alignment of campus space. (1) the unpredictable nature of demand for campus space makes 
it difficult to align demand with supply. (2) another reason for not being able to comply with campus 
space demand is a result of problems in finding a suitable study space.

Objective
Preference function modelling already proved its potential in designing accommodation strategies. 
furthermore, there is the need to involve a greater number of stakeholders and a need to improve the 
usability of the modelling technique. a smart tool presents opportunities to improve the user involve-
ment in the management of design accomodation. as a result of the scientific gap, this thesis will ex-
plore these opportunities by developing a smart tool which provides information on study space while 
simultaneously generating information to support campus management.

Methods
for this thesis an engineering design process is used. Literature research is used in this research to gain 
understanding of the design problem and its users. With this knowledge, a smart tool will be devel-
oped along a iterative sequence of prototype evaluations to support the design process. Design user 
involvement will be established by two prototype evaluations evaluations with the use of interviews. 
for the evaluation of the proposed smart tool an assisted approach is utilized. In this evaluation, the 
data collection methods task load index and Post-experience interview are used. a task Load Index 
(tLX) measures cognitive workload by assessing how much mental effort a user expends whilst using a 
prototype or deployed system. While individual Post-experience interviews are a quick and inexpensive 
way to obtain subjective feedback from users.

Results
as a result of the first user interviews it was established that users had difficulty with understanding 
how the system works and which values needed to be entered. therefore, the primary focus for version 
2 was finding ways to improve understandability and usability of the system. one implementation of 
this, was to improve navigation by having all the input fields on the same tab in excel. therefore, User 
forms were used, allowing to have a better overview of the system by preventing the need to switch 
between tabs. the database structure represent the storage (back end) of information which is need-
ed to operate the proposed Smart tool. to visualize this an entity relationship (er) model has been 
constructed in mySQL workbench. the er model shows all the tables relevant to the proposed Smart 
tool. a wireframe model is constructed with use of the program Balsamiq. a wireframe is chosen in this 
stage of the design because it does not distract users with commenting on stylistic issues (i.e. colour 
schemes or transitions). Balsamiq allows users to interact with the screens, allowing them to get an 
idea of the workflow and how to navigate the mobile application.It was made clear that using Prefer-
ence function modelling is not designed for users on this scale but rather in making complex decisions 
and by generating alternatives. the purest form of the method is not desired from a user perspective as 
it was shown users need considerable (mental) effort to determine their preference values. However, if 
these values only need to be input once the strain on the user is significantly reduced and acceptable. 
Users clearly showed that once they became familiar with the system they were able to more easily 
adapt their preferences. this indicates that there is a level of intuitiveness in the use of the smart tool.

Conclusion
It can be argued that hypothesis is confirmed and that the described problem can be solved by pro-
viding information about study spaces with the use of smart tools. the findings from the interviews 
suggest that the proposed smart tool can potentially add much value for both the user and campus 
management. the users generally reacted very positive to the concept of the smart tool. this shows 
that the smart tool will have significant value in supporting study space findability when executed cor-
rectly. to achieve this, usability of the smart tool is crucial for ultimate use. as this research comprises 
a design problem, it is important to realize that design problems can be solved in numerous ways, each 
leading to various results. therefore, this can be seen as one of the possible ways a smart tool is able 
to support users in finding a suitable study space.
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manaGement SUmmarY

Part l IntroDUctIon

Introduction
Digitalisation enables students to study virtually everywhere. However, demand for study 
space on the campus remains high and is even increasing. additionally, students place higher 
demands on the quality and availability of facilities (Valks, arkesteijn, den Heijer, & Van de 
Putte, 2016, p. 15). However, recent research on Dutch campuses (campus nL, 2016) shows 
several problems were identified regarding the alignment of campus space.

(1) the unpredictable nature of demand for campus space makes it difficult to align demand 
with supply. In Dutch campus management, yearly space demand is derived from the amount 
of student entries and has always been difficult to predict. currently, the total number of en-
tries has become even more difficult to predict due to the increasing number of international 
student entries. thus, campus managers are faced by the unpredictability of demand on both 
a yearly basis, making it difficult to align the so-called dynamic demand with supply. this can 
lead to university campuses having an insufficient amounts of space leading to dissatisfac-
tion. 

(2) other reasons for not being able to comply with campus space demand are problems in 
finding a suitable study space. a large part of tU Delft students (70%) experience a shortage 
of study space in the weekend (oraS, 2017, p. 7). the remaining students (30%) expressed 
that there was sufficient study space. While the general consensus of the tU Delft campus 
management is that there was in fact (more than) enough campus space to accommodate 
its students, but the space was not being used efficiently. It was therefore concluded that 
this difference in perception is the result of the findability of study spaces (i.e. study spac-
es need to be found before they can be used). In relation to finding study space, students 
have different preferences and demands of their study spaces relating to their studysubject. 
therefore, it can be argued that students are challenged with finding a study space meeting 
their specific needs.

Scientific gap
Students have difficulties in finding a suitable study spaces which can lead to the percep-
tion that there is insufficient space. therefore a smart tool providing information about study 
space to improve the findability is highly desired. additionally, there is a need to increase 
alignment through user involvement in designing accomodation. real estate managers are 
also missing information about the use of real estate to test and prove the effectiveness of 
real estate interventions. While the use of a smart tool to provide useful information and the 
generation of reliable occupancy data has already been explored, the use and strategic pur-
pose of the generated data has not been research. this exposes a scientific gap which this 
thesis intends to fill.

Preference function modelling already proved its potential in designing accommodation 
strategies However, there is the need to involve a greater number of stakeholders and a need 
to improve the usability of the modelling technique. a smart tool presents opportunities to im-
prove the user involvement in the design of new spaces. as a result of the scientific gap, this 
thesis will explore these opportunities by developing a smart tool which provides information 
on study space while simultaneously generating information to support campus management.

Hypothesis & research objective
the hypothesis is that the described problem can be solved by providing information about 
study spaces with the use of Smart tools. this results in the research objective of: developing 
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a Smart tool that provides information to improve the alignment of space demand and supply 
for both the user and campus management. the research objective is formulated into the fol-
lowing main research question: “How can a Smart tool provide information to align dynamic 
user demand more effectively and efficiently with campus space supply on both the long and 
short term?”. the research is conceptualized in image 2.1.

Image 2.1 Conceptual Model (own illustration)

Part ll metHoDS
the main question of this research can be seen as a design problem, which ultimately leads 
to the design of an artifact: an artificial, man-made object, thing or device (Dym, Little, & 
orwin, 2014, p. 7). therefore an (engineering) design process is used, resulting in an prescrip-
tive model with five phases. output of each design phase serves as input to the next design 
phase linking the five stages of this design process. It starts with the initial problem definition 
and ends with the documentation of the final design.

Design Process

Image 3.3 Design Process (own illustration based  
based on engineering design (Dym, Little, & Orwin, 2014))
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normally design projects start with a problem needing to be solved for a client, typically inthe 
form of a verbal problem statement. However, for this research the problem definition will be 
derived from literature research. Because the problems in current campus management have 
been extensively researched and documented in ‘managing the University campus’(2011) and 
more recently ‘campus nL’ (2016), it became possible to get a clear depiction of contem-
porary Dutch campus management practice. these researches show what the contemporary 
problems relating to campus management are. Similarly, recently there has been a study 
concerning ‘Smart campus tools’ (2016 & 2018) in- and outside the netherlands. this study 
shows which tools are already available for campuses (and commercial organisations), their 
functions and what functionality is currently lacking. During the research however, an inter-
view will be held with campus management to enquire about any additional data/informa-
tion needs.

another vital subject of this research is learning space preferences (i.e. user requirements).
this subject has been extensively studied by a number of researchers, which will serve as a
basis for student preferences. after the initial preferences have been used to design the
prototype, its functioning will be evaluated by students. following this, the students are asked 
about relevant and possible missing preferences, to determine what is important in select-
ing study space. thus, by interviewing the client and users the design is developed and new 
functions can be discovered, making evaluation an integral part of the design process (Dym, 
Little, & orwin, 2014, p. 17).

Data collection
Literature research is used in this research to gain understanding of the design problem and
its users. Hereafter, Smart campus tools for similar problems is researched through literature. 
Literature research is also needed to support the design process in finding a way to solve the 
problem. additionally, researching legal literature will make sure the Smart tool will comply 
with contemporary regulations.

the smart tool will be developed along a iterative sequence of prototype evaluations to sup-
port the design process. User involvement will be established by two prototype evaluations 
evaluations with the use of an interview. for the evaluation of the proposed Smart tool an 
assisted approach is utilized. the users were asked to input their own preferences into the 
system and give feedback on the workflow of this and the results. furthermore, the data 
collection methods task load index and Post-experience interview are used. a task Load In-
dex (tLX) measures cognitive workload by assessing how much mental effort a user expends 
whilst using a prototype or deployed system. Individual Post-experience interviews are a 
quick and inexpensive way to obtain subjective feedback from users based on their practical 
experience of a system or product (maguire, 2001, p. 619).

Part lll LIteratUre StUDY

CREM
real estate management is the continuous process of matching supply (i.e. real estate) with 
demand, which is derived from organisational objectives and primary processes. corporate 
real estate management (crem) is real estate management by an organisation that both 
owns and occupies its real estate. the goal of real estate management is to positively con-
tribute to organisational performance or add value to an organisation by making real estate 
interventions (Den Heijer, 2011, p. 92). this positive influence can occur in four stakeholder 
perspectives. there 12 ways to add value established and five distinct real estate interven-
tions types. 

relating adding value to organisational performance
the process of adding value through real estate is shown by relating the 12 ways to add
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value to the four stakeholder perspectives, which is illustrated in image 4.5. this model is 
based on a more elaborated model of the stakeholders perspectives found in the dissertation 
of Den Heijer (2011). crem (i.e. campus management) is placed in the center of the model. 
from this point cre managers influence the different perspectives through real estate inter-
ventions. these interventions have varying degrees of influence on the perspectives based on 
the scale of the real estate project. Hence, the indication of the quality ambition, number of 
users involved, budget and space types of the project.

Image 4.5 Adding value related to organisational performance

current campus management
the current goals for campus managers mostly include making improvements on organisa-
tional productivity and competitive advantage. Within campus management processes, dif-
ferences in organisational structure and approach can be recognized. campus management 
processes are generally traditional and based on qualitative information.

two distinct strategies to cre alignment are distinguished: involvement-oriented or con-
trol-oriented (or bottom-up and top-down). the two approaches to strategy represent the 
hypothetical extremes of cre alignment, in practice often a combination of the two de-
scribed strategies is used and desirable. In general there is a need for more user involvement 
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within decision making. the proposed smart tool offers alternative and supportive ways of 
communication demand. this can have significant value when involvement oriented strate-
gies are implemented.

a smart tool can be used to solve some of the identified problems in determining demand. 
firstly, a smart tool can help improve the communication of dissatisfactory space. Leading to 
a deceased response time. secondly, the smart tool can see which spaces are utilized more 
than others which can prove to be valuable in improving the rest of the campus. this can lead 
to contributions of the organisational objectives. thirdly, long term utilization data can be 
used to discover patterns and trends in use, which can improve long term thinking.

With regard to the current smart campus tools, several tools have been identified each hav-
ing their own purpose. Still, demands exist for smart tools which support user activities, more 
specifically in finding a study spaces without desktops. the proposed smart tool does this by 
gathering information on user activity, which has not been covered by another smart tool. 
furthermore, for universities using the available infrastructure appears to be most feasible.

Management information
In the past years much more data has already been collected, but there is an additional de-
mand for data on efficiency of real estate (occupancy and frequency rates), user satisfac-
tion, key performance indicators on sustainability issues and any references on effectiveness 
of certain campus models or campus decisions, in terms of costs and benefits for the univer-
sity and ways to involve users in decision making.

If a smart tool will gather data passively about the preferences in each situation, it is ex-
pected that unconscious behaviour is also gathered. additionally, when users are put in ac-
tual situations they will have a realistic response, which will result in a better representation 
of demand. Gathering occupancy and frequency information cannot only provide val-
uable insight of the use of space, but can also be used to inform users for finding available 
study space. With regard to strategic behaviour, a smart tool can still be susceptible to 
this type of behaviour. However, it is expected that if a large amount of users will use the 
smart tool this can be prevented, because more data will lead to a better representation of 
demand. Strategic behaviour of campus management, can still be an issue however. 
If the smart tool is able to give feedback on spaces and a new pilot study is implemented 
this offers way to see how the changes are received. from this point on, lessons can be 
learnt and new decisions can be made to make improvements. By giving the option to 
give feedback on spaces, campus management can be made aware of how users experience 
the current real estate supply. more specifically this can show which spaces are considered 
‘below standards’. additionally, the degree to which spaces are received negatively or posi-
tively by its user gives an indication of the overall user satisfaction.  If a smart tool includes 
the preferences of the individual users of the campus, it can indicate that some functions 
are more frequently needed or more important. Hence, choices can be made to comply with 
these demands by translating them into different levels of scale. In this sense the user is indi-
rectly involved with decisions.

Generating management information is not a straightforward activity (top-down), and that 
technologies do not automatically contribute to deriving effective management information 
(bottom-up), interaction is needed to accomplish the effective management information. 
Data is firstly extracted from the primary process to see where improvements can be made 
or present problems can be solved. additionally, data can be extracted from outside the or-
ganisation to see what affect external influences might have (e.g. economic or demographic 
changes). the data is then transformed into usable information before being provided to the 
decision making process. Data can be transformed into management information according 
to four perspectives: data technology, statistical methods, specification methods and infor-
mation systems.
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Development
for the measurement of preference, a scale needs to be constructed to for each criteria and 
a value for this criteria needs to be assigned on this scale to signify preference. this scale 
enables the transition of an empirical system (e) to a mathematical system (m). 

Image 7.1 Transition of an empirical system (E) to a mathematical system (M) through a scale 
(s)

Using Pfm has the following procedure: Initially, a hierarchy of criteria and the identification 
of the alternatives is needed for the development of Pfm. the scores are then elicited by 
decision makers as preferences for each alternative against each criterion by first establish-
ing reference alternatives. then, the other alternatives are rated relative to these reference 
alternatives on the scale established. thereafter, the decision maker the attaches a weight 
to each criterion. When finally the Pfm algorithm is used to yield an overall preference score 
to evaluate all the alternatives, it can then be ranked accordingly.

relating this to the proposed smart tool, it is not needed to determine alternatives as spaces 
are already existing. therefore, the preference function modelling procedure needs to be 
adapted slightly by using the mathematical function on the spaces as alternatives. thereaf-
ter, the results of the algorithm can then be ranked according to the overall preference score.

to determine the relevant criteria to use in preference function modelling the sub question: 
‘What criteria for study space preferences should be considered in the smart tool?’ is an-
swered in the following paragraph.

the typology of learning space preference attributes was be used to evaluate, but more 
importantly can also to design informal learning spaces. therefore, space design should en-
courage users to reflect on their learning preferences and translate these preferences into 
space selection. as both redevelopment projects and learning spaces research progress, the 
results can be benchmarked which should ultimately lead to practical and proven designs 
being implemented. from the attributes and aspects in the former studies, preferences have 
been selected to use in this research. this will form a basis of criteria used in preference 
function modelling. the results of the chosen preferences to use as criteria are shown in the 
table below.

requirements

retreat/ Interact

Working alone/ collaborate (including nr. students)

Desktop (y/n)

Presentation monitor (y/n)

Preferences

occupancy levels

Distance to current location

Distance to  printers

Distance to  catering (clusters)

Layout (open/closed)

natural light (y/n)
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favourites (determined from record/database)
for the development of the smart tool the processing of information to display is most impor-
tant. for this, information needs to be stored and extracted. this is done by storing the data 
in information systems, for which data modelling is required. Data modeling is a structured 
approach to identify and analyze necessary data components for information systems. a re-
lational database (rDB) is a collective set of multiple data sets organized by tables, records 
and columns.  the two primary areas in which relational databases are used include: opera-
tional systems and BI. operational systems processes transactions and events that occur. for 
this an entity relationship (er) model needs to be built. this model consists of three building 
blocks: entities, relationships, and attributes (Sherman, 2015, p. 179-180). an entity is a per-
son, place, thing, or event about which the business keeps data. Relationships show how 
the entities are related to one another. relationships are the logical links between the en-
tities that represent the business rules or constraints. Attributes are distinct characteristics 
of an entity for which data is needed to capture and maintained in order to understand the 
business. entities can have a relationship towards each other and identifying the relationship 
establishes the parent as a way to identify and classify the child.

Image 7.6 Illustration of an ER model (Sherman, 2015, p. 180)

occupancy detection
In network-based positioning base stations (e.g. access points) capture signals transmitted 
by the mobile devices. a particularly suitable positioning method to use the rSSI is lateration. 
Lateration uses the distances from a mobile devices to multiple base stations (e.g. aPs) in 
order to calculate an intersection point. In multilateration more than 3 base stations are used 
to calculate a point of intersection including elevation (z -axis) of a device. Because a higher 
number of base stations is used, a higher accuracy can also be achieved. 

Image 8.4 Principle of trilateration (Braggaar, 2018)

Because he position or location of the device is based on the rSSI value it becomes a very 
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important measurement. By using a mathematical path-loss model signal strength can be 
translated to a distance estimation. However, in indoor environments the signal is (dynami-
cally) influenced by various objects, human bodies and building elements complicating de-
termination of distance. therefore, mathematical model needs to take into account all of the 
different effects on the signal strength. 

Image 8.6 Influences of radio frequency signals (Callaerts (2016) in Braggaar (2018))

additionally, the captured data needs to be processed by filtering data to only use the rele-
vant data. the data filtering is a crucial process as it is normal with large data collection that 
large amounts of unwanted data is also captured.

Privacy
It was determined that detecting occupancy is considered personal information. therefore, 
to use this one needs to comply with seven main principles discovered in regulation: notice,  
Purpose, consent, Security, Disclosure, access and accountability. to deal with the possible 
privacy issues relating to the described personal data, the mac addresses can be deperson-
alised (anonymized) and encrypted to prevent identification of the associated device. Under 
the principles ‘notice’ and ‘Disclosure’ the data subjects are also required to be notified of 
what is being measured, why and by whom.

Image 9.1 Encryption algorithm (Braggaar, 2018)

In the use of the smart tool it is not expected that users will object to the gathering of per-
sonal information relating to preferences. this is because the values are subjective and can 
easily be changed. the input values also do not say anything personal except for preference, 
something that can not be used against users in any way.
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Part lV reSULtS

Prototype Version 2
as a result of the first user interviews it was established that users had difficulty with un-
derstanding how the system works and which values needed to be entered. therefore, the 
primary focus for version 2 was finding ways to improve understandability and usability of the 
system. one implementation of this, was to improve navigation by having all the input fields 
on the same tab in excel. therefore, User forms were used, allowing to have a better overview 
of the system by preventing the need to switch between tabs, as shown in image 10.8

Image 10.8 Start screen after clicking preference settings button (own illustration)

Database structure
the database structure represent the storage (back end) of information which is needed to 
operate the proposed Smart tool. to visualize this an entity relationship (er) model has been 
constructed in mySQL workbench. the er model shows all the tables relevant to the proposed 
Smart tool. for clarification, sections are made clear by using distinguishable colours, blue 
and red, signifying the geometric data and user settings respectively. an overview of the er 
model is shown in image 10.12.
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Image 10.12 Overview of the ER model (own illustration)

User interface mock-up
a wireframe model is constructed with use of the program Balsamiq. a wireframe is chosen 
in this stage of the design because it does not distract users with commenting on stylistic 
issues (i.e. colour schemes or transitions). Balsamiq allows users to interact with the screens 
allowing them to get an idea of the workflow and how to navigate the mobile application.

Image 10.15 Starting screens (own illustration)

Lessons from the prototype evaluations
It proved to be fruitful to involve the end-users in the design of the system to determine what 
works and what doesn’t and to make the appropriate changes iteratively. this is for example 
shown in the system after facilitating use by putting the input fields on one single tab to avoid 
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navigational issues, implementing a userform to focus the users attention and integrate help 
buttons for guidance. Ultimately, all the students recognized the added value of the tool in 
finding study spaces, which is able to support them in finding study spaces.

Usability
It was made clear that using Preference function modelling is not designed for users on this 
scale but rather in making complex decisions and by generating alternatives. the purest form 
of the method is not desired from a user perspective as it was shown users need considera-
ble (mental) effort to determine their preference values. However, if these values only need 
to be input once the strain on the user is significantly reduced and acceptable. the users 
clearly showed that once they became familiar with the system they were able to more easily 
adapt their preferences. this indicates that there is a level of intuitiveness in the use of the 
smart tool. However, it has become clear that much needs to be gained in terms of usability, 
as the students communicated that they are easily frustrated when something does not work 
accordingly.

Preference criteria
all of the interviewed students indicated that the most important aspects were distance to 
the current location and the occupancy of available spaces. considering the criteria which 
were implemented in the smart tool most were considered important. However, the feedback 
rating was not understood primarily and since users indicated that they would not actively 
participate to give feedback to spaces this might not need to be implemented. furthermore, 
the weight users assigned to the criteria also had differences. Some students laid more em-
phasis to a single criteria whereas others had a more balanced division of weights. 
the former was mostly the case for the criteria occupancy rating and distance to current 
location, which unsurprisingly was also stated to be the most important criteria. overall the 
functional aspects of spaces are considered most important which confirms the research of 
Beckers, van der Voordt, & Dewulf (2016).

Results
considering the results students showed and stated that they would go through a few spaces 
to review them to decide which of the top (5) ranked meets preference most. the location of 
the space is something that was considered important and even more so a way to reach that 
destination, especially in indoor environments. 

Missing link between students, CREM and FM
In general students feel like there is a lack for them to communicate their needs and require-
ments with the ones responsible for the real estate supply.

User satisfaction
In relation to giving feedback ratings of spaces to indicate satisfaction, the users stated that 
they would not use this functionality very often. they indicated two cases in which they would 
use it: when a space dramatically underperforms or doesn’t meet expectations and when a 
space performs exceptionally well. While, if a space performed ‘ok’ or ‘as expected’ the users 
would not be incentivized to give feedback. one student stated that he would give feedback 
about 10% of the cases to indicate the amount he would use giving feedback.

Task Load Index
the task Load Index (tLX) was used to assess the workload on students while using the system.

Part V concLUSIonS
the main research question is answered by developing and designing a smart tool that ena-
bles the interaction between users and real estate. the research proposes a smart tool that 
supports users in finding an appropriate study space based on their preferences. to achieve 
this this Preference function modelling (Pfm) is implemented in a smart tool to calculate 
which of the available spaces correspond most with the user’s preferences. this has been 
realized by constructing an excel model which enables users to input values for several pref-
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erence criteria. Installed on this excel model is a Lagrange function which processes the pref-
erence value input of the user. the Lagrange function is able to output a ranking of spaces 
according to space attributes and the user’s preferences. additionally, the user is presented 
options to filter out any spaces which do not comply with any requirements. for example, if a 
user requires a power outlet there is the option to filter out all the spaces which do not have a 
power outlet. Ultimately, the user is presented with a ranked list of spaces, informing of which 
spaces most comply with his/her preferences. Based on the evaluative interviews it is expect-
ed that this would be able to inform and support users in making a decision on where to study.

the smart tool simultaneously stores the preference input values users enter into the smart 
tool for two purposes, representing the short and long term respectively. the input is stored 
to the user settings to (1) increase usability and prevent the user to fill in his preference values 
every time. Usability is (very) important as it determines whether a (smart) tool will actually 
be used or abandoned. It became clear during prototype evaluation that the initial cognitive 
effort was undesirably high. therefore, to increase the likelihood the smart tool will actually 
be used, it is important to store the input values for later use. this allows use of the smart tool 
without entering the values every single time. While also allowing users to ‘tweak’ their input 
values to represent their preferences more accurately.

the smart tool also gathers the input data of user preferences to (2) analyze at a later mo-
ment. In the case that a large number of campus users utilize the smart tool to find their 
preferred study spaces, a large dataset of campus user preferences can be extracted. the 
stored user data can be analyzed to possibly find new insights on the preferences and behav-
iour of users. It is expected that this will lead to a more accurate representation of demand. 
consequently, this data can be compared to the current campus to see how much supply 
aligns with this demand. all the uses of campus management for this data are described more 
extensively in section 8.6, the ‘added value of the smart tool’.

In conclusion, it can be argued that hypothesis is confirmed and that the by providing de-
scribed problem can be solved by providing information about study spaces with the use 
of smart tools. the findings from the interviews suggest that the proposed smart tool can 
potentially add much value for both the user and campus management. the users generally 
reacted very positive to the concept of the smart tool. this shows that the smart tool will have 
significant value in supporting study space findability when executed correctly. to achieve 
this, usability of the smart tool is crucial for ultimate use. as this research comprises a design 
problem, it is important to realize that design problems can be solved in numerous ways, each 
leading to various results. therefore, this can be seen as one of the possible ways a smart tool 
is able to support users in finding a suitable study space. the benefits of using the proposed 
smart tool is described more specifically in the next section.

Implications to the real estate supply
Since the smart tool is an application to improve the use of real estate, it can also be seen as 
an extension real estate. therefore, the smart tool is related to the ways real estate is able 
to add value to an organisation as described by De Vries (2008) and expanded upon by Den 
Heijer (2011). the smart tool is related to these ways to add value to use as a structure to 
clarify the added value of the smart tool. each of the ways have a symbol beside it indicating 
the degree to which the effect the smart tool has. the symbols include a “=” representing no 
significant effect, “-” representing a negative influence  and a “+” sign to express positive 
effects. In the case that the negative or positive effects are great it is indicated by two sym-
bols. 

relating added value to organisational performance
the process of adding value through real estate is shown by relating the 12 ways to add
value to the four stakeholder perspectives, which is illustrated in the model below (image
8.1).  this model is based on a more elaborated model of the stakeholders perspectives 
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found in the dissertation of Den Heijer (2011). crem (i.e. campus management) is placed in 
the center of the model. from this point cre managers influence the different perspectives 
through real estate interventions. these interventions have varying degrees of influence on 
the perspectives based on the scale of the real estate project. Hence, the indication of the 
quality ambition, number of users involved, budget and space types of the project. 

Image 11.1 Adding value related to organisational performance
It can be seen that the smart tool mostly support the added values in the functional perspec-
tive, by improving the user satisfaction, supporting user activities and increasing flexibility. 
the added values of increasing user satisfaction and supporting user activities is also related 
to some of the added values found in the strategic perspective, which is indicated by the 
arrow. these include improving quality of place, stimulating collaboration and supporting 
organisational image. the added value to increase flexibility is also indirectly related to the 
financial perspective through the  of reducing the footprint of the campus.

Surrounding the perspectives is the performance of the organisation with its related key 
performance indicators. the underlying relations of the key performance indicators are indi-
cated by the arrows. this shows that the functional perspective is related to the productivity 
dimension. In turn, it can be seen that through the productivity, the competitive advantage 
and profitability is influenced.  While sustainable development is able to influence solely the 
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competitive advantage. Because the smart tool is able to support adding value in multiple 
perspectives, it can be argued that it is very likely that the smart tool can have significant 
effect on organisational performance.

Dissemination

Societal relevance
the results of this thesis indicate possibilities for real estate management (and campus man-
agement in particular) to develop information sources on user demands through smart tools. 
the main benefits of this thesis, can be found in the fact that it shows what value the pro-
posed smart tool initially has while also providing value over the long term. Initially it is ex-
pected that it will increase user satisfaction by supporting user activities. Simultaneously the 
smart tool shows ways to generate data to improve the campus. the generated information 
can prove valuable in supporting decision making with respect to indicating which spaces are 
underperforming and what functions are most in demand by users. Because, this information 
is quantified there are also possibilities to analyse the data to make new discoveries about 
what is expected of future demand. furthermore, the principle of using smart tools for both 
supporting users while generating data on their demands can also lead to new developments 
of similarly useful software.

Scientific relevance
the relevance of this thesis in the scientific field primarily exist in the understanding of the 
development of software for real estate management. With these insights it has become 
(more) clear what is possible by using smart tools in both the use of buildings and how to 
generate data to support decision making. the research also showed how Preference func-
tion modelling can be used on a greater scale which can also be used for other purposes. 
furthermore, it can be concluded that the proposed smart tool has a potential to add signif-
icant value to real estate users and management processes. therefore, it becomes valuable 
to extend these principles to discover more potential. 

research Position

Position within Smart Real Estate Management
Since the end result of this thesis is a smart tool which firstly supports campus users in their 
activities it is argued that the smart tool mostly operates in the functional perspective of 
crem. more specifically, this thesis mostly focuses on the product side of smart tools, encom-
passing the needs of end users in the use of such a smart tool. thus, the research has taken 
on a user centric approach, while simultaneously generating data to support real estate 
management decision making. taking this approach has given insight into what is important 
for users in using a smart tool, possibilities with the available sensors and the capabilities of 
software development to support real estate management overall.

Position within Management in the built environment
Since the data generated by the smart tool ultimately focuses on optimizing use of existing 
structures it is argued that, within the master ‘management in the built environment’, this 
thesis is most applicable to real estate management practice. However, the results also 
suggest that smart tools can be implemented to a wide variety of other uses within the built 
environment. this type of smart tool can also be applied to optimize urban development by 
gathering more data on urban areas for example. moreover, for project development the les-
sons learnt from the generated data can also be accumulated over time to integrate it into 
a new project.

recommendations

Find ways to increase usability
though much improvements have been made over the course of this thesis, before the pro-
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posed smart tool is implemented it still needs improvement with regard to usability. the con-
tinuation of the design for the proposes smart tool needs to balanced with regard to the 
benefits for the user and the generation of useful data. researching to which degree both 
ends of information provision is optimized will be a valuable continuation from this point on.

Increase the accuracy of occupancy detection
By increasing the accuracy of occupancy detection in buildings, users can be supported with 
this information more effectively. meaning that occupancy and availability can be deter-
mined on a workplace level, rather than that of its surrounding space. Because the main cri-
terias for users are the availability and occupancy of a study space, improving this can lead 
to a significant value increase. 

Research possibilities on the operational level
By integrating the smart tool with facility management software, users are able to give feed-
back on the operational level on the spaces. It was stated in the interviews that there is a 
need for a less daunting, more approachable way for users to comment on facilities. Po-
tentially, this could improve the time in which facility management can respond to occuring 
problems, allowing facility management operate more effectively and efficiently.

Effect of the smart tool on user behavior
as the smart tool is developed to support user activity, it becomes interesting to see how 
much user behaviour is influenced by use of the smart tool. for example, it is interesting to 
determine how much users will actually use the smart tool in their study life. this can be done 
by analyzing how much unique users return use of the smart tool and how frequent. When use 
of the smart tool decreases or diminishes, users most likely have a good idea of where there 
preferred spaces are and when they are most likely occupied. therefore, it is interesting to 
find how quickly users will cognitively ‘learn’ campus space. By learning it is meant that over 
time users will remember from past experience which study spaces comply with their needs 
and are available at a certain period of time. after the use of the smart tool has declined 
over a period of time and then unexpectedly starts to peak, one can expect this signifies 
moments when students have difficulty or want to be supported in finding a space. the rea-
soning for why that peak in use has occurs can then be analyzed to determine whether it was 
for example caused by business or a real estate intervention.

another aspect which is important with regard to user behaviour, is distribution of users 
among the campus as a result of smart tool use. this is because the distribution of users on 
the campus can inhibit the reduction of space, which can ultimately constrain cost and foot-
print reduction. 

Applicability to commercial organisations
the smart tool is originally designed for a university campus and considers students in its 
functioning. this is evident in the criteria and in the argument that the smart tool is very ap-
plicable to a university environment because students (usually) do not have an assigned work-
spaces. Because several authors argued that the university is increasingly operating similar to 
flexible workspaces it is expected that the proposed smart tool can also be applied to com-
mercial organisations. the same need for individual focus workspaces, group work spaces 
and conference space exist in both commercial organisations and higher education. Because 
the need for information on users by real estate management equally exists in commercial or-
ganisations, it is interesting to see what the differences are between these organisations and 
higher education. this can lead to insight in how one should approach applying the findings 
of this research, to a smart tool for a commercial organisation.
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rePort StrUctUre
this section will provide an overview of the research structure. the research consists of 5  
parts with the following sequence and contents.

Part I forms the introduction to the research. In this part the research subject is introduced 
and its current problems identified. following this, the societal and scientific relevance of 
the research are described. In conclusion the focus of this research is introduced as a con-
tinuation. In the second chapter the research framework is described. this includes a concise 
problem statement following a hypothesis, research objective and its corresponding research 
questions. thereafter, the research is conceptualized by illustration of a conceptual model.

In Part II the methods of the research are described. this includes the methodology chapter 
covering the approach to the research and all the methods used in the research. the second 
half of this chapter includes a research design indicating the structure of the research.

Part lll consist of the literature study. the purpose of the part is to form the basis for the 
model development by answering the specified subquestion. these are arranged beginning 
from conceptual to more technical in the latter half of this part of the research. the intention 
of the findings is this part is to gain understanding of the broader concepts, current manage-
ment processes and software development to ultimately use in the development of the smart 
tool.

Part IV includes the results from the building of the model and the data collection. firstly, 
the process of the Smart tool development is explained. During this the explanation of the 
findings from the prototype evaluations are expressed to demonstrate the iterative design 
approach. In conclusion, the evaluation of the final design is analyzed with use of the meth-
ods described earlier.

Part V represents the conclusion. firstly, general conclusions of the research are made to 
finalize the research. following this are the discussion points which are followed by a recom-
mendation for future research. Lastly, the reflection describes the process, methods, position-
ing within the research subject and ultimate relevance of the research outcomes.
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1. IntroDUctIon
this chapter starts with the (1.1) introduction of the research subject. thereafter the (1.2) in-
centive for research is illustrated by describing the identified problems within the field. after 
this, (1.3) the background is outlined to illustrate the field in which this problem exists. Sub-
sequently, the (1.4) societal and (1.5) scientific relevance is described in more detail. finally, 
the (1.6) scientific gap is defined in the last section with implication for the continuation of 
research.

1.1 Research subject
the graduation subject of this thesis is Smart real estate management. this subject intends 
to tackle problems existing within the field of real estate management by finding and con-
structing appropriate smart tools. It includes finding ways of gathering useful information 
about real estate to support decision making. the ultimate goal is to optimize the use of real 
estate. Several problems have been identified with regard to the findability of space and 
alignment of demand with supply for campus management. these problems are described in 
more detail in the next section signifying the incentive of this research.

1.2 Research Incentive
Digitalisation enables students to study virtually everywhere. However, demand for study 
space on the campus remains high and is even increasing. additionally, students place higher 
demands on the quality and availability of facilities (Valks, arkesteijn, den Heijer, & Van de 
Putte, 2016, p. 15). furthermore, recent research on Dutch campuses (campus nL, 2016) shows 
several conclusions were drawn regarding the use of campus space. 

“One of the big challenges in corporate real estate management (CREM) is reducing the gap 
between the high speed of business and the slow speed of real estate, i.e. between the so-
called dynamic real estate demand and the relatively static real estate supply.” (Arkesteijn, 
2016)

the unpredictable nature of demand for campus space makes it difficult to align demand 
with supply. In Dutch campus management, yearly space demand is derived from the amount 
of student entries and has always been difficult to predict. currently, the total number of en-
tries has become even more difficult to predict due to the increasing number of international 
student entries. In some cases, universities are forced to limit the amount of student entries 
to keep the demand for space to a manageable level. further complicating the problem for 
campus management is the difficulty to determine demand for study space on a day-to-day 
basis. this so-called dynamic demand is dependant on location, time, amount and differ-
ences in preference. If demand for study space is not met it can lead to dissatisfaction with 
the campus space and its corresponding organisation. this was confirmed by a 2015 article 
stating that the tU Delft campus was lacking space to accommodate its students. the article 
stated that  ‘[...]overflowing lecture rooms, a lack of (quiet) study spaces and even some 
lectures being held in movie theaters [...]’ led to dissatisfaction among students (noS, 2015). 
reportedly, it is the result of a student entry increase in several tU Delft faculties. this illus-
trates that, when study space demand is not being met, student satisfaction can be severely 
impacted. In turn, this presents problems for universities to compete in an increasingly com-
petitive environment.

reasons for not being able to comply with campus space demand is also a result of problems 
in finding a suitable study space. this is exemplified by research of oraS (2017), which found 
that there are several issues regarding study space of the tU Delft campus. one of these 
issues was that a large part of tU Delft students (70%) experience a shortage of study space 
in the weekend (oraS, 2017, p. 7). the remaining students (30%) expressed that there was 
sufficient study space. While the general consensus of the tU Delft campus management is 
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that there was in fact (more than) enough campus space to accommodate its students, but 
the space was not being used efficiently. It was therefore concluded that this difference in 
perception is the result of the findability of study spaces (i.e. study spaces need to be found 
before they can be used). furthermore, students have different preferences and demands of 
their study spaces relating to their study subject (oraS, 2017, p. 5). for example, silent study 
spaces are not suitable for students which have group work involved or projects which require 
developing physical objects which need to be discussed. therefore, it can be argue that stu-
dents are challenged with finding a study space meeting their specific needs.

1.3 Background

1.3.1 context
Since 1995 the government has transferred the ownership of the university real estate to the 
universities. this gave the universities the freedom to spend their resources according to their 
own priorities, which greatly improved the speed at which real estate interventions were 
made (den Heijer, 2012, p. 73). Because real estate is very cost intensive there is a lot of (pub-
lic) money involved with real estate investment plans. moreover, real estate costs account for 
9 to 16% of the total costs within the researched universities (algemene rekenkamer, 2016, 
p. 34), building on the importance of proper real estate management (rem) for universities. 
therefore, formerly rem of universities was primarily focused on the reduction of costs. 

However, the transference also presented universities with opportunities to align their real 
estate to the organisation’s primary processes and use real estate for strategic purposes (al-
gemene rekenkamer, 2016, p. 16; den Heijer, 2012, p. 73). therefore, there has been a transi-
tion to a more user centric approach in which ways to add value to the organization through 
real estate are sought (De Vries, 2007, p. 10). combined, Dutch universities are planning to 
invest more than 3 billion in their real estate (Ivho, 2016). reasons for Dutch universities to in-
vest in real estate vary, including the growth of (international) student applications, the need 
to refurbish outdated buildings and the desire to make their real estate more sustainable are 
some examples (algemene rekenkamer, 2016, p. 16).

1.3.2 crem
corporate real estate management (crem) is the discipline which matches the profile of  
university campus management (den Heijer, 2011, p. 90). crem is concerned with develop-
ing a long-term strategy for the real estate portfolio. this involves aligning the needs of its 
users (demand) with the corresponding real estate portfolio (supply) in order to have a well 
functioning organisation. Study space demand is increasingly dynamic (Valks, arkesteijn, den 
Heijer, & Vande Putte, 2016, p. 8) on both a yearly basis (i.e. the number of student entries 
per faculty) and on a daily basis (i.e. daily activity on the campus is difficult to predict). In 
contrast, real estate supply is relatively static (i.e. building projects generally take a long time 
to implement). this requires a profound and up to date understanding of the overall corpo-
rate strategy to identify the future demand for property (Jensen & van der Voordt, 2016, p. 
336). Presenting cre managers with the challenge to both align the real estate portfolio to 
support the organisation’s current business activities, while also being adaptable and flexible 
enough to meet future requirements. this asks the cre manager to predict or forecast future 
requirements based on the best knowledge and analysis at that moment in time. for this it is 
essential to understand the context in which cre decisions are made (appel-meulenbroek & 
Haynes, 2014, p. 48). consequentially, it involves investment planning and feasibility studies, 
for supporting decisions in choosing between alternative options to fulfill future demand 
(Jensen & van der Voordt, 2016, p. 336).

real estate investment plans for the university campus are related to the prognosis of the 
number of student applications, which is important to determine required space and financ-
es. However, estimating the number of student applications has become increasingly difficult 
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due to the increased competitiveness in higher education and more international applica-
tions (algemene rekenkamer, 2016, p. 21). In order to cope with this, a lot of universities want 
to increase the flexibility of their real estate to be able to adjust to the before mentioned 
dynamic space demand. Some of the ways this flexibility can be implemented is through utili-
zation adjustments (i.e. multi-tenant/user concepts or by building modular, phased or adjust-
able) (algemene rekenkamer, 2016, p. 22). However, for knowing how to improve flexibility in 
existing real estate utilization information is essential.

1.4 Societal Relevance

1.4.1 Utilization Information
as stated before, it remains difficult for campus management to determine demand for study 
space on a day-to-day basis. this so-called dynamic demand is dependant on location, time, 
amount and differences in preference. recent research on higher education (De Vries & den 
Heijer, 2004; algemene rekenkamer, 2016, p. 26; Heywood, Kenley, & Waddell, 2009, p. 10; 
Beckers, van der Voordt, & Dewulf, 2015, p. 789) shows that campus management still lacks 
information about the utilization of the campus, including occupancy and frequency ratings 
(Den Heijer, 2011, p. 111). furthermore, the link between real estate, its users and primary pro-
cesses need more attention in general. While demand for study space on the campus remains 
high and students place higher demands on the quality and availability of facilities (Valks, 
arkesteijn, den Heijer, & Van de Putte, 2016, p. 15). making faculties interested in the degree 
in which buildings support or disrupt the primary process of the organisation and to which 
price, relating to the other forms of production: people, capital, technology and information 
(De Vries & den Heijer, 2004, p. 12). this includes how the spaces add value, how spaces are 
utilized and how satisfied its users are. moreover, intangible factors, such as image or em-
ployee satisfaction, are becoming increasingly important because higher education is look-
ing for ways to compete (de Vries, de Jonge, & van der Voordt, 2008, p. 210; de Vries, 2007, 
p. 142). However, universities have little insight of user satisfaction (algemene rekenkamer, 
2016, p. 27). the mentioned missing information is a missed opportunity for real estate man-
agers to test and prove the effectiveness of real estate interventions (De Vries, 2007, p. 10).

1.4.2 Performance measurement
In order to determine the added value of real estate interventions, it is important to measure 
the outcomes and impact of any intervention, ex-post and preferably also ex ante, to use 
as  a business case (Van der Zwart and Van der Voordt, 2015). It is possible to assess how 
well people or facilities perform in relation to these interventions by using clear performance 
indicators. these outcomes can then provide inspiration to achieve higher levels of effec-
tiveness, efficiency, quality, and competitiveness (Jensen & van der Voordt, 2016, p. 341). for 
this it is important to understand and define the cause for a particular performance. Since 
this will give insight into which changes are needed to improve performance. However, it was 
concluded that cause-effect relationships are difficult to prove, due to the amount of inter-
related factors (Jensen & van der Voordt, 2016, p. 342). De Vries, de Jonge, & van der Voordt 
(2008, p. 208-209) concluded that measuring the impact of real estate on organisational 
performance is confronted with three major barriers: firstly, there is a lack of a standard 
definition of organisational performance that covers all relevant aspects of organisation-
al performance. Secondly, it is difficult to quantify the effects of real estate interventions. 
thirdly, the impact of real estate cannot be isolated from the impact of other variables such 
as capital, technology, human resources or Ict, and from the external context.

1.4.3 Study Space findability
explanations for the inadequacy of study space findability include the fact that human orien-
tation is complicated in indoor spaces as it differs significantly from outdoor space. Several 
reason for this have been described by Zlatanova, Liu, Sithole, Zhao, & mortari (2012): the 
orientation is complicated by the existence of multiple levels, smaller spaces relatively and 
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difficulty to get a clear overview of the entire indoor environment. furthermore, clues used to 
orient outdoors (e.g. position of the sun) are missing in indoor environment and indoor spaces 
also tend to have many obstacles (furniture, columns, podiums, etc.).

In the activity of finding a suitable work/study space indoor orientation is complicated even 
further by dynamic occupancy. resulting in situations where it is difficult to determine which 
space is available and where it is. normally a user walks through a building looking for a work 
space to their liking, often somewhere he has worked before and had a good experience. 
over time a user probably has different work spaces that have been used which met the 
user’s preferences to various degrees. If the user’s preferred work spaces also happens to 
be popular among other users, these spaces are most likely occupied often. this can result 
in a frustrated user who either continues to search the building for a work space that does 
meet his preferences or the user mitigates and chooses a space which does not fully meet his 
preferences. Ultimately, this leads to a user who is less satisfied with the space supply. His 
perception can be that there are too few study spaces that meet his preferences or he finds 
them difficult to find as he does not know where they are. the latter is related to the lack of 
information about occupancy and aspects of available study spaces.

1.5 Scientific Relevance

1.5.1 Study Space Information
In the research of Smart tools in university campuses (Valks, arkesteijn, den Heijer, & Van de 
Putte, 2016) it was concluded that usable information about study spaces has high priority for 
student satisfaction. the example was given of a Smart tool that provides information on the 
use of study spaces without a desktop. a smart tool that provides information on the work-
space level is ideal. But, considering the high costs, it is more realistic for university campuses 
to provide information on building section or story level (Valks, arkesteijn, den Heijer, & Vande 
Putte, 2016). thus, it can be concluded that it is important to consider level of information the 
smart tool provides, which can include: time, space or specifics among others.

furthermore, Harrop & turpin (2013, p. 26) stated that ‘space design should encourage users 
to reflect on their learning preferences and translate these preferences into space selection’. 
this suggests that user need to be actively engaged in space selection and  involvement of 
user preferences in designing new spaces. therefore, it becomes relevant to research the 
possibilities of using smart tools to improve the user involvement in the design of new spaces. 
Hence, not only information about study space is highly desired but also information about 
user preference for the involvement in space design.

1.5.2 Preference-based accommodation Strategy (PaS)
a Preference-based accommodation Strategy (PaS) enables cre managers to actually cal-
culate the added value of real estate strategies (De Jonge et al., 2009). the procedure is 
based on Preference function modelling (Pfm). In the evaluation of the pilot study the results 
confirm that people are able to use the PaS design procedure to design more desired real 
estate portfolio designs. additionally, the pilot study has revealed the possibility of combining 
the PaS design procedure to design a real estate portfolio in combination with scheduling, 
leading to schedule optimization. after evaluation participants recommended involving more 
people in the process, especially students and teachers (De Jonge et al., 2009). this implies 
that there is possible value to be discovered by involving a larger number of people in de-
signing accommodation.

1.5.3 theses

Tim van Hoek
tim van Hoek (2016) researched a way to help students find an available study place. With the 
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use of smart tools within the campus portfolio, utilization data enables students to make use 
of this data to find an available study place. He developed a decision support tool for stu-
dents who are deciding where to study. this supports the student on the following variables: 
availability, facilities and preferences (van Hoek, 2016, p. 10). the reason for this was that it 
should lead to higher user satisfaction and an improved utilization rate (i.e. efficiency).

It was also indicated that the gathered data on study space utilization could give real estate 
managers better insight in portfolio use. In turn, this information can be used for making bet-
ter portfolio decisions. However, the thesis mainly focused on supporting users. this indicates 
a research gap of the practical implications of utilization information and how it is able to 
add value to real estate.

Hylke de Visser
De Visser (2015) created a model with the possibility to design portfolio alternatives based 
on preferences. the model enables stakeholders to intuitively design portfolio alternatives by 
means of selecting a set of locations. It provides insight in the average physical values and 
accompanying criteria ratings of the portfolio. to provide feedback on the portfolio design 
in relation to the current portfolio, the model provides the preference rating for the current 
portfolio and the difference in rating with the alternative. for this Preference-based accom-
modation strategy (PaS) is used. By combining quantitative data with qualitative assessment 
a real estate portfolio strategy is suggested by a preference rating. De Visser also states that 
the model does not present physical values and criterion ratings based on individual loca-
tions. (de Visser, 2015, p. 93)

It was concluded that that the developed model and possible application needs to be more 
user friendly in some respects. for example, ‘the model does not provide a visual representa-
tion of the locations on a map, something that could have made the design process more 
insightful for the stakeholders’ (de Visser, 2015, p. 93). Indicating the need of to visualize the 
outcomes to interpret and present the outcomes to stakeholders. therefore, recommendation 
for future research included a focus on the way the outcome of the model is made present-
able.

Kitty Wu
Kitty Wu (2015) researched a method to determine the state of campus management and 
the performance of a university. this was done by determining the maturity level in campus 
management of a university with the use of a maturity model. the basic purpose of a ma-
turity model is to describe a course of action corresponding with a certain maturity stage 
(Wu, 2015, p. 27). the maturity model is meant to be used by policy makers to understand the 
current condition of the campus management as well as their performance level (Wu, 2015, 
p. 97).However, the outcome of the maturity level is a bit constrained which make it harder to 
use. this is because the five stages of maturity are not mutually exclusive and most organiza-
tions exhibit characteristics of multiple stages at the same time (Wu, 2015, p. 101).

Rob Braggaar
rob Braggaar (2018) research the technical side of live occupancy detection and user flows 
within in buildings by using a Wifi positioning system (WPS). the research primarily focuses on 
how to collect building use data for facility management. therefore, the research is mostly 
limited to the reliable detection and processing of occupancy and user flow. Because the 
research concerned a different scientific discipline it did not go into much detail about the 
strategic purpose and value of the gathered information. this exposed a scientific gap which 
this thesis intends to fill. 

1.6 Scientific Gap
thus, the importance of having a good alignment of real estate supply with demand has been 
demonstrated. campus managers are faced by the unpredictability of demand on both a 
yearly and day-to-day basis making it difficult to align the so-called dynamic demand with 



IntroDUctIon   l   6

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

supply. this can lead to university campuses having an insufficient amounts of space leading 
to dissatisfaction. real estate managers are also missing information about the use of real 
estate to test and prove the effectiveness of real estate interventions. additionally, there is 
a need to have a greater user involvement in designing space. as smart tools provide oppor-
tunities to solve these problems, research of how smart tool can contribute can prove very 
valuable.

Students have also difficulties in finding a suitable study spaces which can lead to the per-
ception that there is insufficient space. therefore a smart tool providing information about 
study space to improve the findability is highly desired. While the use of a smart tool to 
provide useful information and the generation of reliable occupancy data has already been 
explored, the use and strategic purpose of the generated data has not been research. this 
exposes a scientific gap which this thesis intends to fill.

Preference function modelling already proved its potential in designing accommodation 
strategies in the PaS research and the thesis of Hylke De Visser. However, there is the need to 
involve a greater number of stakeholders and a need to improve the usability of the modelling 
technique. a smart tool presents opportunities to improve the user involvement in the design 
of new spaces. 

as a result of these findings, this thesis will explore these opportunities by developing a smart 
tool which provides information on study space while simultaneously generating information 
to support campus management. this includes both daily practical information and informa-
tion to support portfolio decision making. 
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2. reSearcH frameWorK
In this chapter the research is set up, starting with (2.1) the formulation of a concise problem 
statement and (2.2) hypothesis followed by (2.3) the research objective. from this (2.4-5) 
the relevant research questions are formulated and (2.6) conceptual model is constructed to 
show the essential concepts of the research and how they relate to each other. 

2.1 Problem statement
there is a lack of information on demand to support campus management in making campus 
space decisions. this includes information on the utilization of space and information on user 
satisfaction. Students also lack information on the availability and aspects of study space 
which causes problems in finding preferred space to study. this can cause frustration and 
dissatisfaction of students, which can ultimately negatively influence the productivity and 
competitive advantage of universities. therefore, it can be argued that there currently is a 
lack of a way to provide information to align dynamic space demand with supply on both the 
long- and short term.

2.2 Hypothesis
the hypothesis is that the described problem can be solved by providing information about 
study spaces with the use of Smart tools (Valks, arkesteijn, den Heijer, & Van de Putte, 2016, p 
18). With regard to the use of the university campus or real estate, the objective is to increase 
both the effectiveness of the alignment of supply and demand while optimizing the efficiency 
of space use. to have better grip on the two terms effectiveness and efficiency, they are both 
defined below.

● Effectiveness is defined as the accuracy and completeness with which users achieve their 
needs. Indicators of effectiveness include match to preferences or quality of solution.

● Efficiency is defined as the relation between (1) the accuracy and completeness with 
which users achieve certain needs and (2) the resources expended in achieving them. In-
dicators of efficiency include amount of space use at a point in time.

Ultimately by having a more effective alignment of users and real estate supply, by taking 
preferences into account, a higher user satisfaction can be achieved (Valks, et al., 2016, p. 
20). Satisfaction, being the users’ comfort with and positive attitudes towards the use of the 
real estate supply. It is assumed that this can be done by implementing a preference func-
tion modelling method on which the user inputs its preferences after a Smart tool is able to 
calculate a selection of available work spaces based on match with preference. additionally, 
if users are confronted with their demands and its costs they might be incentivized to alter 
demand to give a better representation of the actual demand. this can be seen as a feed-
back loop that changes user demand to each particular situation. Simultaneously this can 
generate information for campus management to align supply to demand leading to a more 
effective use of real estate in the long term. 

furthermore, since campus space is rather unique in the number of flexible space types it 
provides opportunities to improve space use efficiency through flexibility and increasing den-
sity. thus, providing an ideal working ground for space sharing with both internal and external 
partners. However, space sharing is only possible if the different work cultures are able to 
coexist (Valks, et al., 2016, p. 20).

2.3 Research Objective
this results in the research objective of developing a Smart tool that provides information to 
improve the alignment of space demand and supply for both the user and campus manage-
ment. the principle is illustrated in image 2.1.
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Image 2.1 Principle of the Smart tool (own illustration)
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2.4 Main Research Question 
the research objective is formulated into the following main research question:

“How can a Smart Tool provide information to align dynamic user demand 
more effectively and efficiently with campus space supply on both the long and 
short term?”

2.5 Subquestions
this main research question is divided into several sub questions to tackle the relevant as-
pects of the research. these sub questions are each linked to the chapters of this thesis.

2.5.1 context
● What is crem? 
● What is the current state of university campus management practice?
● What Smart campus tools currently exist?

2.5.2 management Information
● What management information is needed to improve campus management deci-

sion making? 
● How is management information generated?

2.5.3 (Design) Problem definition
● How can one develop a Smart tool to enable the interaction of real estate and 

users to enable the generation of usable management information?
● What criteria for study space preferences should be considered in the smart tool?

2.5.4 occupancy detection
● How is occupancy detected through an existing Wifi infrastructure?
● What are the privacy issues concerning gathering use data?
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2.6 Conceptual Model

Image 2.2 Conceptual Model (own illustration)

In order to help understand the different concepts and their relation to each other, the 
concepts are translated into the conceptual model in Image 2.2. first the Smart tool at the 
center of it all enables the interaction between the real estate (Supply) and User (Demand). 
By using the Smart tool users are supported in finding an appropriate study space according 
to their preference by showing a selection of suitable study spaces. If the user is not satisfied 
with the results of the selection, he is able to make changes to his demand and choose his 
input accordingly. this signifies the feedback loop in which the demand is changed leading 
to a more effective alignment of the user to the real estate supply at that point in time. Si-
multaneously, through this interaction data is generated which is stored into the real estate 
Intelligence System (reIS) as management Data. this Data serves the purpose to quantify the 
dynamic demand of the Users which can be analyzed over the long (or short) term by the cre 
manager. With this data the actual demand is made explicit on which the cre manager can 
make decisions which can make its real estate more efficient by making changes to maximize 
the utilization. also the data can be used to increase the effectiveness of the real estate 
by making changes to optimally accommodate its Users while considering its preferences. 
Hence, this feedback loop signifies the changes made to the Supply on the basis of the gen-
erated data leading to improved efficiency and effectiveness. Ultimately, this should lead to 
higher satisfaction of the Users.



Image: BKCityGuide 2017/2018Image: BKcityGuide 2017/2018
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3. metHoDoLoGY
In this chapter the research methodology is explained. the various steps and decisions taken 
in the research are exposed, in order for the reader to evaluate the research on logic and 
validity. this chapter will start with (3.1) the explanation of the research strategy, to describe 
the approach to the research. Secondly, (3.2) the research design is described by explana-
tion the process of the research and the specific steps that will be taken. thirdly, (3.3) the 
of data collection methods are described in more detail. Lastly,  (3.4) this chapter will be 
concluded with a list of expected deliverables.

3.1 Research strategy

3.1.1 Deductive
It is important to state what the research strategy is as this will describe the research ap-
proach more systematically. the relation to theory in this research is deductive, as shown in 
image 3.1. In this research a hypothesis is formed from the existing theory. the hypothesis is 
used as a clear statement which is analyzed on truthfulness. to confirm or reject the hypothe-
sis, the data necessary for analysation of the hypothesis is collected. With an outcome on the 
hypothesis, the underlying reasoning for this outcome will be analysed. finally, the outcome 
and reasoning is related to existing theory and some form of revision or addition to theory 
will conclude the research. therefore, the last step involves taking on a inductive approach 
to theory (Bryman, 2012, p.24).

Image 3.1 Deductive theory (Bryman, 2012)

3.1.2 Qualitative
Because the research requires the involvement of clients and users to really understand their 
needs, it becomes important to discover the underlying motivations and needs. for those 
reasons a qualitative approach is chosen. the qualitative approach to research is concerned 
with subjective assessment of attitudes, opinions and behaviour (Kothari, 2004, p. 4).

3.2 Research Design 
the research design is the structure for the execution of the research. It shows the various 
methods for the collection, measurement and analysis of data. the design includes an outline 
of what specific steps are taken, including writing the hypothesis to its operational impli-
cations, concluding with the final analysis of data. the function of the research design is to 
provide the method for collecting relevant evidence with minimal expenditure of effort, time 
and money (Kothari, 2004, p. 14).

3.2.1 operations research
Within the research the most important aspect is the development of the smart tool which will 
be used to test the hypothesis. therefore, the research is considered an applied operations 
research. operations research refers to the application of mathematical, logical and ana-
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lytical techniques for the solution of business problems (also called optimisation problems) 
(Kothari, 2004, p. 6). operations research aims at finding a solution for an immediate prob-
lem facing a society or an organisation (Kothari, 2004, p. 3). 

3.2.2 engineering design
the main question of this research can be seen as a design problem, which ultimately leads 
to the design of an artifact: an artificial, man-made object, thing or device (Dym, Little, & 
orwin, 2014, p. 7). therefore to find a solution for the problem a (engineering) design pro-
cess should be followed. Dym, Little, & orwin define Engineering design as: ‘a systematic, 
intelligent process in which engineers generate, evaluate, and specify solutions for devices, 
systems, or processes whose form(s) and function(s) achieve clients’ objectives and users’ 
needs while satisfying a specified set of constraints’ (2014, p. 7).

Roles
In a design process three “roles” are distinguished with each having their own responsibilities: 
the client, the designer, and the user. the roles are illustrated as a designer–client–user trian-
gle (Image 3.2) which forces to recognize that interests of the three players might diverge. 
these possible consequences of multiple interests can create conflicting obligations, making 
design problems complex (Dym, Little, & orwin, 2014, p. 6).

Image 3.2 designer–client–user triangle (own illustration based on Dym, Little, & Orwin, 
2014)

• The client is a person, group or company that wants a design conceived. It is typical-
ly the client who motivates and presents the starting point for design. often the client 
speaks to the designer on behalf of the intended users. 
• Users are a key player in the design effort because they employ or operate whatever is 
being designed.
•Designers solve the client’s problem in a way that meets the user’s needs. a designer’s 
first task is to to clarify what the client wants and translate it into a form that is useful 
as an engineer. Designers have obligations not only to clients and users, but also to their 
profession and to the public at large (Dym, Little, & orwin, 2014, p. 7).

Within this research campus management is considered as the client, the users of the campus 
are the users and  researcher is the designer. However, in some cases several roles can be 
played by the same person(s) (Dym, Little, & orwin, 2014, p. 4). this is one of those cases, 
as for this thesis the researcher is also a user, enabling greater empathy during the design 
process.
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3.2.3 Design Process

Image 3.3 Design Process (based on engineering design (Dym, Little, & Orwin, 2014))

for the design process an extensive prescriptive model with five phases will be used based 
on the engineering design process described by Dym, Little, & orwin (2014, p. 20). output 
of each design phase serves as input to the next design phase linking the five stages of this 
design process. It starts with the initial problem definition and ends with the documentation 
of the final design. for the use of the model it is important to not lose sight of the original 
objectives, constraints, and functions, giving importance to regular feedback and iteration 
(Dym, Little, & orwin, 2014, p. 23). thus, the model is displayed as a linear model to show 
normal sequence of the five phases but does involve iteration. 

following the Literature research the problem is defined along with the objectives, con-
straints, functions and user requirements. afterwards, a first design is made in the form of a 
prototype in order to establish functionality. In turn, this functionality can be evaluated by the 
end users. following two evaluative steps to involve the client and user in the Preliminary- and 
final Design. When the Design is finalized the design is documented. the steps of the design 
process are described in more detail in the following sections.

3.2.4 Problem definition
normally design projects start with a problem needing to be solved for the client, typically 
in the form of a verbal problem statement. However, for this research the problem definition 
will be derived from literature research. Because the problems in current campus manage-
ment have been extensively researched and documented in ‘managing the University cam-
pus’(2011) and more recently ‘campus nL’ (2016), it became possible to get a clear depiction 
of contemporary Dutch campus management practice. these researches show what the con-
temporary problems relating to campus management are. Similarly, recently there has been 
a study concerning ‘Smart campus tools’ (2016 & 2018) in- and outside the netherlands. this 
study shows which tools are already available for campuses (and commercial organisations), 
their functions and what functionality is currently lacking. During the research however, an 
interview will be held with campus management to enquire about any additional data/infor-
mation needs.

another vital subject of this research is learning space preferences (i.e. user requirements). 
this subject has been extensively studied by a number of researchers, which will serve as a 
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basis for student preferences. after the initial preferences have been used to design the pro-
totype, its functioning will be evaluated by students. following this, the students are asked 
about relevant and possible missing preferences, to determine what is important in selecting 
study space. thus, by interviewing the client and users the design is developed and new func-
tions can be discovered, making evaluation an integral part of the design process (Dym, Little, 
& orwin, 2014, p. 17). How this is done exactly is explained in section 3.3.

Since this is a thesis, the time available is one of the main constraints for this research. So, in 
order to keep the research feasible within the timeframe the functionality of the smart tool 
will be limited. However, some research will be done on the requested functions for the smart 
tool from students and campus management. But since execution of these functions is not 
feasible within the time restriction they will be recommended to be researched hereafter or 
developed later by another design team. the functionalities of the smart tool is made explicit 
in the research Scope.

3.2.5 functions
Understanding the functionality of a design is essential to design successfully (Dym, Little, & 
orwin, 2014, p. 71). to help understand the functionality designers can take a systems view 
and relate functions to transforming an input to an output, also called a functional analysis. 
functions can be categorized as either basic or secondary. a basic function is the specific, 
overall function that must be performed, and secondary functions are functions needed to 
perform the basic function or result from doing the basic function. Secondary functions can 
be categorized as either required or unwanted (Dym, Little, & orwin, 2014, p. 73).

Functional analysis
In this research a black-to-glass box functional analysis will be performed. a black box is a 
graphic of the system or object being designed, showing inputs entering the box and outputs 
leaving it. all identified inputs and outputs should be specified, even undesirable byproducts 
(Dym, Little, & orwin, 2014, p. 73). While describing the different input and output it is de-
sired to use the same level of detail. In relation to this research the transformation of input 
to output by using the smart tool only involves data. therefore it is most important to look at 
information flows. Information flows include the transfer of data transmitted over the internet 
or by wireless connections and can be stored in databases or -warehouses (Dym, Little, & 
orwin, 2014, p. 72).

Within this thesis the conceptual model (2.4) is considered the black box of the smart tool. 
over the course of this research the objective was to make this black box transparent to show 
how input is transformed to output, in the level that is needed for the main functionality of 
smart tool. Graphically, the glass box displays several new boxes within the original (black) 
box, each representing a subfunction that must be performed to support the overall function-
ality (Dym, Little, & orwin, 2014, p. 75). Ways to do this include constructing a entity-relation-
al model as described later in this report.

3.3 Data collection
the several ways for acquiring design knowledge which will be described in this next section, 
comprising of literature study and interviews. all the forms of data collection have been in-
cluded in table 3.1.

3.3.1 Literature research
Literature research is used in this research to gain understanding of the design problem and 
its users. existing Smart campus tools solving similar problems are also analyzed in literature. 
Literature research is also needed to support the design process for developing a smart tool. 
additionally, researching legal literature will make sure the Smart tool will comply with con-
temporary regulations.the subjects of the literature research are listed in table 3.1.
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3.3.2 Interviews
the smart tool will be developed along a iterative sequence of prototype evaluations to sup-
port the design process. User involvement will be established by two prototype evaluations 
evaluations with the use of an interview. the first interview acts as evaluation of the proto-
type and determines requests for the functionality, whereas the second interview is to gauge 
how much the requests have been met. as a result of the results from the interview the design 
is finalized. the process within the interview will be described in more detail in section 3.3.3.

Literature study Interviews

the role and needs of crem User prototype evaluation (and the estab-
lishment of (additional) needs) x2

current campus management practice cre managers (for the establishment of 
(additional) needs)

existing smart campus tools

Business intelligence

Privacy concerns

(Wifi) occupancy detection

Learning space preferences

Table 3.1. Overview of the data collection

3.3.3 Usability evaluation for Iterative User Involvement
Poorly designed systems, which users find difficult to learn or complicated to operate, are 
likely to be underused or abandoned altogether by frustrated users. Users will then return 
to their current working methods, rendering the system useless (maguire, 2001, p. 587).  this 
stresses the importance to consider usability and involve the end-user in the design process. 
therefore, usability is now widely recognized as critical for the success of an interactive 
system or product (Shackel, 1981, 1984; eason, 1984; Whiteside, Bennett & Holtzblatt, 1988; 
fowler, 1991; Shackel, 1991; nielsen, 1994; ISo, 1997b).

Design solutions develop out of logical progression from previous designs, thus going through 
iterative development as they progress. Iteration is defined as “the repeated application of a 
common method or technique at different points in a design process” (Dym & Little, 2004, p. 
26). With the involvement of users in the design process of the proposed Smart tool the usa-
bility will be evaluated at various stages to stimulate iterative development. for this ‘methods 
to support human-centered design’, as described by maguire (2001), are used. 

Prototype Evaluation
mock-ups and simulations of systems are necessary to support an iterative design lifecycle. 
a method to do this is described as prototyping. Prototyping helps to ensure that the product 
will both be usable and will meet the functional needs of the users. furthemore, this helps to 
avoid the costly process of correcting design faults in the later stages of the development 
cycle (maguire, 2001, p. 604). Prototypes can be divided into:

● • Low fidelity prototypes (e.g. mock-up or scripted demonstration) and;
● • High fidelity prototypes (working simulation or operational system).
In the case of developing software prototypes, computer simulations are utilized to provide a 
more realistic mock-up of the system under development. furthermore, end-users are able to 
interact with the prototype to accomplish set tasks and any problems which arise are noted 
(maguire, 2001, p. 609).

evaluating is a very important activity within the system development life cycle. Initially this 
will most likely be done using low fidelity prototypes, following by more sophisticated proto-
types. During each evaluation session user interactions and comments can be recorded on 
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audio- or videotape for later analysis. this can confirm how far user and organizational ob-
jectives have been met as well as provide further information for refining the usability of de-
signs throughout its development. more importantly, critical incidents can be identified which 
are events that represent significant failures of a design. Ultimately, the output of a usability 
evaluation is documented describing the process of testing that was carried out, the results 
obtained, and recommendations for system improvement (maguire, 2001, p. 615).

Usability evaluation can be distinguished into three levels of formality (maguire, 2001, p. 614): 
participative (least formal), assisted (intermediate) and controlled evaluation (most formal). 
a participatory approach includes asking the user for their impressions of a set of screen 
designs, what they think different elements may do, and what they expect the result of their 
next action to be. the user may also be asked to suggest how individual elements could be 
improved. for the assisted approach the user is requested to perform tasks without help and 
is asked to talk aloud, if the user gets stuck the evaluator is able to intervene. the objective 
is to obtain the maximum feedback from the user while trying to maintain as realistic an 
operational environment as possible. In the presence of a fully working system a controlled 
user test is applied, replicating the real world in the test environment as closely as possible. 
this also limits the amount of help a user might get in the real world situation (e.g. possibly 
a manual or a help line). the controlled user test can be used to evaluate whether usability 
requirements have been achieved, for example via the following measures (maguire, 2001, p. 
614):

● • Effectiveness: the degree of success with which users achieve their task goals.
● • Efficiency: the time it takes to complete tasks.
● • Satisfaction: user comfort and acceptability.

for the evaluation of the proposed Smart tool the assisted approach is utilized. this ap-
proach was chosen because of the complexity of the input, and the likelihood that users will 
not understand this initially. Similar to a search engine the system will output a list of results 
based on the highest preference rating. the users were asked to input their own preferences 
into the system and give feedback on the workflow of this and the results.

Assessing Cognitive Workload
measuring cognitive workload involves assessing how much mental effort a user expends
whilst using a prototype or deployed system. this can be obtained from questionnaires such 
as the task Load Index (tLX). the tLX has six scales (mental, physical, temporal, performance, 
effort and frustration) to measure the individual’s perception of what a task has asked of 
them (maguire, 2001, p. 618).

Post-Experience Interviews
Individual Post-experience interviews are a quick and inexpensive way to obtain subjective 
feedback from users based on their practical experience of a system or product (maguire, 
2001, p. 619). as a semi structured interview the user has the freedom to express additional 
views that they feel are important.

3.4 Deliverables
as described by Sherman (2015, p. 56) it is important to classify the determined requirements 
in the following categories: must-have, Should-have, nice-to-have, forget about it. for this 
research the same approach will be used with regard to the functionality of the Smart tool. 
resulting in the following deliverables in table 3.2 below.
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must-have Should-have

Selection model based on preferences, 
requirements (& availability)

net-id integration (Single sign-on)

Preference match selection campus integration (2 or more faculties in 
the database)

Dashboard for data visualisation UI design for mobile app

User-bound preferences (saved)

nice-to-have forget-about-it

Live link for occupancy determination events

Determination availability studyplace level Way-finding

Brightspace schedule integration 3D model

favourites mobile app

Booking system Safety

Table 3.2 Deliverables

Must-have
Within the must-have category it is most important to have a model that is able to make a 
selection of all the spaces based on requirements and availability (i.e. by filtering out the 
spaces which did not met these criteria) firstly. and secondly a selection of the spaces based 
on what the particular user finds most important (i.e. having the highest match with prefer-
ences). as the user will not likely want to fill in his preferences every time he uses the smart 
tool it is desirable to store these preferences for later use. Hence the user-bound prefer-
ences to signify this. this function also has another function, by storing the input of users for 
analysation the demands of users can be determined and analyzed. as this data needs to be 
analyzed a dashboard will help with translating the data to useful information by visualizing 
data. 

Should-have
In the should-have category a net-ID integration as used in tU Delft will help to sign into the 
app more easily. this allows to decrease the threshold users to start using the smart tool as 
it requires less effort to log in. campus integration implies that the multiple or all buildings 
of the tU Delft are in the database of the Smart tool. this allows users to decide to travel to 
a different faculty building for a study space if it meets their specific needs better. Lastly, a 
user interface(UI) design which is able to simulate how the users interact with the smart tool 
and what is important for them to ultimately use it.

Nice-to-Have
In the nice-to-Have category a live link to determine occupancy is actually inherently impor-
tant for the functioning of the smart tool. However, since this is not available and implemen-
tation will take too long it will likely not be included in the research. a derivative of occupan-
cy determination is the availability of study spaces also depending on this same technology. a 
Brightspace integration will be able to show students their schedule and with some additional 
functionality students can be supported in finding the classrooms. favourites implies storing 
the most liked spaces in their personal account or settings, which allows users to easily check 
if theses spaces are available. finally, a booking system will help teachers to reserve spaces 
for meetings etc.

Forget-about-it
Lastly, the forget-about-it category are welcome additions which are simply not feasible or 
of less importance for the smart tool. the first is events which can show users which events 
are available on campus. Wayfinding will guide users across campus and within buildings to 
their selected spaces. While very useful, it is not feasible within the research. Similar to this 



metHoDS   l   18

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

a 3D map of the campus and buildings will most likely navigating the campus but is too tech-
nically difficult to achieve at this point. Similarly, a working mobile application is desired but 
not feasible. finally, functionalities to improve the safety of can prove valuable but are not 
important within this research.



Image: BKCityGuide 2017/2018Image: BKcityGuide 2017/2018
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4. crem
In this chapter the key theory relating to the field of (corporate) real estate management is 
described in order to answer the first subquestion: ‘What is crem?’. In the first section (4.1) 
the definition and objectives of corporate real estate management (crem) are explained. 
the next section (4.2) clarifies the objectives more specifically by defining organisational 
performance. In the third section (4.3), performance measurement is defined and described. 
thereafter, (4.4) the different stakeholders and their perspectives are described.. the fifth 
section (4.5) defines the ways to add value and relates them to organisational performance 
and its different perspectives. and  includes the generation of management information to 
support decision making. then, (4.6) the process of real estate management and accommo-
dation strategy design is explained alongside the DaS frame. finally, (4.7) the subquestion 
will be answered.

4.1 Corporate Real Estate Management (CREM)
real estate management is the continuous process of matching supply (i.e. real estate) with 
demand, which is derived from organisational objectives and primary processes (Den Heijer, 
2011, p. 104). Primary processes of organisations demand a certain quality and quantity of 
real estate (Den Heijer, 2011, p. 103). It is crucial for an organisation to align their real estate 
to support these primary processes while considering the financial consequences and chang-
es in time. the expensive nature of real estate makes it important to have a good real estate 
alignment to optimize organisational operation while minimizing costs. 

corporate real estate management (crem) is real estate management by an organisation 
that both owns and occupies its real estate (Den Heijer, 2011, p. 104). therefore, crem is 
closely related to the processes, the people, the organisation’s culture and the organisa-
tional objectives (De Jonge et al., 2009, p. 21). crem operates between business and real 
estate, connecting the strategic- and operational level (De Jonge, 1994, p.15). It focuses on 
the performance of the organisation (benefits) in relation to the resources that are spent on 
real estate (costs) (Den Heijer, 2011, p. 104). In crem decision making it is important to take 
the interrelationship of resources into account. In a (rapidly) changing context a continuous 
matching process is required to match the dynamic demand and the static supply (De Jonge 
et al., 2009, p. 23). currently, due to the increasing importance of economic goals and the 
growing dependency on private funding in universities, crem theory is most applicable to 
university campus management (Den Heijer, 2011, p. 104).

4.2 Organisational performance
the goal of real estate management is to positively contribute to organisational performance 
or add value to an organisation by making real estate interventions (Den Heijer, 2011, p. 92). 
following management theory, an organisation produces a desired output with a certain 
input. the input consists of the following five resources: human resources, technology, infor-
mation and capital, with the addition of real estate. the output is affected by the available 
resources and organisational characteristics such as the organisation’s culture, structure, 
leadership or objectives. management is responsible for making choices concerning the re-
sources to produce the desired output (de Vries, de Jonge, & van der Voordt, 2008, p. 210). In 
relation to organisational performance, real estate interventions make changes to real estate 
(input) which influences performance (output) (Den Heijer, 2011, p. 243). 

three performance indicators have been identified which are related to different stakehold-
ers. the performance indicators include: Productivity, profitability, competitive advantage 
and sustainable development. to specify, profitability is defined as the difference between 
benefits and costs. competitive advantage has been defined as the (developments in) mar-
ket share, and productivity as the ratio of output/input. of the performance indicators, pro-
ductivity is the most difficult to quantify, especially if the organisation concerned is a centre 
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of expertise, a service provider or an educational institute (de Vries, de Jonge, & van der 
Voordt, 2008, p. 210). the input - process - output principle and organisational performance 
are combined in image 4.1. thus, it is assumed that real estate interventions impact perfor-
mance which should show in changes of the performance indicators. 

additionally, multiple levels of performance can also be distinguished: the input side consists 
of the levels: areas (city- region), portfolio (campus), buildings and places, while the output 
side of: organizational, individual and societal, adding to the complexity of real estate de-
cisions. 

 
Image 4.1 Conceptual model of the input - process - output in relation to organisationalp
erformance (own illustration based on de Vries, de Jonge, & van der Voordt, 2008, p. 211)

4.3 Performance Measurement
Performance measurement is defined as the process of translating the strategy of an organ-
isation into concrete objectives to evaluate the achievement of those objectives (Lindholm, 
2008, p. 24). It focuses on communicating, guiding and controlling objectives of the primary 
processes to focus efforts towards achieving the established objectives. Performance meas-
urement is described by neely et al. (1995 in Lindholm, 2008, p. 24) as the process of quanti-
fying action, where measurement is the process of quantification and action correlates with 
performance. consequently, the performance of the action is related to a certain efficiency 
and effectiveness. Performance measures are the means for determining the status of a 
success factor, for which multiple measures can be used to assess a single success factor. a 
performance measurement system (PmS) represents a set of strategically important perfor-
mance measures. 

for performance measurement a distinction between measures and indicators is made by Ho 
et al. (2000, in Lindholm, 2008, p. 24). While measures represent the (internal) scale of the 
organisation, (key performance) indicators represent figures to enable comparison between 
(external) organisations. Performance measurements are directly measurable items, (e.g. to-
tal expenses or real estate particulars, such as occupancy costs, gross floor area, etc.), while 
performance indicators are data obtained by measuring expenses of real estate particulars 
against certain metrics (e.g. occupancy cost per employee, occupancy cost per square feet, 
ratio of gross floor area, etc.) (Lindholm, 2008, p. 24). measurements of the key performance 
indicators can then be used to quantitatively assess whether real estate decisions are having 
the desired effect on the (financial) success of the organisation (Lindholm, 2008, p. 50).

4.3.1 management information
thus, as KPIs can be used to measure the performance at different moments in time (e.g. past 
and current) the outcome and impact of any intervention can be determined, ex-post. this 
forms the basis for generating management information which are needed to support real es-
tate investment decision making (Image 4.2). meaning, performance measurement can also 
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be used to determine expected impact on performance ex ante, to use as a business case 
(Van der Zwart and Van der Voordt, 2015). Data on performance variables on the output side 
and data on real estate variables on the input side needs to be collected to generate KPIs. 
the main sources of data are simultaneously the processes that are being supported by the 
management information, making the process of generating management information cyclic. 

Image 4.2 Process of adding value to performance as the basis for generating manage
ment information (Den Heijer, 2011, p. 113)

following the changes of KPIs over time, patterns and relations can be discovered which can 
not only help management practice, but also management theory (Den Heijer, 2011, p. 101-
102). KPI’s can also be used to measure performance in relation to other organisation (i.e. 
benchmark studies). this requires comparative reference information of other organisations 
on the selected KPI’s (Den Heijer, 2011, p. 101).

However, effects of equal real estate interventions on performance are hard to determine. 
this is because of the uniqueness of organisations and real estate, and the many direct and 
indirect influences of real estate on performance resulting in a complex set of interrelation-
ships. therefore, real estate intervention effects rarely yield the same results and are difficult 
to isolate from other factors that might influence performance (Den Heijer, 2011, p. 99). If an 
organisation does not take into account the complexity of these interrelations, it can lead to 
(negative) side effects (Vries, 2007, p. 325). 

thus, the management information can be used to make business cases for real estate inter-
ventions, but it remains difficult to predict what its effects will be on performance.

4.4 Stakeholders
Within real estate management four stakeholders have been determined, being (1) Policy 
makers, (2) users, (3) controllers, and (4) technical managers, (Den Heijer, 2008). crem re-
quires real estate decision making by incorporating the interests of the different stakehold-
ers involved. these interests are weighed with the consideration of time, as a result of the 
ever changing demand (accommodation requirements) and obsolescence of supply (existing 
accommodation). Ultimately the costs and benefits are weighed to make decisions. further-
more, crem is required to involve these stakeholders in various steps of the decision making 
process, by informing them (passive) or making them participate (active).
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  Image 4.3 The different perspectives of stakeholders, distinguished in four quarters (own
illustration based on Den Heijer (2011)

In image 4.3, the different perspectives of stakeholders are distinguished in four quarters. 
the perspectives are connected to a certain focus shown above and beside the quarters. the 
horizontal axis focuses on the institution (demand) or real estate (supply) perspectives. on 
the vertical axis the focus is either on the strategic or operational level (Den Heijer, 2011, p. 
106). 

Different aspects are relevant for the perspectives in the decision making process. the most 
important aspects per perspective are (Den Heijer, 2011, p. 107): 
• Physical perspective: the quantity and quality of current and future campus, including loca-
tion characteristics, types of spaces condition and age of the buildings
• Functional perspective: the number and types of users that have to be accommodated, the 
satisfaction about the current campus, occupancy and frequency rates.
• Financial perspective: cost of campus investments, resources that are spent on real estate 
and the value the campus represents
• Strategic perspective: The extent that institutional goals on education, research, human 
resources and valuation of knowledge supported, achieved or obstructed in the current real 
estate portfolio

Because different stakeholders have different objectives, they each have their own set of 
KPIs. Interestingly, Den Heijer added a fourth performance indicator to the physical perspec-
tive, sustainable development. Sustainable development indicates the footprint on the envi-
ronment in terms of co2 emission and amount of space. a list showing the different KPIs for 
each of the stakeholder perspectives of universities is shown in image 4.4.

Image 4.4 Key Performance Indicators (KPIs) for university performance (Den Heijer, 2011)
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4.5 Adding Value
De Vries (2007) distinguished ten ways in which real estate can contribute to performance, 
elaborating on the ‘seven ways of adding value in former crem theory by De Jonge (1994). 
thereafter, this has been expanded upon by Den Heijer (2011) to twelve ways of adding value. 
the twelve interrelated ways of adding value can also be called real estate goals or objec-
tives. In theory, every corporate real estate decision can be related to at least one of these 
goals (Den Heijer, 2011, p. 98). furthermore, the hierarchy of the twelve ways to add value can 
be used as a tool to support the process of making a decision in relation to the objectives of 
the organisation (Den Heijer, 2011, p. 244). the twelve ways to add value through real estate 
are listed in table 4.2.

12 ways to add value through real estate

1. Increasing real estate value 7. Supporting image

2. controlling risk 8. Supporting culture

3. Decreasing costs 9. Stimulating collaboration

4. Increasing flexibility 10. Stimulating innovation

5. Supporting user activities 11. Improving quality of place

6. Increasing user satisfaction 12. reducing footprint

Table 4.1 twelve ways to add value

4.5.1 real estate Interventions
By combining the results of several scientific studies considering real estate interventions, five 
distinct real estate intervention types were established. these are included in table 4.2. In 
turn these can have influence on organisational performance through the twelve ways to add 
value (table 4.1), as described in the next previous section.

Types of real estate interventions

maintenance functional adjustment reshuffling

(partial) renovation new building

Table 4.2 five real estate intervention types

4.5.2 relating adding value to organisational performance
the process of adding value through real estate is shown by relating the 12 ways to add value 
to the four stakeholder perspectives, which is illustrated in the model below (image 4.5). this 
model is based on a more elaborated model of the stakeholders perspectives found in the 
dissertation of Den Heijer (2011). crem (i.e. campus management) is placed in the center of 
the model. from this point cre managers influence the different perspectives through real 
estate interventions. these interventions have varying degrees of influence on the perspec-
tives based on the scale of the real estate project. Hence, the indication of the quality ambi-
tion, number of users involved, budget and space types of the project. 
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Image 4.5 Adding value to organisational performance 
(own illustration based on (Den Heijer, 2011))

the added values of increasing user satisfaction and supporting user activities is also related 
to some of the added values found in the strategic perspective, which is indicated by the 
arrow. these include improving quality of place, stimulating collaboration and supporting 
organisational image. the added value to increase flexibility is also indirectly related to the 
financial perspective through the added value of reducing the footprint of the campus.

Surrounding the perspectives are the performance of the organisation with its related key 
performance indicators. the underlying relations of the key performance indicators are indi-
cated by the arrows. this shows that the functional perspective is related to the productivity 
dimension. In turn, it can be seen that through the productivity, the competitive advantage 
and profitability is influenced. While sustainable development is able to influence solely the 
competitive advantage.

4.6 DAS Frame
the Designing an accommodation Strategy (DaS) framework is an abstract model that de-
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scribes demand, supply and match (De Jonge et al., 2009, p. 98). the framework provides a 
structure and clarifies the process for designing accommodation strategies for real estate. 
as a result of using the framework, time should be reduced and quality of the designed strat-
egy should be increased. Key issues in the framework are four main steering events (De Jonge 
et al., 2009, p. 36): 

1. Assessing current supply: determine the mismatch between current demand and current 
supply;

2. Exploring changing demand: determine the mismatch between future demand and cur-
rent supply;

3. Generating future models: design, evaluate and select solutions for the mismatch;
4. Defining projects to transform: planning the transformation of current supply into select-

ed future supply.

Image 4.6 DAS Frame (own illustration based on (De Jonge et al., 2009))

Designing accommodation strategies is a response to organisational demand in relation to 
the current real estate supply. Because each real estate object is unique within a certain 
context it is hard to make procedures for each situation. therefore the information forms the 
basis for problem analysis which, in turn, is converted to workable solutions. Implying that 
strategy design, in other words the transition from problem to solution, takes place in a black 
box (De Jonge et al., 2009, p. 87).

the design process is iterative by nature: it involves a succession of analysis and synthesis, 
aiming to find a match between demand and supply (De Jonge et al., 2009, p. 37). In the case 
that there is a mismatch one might search for solutions that can be applied to the supply or 
adjustments can be applied to demand. the actual accommodation strategy is defined at the 
end of this process (Dewulf, Den Heijer et al. 1999).

an accommodation strategy can be developed at different levels of scale within different 
time frames and faced with different contexts. there can be chosen to target an entire real 
estate portfolio or a single building (De Jonge et al., 2009, p. 37).

1. assessing current situation
In the first phase the alignment of current demand & current supply is determined.
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Image 4.7 DAS Frame (own illustration based on (De Jonge et al., 2009))

the following steps lead to the determination of alignment:
a. Inventorying current space need and use (current demand);
b. Quality and quantity of the current supply at building and portfolio level (current supply);
c. comparing current supply and demand to determine alignment.

a. Inventorying current space need and use (current demand)
the phase is started by making an inventory of the stakeholder problems in the current sit-
uation (a subjective analysis). the result of this step is a compact overview of all relevant 
stakeholders and their problem(s) with respect to real estate. this helps the cre manager to 
become aware of the overall problems per object as well as the problems on the different 
aspects, like quality, quantity and costs. after thorough analysis, the cre manager becomes 
fully aware of the organisation and its real estate (De Jonge et al., 2009, p. 39). 

b. Quality and quantity of the current supply 
Describing current supply can result in a very detailed analysis of all kinds of aspects: tech-
nical state, m2, capacity, qualities, location, available services etc (De Jonge et al., 2009, p. 
39). Descriptions of quantities are supported by stating the added values to the accommo-
dation.

c. Mismatch (if applicable) as a problem statement 
after the same type of data on both demand and supply side is collected, it becomes possi-
ble to compare the data and draw objective conclusions. It is essential to use standards for 
some subjects (space use, occupancy cost etc.) to judge whether a price and/or space use 
is relatively high or low. to establish standards a benchmark study is usually applied. 

2. exploring changing demand
the next phase compares the estimated future requirements (demand) with the current sup-
ply. changes in an organisation’s ambitions or space requirements are caused by internal and 
external developments. an analysis of these changes leads to a qualitative and quantitative 
description of the organisation’s future space requirements. these requirements are often ex-
pressed in ranges (minimum-maximum) and require a modular and flexible solution (supply) to 
deal with uncertainty of the future. not only uncertainty of the future, but also the difference 
in time frames of organisations (3 to 5 years) and real estate (10 to 50 years) complicates real 
estate decision making (De Jonge et al., 2009, p. 40). the phase is concluded with a problem 
analysis in which the future accommodation mismatch is estimated in the case that supply is 
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kept at its current state.

Image 4.8 DAS Frame (own illustration based on (De Jonge et al., 2009))

a.  Changes in space demand and strategic choice
In order to translate the organisational objectives into changing space demand, the strategic 
choices need to be made more specific by using performance criteria. In other words, the 
impact of the developments on amount of square meters, finances, users and objectives from 
both the supply and demand side, is specified. not only do the various kinds of developments 
need to be evaluated on impact, the possibility to influence the developments also needs 
to be considered. from these considerations strategic choices are made for the real estate 
portfolio, either by making a custom strategy or choosing a standard strategy. tools for mak-
ing these strategic choices include scenario variables from ‘Scenario Planning’ (Dewulf, Den 
Heijer et al. 1999: 49). 

b.  Strategic vision in key words
a strategic vision is the best accommodation the visionary can wish for, often mostly based 
on intuition. to develop this vision an analysis of comparable organization can be used as a 
starting point. the strategic vision can applied to different scales: the whole portfolio or an 
individual building.

c. Future demands create a solution space
a strategic vision usually has an abstract, qualitative character. However, it is important to 
translate this into quantitative data, even if it requires to make a lot of assumptions. current 
demand can be used as a starting point, from there the future demand is assumed to be more 
or less than(including amount) or the same as the demand previously defined.

d. Future mismatch (if applicable) as a problem statement
Possible developments and problems are analysed following the comparison of future de-
mand with current supply. Hereafter, the analysis is translated into a problem statement. 

3. Generating future models
In the third phase alternatives are designed and related to the corresponding strategic choic-
es. following the former phase of defining the future supply to match the future demand with, 
alternatives for the future supply are designed and evaluated. When designing the alterna-
tives it is important to consider relevant possibilities and involve stakeholders. During this pro-
cess stakeholders might rethink their objectives by returning and altering the previous phase. 
If an alternative is selected, considering all costs, benefits and risks it can be specified and 
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implemented in the following phase.

 
Image 4.9 DAS Frame (own illustration based on (De Jonge et al., 2009))

a.  Exploring possible solutions
Subsequent to the problem analysis, alternative solutions are designed. each alternative 
should be assessed in terms of costs and benefits as well as contribution to its primary ob-
jective. this includes weighing added values of alternatives to organisational or societal 
objectives, using reason and intuition. Uncertainties associated with changing demand com-
plicates the selection of possible solutions.  

b. Evaluation by all stakeholders
the objective of the assessment process is to design the most optimal future supply consid-
ering all stakeholders in the long term. the criteria to assess the solution are set when the 
stakeholders’ demands are defined, making the possibility to define a generic set of criteria 
impossible. 

4. Defining projects to transform
the final phase deals primarily with implementing the selected solution of the former phase 
while considering specifications in time and resources. When considering resources it is pos-
sible for the crem to reconsider the solution and generate a better solution. 
the transition of the current supply to the future supply is then specified in a step by step 
plan. this plan describes the main changes to the portfolio and to the different buildings and 
is supported by a time schedule and a financial plan. 

During implementation, developments or sudden events can change demand, supply, objec-
tives and/or the financial context. In order to deal with these sudden changes the organi-
sation should always be prepared to change its accommodation strategy at any given time. 
therefore the planning cycle is iterative and can require repeated use of the DaS framework 
to align the accommodation strategy to its context. With a more dynamic strategic context, 
the accommodation strategy can be and is often less specified. furthermore, the design 
process takes more or less time depending on available data, size of real estate portfolio, 
number of constraints and dynamics of future demand (De Jonge et al., 2009, p. 44).
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Image 4.10 DAS Frame (own illustration based on (De Jonge et al., 2009))

4.7 Conclusion
on the basis of the findings is can be concluded on “What is crem?”. real estate manage-
ment is the continuous process of matching supply (i.e. real estate) with demand, which is de-
rived from organisational objectives and primary processes. corporate real estate manage-
ment (crem) is real estate management by an organisation that both owns and occupies its 
real estate. the goal of real estate management is to positively contribute to organisational 
performance or add value to an organisation by making real estate interventions (Den Heijer, 
2011, p. 92). this positive influence can occur in four stakeholder perspectives. there 12 ways 
to add value established and five distinct real estate interventions types. 

the models and findings in this chapter can be used to structure the added value of the smart 
tool, as the smart tool can be seen as form of real estate intervention. furthermore, the DaS 
frame can serve as structure to see how the smart tool can provide benefits within real estate 
management processes. for this, the processes specific to (corporate) real estate manage-
ment of the university campus are specified in the next chapter.
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5. cUrrent camPUS manaGement
this chapter will continue the literature study by explaining the findings related to current 
campus management. the objective of this chapter is to answer the sub questions: ‘What is 
the current state of university campus management practice?’ & ‘What Smart campus tools 
currently exist?’. the first section will start by (5.1) describing the main university goals among 
universities. thereafter, the (5.2) processes are explored to see which approaches are pos-
sible. after this, the third section (5.3) will describe the processes of campus management 
in more detail by using the structure of the DaS frame. the fourth section (5.4) explores the 
existing smart campus tools. Lastly, (5.5) in the conclusion the findings are described and sub 
questions answered.

5.1 University Campus Goals
In this section the most prevalent ways campus management seeks to contribute to organisa-
tional performance are explored. Den Heijer (2002) research the hierarchy of organisational 
goals for the (Dutch) campus. to determine this a qualitative framework was used involving a 
series of questionnaires. a list of goals (shown in image 5.1) varying from goals that focus on 
efficiency (bottom) to goals that focus on effectiveness (top) was formed. the goals include 
technical, financial and functional aspects besides organisational aspects (Den Heijer, 2011, 
p. 132).

Image 5.1 Goals for University campuses (Den Heijer, 2011, p. 132)

this list was presented to Dutch campus managers to determine what the campus goals were 
and which priority they had. Goals scoring the highest, thus on average having the highest 
priority were (Den Heijer, 2011, p. 144):

1. Support user goals more effectively
2. Support identity university/ attract more students & staff members
3. achieve minimum quality for use permit
4. accommodating growth
5. Increase occupancy and frequency rates

When these goals were related to the performance of the organisation it demonstrated that 
campus strategies aimed at ‘improving productivity’ first and ‘competitive advantage’ sec-
ond. these goals were also linked to the ten ways of adding value. While ‘supporting user 
activities’ and ‘supporting image’ had the highest scores they were also related and influ-
enced by the other means to add value e.g. ‘stimulating innovation’ and ‘increasing user sat-
isfaction’. these finding can provide valuable insight for the added value of the tool as the 
implementation of the smart tool is considered a real estate intervention.
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5.2 Approaches to CRE alignment
Within the process of cre alignment different approaches to management have been distin-
guished by Beckers & van der Voordt (2014) including different ways to deal with communi-
cation and decision making in higher education.

5.2.1 organisational Structure
relating to the four stakeholder perspectives, a distinction of four categories of internal 
stakeholders has been made in Dutch higher education :

● • Top management: consisting of the executive board;
● • Middle management: academy directors, institute directors, program directors;
● • Teachers and staff; 
● • Students.
top and middle management are called clients and customers respectively, while students, 
teachers and staff are considered the end-users. Since cre managers are able to get 
into contact with management functions or teachers and staff more easily, it can be more 
straightforward to specify their requirements. contrastingly, because the student population 
is large and considered increasingly divers it can be harder to determine the needs from this 
category. Students make up the majority of the internal stakeholders in higher education 
(91.5%), while the other categories represent just 8.5% of the stakeholders (Beckers & van der 
Voordt, 2014, p. 5).

additionally, it is also important to take into account the size of the organisation for the 
alignment of real estate. In smaller organisations the difference between the operational and 
strategic level is much narrower in relation to bigger organisation. alignment of maintenance 
and the functional adaptations following demand changes are less impactful for smaller or-
ganisations. moreover, stakeholders and crucial considerations in smaller organisations are 
less divers, making the effects of taken actions more clear, ultimately leading to an easier 
alignment. contrastingly, in larger organisations it becomes especially important to consid-
er the (side) effects of decisions, for all involved. for this, it becomes necessary to become 
aware of the performance of real estate interventions on both the strategic and operational 
level (Vries, 2007, p. 339).

5.2.2 Stakeholder Involvement Processes
Stakeholders are involved by managing cooperation and communication between stakehold-
ers of the demand and supply side for appropriate cre alignment. Several activities, in-
cluding accommodation management, large projects and maintenance were explained by 
relating them to the involved stakeholders, what type of analysis is used to explicate demands 
and with what frequency this occurs (Beckers & van der Voordt, 2014, p. 8). an overview of 
the processes to determine demand is shown in table x. It was made clear that demand is 
analysed by asking, surveying satisfaction (ex post) real estate interventions and occasional 
conversations with clients, customers or end-users to check for e.g. complaints. Satisfaction 
surveys can be done by using e.g. instruments as WoDI (werkomgevingdiagnose-instrument). 
WoDI enables the evaluation of satisfaction in relation to real estate aspects as: the indoor 
climate, quality and availability of self study space, educational space and facilities (Vries, 
2007, p. 346). However, it was concluded that stakeholder involvement concerning the cre 
alignment process lacks structure and that communication between demand and supply side 
is mainly based on traditional approaches (Beckers & van der Voordt, 2014, p. 9).
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activity Involved (internal) 
stakeholders

Demand analysis frequency

accommodation 
management

executive board and 
middle management

account manage-
ment meetings

occasionally (when 
needed)

accommodation 
management

end users Surveying satisfac-
tion

annually

Projects (large reno-
vations or construc-
tion projects)

Large representa-
tion (internal) stake-
holders, students 
less involved

Project teams/focus 
groups

Structural during the 
project

maintenance executive board Budget meetings annually

Table 5.1 Types of stakeholder involvement

5.2.3 Determining Demand
regarding collecting information for the determination of needs and requirements (demand) 
in higher education three main aspects have been distinguished. firstly, stakeholders have 
difficulty to think of or formulate what it is they want but can easily describe what they don’t 
want. this relates to with the what Sundstrum (1986) described as dissatisfiers. Sundstrom 
(1986 in Vries, 2007, p. 86) distinguished two types of factors which influence employees sat-
isfaction: satisfiers and dissatisfiers. the physical environment is acknowledged as a dissat-
isfying factor. meaning that if no problems are apparent it is experienced as positive, while 
when it doesn’t meet requirements it can strongly decrease performance and cause dissatis-
faction (Vries, 2007, p. 340). as a result requirements are often derived from dissatisfaction 
with the current situation. Secondly, since dissatisfaction often leads to formulating require-
ments in operational solutions, while ways to improve performance to enable contribution 
to organisational objectives get less attention. thirdly, demand is mostly determined for the 
short term and lack focus on future needs. It was stated that while crem requires long term 
thinking, it is difficult to align real estate with the dynamics in education (Beckers & van der 
Voordt, 2014, p. 7).

a smart tool can be used to solve some of the identified problems. In relation to the first 
aspect, a smart tool can help improve the communication of dissatisfactory space. Leading 
to a deceased response time. regarding the second aspect, the smart tool can see which 
spaces are utilized more than others which can prove to be valuable in improving the rest of 
the campus. this can lead to contributions of the organisational objectives. considering the 
last aspect, a smart tool can provide long term utilization data. this can be used to discover 
patterns and trends in use, which can improve long term thinking.

5.2.4 Power distribution and resource allocation
considering decision making, a factor which strongly influences the way organisation and 
cre manager make decisions is related to the power distribution between various stake-
holders involved in the cre alignment process. for this two opposite approaches to decision 
making have been recognized: advisory or directive. a cre department can take on a adviso-
ry approach by consulting the client for the translation of demands into cre operating solu-
tions, while keeping the client as the ultimate decision maker. the benefit of this approach is 
that it allows cre solutions to derive from the primary processes, leading to a greater focus 
on performance.contrastingly, the cre department can also take the directive approach in 
which customers can request changes to the accommodation. In turn the cre department 
considers the requests with support of the client and can decide whether that request will be 
granted. the benefit of this is that it enables to consider projects more in terms of organisa-
tional contribution over the long term.

the advisory or directive approach also translates to the allocation of finances, for which two 
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different approaches showed: finances allocated a by the executive board or by the cre 
executive or the transfer of finances to lower organizational levels (e.g. managers of acade-
mies, faculties, course directors). the first approach mostly uses standards or norms for space 
use to benchmark the allocation of financial resources while the second approach requires 
organisational units to pay for use of their accommodation with commissioned finances.

5.2.5 control- vs involvement
Generally, the above described approaches result in two distinct strategies to cre align-
ment: involvement-oriented or control-oriented (Beckers & van der Voordt, 2014, p. 12). the 
two approaches to strategy represent the hypothetical extremes of cre alignment, in prac-
tice often a combination of the two described strategies is used. 

the control oriented strategy can be described as a top down approach in which respon-
sibilities, power and often also the financial resources are allocated to the strategic crem 
level. the cre strategy directly derives from the corporate strategy after which the imple-
mentations are translated to the operational level. there is clear hierarchy in this strategy as 
communication between demand and supply is mainly organized at the strategic level. this 
means that middle management is responsible for analyzing and presenting demand for the 
primary processes to the executive board.

In involvement oriented strategies a bottom-up approach is used where responsibilities, pow-
er and often also the financial resources are allocated to lower levels in the organization. In 
this approach real estate interventions are a direct consequence of the primary processes 
and activities. Since stakeholders have more power it becomes more important to organize 
and arrange communication with the involved stakeholders to steer towards organisational 
objectives. the proposed smart tool offers alternative and supportive ways of communication 
to how demand is organized. this can have significant value when these involvement oriented 
strategies are implemented.

5.3 Current Campus Management Practice
this next section will explore current university campus management with the use of the pre-
viously described steps of the DaS frame. With each step the current approach to decision 
making is described including some of the challenges that occur during the processes in-
volved. In general, it is noted that decision makers need management information for the var-
ious steps in this process, while continuously considering the four stakeholder perspectives: 
strategic, financial, functional and physical and relating to their key performance indicators 
(KPIs) (Den Heijer, 2011).

the DaS frame prescribes a certain sequence of steps, yet practice shows that campus man-
agement processes often start with the fourth step of defining projects. this is often the 
result of demands becoming apparent (e.g. a building becomes outdated and needs to be 
renovated, a faculty needing more space to accomodate students or new campus facilities 
are required to enter international research challenges). Despite this, most campus managers 
have acknowledged that it is favorable to follow the sequence of the DaS frame, defining 
projects as a result of step 2 assessing changing demand and step 3 of developing a strategy 
for the campus (Den Heijer, 2011).

5.3.1 assessing the current situation
for assessing the current situation information is needed to determine whether demands for 
real estate supply are being met. for this assessment it is important to consider the demands 
of all four stakeholder perspectives as previously described. to do this information is gathered 
internally to see how much alignment is achieved, but also by benchmarking the real estate 
supply with comparable organisations to determine performance of real estate. the history 
that led up to how campus management currently assesses the current situation is explained 
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in the following paragraphs.

Before the transfer of campus ownership to universities in 1995, campus management was  
mainly responsible for maintenance of the campus and satisfying the campus users with the 
appropriate mix of campus functions. Important tools during that time were condition based 
monitoring and maintenance planning, focusing on the technical perspective (de Jonge et 
al., 2000). this approach of condition based monitoring compared the actual condition with 
the minimum required condition, this then resulted in the objective to eliminate or reduce the 
observed difference in condition.

the transfer of ownership of the campus in 1995 gave universities full responsibility of their 
campuses. While all universities needed the same type of management information, the trans-
fer of ownership was not accompanied with sharing information and knowledge for mutual 
benefits. therefore, universities built customized databases and administrations for campus 
data. from the organisational perspective policy makers and controllers were looking for ways 
to add value and to do this they needed references of other universities (i.e. benchmarks). 
However, these customized administrations made it very hard to compare data, although the 
required management information was practically the same for every university. furthermore, 
for communicating with different stakeholders, universities needed more transparency in ad-
ministration and more objective standards as references. 

from 2005 on Dutch campus managers acknowledged the value of collectively measuring, 
combining and comparing campus data. to enable this, Dutch campus managers agreed on 
the definition of four types of stakeholders leading to four types of perspective to combine 
for campus decisions (Den Heijer 2005). Benchmarking was done by comparing the values of  
key performance indicators for the different perspectives. However, it was concluded that 
campus managers lacked comparable information on variables to make functional, financial 
and organisational assessments.

therefore, the challenge was to create uniform information to enable benchmark between 
university campuses with at least three variables essential for campus performance measure-
ment: m2, costs and benefits. With a format to measure crem variables, in 2007 a compar-
ative analysis of the current campus was made with participation of all Dutch Universities. 
Leading to the creation of a campus database which included fourteen campus profiles of 
Dutch universities with technical, functional, financial and organisational information able to 
connect all four crem stakeholder perspectives. Ultimately, the competence level of campus 
managers has increased as a result of the use of this comparative management information 
(Den Heijer, 2011, p. 128).

Implications for a smart tool
considering the results that the proposed smart tool yields, which is a better representation
of campus user demand, campus management is able to compare this representation with
the physical campus to determine how much the real estate supply matches with demand
from the functional perspective. In the case that certain criteria or spatial aspects appear to
be more important in campus study spaces than is currently present, campus management
can see this is in the data and subsequently focus on meeting this to achieve a higher
satisfaction. moreover, by giving the option to give feedback on spaces, campus
management can be made aware of how users experience the current real estate supply
and more specifically which spaces are especially considered below demand. this can
signal the need for and prioritize real estate interventions but can also give an indication of
user satisfaction by seeing how much of the campus space is perceived as below standards
or obstructing primary processes. a more in depth analysis can thereafter be directed to
these specific spaces to see where improvements can be made.

5.3.2 exploring changing demand
for exploring changing demand is is essential to generate information about how relevant 
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developments influence the campus. Different approaches to exploring changing demand 
are recognized: reactive or proactive.  a reactive approach bears risks as this usually leads 
to mismatches between supply and demand. Due to the relatively long implementation time 
of accommodation changes this mismatch can remain for many years, ultimately leading to 
hindrance of primary processes ultimately decreasing performance. additionally a reactive 
approach might mean investing in projects that end up unnecessary or dysfunctional in time 
(Den Heijer, 2011, p. 155). While a proactive approach intends to anticipate on future devel-
opments by expressing them in manageable variables. the content of this management task 
is highly dependant on the quality of the information about the current developments and 
trends. However, practice has often showed that lack of information on future demand forces 
campus managers to be reactive instead of proactive (Den Heijer, 2011, p. 154). this empha-
sizes the importance of putting effort in generating the required management information 
(Den Heijer, 2011, p. 155).

for exploring changing demand many tools are able to explore trends and developments of 
the future campus on the basis of qualitative information. However, it is important for campus 
managers to generate quantitative data to support the identification of trends and develop-
ments affecting the organisational, financial, functional and technical requirements. these 
developments can be expressed as programmatic requirements in terms of m2, required 
qualities, function mix and available budget (Den Heijer, 2011, p. 166). Ultimately, leading to 
a list of programmatic requirements(demand) that can be compared or matched with the 
current campus (supply) to determine both the current and future match (Den Heijer, 2011, 
p. 153).  this quantitative data forms the basis for making campus strategies, project deci-
sions and investment programmes. nonetheless, for making valid comparison with the future 
demand and current supply it is crucial to use the same variables (Den Heijer, 2011, p. 150). 
Because of the lack of quantitative data on trends and developments campus managers can 
fall back on e.g. forecasting student numbers on an approximated percentile increase or us-
ing outdated space use standards, based on past campuses.

exploring changing demand starts with a base analysis of various developments that influ-
ence the physical campus directly or influences internal or external demand. Internal demand 
signifies user demand for quantity and quality of real estate. While external demand signifies 
the demand to share with other parties to sell or let some of the campus to generate income. 
one qualitative tool to explore these developments is scenario planning. the scenario plan-
ning process can be performed by brainstorming in groups of experts, by sending question-
naires or conducting interviews. this is able to set the framework for real estate strategies, 
identify the strategic choices and other developments that are part of scenarios for future 
accommodation (Den Heijer, 2011, p. 158).

Implications for a smart tool
Since the proposed smart tool is able to give a better representation of campus user demand 
and this data is being generated passively it is possible to analyse the accumulated data 
over a periods of months or years to see whether patterns or trends can be recognized. after 
this recognition campus management can be informed of developing trends and have quan-
tified means to support decision making. this can be done by mining or analyzing the data to 
find long term patterns which can be translated into the future. thus, these patterns can be 
translated into expected future demand after which the supply can be adapted accordingly.

5.3.3 Generating future models
the objective of ‘Generating future models’ is finding a satisfying match between future de-
mand and future supply. the generated future models (supply) should match with the chang-
ing organisational demands determined in the previous step (exploring changing demand). 
for a university, future models can be determined for four different physical scales relating 
to four different organisational levels. on the supply side this includes future models for the 
(knowledge) city, campus, building and places or functions within a building (workplaces, 
lecture halls and libraries). on the demand side these models need to align with the changing 
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goals of the municipality, university, faculty and individual users of the campus: students and 
(academic) staff members (Den Heijer, 2011, p. 175). 

Future models
future models can be composed by designing alternatives for the division of space types.
In universities ten different space types are defined for building future campus models as 
shown in table 5.1.

Space types

Studio space retail leisures and public space

office space Storage space

Lecture halls conference rooms

Library space restaurants

Laboratories other educational facilities

Table 5.1. Ten different space types 

Since sharing spaces between different organisational groups can reduce the total amount 
of required space, it becomes important to consider what space can be used collectively and 
what can only be used by a certain group or individual. therefore, the first step in composing 
future campus models is to decide what to share and on what level, relating to the physical 
scales and organisational levels as described above. Because these levels are able to influ-
ence the campus functionally and financially all crem stakeholder perspectives are involved 
(Den Heijer, 2011, p. 195). 

Evaluating Existing Models
Because many future models can already be found in current practice, analyzing recent 
projects and new concepts enables real estate managers to learn from successful concepts 
while preventing copying less successful concepts (Den Heijer, 2011, p. 196). the future cam-
pus is shaped by looking at the future as well as learning from the past. many of the future 
models can be derived from experimental and innovative projects. evaluating these projects 
provide useful references for crem decisions. this emphasizes the importance of evaluating 
future models and pleads for databases of new projects (Den Heijer, 2011, p. 198). However, 
beside the increasing availability of past and future models, it is essential to express the 
models in measurable and comparable variables to support crem decisions. Preferably the 
models should be expressed in: floor area, space type, organisational goals and effect on 
financial resources (Den Heijer, 2011, p. 177).

Implications for a smart tool
With regards to this step the outcomes of the data analysation can provide inherent sugges-
tions for adaptations to the real estate on the basis of the demands of the individual users of 
the campus, primarily consisting of students. these demands can inherently suggest models 
for the supply on the campus, building and functional level. for example, the demands can 
show a higher demand for a certain study space (e.g. collaborative spaces) after which the 
future model can include more of these studyspaces, leading to a more effective alignment. 
these demands can then be translated to the amount this type of space is implemented on 
a building or campus-wide level. Hence, choices can be made to comply with these demand 
by translating them into different levels of scale. Similarly, the weight users give to certain 
criteria can be translated into the building or campus models to reflect this. furthermore, 
pilots and innovative projects can act as experimentations and the use data can show what 
the results of these projects are in relation to the former situation.

5.3.4 Defining projects to transform
In the fourth step of the DaS frame, projects are defined to transform the current campus into 
the future campus. When new projects are defined campus managers make business cases 
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by specifying the project in terms of input and output of resources. this requires specific in-
put in crem variables, but also comparable data of other projects to generate management 
information. It is important to remember that defining projects requires the assessment of its 
contribution to the future campus. therefore, the presumed contribution is to the university’s 
performance (ex ante) and evaluate decisions over time (ex post) is made explicit.

Similarly to what was described in the step ‘exploring changing demand’ defining projects to 
transform is distinguished into two types: proactively and reactively defining projects. Proac-
tively defining projects follows the result of the first three phases of the DaS frame. 
While reactively defining projects reacts on occurring problems in the current real estate sup-
ply. the proactive approach is considered to be more favourable. However, without (compa-
rable) data of the current campus and future campus (as a result of steps 2&3), the proactive 
approach of defining projects is difficult to achieve due to lacking management information 
(Den Heijer, 2011, p. 204). therefore, in current practice most projects still start from the re-
active approach (Den Heijer, 2007b). 

Since new projects can contain essential management information about the campus of 
the future, information about the contribution of these projects is stored. currently, campus 
managers have professionalized their administrations to enable the generation of this in-
formation. this includes storing information on campus projects on different levels of scale 
(i.e. city-campus, campus-building and building-function level). Data of these projects can 
implicitly include components of future models, contain new insights and innovative concepts 
for the campus (or real estate in general) (Den Heijer, 2011, p. 205). Ultimately, this includes 
e.g. project comparisons of space use in relation to investment levels and contribution to or-
ganisational performance. this is highly requested management information for Dutch cam-
pus managers. (Den Heijer, 2011, p. 204). therefore, universities are eager to test and evalu-
ate new concepts in practice to gain knowledge. 

therefore, in 2009 39 projects were added to a collective database of campus projects to 
serve as a source of management information. this enabled the comparison of data for sim-
ilar projects within Dutch campuses but also the assessment of space use in office buildings. 
However, there are still disadvantages of using benchmarks caused by the fact that cam-
puses and buildings are heterogeneous, which make it hard to determine how a project will 
perform in advance (Den Heijer, 2011, p. 208).

Implications for a smart tool
there are several ways the more accurate representation of demands through generating
data can support the definition of projects. Similarly to the first step of the DaS frame the
spaces with the most problems or least popularity can be recognized to focus attention to
improve these spaces. Likewise, when the demands of users show a highly recurring
demand for a particular function or spatial aspect it can be seen as highly important. as a
result, the priority to implement these demands into projects can become higher. this means
a particular project might be implemented before another on the basis of a higher demand.
thus, by gaining more information on what the actual demand of the users are choices can
be made regarding the planning of the projects. It is therefore argued that the proposed
smart tool enables prioritization of different projects based on occurrence of a particular
demand.

5.4 Existing smart campus tools
on the basis of a literature study It was intended to discover and assess the existing smart 
campus tools. there are several reasons for considering existing solutions: Because design 
problems are open-ended they typically have several acceptable solutions. thus, by reverse 
engineering or analysing the working of available systems and recognizing their functionality 
we are able to look for an alternative (better) way to reach the same objective. furthermore, it 
can lead to contiguous solutions meaning adjacent ideas which take advantage of natural 



LIteratUre StUDY   l   38

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

connections between ideas, concepts, and artifacts. contiguous solutions are distinguished 
from similar solutions by the fact they solve different problems. considering existing solutions 
is also a good way to evaluate the functionality and behavior of similar systems available to 
set the goal for a better system (i.e. benchmarking) (Dym, Little, & orwin, 2014, p. 75-76).

Several universities have already developed smart tools to deal align demand and supply of 
university space more effectively. In a second part of the research on Dutch campuses the 
use of smart tools in Dutch universities is explored. currently 26 different smart tools have 
been recognized on Dutch campuses. In addition to the 26 different smart tools, approxi-
mately half of the universities are working on the further development of their smart tools. this 
is done in different ways: by developing existing tools further, by starting pilot projects with 
market players or by developing new tools themselves. 

to obtain the objectives of the stakeholders smart tools are used to obtain data on space use. 
Space use is measured on multiple levels also called ‘resolutions’. the different resolutions to 
measure space are frequency, occupancy, identity and activity as shown in image 5.2. 

Image 5.2 Resolutions in space use (Valks et al. , 2016, p. 13)

In all of the current smart tools explored, data is collected on the resolution of frequency 
and/or occupancy. frequency represents the use of space in relation to the time it is availa-
ble or open. While occupancy represents the use of space in relation to its capacity(seats or 
workplaces) of a space. there is no case in which information is collected on the resolution 
of identity or activity. the reason for this is the privacy issues concerning data gathering. fur-
thermore a distinction has also been made between actual use and scheduled use resulting 
in a total of 4 space use ‘resolutions’ as shown in image 5.3. 

Image 5.3 Space use information types (Valks et al. , 2016, p. 14)

the objectives of the universities are primarily to facilitate the student, in self-study and 
collaboration with fellow students. currently the available smart tools are primarily focused 
on using the campus more effectively through reservation of space. the additional demand 
for smart tools is to use space more efficiently (Valks, arkesteijn, den Heijer, & Vande Putte, 
2016).It is effective to learn from existing smart tools therefore some tools have been high-
lighted and explored. 

● • Boekit (avans) combines both the demand for user tools (effective space use) and the 
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demand for space use data (efficient space use). this is a combination that is not yet ex-
istent at the universities.

● • Seated (fontys) is an example of an interactive self-booking system. In this app, the act 
of making or deleting a booking is determined by the vicinity of the user to the space he/
she wants to reserve.

● • Spacefinder (cambridge University) shows an alternative for offering users information 
regarding the availability of spaces - instead, it displays information on the location of 
study places on campus in combination with information about the properties of the study 
place. this makes it possible for students to find a study place based on their requirements: 
e.g. daylight, atmosphere, noise levels, vicinity to coffee.

more recent research (2018) has shown that several tools exist which support the different 
perspectives in various ways. this is shown in the image 5.4

Image 5.4 Smart tools of universities which support the different perspectives (Valks 2018)

compared to universities, smart tools at commercial organisations are much more focused 
on increasing efficient space use, leading to a reduction in cost. for example: Shell has de-
veloped its own smart tool, which is used to determine which locations have high and low 
occupancy levels, which is used to make investment or divestment decisions.

5.4.1 Demand for additional Smart tools
Several recommendations followed as a result of the research on smart tools in campuses.

● • There is a high need for more information on study space to increase user satisfaction. 
for study space the highest need for information is on spaces without desktops. What is 
important to consider on what resolution this data gathering need to occur: time, space 
or detail level.

● • More effective use of available systems has a good cost-benefits ratio. Especially con-
cerning the option to change the function of the space at a later stage.

thus, it can be concluded that several smart tools have been identified, each having their 
own purpose. However, there is still is demand for additional smart tools which are able to 
support user activities and support making real estate decisions. the proposed does so by 
gathering information on user activity, which has not been covered by another smart tool.
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5.5 Conclusions
the objective of this chapter is to to explain the findings and answer the sub questions: ‘What 
is the current state of university campus management practice?’ & ‘What Smart campus tools 
currently exist?’. the goals of the campus are found to mostly focus on the improvement of 
productivity and competitive advantage. Within campus management processes, differences 
in organisational structure and approach can be recognized. campus management process-
es are generally traditional and based on qualitative information.

two distinct strategies to cre alignment are distinguished: involvement-oriented or con-
trol-oriented (or bottom-up and top-down). the two approaches to strategy represent the 
hypothetical extremes of cre alignment, in practice often a combination of the two de-
scribed strategies is used and desirable. In general there is a need for more user involvement 
within decision making. the proposed smart tool offers alternative and supportive ways of 
communication demand. this can have significant value when involvement oriented strate-
gies are implemented.

for example, a smart tool can be used to solve some of the identified problems in determining 
demand. firstly, a smart tool can help improve the communication of dissatisfactory space. 
Leading to a deceased response time. secondly, the smart tool can see which spaces are 
utilized more than others which can prove to be valuable in improving the rest of the campus. 
this can lead to contributions of the organisational objectives. thirdly, long term utilization 
data can be used to discover patterns and trends in use, which can improve long term think-
ing.

With regard to the current smart campus tools, several tools have been identified each having 
their own purpose. Still there exist a high need for smart tools which support user activities, 
more specifically in finding a study spaces without desktops. the proposed does so by gath-
ering information on user activity, which has not been covered by another smart tool. for 
universities using the available infrastructure appears to be most feasible.
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6. manaGement InformatIon
In this chapter the relevant aspects of related to management information are described. this 
goal of this chapter is to answer the sub questions: ‘What management information is need-
ed to improve campus management decision making?’ and ‘How is management information 
generated?’. In the first section (6.1), the demand for additional management information by 
campus management is specified. thereafter, (6.2) the process of generating management 
information is made explicit. finally, the (6.3) findings are concluded and the sub questions 
answered.

6.1 Demand for Management information
as stated in chapter 4, management information should support the decision-making process 
to add value to the primary processes and the performance of an organisation. Input for this 
management information is data consisting of facts and figures that elaborate on the pos-
sible consequences of decisions ex ante (before they are taken). the following sections will 
describe where management information is currently lacking and therefore improvements on 
these aspects are demanded.

6.1.1 Data reliability
Improving reliability of data is still an important issue. for making portfolio decisions campus
managers require management information to be reliable and convincing. Lohman (1999, p. 
argues that poor quality data can have a substantial effect on the effectiveness of the de-
cision making process and ultimately on the performance of an organisation.the gathered 
inaccurate or incorrect data might still be transformed into management information which 
can ultimately lead to wrong decisions being taken due to incorrect data. therefore the 
quality of data determines the quality of management information. there are several reasons 
discovered why the quality of information, in particular subjective information, can be of less-
er quality. these reasons are:

● • Unconscious behaviour
● • Strategic behavior

Unconscious behaviour
User behaviour is not always conscious, which can result in differences between the stated 
demands and their actual demands. first and foremost preference is subjective and each 
individual has their own desires and frame of reference. Subjects in question can find it hard 
to determine their demands because this might relate to the situation they are in, leading to 
different demands depending on the situation. for uncovering this type of subconscious be-
haviour, questionnaires alone are often insufficient. campus managers think that influences 
on student and employee satisfaction are therefore preferably found with a combination of 
questionnaires and observing behaviour (Den Heijer 2002c).

Strategic Behavior
When dealing with qualitative aspects subjectivity still plays a significant role, therefore stat-
ed information can be vulnerable to strategic behaviour of stakeholders. a discrepancy be-
tween the actual and stated reality can also occur when the questioned individual is aware 
of the consequences the answer may have. Information manipulation problems exist when 
information is considered not ‘neutral’, meaning the information might influence outcome. 
Lohman (1999, p. 31) stated that ‘strategic manipulation of the employees’ was labeled as one 
of the major reasons for the existence of inaccurate data. an example was given of employ-
ees which manipulated data with the knowledge that the information gave a representation 
of their functioning, hence they supplied management with information suggesting high pro-
ductivity and effectiveness (Lohman, 1999, p. 31).

not only employees are susceptible to strategic behavior, but also managers could use infor-
mation to improve their personal position instead of bothering about organizational contribu-
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tion (Lohman, 1999, p. 66). Despite negative impact on organizational performance, manag-
ers can withhold information or decide to not undertake any action. a plausible reason might 
be that using the information could result in a negative impact on them personally and their 
personal interests outweigh the organization’s interest (Lohman, 1999, p. 7).

In the assessment of the current campus, data on physical aspects are often reliable and 
reliability of financial data can be derived from sources related to annual financial reports. 
However, in dealing with qualitative aspects, subjectivity still plays a significant role. By build-
ing a collective set of references, more management information can be generated on space 
standards, ultimately enabling the comparison of space standards to office space and edu-
cational space (Den Heijer, 2011, p. 232).

Implications for the smart tool
If a smart tool will gather data passively about the preferences in each situation, it is expect-
ed that unconscious behaviour is also gathered. additionally, when users are put in actual 
situations they will have a realistic response, which will result in a better representation of 
demand.

With regard to strategic behaviour, a smart tool can still be susceptible to this type of be-
haviour. for example, if users collectively give a space a bad feedback rating, others are less 
likely to choose the space through the smart tool. this can be exploited to ‘keep the space 
for themselves’. However, it is expected that if a large amount of users will use the smart tool 
this can be prevented because more data will lead to a better representation of demand. 
Strategic behaviour of campus management, can still be an issue however.

6.1.2 Utilization Data
the number of users of the building is still harder to determine than the number of users on 
campus level. an indication of the expected numbers of students and staff members is stated 
in the brief, but reality often differs from these numbers, reflecting one of the problems cam-
pus managers have: a lack of information on occupancy and frequency rates. occupancy and 
frequency rates signify indicators for utilization: capacity in relation to use and use related 
to the time available respectively. reliable data about the number of users can generate 
much management information, for instance about the current space standards (users per 
m2, types of m2 per types of user). a solution for this could be collecting data on capacity 
of space, to generate design standards for office and study workplaces, in m2 per unit. fur-
thermore, this data can also be used as input for tools to calculate future space demand, 
by identifying long-term patterns in spaces use to explore changing (dynamic) demand (Den 
Heijer, 2011, p. 232).

Implications for the smart tool
Gathering occupancy and frequency information cannot only provide valuable insight of the 
use of space, but can also be used to inform users for finding available study space. the way 
this data is gathered is explained in chapter 8.

6.1.3 Performance of Innovative concepts and Pilot studies
the demand for management information described in several steps in the DaS frame can 
be generated by analysing innovative concepts and pilot studies (Den Heijer, 2011, p. 171). 
therefore, it can be worthwhile to pay more attention to the evaluation of new projects to 
determine the added value and contribution to (organisational) performance. new concepts 
come with different space demands, but the impact on space use is hard to predict (Den 
Heijer, 2011, p. 169). making a business case at the start of a project (ex ante) and evaluating 
the project periodically afterwards (ex post) is be highly recommended, based on the reac-
tions of campus managers on the project database (Den Heijer, 2011, p. 232). By measuring 
performance indicators before and after implementation, the effectiveness of these projects 
on productivity, competitive advantage, profitability and sustainable development can be 
assessed (Den Heijer, 2011, p. 220). thus, real cases that supply management information 
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with an estimation of added value are very valuable for crem (including the universities and 
campus managers) (Den Heijer, 2011, p. 171).

Implications for the smart tool
If the smart tool is able to give feedback on spaces and a new pilot study is implemented this 
offers way to see how the changes are received. When these projects have been implement-
ed the increase in user satisfaction can be measured by analyzing any changes in use after 
implementation. If this is facilitated more users are more likely to give feedback, leading to 
a better representation of the performance of the pilot study. this can show a satisfactory 
increase in use of the newly adapted space or a staggering and disappointing use of the 
space. from this point on, lessons can be learnt and new decisions can be made to make 
improvements.

6.1.4 User Satisfaction
In general it is stated that for higher education it became evident that it is important to gain 
more insight into the satisfaction of users in relation to the quality and availability of the 
real estate supply. this relates to the objectives of improving productivity and competitive 
advantage associated with students, employees and the workfield (Vries, 2007, p. 334). real-
isation of objectives are dependent on the consistency between the real estate intervention, 
organisational culture and its policy (Vries, 2007, p. 328). therefore, it is best to use indica-
tors deriving from the objectives, which enable indicators to be related to the organisational 
objectives.

With testing of pilot studies, additional information on satisfaction of new projects and the 
judgement of policy makers is especially important. this includes evaluating the original in-
tention of the concept and the actual result. apart from new projects, Dutch campus man-
agers also plead for adding evaluations to the projects that are already in the campus data-
base, to determine if the goals been achieved, how the building is used, satisfaction of policy 
makers on effectiveness and efficiency and user satisfaction (Den Heijer, 2011, p. 232). How-
ever, there is still no uniform method to assess user (student or employee) satisfaction of real 
estate (or the current campus) for the comparison of user satisfaction as a key performance 
indicator (Den Heijer, 2011, p. 130).

for the assessment of user satisfaction, it is important to consider the previously described 
unconscious behaviour. Because the psychology of user behaviour is not always conscious, 
there can be differences between stated and revealed preferences. for uncovering this type 
of subconscious behaviour, questionnaires alone are often insufficient. campus managers 
think that influences on student and employee satisfaction are therefore preferably found 
with a combination of questionnaires and observing behaviour (Den Heijer, 2011, p. 102). 
Hence, there is also demand for tools that not only measures user satisfaction in absolute 
terms, but also relatively. this means the user is asked to choose between alternatives to 
specify their preferences. this is a way to confront users with the costs of their demands (Den 
Heijer, 2011, p. 148).

Implications for the smart tool
By giving the option to give feedback on spaces, campus management can be made aware 
of how users experience the current real estate supply.  more specifically this can show which 
spaces are considered ‘below standards’. When a space is can repeatedly badly rated, it in-
dicates the need for real estate interventions and perhaps prioritizes them. additionally, the 
degree to which spaces are received negatively or positively by its user gives an indication 
of the overall user satisfaction. In any case, when space is frequently considered as ‘below 
standards’ campus management is able to more specifically analyze why the space is under-
performing and how improvements can be made.

6.1.5 Stakeholder Involvement
multi layered organisations are very common, however universities are extra complex in terms 



LIteratUre StUDY   l   44

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

of decision making. With many different stakeholders involved, decision making can become 
very complex and campus management processes can become very slow. this demonstrates 
the need to make these layers more explicit and generate sufficient management informa-
tion to support these considerations (Den Heijer, 2011, p. 248). from this need to bring the 
educational demand side and the cre professionals closer together, approaches to cre 
alignment need to be more involvement-oriented. this requires a more advisory role of the 
cre department and increases involvement of the customer and end user for co-creation and 
collaborative design (Beckers & van der Voordt, 2014, p. 12).

However, prior research (Den Heijer and de Vries 2004b) showed that campus managers 
did not have appropriate tools to analyse and integrate stakeholder interests in the decision 
making process or to make these stakeholders more aware of the consequences of their de-
mands (Den Heijer, 2011, p. 36). When stakeholders express their demands for future models 
each stakeholder should be confronted with the consequences of their requirements and 
choices. (Den Heijer, 2011, p. 197). this will make the decision making process more transpar-
ent and can make different stakeholders more aware of other stakeholders goals and the 
considerations of campus managers to weigh these different goals, usually in terms of costs 
and benefits (Den Heijer, 2011, p. 250).

an integrated approach to crem implies involving more stakeholders for each real estate 
decision, leading to more information to collect and more key performance indicators (KPIs) 
to consider and weigh. the integrated and more complex approach to campus management 
is reflected in the process of generating management information: information needs to be 
generated in a form that can be interpreted by the different stakeholders (Den Heijer, 2011, 
p. 249).  therefore, there is a demand for tools that brings structure to the management 
information and supports the process to operationalise and integrate different stakeholder 
perspectives. these tools should supply multi-stakeholder information, connecting KPIs of the 
strategic, financial, functional and physical perspectives in order to reflect the complexity of 
campus decisions to each of the stakeholders involved (Den Heijer, 2011, p. 250). Ultimately, 
this should support crem to discuss financial implications of user demands or new concepts 
with user groups.

thus, stakeholders should also play a more central role in forming real estate information sys-
tems. It was stated that: ‘It is essential to invest in the development of a common language 
between demand and supply side, and to develop new ways to recovering the educational 
needs and requirements and to translate these needs into future-proof accommodation solu-
tions’ (Beckers & van der Voordt, 2014, p. 12).this is because a user (e.g. a faculty) is mostly 
interested in the degree to which real estate contributes or interrupts its primary processes 
and at which price, relating to the other means of production: people, capital, technology 
and information. additionally, since “supporting user activities” and “increasing user satisfac-
tion” were two of the main cre objectives for universities, the relevance of end-user involve-
ment in formulating cre operating solutions also showed. It was recommended to further 
research the alignment processes between demand and supply to improve understanding of 
which cre operating solutions support end-user needs in terms of efficiency, effectiveness 
and satisfaction. (Beckers, van der Voordt, & Dewulf, 2015, p. 789).

Contested information
It is also Important to consider that much crucial information is ‘contested’ at the time of de-
cision making, meaning that information will be criticized by stakeholders of a project on its 
validity (Bruijn, 2004, p. 85). If the information is of poor quality it becomes difficult to use as 
argument for or against. this can lead to stakeholders conducting their own research to con-
firm their personal interest, habits or experiences (Bruijn, 2004, p. 91). one way to mitigate 
this is to agree on certain information and the way the data is obtained, leading to ‘negoti-
ated knowledge’. In this way the ones involved have to accept the outcomes of the research.

Implications for the smart tool
If a smart tool includes the preferences of the individual users of the campus, it can indicate 
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that some functions are more frequently needed or more important. these preferences can 
inherently suggest models for the supply on the campus, building and functional level. for ex-
ample, the demands can show a higher demand for a certain study space (e.g. collaborative 
spaces) after which the future model can include more of these studyspaces, leading to a 
more effective alignment. these demands can then be translated to the amount this type of 
space is implemented on a building or campus-wide level. Hence, choices can be made to 
comply with these demands by translating them into different levels of scale. In this sense the 
user is indirectly involved with decisions.

6.2 Effectiveness of Management Information
this section describes how management information is generated what is important for the 
effectiveness of management information. It also describes the different perspectives one 
can take relating to management information.

management information is defined as a subclass of information intended to be used to sup-
port decision-making processes in order to contribute to the performance of the organization 
(Lohman, 1999, p. 43). the importance of good, accurate and timely (management) informa-
tion was already relevant at the time of the dissertation of Lohman in 1999. reasons for this 
were: intensification of competition, emergence of new markets, and an increasing number 
of customer requirements. Information technology (It) provides ways to meet these informa-
tion demands in order to improve the effectiveness or efficiency of management (Lohman, 
1999, p. 57). However, upgrading It to generate management information is often a costly 
endeavor. this is because besides developing the technology (which is already costly) it also 
requires analysis of information requirements and possibly conversion of the existing data 
beforehand, while at later stage employees must for example be retrained. If these steps are 
not taken correctly the chances are greater that proposed It solution will not improve organi-
zational performance, as this is not guaranteed (Lohman, 1999, p.2). making sure the provided 
management information is effective and thus usable is therefore important and described 
in this next section.

6.2.1 the process of generating of management information
In image 6.1 a framework describing the generation of management information is shown. 
It is important to notice that the framework also contains the decision-making process 
that should subsequently use the information. from the primary process data can be ex-
tracted to see where improvements can be made or possibly solve presented problems. 
additionally, data can be extracted from outside the organisation to see what affect ex-
ternal influences might have e.g. economic or demographic changes. the data is then 
transformed into usable information before being provided for the decision making pro-
cess. the decision-making process in its turn might lead to a possible action, which will 
result in some sort of adaptation within the primary processes. after this adaptation has 
been made the extracted data from the primary process can be analysed to see what in-
fluence the decision/action was able to make. to determine what information is required 
the process is followed in reverse, starting with seeing what information is provided and 
what is requested. thereafter the information requirements are specified the data needs 
are analyzed. finally the primary process is studied to see how the data can be retrieved.  
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Image 6.1 The process of generating management information (Lohman, 1999)

5.5.2 Bottlenecks for the effectiveness of management information
However there are several problems, issues and difficulties that could directly or indirectly 
obstruct the effectiveness of management information to organizational performance. a col-
lection of these is clustered into five bottlenecks:

1. Quality of data does not meet the specified requirements
there are several reasons why the quality of data renders it useless. Some examples of why 
the data quality is not good enough are: that data is incomplete, incorrect, missing, inaccu-
rate or inaccessible. 
• Incomplete; some data are available, some data are not
• Incorrect; the data is faulty
• Missing; Part is unavailable
• Inaccurate; the accuracy of the data is lacking
• Inaccessible; data exists, it is however not accessible

as data quality is dependent on the reliability of those who enter the data and if they don’t 
gain value they might feel less motivated to enter accurate data (alsyne et al., 1995 in Lohman, 
1999, p. 31). this can be prevented by motivating the ones who enter data through stating 
the purpose of the data. furthermore, orr (1998, in Lohman, 1999, p. 31) showed that a way to 
increase data quality is to increase its usage, meaning that not only the managers should use 
these data, but also the people within the primary processes. 

another reason for data inaccuracy lies in the fact that the generated data is seen as an 
instrument of power. When data is not considered to be neutral but which can influence this 
can lead to ‘strategic manipulation’ of the data. Lohman (1999) gave the example of a case in 
which information given by employees on their workload supply was substantially lower than 
their actual workload supply to suggest productivity. In this case it was seen as one of the 
major reasons for the existence of inaccurate data (Lohman, 1999, p. 31).

2. Data cannot be transformed into requested information
Some data, such as qualitative or complex data can simply not be transformed. therefore the 
abstraction/transformation of existing data to information cannot be accomplished.

3. Provided and requested information are unrelated
the main reason for the missing link between provided and requested information is  sepa-
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ration of the information system developers and the end-users during development. this bot-
tleneck can also be caused by the ‘information overload’ phenomenon. meaning the quantity 
of the provided information is too great to be analyzed, making it hard for the manager to 
distinguish relevant from irrelevant information (Lohman, 1999, p. 5).

4. Discrepancy between the information requested and required
this can actually be caused by managers themselves if they do not know what information 
they need, making them ask for ‘everything’ to be sure nothing is missing.

5. Information use does not contribute to organizational performance
Ultimately, it is the decision-making process carried out by management that is responsible 
for the contribution of management information. If using the information could result in a 
negative impact on them personally and their personal interests seem to be more important 
than the organization’s interests, this might lead to the decision not to undertake action or 
withhold information. Secondly, unstructured execution of the decision-making processes 
can also lead to an inability to adequately take action according the information (Lohman, 
1999, p. 7).

5.5.3 four perspectives for generating management information
the methods, systems and technologies that are closely related to the generation of man-
agement information were explored and evaluated by Lohman (1999). to further explain the 
relationship between data and information a model for this is shown in in image 6.2.

Image 6.2 The relationship between data and information (Lohman, 1999)

the theory was structured according to four perspectives: data technology, statistical meth-
ods, specification methods and information systems. the perspectives and their methods are 
shown in table 5.2. their strengths and weaknesses are explained in more detail below.

Table 5.2 Four perspectives on the relationship between data and information including the in
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volved methods (Lohman, 1999)

Data Technologies
the primary objective of data technologies is to make the data accessible for management 
and provide information to support their decision-making processes. these technologies offer 
methods to compress or aggregate figures to describe and understand data. these methods 
include calculation of the sum, average or standard deviation of a data set, but also visualis-
ations that transform data to understandable information (Lohman, 1999, p. 43). 

However, several issues with data technologies exist, which stem from the usual linear way of 
working. this way of working, implies that the information and those who have to use this in-
formation are being seen as independent. resulting in less attention paid to the requirements 
of management and an absence to evaluate the effectiveness of the information. further-
more, organisation have to deal with dynamic changes and they should therefore constantly 
adapt themselves. this approach lacks opportunities to adapt design objectives (Lohman, 
1999, p. 46). 

Statistical methods
Statistical methods offer ways to analyze data. the objective of this analysis is to find re-
lationships or patterns within the data that could be used to the advantage of the deci-
sion-maker (Lohman, 1999, p. 47). an example of a statistical method is data mining. Data 
mining can be used to discover new insight from data, which can be used in the decision 
making process. In essence, data mining consists of performing several analyses on the avail-
able data to find unknown patterns, which is done automatically. Data mining techniques are 
designed to search for possible relationships between data elements and to select the most 
interesting relationships (Lohman, 1999, p. 48-49).

Issues relating to statistical methods are also present. these include translating the data min-
ing results into appropriate actions. It is also difficult to determine the added value before 
data mining sessions takes place. Limitations include the domain statistical methods can be 
applied to, which is often applied to market analysis. furthermore, statistical methods often 
also involve a linear approach, resulting in the same issues as described above (Lohman, 1999, 
p. 50-51).

Specification methods
at the starting point of management information is the determination of what is needed. 
Specification methods are methods that are used to determine management information 
requirements (Lohman, 1999, p. 52). Lohman identified four general categories to classify 
information requirement specification methods, which are described in more detail below.

1. asking
this method is fully dependent of the quality and analytical capabilities of the manager. 
nevertheless, managers could be led by their personal interest, habits or experiences without 
fully evaluating the need from an organizational perspective.

2. Deriving from an existing information system 
Information requirements can be determined by analyzing existing information systems.

3. Discovering from experimentation i.e prototyping
Prototyping specifies an initial set of requirements afterwhich a prototype system is built. By 
an interaction of the end-user with the system, requirements are added or changed until the 
user is satisfied. Lohman (1999) criticizes prototyping with two arguments. firstly, prototyping 
can only be useful if a thorough analysis has been carried out before the prototyping stage. 
Without such an analysis, there is no assurance that the information requirements will lead to 
a contribution towards the organizational performance (Schaik, 1988 in Lohman, 1999, p. 53). 
Secondly, prototyping is mostly focused on individual specifications rather than the organi-
zational needs (frolick and robichaux, 1995 in Lohman, 1999, p. 53). 

4. Synthesis from characteristics of the utilizing system
Popular methods for this include the methods critical Success factors (cSf) and Balance 
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Score card (BSc). However, some conclusions were made after analysing this method 
(Lohman, 1999, p. 56). first, these methods still heavily depend on interviews held with the 
managers, as this is the primary instrument to derive information requirements. Secondly, 
most methods only identify and specify straightforward performance indicators which can 
also easily be derived by using techniques related to descriptive statistics. thirdly,  the meth-
ods do not require an exhaustive analysis of the primary processes within the organization. 
While understanding these processes (including its actions and their effects) is crucial to 
derive valuable information requirements.

Information systems
Information systems are designed to improve the effectiveness or efficiency of management 
by using supportive technology. these include ways to report data and decision support for 
narrow or semi-structured problems. considering the other perspectives there are clear over-
laps, although the different information systems still form their own domain in the area of 
management information. 

this also means that the issues within the similar perspectives apply. additional issues include 
that the systems only partly support the decision-making processes based on the intelligence, 
design, choice division of decision-making processes  by Simon (1960, in Lohman, 1999, p. 59). 
this lack of support towards the other stages could, seriously affect the total effectiveness 
of the system.

Conclusions
all the perspective showed an inability to link the added value of the information with the 
characteristics and decision-making processes of the organization. no attention is paid to
modeling or describing the different processes within the organization for deriving manage-
ment information. ‘[...] Determining information requirements is not a straightforward activity 
(top-down), and that technologies do not automatically contribute to deriving effective man-
agement information (bottom-up), interaction is needed to accomplish the desired goals.’ 
(Lohman, 1999, p. 61). this is however not supported in a linear approach is used, as desired 
information is usually generated without feedback.

6.3 Conclusions
this goal of this chapter is to answer the sub questions: ‘What management information is 
needed to improve campus management decision making?’ and ‘How is management infor-
mation generated?’. the following findings will answer these questions.

In the past years much more data has already been collected, but there is an additional de-
mand for data on efficiency of real estate (occupancy and frequency rates), user satisfac-
tion, key performance indicators on sustainability issues and any references on effectiveness 
of certain campus models or campus decisions, in terms of costs and benefits for the univer-
sity and ways to involve users in decision making.
If a smart tool will gather data passively about the preferences in each situation, it is expect-
ed that unconscious behaviour is also gathered. additionally, when users are put in actual 
situations they will have a realistic response, which will result in a better representation of 
demand. 
Gathering occupancy and frequency information cannot only provide valuable insight of the 
use of space, but can also be used to inform users for finding available study space. With 
regard to strategic behaviour, a smart tool can still be susceptible to this type of behaviour. 
However, it is expected that if a large amount of users will use the smart tool this can be 
prevented, because more data will lead to a better representation of demand. Strategic be-
haviour of campus management, can still be an issue however.
If the smart tool is able to give feedback on spaces and a new pilot study is implemented this 
offers way to see how the changes are received. from this point on, lessons can be learnt and 
new decisions can be made to make improvements.
By giving the option to give feedback on spaces, campus management can be made aware 
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of how users experience the current real estate supply. more specifically this can show which 
spaces are considered ‘below standards’. additionally, the degree to which spaces are re-
ceived negatively or positively by its user gives an indication of the overall user satisfaction.
If a smart tool includes the preferences of the individual users of the campus, it can indicate 
that some functions are more frequently needed or more important. Hence, choices can be 
made to comply with these demands by translating them into different levels of scale. In this 
sense the user is indirectly involved with decisions.

the sub question: ‘How is management information generated?’ will be answered in this par-
agraph. Generating management information is not a straightforward activity (top-down), 
and that technologies do not automatically contribute to deriving effective management in-
formation (bottom-up), interaction is needed to accomplish the effective management infor-
mation. Data is firstly extracted from the primary process to see where improvements can be 
made or present problems can be solved. additionally, data can be extracted from outside 
the organisation to see what affect external influences might have e.g. economic or demo-
graphic changes. the data is then transformed into usable information before being provid-
ed to the decision making process. Data can be transformed into management information 
according to four perspectives: data technology, statistical methods, specification methods 
and information systems.
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7. Smart tooL DeVeLoPment
this section consists of literature on several diverse topics to form the foundation to answer 
the question: ‘How can one develop a Smart tool to enable the interaction of real estate and 
users to enable the generation of usable management information?’. this will be done by 
first (7.1) explaining the principles of preference function modelling.  thereafter, the (7.2) the 
preference criteria needed to implement in preference function modelling are described. this 
will answer the sub question: ‘What criteria for study space preferences should be considered 
in the smart tool?’. In the next section (7.3) methods of developing the back end of the smart 
tool to are specified by explaining business intelligence and database structure. the chapter 
will end with the (7.4) conclusions on the findings to answer the sub questions.

7.1 Preference Function Modelling
the Smart tool needs to be able to make a selection of spaces based on the preferences of 
a particular user, to support finding a suitable study space. a way to establish this selection 
is by determining the users preferences whereafter it can be matched with the aspects of the 
spaces. on the basis of the selection shown, the user is able to make a decision on where to 
study or work. therefore, the Smart tool can be seen as a decision support tool and decision 
theory can be applied. Decision theory is concerned with the problems of identifying the best 
choice to take. Its practical application is called decision analysis, which aims at finding 
tools, methodologies and software to help people make better choices (Binnekamp, 2010, p. 
1).

7.1.1 finding a Study Space
In the case of looking for a suitable study space the user needs to be able to consider spaces 
on their aspects, subsequently the user can select a space that matches with their personal 
preferences and requirements. these preferences and requirements can be described as 
criterias and constraints respectively while the aspects of a space can be defined as attrib-
utes. thus, for the Smart tool to support this process multiple criteria and constraints need to 
be matched with the attributes of the space leading to a selection that the Smart tool will 
ultimately display to the user. to determine this match the attributes, criteria and constraints 
need to be known. Since the attributes of a space are physical they can be determined by 
observation. However, a users preferences are subjective making them more difficult to de-
termine. additionally, for the individual finding a suitable space some criteria might be more 
important than others, while constraints signify necessities. the spaces, on the other hand, 
have multiple attributes which independently meet the user’s criterias and constraints to vari-
ous degrees. If all of this is measurable, it can be used for mathematical functions, for exam-
ple calculating which space has the highest match to the users preferences. However, these 
measurements need to be justified to enable mathematical operations as described later in 
this chapter. this makes it important to find an acceptable way to determine what the user’s 
criteria and constraints are, in other words measuring preference. 

7.1.2 Preference measurement
Decision making is founded on preference measurement as preference is the only property 
of relevance for the mathematical foundations of decision theory. this makes the correct-
ness of the decision analysis methodology dependent on the correctness of the preference 
measurements (Binnekamp, 2010, p. 2). However, it can be difficult to determine someone’s 
preference while also making it usable for mathematical operations. e.g. simply asking for the 
preference on, say a likert scale, gives an indication of the preference of an individual, but 
is unfit for mathematical operations. this is because a likert scale is an ordinal scale which 
signifies ranking and since the difference between the rankings remains unknown it cannot 
be applied for addition and multiplication (Barzilai, 2010, p. 23). Demonstrating the purpose 
of measurement, (i.e. representing variables by scales) to enable the application of math-
ematical operations to these scale values. Scales are mappings from empirical objects to 
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mathematical objects that reflect specific empirical operations which characterize a given 
property to corresponding operations in the mathematical system (Binnekamp, 2010, p. 2).
to clarify the considered ‘mathematical system of measurement’ some concepts relating to 
the framework is required. an empirical system e signifies a set of empirical objects togeth-
er with operations (i.e. functions) and possibly the relation of order which characterize the 
property under measurement. the purpose of modeling e by m is to enable the application of 
mathematical operations on the elements of the mathematical system m, as shown in image 
7.1. for this, a scale s is required to transfer the objects in e as objects in m to reflect the 
structure of e into m (Barzilai, 2010, p. 18; Binnekamp, 2010, p. 24).

Image 7.1 Transition of an empirical system (E) to a mathematical system (M) through a scale 
(s)

the mathematical foundation of preference measurement therefore initially needs to be eval-
uated on the scales used for measuring preference (Binnekamp, 2010, p. 29). Barzilai (2005) 
therefore classifies measurement scales by the mathematical operations that are enabled on 
the resultant scales and scale values. He distinguishes scales to which mathematical opera-
tions are applicable as proper scales, while all other scales are defined as weak. 

7.1.3 constructing scales
for the constructed scales to be proper the underlying field must be ordered and homoge-
nous. the order is established by indicating what is more preferable to determine the direc-
tion (on a straight line) (Barzilai, 2010, p. 20). the scales are homogenized by constructing a 
one-dimensional vector space where the elements of the field serve as the set of scalars in 
the vector space. to homogenize its additive identity as well, points are combined with the 
vectors and scalars to construct a one-dimensional affine space, which is a homogeneous 
field, over the previously constructed vector space (Barzilai, 2010, p. 19). In other words, a 
particular scale needs to be constructed for the criteria and preference for this criteria needs 
to be assigned on this scale.

thus, in order for the operations of addition and multiplication to be applicable on prefer-
ence scale values the mathematical system must be a one-dimensional affine space (Bin-
nekamp, 2010, p. 28). In an affine space, the difference of two points is a vector and no other 
operations are defined on points. In particular, the ratio of two points as well as the sum of 
two points are undefined. In the one-dimensional affine space, the ratio of a vector divided 
by another non-zero vector is a scalar (Barzilai, 2010, p. 19). Leading to the expression (a-b) 
/ (c-d) = k where a, b, c, d are points on an affine straight line and k is a scalar is used in the 
construction of proper scales. the number of points in the left hand side of this expression 
can be reduced from four to three (e.g. if b = d ) but it cannot be reduced to two (Barzilai, 
2010, p. 21). 

7.1.4 multiple criteria Decision analysis
after the mathematical system has been modeled there has to be found a way to make a 
selection of the alternatives based on these measurements, for which a rather suitable ap-
proach is multiple criteria Decision analysis (mcDa). mcDa is described by Belton and Stew-
art (2003, p. 2) as ‘a collection of formal approaches which seek to take explicit account 
of multiple criteria in helping individuals or groups explore decisions that matter’. Within the 
context of of this thesis the main objective to solve with mcDa is: supporting the selection of 
a study space according to the user’s interests, taking into account the space’s attributes. Be-
cause decision makers have difficulties judging the performance of an alternative as a whole, 
different attributes of the alternatives are taken into account, termed criteria. therefore the 
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(available) spaces represent the alternatives to choose from and for finding out which al-
ternative is preferred over the other the alternatives need to be rated on performance. the 
relative importance of criteria are incorporated using weights. the overall preference rating 
(performance) of an alternative is then determined by an algorithm that takes into account 
each alternative’s performance on each criterion and its weight (Binnekamp, 2010, p. 31). the 
above is summarized in the following generic formal procedure:
1. Specify the alternatives.
2. Specify the decision maker’s criteria tree.
3. rate the decision maker’s preferences for each alternative against each leaf criterion.
4. to each leaf criterion assign the decision maker’s weight.
5. Use an algorithm to yield an overall preference scale.

7.1.5 Value measurement methodologies
Different methodologies are possible for mcDa of which value measurement methodologies 
are most eligible for the described objective. Value measurement methodologies help deci-
sion makers to choose the most preferred (design) alternative from a set of already existing 
alternatives and are therefore classified as evaluation methodologies (Binnekamp, 2010, p. 
54). Value function methods evaluate assessments of the performance of alternatives against 
individual criteria, together with inter-criteria information reflecting the relative importance 
of the different criteria, to give an overall evaluation of each alternative indicative of the 
decision makers’ preferences (Belton and Stewart, 2003, p. 119).these methods are based on 
evaluating alternatives in terms of an additive preference function. after the model has been 
structured and a set of alternatives for evaluation have been identified, the next step is to 
elicit the required information. there are two types of information, intra-criterion information 
and inter-criterion information, which also be referred to as scores and weights (Belton and 
Stewart, 2003, p. 121). the overall evaluation of an alternative is determined by its value score 
on each bottom-level criterion and by the cumulative weight of that criterion (Binnekamp, 
2010, p. 37).

7.1.6 Preference function modelling (Pfm)
according to Barzilai (2005) the value methodology developed by himself called Preference 
function modeling (Pfm) has a mathematical sound foundation allowing the operations of 
addition and multiplication on the scales it generates. according to the new theory of meas-
urement, Pfm is the only decision theoretical methodology that has a solid mathematical 
foundation (Binnekamp, 2010, p. 54). therefore, Pfm offers the (only) correct model for the 
measurement of preference and for the selection of the most preferred alternative. Using 
Pfm has the following procedure: Initially, a hierarchy of criteria and the identification of the 
alternatives is needed for the development of  Pfm. the scores are then elicited by decision 
maker’s as preferences for each alternative against each criterion by first establishing refer-
ence alternatives: 
• A ‘bottom’ reference alternative which is rated at 0
• A ‘top’ reference alternative which is rated at 100
then, the other alternatives are rated relative to these reference alternatives on the scale 
established. thereafter, the decision maker the attaches a weight to each criterion. When 
finally the Pfm algorithm is used to yield an overall preference score to evaluate all the alter-
natives which can then be ranked accordingly.

the results of the algorithm can then be ranked according to the overall preference score. 
an example of this can be seen in image 7.2, where the alternatives can be found left under 
alt. and the different decision variables are shown as letters while the left of the table the 
preference scores are indicated (Binnekamp, 2010, p. 132). on the right side of image 7.2 
information of the highest ranking alternative is shown in more detail.
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Image 7.2 (left) Ranking of highest scoring alternative according to preference rating, 
(right) Decision variable values  and preference ratings for the highest rated alternative 

(Binnekamp, 2010, p. 118)

7.1.7 conclusion
for the measurement of preference, a scale needs to be constructed to for each criteria and 
a value for this criteria needs to be assigned on this scale to signify preference. this scale 
enables the transition of an empirical system (e) to a mathematical system (m). 

Using Pfm has the following procedure: Initially, a hierarchy of criteria and the identification 
of the alternatives is needed for the development of Pfm. the scores are then elicited by de-
cision makers as preferences for each alternative against each criterion by first establishing 
reference alternatives: 
• A ‘bottom’ reference alternative which is rated at 0
• A ‘top’ reference alternative which is rated at 100
then, the other alternatives are rated relative to these reference alternatives on the scale 
established. thereafter, the decision maker the attaches a weight to each criterion. When 
finally the Pfm algorithm is used to yield an overall preference score to evaluate all the alter-
natives, it can then be ranked accordingly.

relating this to the proposed smart tool, it is not needed to determine alternatives as spaces 
are already existing. therefore, the preference function modelling procedure needs to be 
adapted slightly by using the mathementical function on the spaces as alternatives. thereaf-
ter, the results of the algorithm can then be ranked according to the overall preference score.

7.2 Learning space preferences
Several studies related to learning space preferences have been conducted, two of the most 
relevant will be discussed in this next section to provide the basis for the study space pref-
erences in this research. thus, a selection will be made of the most relevant distinguished 
preferences for study space aspects.

7.2.1 Space attributes
In an empirical research on learning space preference a typology of informal learning space 
attributes have been determined (Harrop & turpin, 2013). for this research the term informal 
learning spaces is  defined as: ‘non-discipline specific spaces used by both staff and students 
for self directed learning activities’. these spaces can be on campus, but also outside the 
campus space. the research starts off with an analysis of the relevant scientific body, con-
cluding that informal learning space design is primarily drawn from three distinct disciplines: 
learning theory, placemaking and architecture. Learning theory refers to understanding of 
how people learn and the recognition of differences in learning preferences. Placemaking is 
about users and their experiences whilst occupying a space, leading to mental associations. 
Architecture refers to the physical tangible in- and outside of a space. Including material, de-
sign, furnishings, lighting, ventilation and acoustics, and facilities (Jamieson, 2006; Kennedy, 
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2003; George, erwin and Barnes, 2009).

the research is a reaction on a study of Boys (2010, p. 160 from Harrop & turpin, 2013, p. 2) 
who concludes, ‘almost no data exists to help assess the effectiveness of the new and adapt-
ed buildings currently being constructed across universities and colleges’. recognizing that 
spaces must continue to develop to ensure alignment to its users, and that decisions must be 
evidence based.

Nine Space Attributes
a typology of informal learning spaces has been determined by distinguishing nine learning 
space preference attributes. the typology was constructed using data from observational 
sweeps alongside coordinate and photographic mapping exercises (Harrop & turpin, 2013, p. 
7). the typology is not designed to be hierarchical but rather to inform evaluation and deci-
sion making activities related to informal learning space design (Harrop & turpin, 2013, p. 10). 
the nine attributes are shown in table 7.1:

attribute aspect

Destination Proximity favourites

Identity(ambience) studious,relaxed and infor-
mal’ 

‘buzz and activity’

Conversation talk, share ideas,  discuss and debate.

Community Social interactions, sitting 
close to peers/friends

Sense of common purpose, 
shared learning environment

Retreat Quiet /Silent Privacy

Timely on demand/ time slots fit in with schedule(quick 
tasks & longer study peri-
ods)

Human factors Large work spaces (natural) light

Resources Printers/ internet/ power 
availability

Presentation screens

Refreshment food & Drinks Proximity to catering outlets

Table 7.1 Nine Learning Space Attributes

the research noted the importance to consider all nine attributes for the evaluation of in-
formal learning space. another important consideration is the fact that evaluations usually 
primarily involve the macro level (i.e. building or campus level), while attributes may be dis-
carded at a micro level based on localised factors (Harrop & turpin, 2013, p. 26). furthermore, 
some attributes can be measured and/or are absolute, while others are subjective. for ex-
ample, the identity and use of a space can be interpreted differently and contrasting among 
users. on-demand access to spaces and their resources are also particularly important on a 
typical day for a student, making timely quite an important attribute. this is at the same time 
most difficult to predict because of the dynamic nature of this demand

Conclusion
the typology of learning space preference attributes can be used to evaluate, but more im-
portantly to design informal learning spaces. therefore, space design should encourage users 
to reflect on their learning preferences and translate these preferences into space selection 
(Harrop & turpin, 2013, p. 26). However, the study has been less revealing with regard to un-
derstanding selection and use of space by students. relating to the assessments undertaken, 
it has not revealed inter-relationships in the form of response patterns; meaning which be-
haviours, attitudes and preferences are typically associated with each other.
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finally, the typology must be viewed as an evolving entity, drawing upon existing datasets 
for the progression of informal learning space design. as both redevelopment projects and 
learning spaces research progress, the results can be benchmarked which should ultimately 
lead to practical and proven designs being implemented.

7.2.3 Learning space preference in higher education
a more in-depth empirical study is part of the dissertation of Beckers (2016) aimed to find 
learning space preferences in higher education learning. It did this by dividing learning into 
two basic activities: individual activities, requiring concentration and self-regulation or col-
laborative activities, requiring communication and interaction. furthermore, within the learn-
ing space preferences two dimensions are defined, the physical and social dimension. the 
physical dimension is operationalized with four characteristics: the perceived importance of 
comfort, aesthetics, Ict facilities, and layout. for the social dimension, degree of interaction, 
privacy, and autonomy is used for operationalization. finally, the socio demographic aspects 
of the students were taken into consideration. all of which is visualized in the conceptual 
model in image 7.3. 

Image 7.3 Conceptual model showing the different dimensions taken into consideration 
(Beckers, van der Voordt, & Dewulf, 2016, p. 245)

Functional aspects of space
the following table is an overview of the distinguished functional aspects for learning spac-
es, derived from the physical and social dimension. the type in table 7.2 signifies a certain 
aspect type while aspects are the specific features.

type aspect

Comfort natural light Size working 
surface

comfortable 
furniture

temperature

ICT Facilities Desktops Printers

Layout open closed

Aesthetics Plants finish Decoration

Table 7.2 Functional space aspects  (own table based on (Beckers, van der Voordt, & 
Dewulf, 2016)

Space types
furthermore, different space types have been determined and related to the layout, this is 
shown in table 7.3. It can be seen that catering areas, cafés, entrances and corridors repre-
sent open areas while project rooms and personal cockpits represent closed areas.
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Table 7.3 Layout related to space type (Beckers, van der Voordt, & Dewulf, 2016, p. 247)

Results
an important finding was that students are mostly focused on the functional aspects of a 
learning space. this demonstrates that students’ preferences regarding learning spaces are 
mostly influenced by their perceived effectiveness, for conducting the appropriate study ac-
tivities. these can be highly autonomous activities needing appropriate Ict facilities, suffi-
cient comfort, and being able to working alone in a quiet environment or in groups (Beckers, 
van der Voordt, & Dewulf, 2016, p. 248). this, simultaneously implies that aesthetical aspects 
of the physical dimension are not greatly important to most students.

“[…] students appeared to be most concerned about the functional aspects of space. they 
presented themselves as not overly concerned about aesthetics […]”.

an interesting result in relation to research of Harrop & turpin (2013) was that privacy was not 
as important as implied in that research, rather quietness seemed to be the key reason for 
preferencing places that support the possibility to retreat. this result confirmed the findings 
in the study by Price et al. which stated that quiet areas are one of the most relevant study 
facilities of universities. moreover, it was stated that regardless of the study activity, students 
highly favor closed areas (project rooms or individual cockpits). thus, whatever study activi-
ties students work on, students do not prefer busy, open learning spaces in a university build-
ing. However, the importance of these preference depend significantly on whether individual 
or collaborative activities are required. another important finding in the research was the 
fact that there was no significant correlation between learning space preferences and socio 
demographic aspects of students.

7.2.4 existing Data Structure
It was attempted to collect data that was already available. therefore the crem firm fmVG 
was approached to see which datasets can be used for the set up of the Smart tool. there 
was available data resulting from an inventorisation concerning space aspects in 2014. the 
dataset is show in image 7.4.

Image 7.4 Dataset Room aspect inventorisation 2014 (Faculty of Architecture, FMVG)

Several room aspects have been determined: Space type, nr. or studyplaces, nr. of tables, 
nr. of chairs per table, adjustable chairs, regular chairs, miscellaneous place, individual 
studyplace, degree of studyspace, silence (y/n), ability to book (y/n), Light type (natural/ 
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artificial), Power outlet, Wifi, ethernet, Desktops, Distance to coffee-corner/-machine and 
Distance to printer.

7.2.5 Selection Preferences
from the attributes and aspect in the former studies above, preferences have been selected 
to use in this research. this will form a basis from which a prototype is made. the student 
preferences are shown in table 7.4 and the room aspects in table 7.5.

requirements

retreat/ Interact

Working alone/ collaborate (including nr. students)

Desktop (y/n)

Presentation monitor (y/n)

Preferences

occupancy levels

Distance to current location

Distance to  printers

Distance to  catering (clusters)

Layout (open/closed)

natural light (y/n)

favourites (determined from record/database)

Table 7.4 List of student preferences

Space attributes

name 

Location (measured for determining proximity to student location)

Building

Size (sqm)

capacity (nr. of study spaces)

occupancy 

availability (y/n)

Distance to printer

Distance to catering (clusters)

Presentation monitor (y/n)

Layout (open/closed)

natural light (y/n)

Table 7.5 Space attributes

Several optional aspects have also been determined which are more difficult to determine 
or less interesting to students. However these aspects can prove to be more important over 
time. these aspects are shown in table 7.6.
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aspects range

Size working surface regular/large

ability to eat and/or Drink y/n

Light levels Lux

noise levels Decibel (Db)

aesthetics

Plants y/n

finish level high/low

Table 7.6 Space attributes out of the scope of the smart tool

7.3 Business Intelligence
organisations need information to understand their operations, customers, competitors, sup-
pliers, partners, employees, and stockholders. Information is gained by gathering and pro-
cessing data. However, due to the expansion of internal and external data sources relating to 
the organisations, this led to massive amounts of data. therefore, a system is needed to pro-
cess these large amounts of data into usable information. Business Intelligence (BI) does just 
that, it turns data into ‘usable’ information to support decision making and gain knowledge 
concerning the business (Sherman, 2015, p. 10). BI is a data visualisation tool decision makers 
use, usually in the form of dashboards (Sherman, 2015, p. 14). as shown in the image below 
the process of converting data to BI: Data integration makes the gathered data from multiple 
sources uniform, data warehousing stores the data, and BI presents it to decision-makers in 
an understandable way (Sherman, 2015, p. 3).

Image 7.5 Process of converting data to usable information (Sherman, 2015, p. 15)

organisations cannot solely function on business intelligence, organisations still need leaders 
and decision-makers with intuition. However to support their decision making they depend 
on data to validate their intuitions. thus, data becomes a strategic tool that helps decision 
makers to see patterns which are otherwise difficult to notice (Sherman, 2015, p. 7).

7.3.1 Data
It is important to recognize there is a (big) difference between data and information. Data is 
raw, random, and unorganized. While information is data that has been organized, structured, 
and processed (Sherman, 2015, p. 8-9). once necessary (raw) data is located and evaluated, 
it often needs to be turned into a clean, consistent, and comprehensive set of information 
ready to be analyzed (Sherman, 2015, p. 10). thus, it is essential to consider the quality of 
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data, or when data exhibits the “five cs”: clean, consistent, conformed, current, and compre-
hensive (Sherman, 2015, p. 17). 

In the current climate data is increasing in volume, velocity and variety. Volume is defined 
as the amount of data. amounts of data become more difficult to process as they increase 
in size. Velocity is related to the speed data is gathered. Because much of the data need 
is time sensitive there is greater pressure to decrease the time between when it is gathered 
and processed as information. Variety relates to the different sources of data. as variety 
increases, multiple data sources producing data in different formats create difficulties for 
data integration. Data integration is aligning or relating the same or similar data in the same 
format (Sherman, 2015, p. 4-5).

as implied in variety, sources of data continue to expand. Smartphones, tablets, and a wide 
variety of mobile devices have become a new source of data (to analyze). With the expansion 
of technology platforms on the internet and mobile devices, businesses and consumers are 
expanding the use of networked devices that monitor, measure, and transmit data related to 
all types of human and machine activities. this has been labeled the Internet of things (Iot) 
and is considered the latest technology platform evolution that will significantly impact data 
(Sherman, 2015, p. 145).

7.3.2 analytics
Ultimately, data has no value unless you can understand what you have, analyze it, and then 
act on the insights from the analysis (Sherman, 2015, p. 6). analytics is the examination of 
information to uncover insights to help the decision maker to gain knowledge for making in-
formed decisions. currently, analytics is not just growing in volume but is also growing more 
complex. therefore, advanced analytics is expanding to include data visualization and pre-
dictive analytics (Sherman, 2015, p. 7). Data visualization presents data in a visual way, e.g. 
with graphs and charts (Sherman, 2015, p. 17). By Data mining large quantities of data are 
analyzed to find patterns and relationships (Sherman, 2015, p. 17). With predictive analysis 
one hopes to see patterns that help predict the direction of the future. thus, there is signifi-
cant value of analyzing the amount of information and then acting on that analysis (Sherman, 
2015, p. 10).

7.3.3 Data Sources
there is an important difference between operational systems and BI. operational systems 
are used to capture data and act as a data source for BI. capturing data means converting 
or translating data to a digital form. operational systems are focused on the present and 
therefore lack many key attributes to support all the necessary analysis (Sherman, 2015, p. 
12). therefore an additional system, BI, is the application used for reporting, querying, and 
analytics. this also includes data warehousing, which is the database backbone to support BI 
applications (Sherman, 2015, p. 11).  a common BI tool used to present information is a dash-
board. a dashboard displays numeric and graphical informations on a single display, making 
it easy for decision makers to gain information from different data sources (Sherman, 2015, 
p. 17). 

7.3.4 Data modeling
a data model specifies data structures, providing a method to visually communicate the 
data that is needed, collected, and used by an organization (Sherman, 2015, p. 173). the 
primary objective of a data model is to support the data design for an It application (Sher-
man, 2015, p. 174). It is used as a communication tool for discussions between developers, 
database analysts, and business analysts during design and application development. thus, 
data modeling is a structured approach to identify and analyze necessary data components 
for information systems (Sherman, 2015, p. 174).
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7.3.5 relational databases
a relational database (rDB) is a collective set of multiple data sets organized by tables, 
records and columns. rDBs establish a well-defined relationship between database tables 
which communicate facilitating data searchability, organization and reporting. rDBs use 
Structured Query Language (SQL), which is a standard user application that provides an 
easy programming interface for database interaction (https://www.techopedia.com/defini-
tion/1234/relational-database-rdb).

Data models are a key component of relational databases (Sherman, 2015, p. 178). the two 
primary areas in which relational databases are used include: operational systems and BI. 
Operational systems processes transactions and events that occur in a business. e.g. a 
customer places an order. BI applications are used for reporting, querying, and analytics. 
this category also includes data warehousing, which is the database backbone to support BI 
applications.

7.3.6 entity-relationship (er) modeling
enitity relationship (er) modeling is a logical design modeling technique mostly used for op-
erational systems. It minimizes data redundancy and ensures data integrity, but because of 
this, can become rather large and complex. Because of its complexity, a structured approach 
and technique is critical to eliminate data redundancy (Sherman, 2015, p. 179).  Ultimately, 
understanding er modeling helps dimensional modeling, because the entity, relationship, and 
attributes are all building blocks for the dimensional model (Sherman, 2015, p. 195). 

er models are built up of three building blocks: entities, relationships, and attributes (Sher-
man, 2015, p. 179-180). an example of these building blocks is shown in image 7.6.

Image 7.6 Developing a Data model (Sherman, 2015, p. 180)

• An entity is a person, place, thing, or event about which the business keeps data.
• Relationships show how the entities are related to one another. relationships are the 
logical links between the entities that represent the business rules or constraints.
• Attributes are distinct characteristics of an entity for which data is needed to capture 
and maintained in order to understand the business.

thus, entities can have a relationship towards each other and identifying the relationship 
establishes the parent as a way to identify and classify the child (Sherman, 2015, p. 181). this 
leads to two types of entities, independent and dependent:
• Independent entities: can survive on their own and does not need any children.
• Dependent entities: are child records that need a parent record to exist.

Relationships
an entity-relationship model has four basic types of relationships: identifying, non-identi-
fying (either optional or mandatory), and many-to-many relationships. cardinality imposes 
itself on these various relationships. the different forms are shown in Image 5.9. 
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Identifying relationships establishes the parent as a way to identify and classify the child. In 
this type of relationship, the primary key from the parent migrates through the relationship to 
become part of the primary key, or identity, of the child. the child entity is dependent upon
the parent for its identification or classification, and it cannot exist without the parent.

In non-identifying mandatory relationships the parent entity’s primary key migrates as a 
non-key attribute to the child but does not identify the child. the non-key attribute is a for-
eign key pointing back to the parent entity, but it is not used as primary key. Because the 
child cannot exist without a parent, but is independent of the parent for its identification, the 
relationship becomes mandatory.

In a non-identifying optional relationship, the parent entity has a primary key that migrates, 
as a non-key attribute, to the child but does not identify the child. In other words, the child is 
independent of its parents for its identification.

Many-to-many relationship has a nonspecific relationship in which primary keys do not mi-
grate as foreign keys. the relationship is many-to-many, representing a relationship for both 
the parent and child sides. In describing the relationship it is required to state from the per-
spective of first the parent to the child and then the child to the parent (Sherman, 2015, p. 
184).

a recursive relationship is also referred to as a self-referencing relationship. It is a non man-
datory relationship in which the same entity is both the parent and the child. each migrating 
primary key attribute must be given a role name to clarify the attribute’s foreign key role 
(Sherman, 2015, p. 185).

Cardinality
Cardinality is defined as the number of relationships an entity has with another entity. It 
defines, on both the parent and child side, how many occurrences can take place between 
these entities. there are four options, as described in the table below: one-to-one, one-to-
many, many-to-one, and many-to-many. In addition to these four types of cardinality, rela-
tionships can also be recursive. With recursive, or self-referencing relationships, the same 
entity can be in both ends of the relationship. In other words, there may be more than one 
relationship between entities (Sherman, 2015, p. 181).

Image 7.8 Cardinality (Sherman, 2015, p. 182)

b. Keys 
an entity can also have different kinds of attributes key or non-key. to build a physical data 



63   l   LIteratUre StUDY 

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

model, it is important to decide which attributes are used for keys. Key attributes serve to 
uniquely identify an attribute (Sherman, 2015, p. 180). there are four types of keys: candidate, 
primary, alternate, and foreign.

● the candidate key (CK) is the attribute or group of attributes that can uniquely identify 
each instance of an entity. 

● the primary key (PK) is the attribute or group of attributes that is chosen to uniquely 
identify each instance of an entity. If there is a list of candidate keys, then one needs to 
be designated as the PK. 

● the alternate key (AK) is the attribute or group of attributes that is not chosen as a pri-
mary key to uniquely identify each instance of an entity.

● the foreign key (FK) is a primary key of a parent entity that is contributed to a child entity 
across a relationship.

Image 7.9 Key Types(Sherman, 2015, p. 182)

Normalization
the goal of normalization is to create the cleanest entity relationship model possible in or-
der to eliminate or minimize redundancy. In normalized model the entities only have attributes 
related to the entities themselves, while allowing the establishment of relationships between 
other entities. therefore it becomes easier to maintain, not only because of the lack of redun-
dancy, but also because the entities, the attributes, and the relationships are clearly defined 
(Sherman, 2015, p. 195). an example of this is: rather than fully typing the building name and 
adding the address and phone number of the building to the row of each room, you create an 
unique identifier for the building e.g. building ‘1’ or ‘a’ in a separate table which has all the 
information related to the building which you are still able to find. normalization, however, 
leads to very complex data structures. With this increased complexity it becomes harder to 
understand. furthermore with large models querying can become difficult when many tables 
need to be joined.

7.4 Conclusions
the findings of this chapter will now be described to answer the question: ‘How can one de-
velop a Smart tool to enable the interaction of real estate and users to enable the generation 
of usable management information?’.

for the measurement of preference, a scale needs to be constructed to for each criteria and 
a value for this criteria needs to be assigned on this scale to signify preference. this scale 
enables the transition of an empirical system (e) to a mathematical system (m). 

Using Pfm has the following procedure: Initially, a hierarchy of criteria and the identification 
of the alternatives is needed for the development of Pfm. the scores are then elicited by 
decision makers as preferences for each alternative against each criterion by first establish-
ing reference alternatives. then, the other alternatives are rated relative to these reference 
alternatives on the scale established. thereafter, the decision maker the attaches a weight 
to each criterion. When finally the Pfm algorithm is used to yield an overall preference score 
to evaluate all the alternatives, it can then be ranked accordingly.
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relating this to the proposed smart tool, it is not needed to determine alternatives as spaces 
are already existing. therefore, the preference function modelling procedure needs to be 
adapted slightly by using the mathementical function on the spaces as alternatives. thereaf-
ter, the results of the algorithm can then be ranked according to the overall preference score.

to determine the relevant criteria to use in preference function modelling the sub question: 
‘What criteria for study space preferences should be considered in the smart tool?’ is an-
swered in the following paragraph.

the typology of learning space preference attributes was be used to evaluate, but more 
importantly can also to design informal learning spaces. therefore, space design should en-
courage users to reflect on their learning preferences and translate these preferences into 
space selection. as both redevelopment projects and learning spaces research progress, the 
results can be benchmarked which should ultimately lead to practical and proven designs 
being implemented. from the attributes and aspects in the former studies, preferences have 
been selected to use in this research. this will form a basis of criteria used in preference 
function modelling. the results of the chosen preferences to use as criteria are shown in the 
table below.

requirements

retreat/ Interact

Working alone/ collaborate (including nr. students)

Desktop (y/n)

Presentation monitor (y/n)

Preferences

occupancy levels

Distance to current location

Distance to  printers

Distance to  catering (clusters)

Layout (open/closed)

natural light (y/n)

favourites (determined from record/database)

for the development of the smart tool the processing of information to display is most impor-
tant. for this, information needs to be stored and extracted. this is done by storing the data 
in information systems, for which data modelling is required. Data modeling is a structured 
approach to identify and analyze necessary data components for information systems. a re-
lational database (rDB) is a collective set of multiple data sets organized by tables, records 
and columns.  the two primary areas in which relational databases are used include: opera-
tional systems and BI. operational systems processes transactions and events that occur. for 
this an entity relationship (er) model needs to be built. this model consists of three building 
blocks: entities, relationships, and attributes (Sherman, 2015, p. 179-180). an entity is a per-
son, place, thing, or event about which the business keeps data. Relationships show how 
the entities are related to one another. relationships are the logical links between the en-
tities that represent the business rules or constraints. Attributes are distinct characteristics 
of an entity for which data is needed to capture and maintained in order to understand the 
business. entities can have a relationship towards each other and identifying the relationship 
establishes the parent as a way to identify and classify the child.

the findings have shown how the information in relation to preference is processed and what 
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information is relevant (i.e. criteria) to use. these results will form the building blocks on which 
the smart tool prototype will be built. the process of making the relevant structure for proto-
type evaluation is described in chapter 10.
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8. occUPancY DetectIon
the following findings are described to answer the sub question: ‘How is occupancy detected 
through an existing Wifi infrastructure?’ In the first section, (8.1) the principle of detecting 
occupancy through wifi is described and what is important in processing the raw. the second 
section (8.2) concludes on the findings through summarisation.

8.1 WiFi Occupancy Detection
for acquiring data to measure occupancy in buildings Wi-fi is very interesting because the 
main infrastructure is often already present in buildings. additionally, standard Wi-fi devices 
do not need any modifications, which limits the amount of preparation needed. moreover, 
many contemporary electronic products have Wi-fi capabilities built in, including portable 
devices such as smartphones, tablets, smart watches and music players (Braggaar, 2018, p. 
12). this classifies Wi-fi as a major opportunity for measuring occupancy, especially for ap-
plication in a university setting (Valks et al., 2016).

for example, the tU Delft campus already has a Wi-fi network infrastructure that covers the 
whole (indoor) campus consisting of cisco aironet access points (see image 8.1). By using 
these access points costly investments in additional hardware can be avoided. However, 
limitations include that visitors or users that are connected over a Lan cannot be recorded, 
as well as limited data accessibility and latency of data acquirement (Braggaar, 2018 p. 37).

Image 8.1 Existing Wi-Fi (Access Points) infrastructure in the Faculty of Architecture, TU Delft 

8.1.1 network based positioning
Performing positioning centrally is advantageous as is doesn’t require active user involvement 
and allows large scale data collection and aggregation. therefore it is beneficial to use a 
network-based positioning to determine position from the network or server side, instead 
of the mobile side (mautz, 2012).  In network-based positioning base stations (e.g. access 
points) capture signals transmitted by the mobile devices. access Points (aP) are Wi-fi base 
stations that expand the local network by providing access to a Wireless Local area network 
(WLan). this enables a wireless connection between aPs and mobile devices allowing com-
munication between the two components.

In order for this to occur the (wireless) network must first be discovered also called the net-
work discovery process. for this two distinct processes have been identified passive or active 
network discovery. Passive network discovery happens when the mobile device receives a 
signal sent out by aPs on a regular interval ( in the left illustration of image 8.2), to establish 
a connection. In active network discovery the mobile device initiates the process by sending 



67   l   LIteratUre StUDY 

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

out a blind request (i.e. probe) to be recognized by surrounding networks enabling the estab-
lishment of a connection (shown in the right illustration of image 8.2). Device users have no 
control over the amount of probe requests that devices send out with the exception of turning 
off Wi-fi (Braggaar, 2018 p. 13).

Image 8.2 In the left illustration the probe request and response of the access point and in 
the right illustration a broadcasted signal from an access point reaching several devices. 

(Braggaar, 2018)

8.1.2 metadata
When these probe requests are captured their metadata (information which describes the 
request) can provide useful insight that can be used for indoor positioning. the following 
metadata can be retrieved from the probe requests (Braggaar, 2018, p.15):
• Timestamp: the time at which the probe request arrives at the Wi-Fi base station
• MAC address: the Media Control Address or unique identifier of the device on the network
• RSSI: an indicator for signal strength (amount of RadioFrequency-energy in Dbm)
• SSID: the name of the network the client is currently connected to
• (optional) Requested SSID: the name of the network the client station wants to connect to
• Vendor: the manufacturer info of the device’s chipset (If included by the manufacturer)

8.1.3 (Wifi) Positioning
Position is defined as an exact point in a space expressed in (x, y) coordinates and can be 
either absolute or relative, depending on the used reference frame as shown on the right in 
image 8.3. Indoor location, however is referred to by Sithole and Zlatanova (2016, p. 92) as 
the smallest space physically defined (i.e. by walls) space in a building (e.g. room or corridor) 
as shown on the left in image 8.3. However, spaces can also be defined as sub-space by 
campus management in cases that it spaces are large and sections are clearly identifiable. 

for determination of the exact position of a mobile device in a space the accuracy of Wi-fi 
is not accurate enough. However, exact positions of users is not of interest to campus man-
agement, but accuracy on location (as described earlier) is sufficient to determine utilization 
of spaces.

Image 8.3 The left image shows an absolute position with coordinates, the right image high
lights a location, a room in this case (Braggaar, 2018)
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techniques to determine position through Wi-fi can be based on time, angle or signal strength. 
the techniques based on signal strength (rSSI) are most commonly used because they re-
quire no hardware adaptations and are not prone to clock errors which some of the other 
techniques have (Braggaar, 2018, p. 15)  a particularly suitable positioning method to use 
the rSSI is lateration. Lateration uses the distances from a mobile devices to multiple base 
stations (e.g. aPs) in order to calculate an intersection point. the rSSI values can be used to 
determine distance between aPs and mobile devices for Wi-fi lateration as described in the 
next section (13.5.4).

Tri/Multilateration for Position Determination
By combining the rSSI values from more network base stations the accuracy can be increased 
and elevation can be determined. for trilateration a device’ rSSI values to three base sta-
tions is used, which is can give meter accuracy. However, the accuracy and reliability is usu-
ally severely decreased due to environmental factors (oguejiofor et al., 2013 in Braggaar, 
2018, p. 47). the principle of localisation by trilateration is shown in image 13.6, which shows 
different radii for each base station determined from the rSSI value, by combining these radii 
the intersection can discovered to determine the location of a device. Similarly, for multilat-
eration more than 3 base stations and their respective rSSI values are used to calculate a 
point of intersection including elevation (z -axis) of a device. furthermore, because a higher 
number of base stations is used, a higher accuracy can also be achieved.

Image 8.4 Principle of trilateration (Braggaar, 2018)

Elevation Determination
the main benefit of multilateration is that by combining the rSSI values from multiple bases 
station on multiple floors it is able to determine the vertical plain (i.e. a floor) a device is 
located on. for this at least the input values form 4 bases stations are needed and by com-
bining the average values of multiple values and grouping them per the floor a total average 
per floor can be calculated (Braggaar, 2018, p. 47). Ultimately leading to the determination 
of the floor the device is on.

Occupancy Detection
By processing the results of the positioning within a vector polygon (defined area) stored in 
the database, the occupancy of each area can be calculating comparing the capacity and 
number of devices of each area. Image 8.5 shows a valid closed polygon which contains 5 
points (start and endpoint overlap) able to determine the occupancy as a combination of the 
detected devices, inside the spatial points of the polygon within a given timeframe (Brag-
gaar, 2018, p. 47).
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Image 8.5 Defined area with a vector polygon (Braggaar, 2018)

8.1.4 Signal Strength
Because he position or location of the device is based on the rSSI value it becomes a very im-
portant measurement. In an outdoor situation signal strength normally degrades quadratically 
over distance. By using a mathematical path-loss model signal strength can be translated to 
a distance estimation. However, in indoor environments the signal is (dynamically) influenced 
by various objects, human bodies and building elements complicating determination of dis-
tance. radio frequency signals and some identified influences in indoor environments can be 
seen in the visualization of image 8.6. the influences are described in more detail in the next 
section.

Image 8.6 Influences of radio frequency signals (Callaerts (2016) in Braggaar (2018))

Indoor Influences on Signal Strength
as the radio frequency signal of a device is transmitted in an indoor environment it comes 
into contact with and travels through various materials and objects. each of these materials 
have different properties and as a result causing different amount of reflection, absorption 
and penetration making the calculation of the path loss of the signal much more complex. a 
distinction of 6 main effects that can have an influence on the signal path loss calculation in 
indoor environments have been distinguished by Seybold (2005): 

multipath reflection
this means that due to reflection of the signal multiple versions of the same signal, arrive 
at different times. Signals travel at different lengths as result of reflection ultimately lead-
ing to different signal strengths. for example, metallic surfaces are especially known to 
reflect Wi-fi signals. 

absorption
the different types materials and obstacles can also partially absorb the signal, leading 
to a decrease of signal strength. for example, the human body consists for a large part 
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of water which can strongly reduce the strength by absorption. the decrease in signal 
strength caused by objects in the path is called shadow fading or slow fading.

refraction
When a signal goes through different materials or objects, (e.g. glass and thin air) it re-
fracts. During transition through a material the angle of the signal is changed by th a cer-
tain degree which can be predicted or calculated. 

Scattering
When a signal collides with an object it is able to scatter the signal in multiple unpredict-
able directions.

Diffraction 
a signal is also able to curve or bend around an obstacles’ edges, causing changes in di-
rection. this phenomenon is called diffraction.

Depolarisation
Polarisation (wavelength vibrations) can change upon impact with the surface for certain 
types of waves.

8.1.5 Data filtering
the captured data needs to be processed by filtering data to produce usable input data 
needed to calculate distances. the data filtering is a crucial process as it is normal with large 
data collection that large amounts of unwanted data is also captured. for example, users 
which are not in the defined space e.g. outside the building (i.e. outliers) shouldn’t be added 
to the occupancy rating of the building. to deal with this Braggaar (2018, p. 40) determined 
three different types of filtering to apply to his data for his thesis: redundancy filtering, outlier 
and threshold filtering and user type filtering. Within the user type filtering three sub catego-
ries are recognized.
1. redundancy filter
2. outliers and thresholds
3. actor type filtering:
(a) Static devices
(b) anonymised traffic
(c) one-hit traffic

8.2 Conclusions
By relating these findings to the development of the smart tool more known about the process 
of gathering data on building use. Since the occupancy detection is essential in the function-
ing of the smart tool, the most relevant findings are explained to answer the sub question: 
‘How is occupancy detected through an existing Wifi infrastructure?’

In network-based positioning base stations (e.g. access points) capture signals transmitted 
by the mobile devices. a particularly suitable positioning method to use the rSSI is lateration. 
Lateration uses the distances from a mobile devices to multiple base stations (e.g. aPs) in 
order to calculate an intersection point. In multilateration more than 3 base stations are used 
to calculate a point of intersection including elevation (z -axis) of a device. Because a higher 
number of base stations is used, a higher accuracy can also be achieved. 

Because he position or location of the device is based on the rSSI value it becomes a very 
important measurement. By using a mathematical path-loss model signal strength can be 
translated to a distance estimation. However, in indoor environments the signal is (dynami-
cally) influenced by various objects, human bodies and building elements complicating de-
termination of distance. therefore, mathematical model needs to take into account all of the 
different effects on the signal strength. 

additionally, the captured data needs to be processed by filtering data to only use the rele-
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vant data. the data filtering is a crucial process as it is normal with large data collection that 
large amounts of unwanted data is also captured.
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9. PrIVacY anD Data ProtectIon
the purpose of this chapter is to answer the sub question: ‘What are the privacy issues con-
cerning gathering use data?’. the first section (9.1) will explain the regulations concerning the 
gathering and storing of data about building use. finally, the (9.2) findings are explained and 
implications for the smart tool described.

9.1 Definition and Regulation
Gathering data on occupancy involves determining the number of individual people on a 
certain location at a certain time. this data can ultimately be led back to a person making 
it personal privacy sensitive information. In order to comply with privacy legislation several 
aspects need to be covered which will be described in this section. 

the described way to determine occupancy in a (space within a) building involves mac-ad-
dresses. a mac-address (media access control address) is a unique string (set of characters) 
to identify a device, making it possible for devices to communicate with each other over 
ethernet. mac-addresses are prescribed to devices by their manufacturer and in principle 
unique. When the Wifi is active on a device it will (nearly) constantly send out a signal with 
this mac address to detect and/or connect to Wifi networks. a device’s mac address can 
be led back to a person with additional information. Because the described data gathering 
involves information about the date and time of a particular device (e.g. smartphone), the 
behaviour of the device’s user can be exposed leading to possible privacy infringement. this 
has been confirmed by a study in 2011 which concluded that a mac address is considered 
personal data because it is a unique number which be used for the  identification of person 
(Kranenborg and Verhey, 2011 in Braggaar, 2018). 

the european Union (eU) establishes regulation or directives regarding privacy and data pro-
tection which its members need to comply. furthermore, each member is obliged to set up 
a supervisory body to maintain compliance with the regulation, which for the netherlands is 
the authority of personal data. In 1995 the eU established the Data Protection Directive which 
deals with the protection of individuals with regard to the processing of personal data. this 
directive consists of seven main principles:
1. notice: data subjects need to be notified when their data is being collected
2. Purpose: the purpose of the data collection needs to be stated and cannot be used for 
any other purposes.
3. consent: data should not be published without consent of the data subject
4. Security: the storage of the collected data needs to be secure from any potential abuses
5. Disclosure: it should be clear for data subjects who is collecting their data
6. access: data subjects should be allowed to access their data and make corrections
to any inaccurate data
7. accountability: data subjects should be able to hold data collectors accountable for not 
following the any of the stated principles.

9.2 Anonymizing Data
to deal with the possible privacy issues relating to the described personal data, the mac ad-
dresses can be depersonalised (anonymized) and encrypted to prevent identification of the 
associated device. a way to anonymize the mac addresses is by hashing the character string. 
a hashing algorithm produces a different set of characters following the input as shown in 
image 9.1 the result is dependent on the input and therefore produces the same result. this 
makes tracking users is still possible, despite the fact that the mac address is not directly 
known (Braggaar, 2018, p. 54). furthermore, if an existing mac address is known the hash 
can be recalculated. However, this can be solved easily by restricting access to the data 
(autoriteit Persoonsgegevens, 2016, p. 5).
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Image 9.1 Encryption algorithm (Braggaar, 2018)

In a test to use Wifi to determine user flows in the London metro (Weinstein, 2017) the irre-
versible encryption method included a ‘salt’. this was added to enhance security by adding 
an unknown character string to each mac address before encryption. making it is impossible 
for the original mac address to be identified without knowing the salt, even if a mac address 
and the encryption mechanism is known. reducing both the possibility of a single known mac 
being identified in the data, and a look-up table of all possible mac addresses being creat-
ed and joined to the data. By working this way the data can be considered anonymous and 
unable to identify any specific device (Weinstein, 2017, p. 22).

9.3 Data Storing
Because occupancy requires storing information on the detected mac addresses it also be-
comes possible to unintentionally store data outside the area of interest. this happens when 
a device comes within the range of the access point to detect it, while being outside the 
building. all the data which have been determined to be outside the area of interest need 
to be filtered and cannot be stored (autoriteit Persoonsgegevens, 2016, p. 11). furthermore, 
access to the data needs to be restricted to a particular team which are designated to use 
the data for its intended purpose. these individuals need to go through privacy and data pro-
tection training. finally, the collected data collected can never be shared with any third par-
ties (Weinstein, 2017, p. 22). Personal data can be stored no longer than is necessary for the 
intended purpose according to article 10 of the Wbp (Wet Bescherming Persoonsgegevens). 
meaning that organisations can store personal data in an archive if it is intended for histori-
cal, statistical or scientific purposes. 

9.4 Transparency
Under the principles ‘notice’ and ‘Disclosure’ the data subjects are required to be notified 
of what is being measured, why and by whom. this can be accomplished by giving informa-
tion step by step. meaning that when data is gathered, the company responsible needs to 
be stated, the purpose of the data collection and additional information on how the data is 
processed is made explicit. an example of this can be a clearly visible sign or sticker which 
data subjects are able to read before entering the space where the data is being collected. 
this, gives individuals the possibility stop entering the area or switch off their wifi to make 
sure their device is excluded from detection (autoriteit Persoonsgegevens, 2016, p. 15.).

9.5 Conclusions
Since occupancy detection is essential in the functioning of the smart tool, the most relevant 
findings are explained to answer the sub question: What are the privacy issues concerning 
gathering use data?’.

It was determined that detecting occupancy is considered personal information. therefore, 
to use this one needs to comply with seven main principles discovered in regulation:
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1. notice: data subjects need to be notified when their data is being collected
2. Purpose: the purpose of the data collection needs to be stated and cannot be used for 
any other purposes.
3. consent: data should not be published without consent of the data subject
4. Security: the storage of the collected data needs to be secure from any potential abuses
5. Disclosure: it should be clear for data subjects who is collecting their data
6. access: data subjects should be allowed to access their data and make corrections
to any inaccurate data
7. accountability: data subjects should be able to hold data collectors accountable for not 
following the any of the stated principles.

to deal with the possible privacy issues relating to the described personal data, the mac ad-
dresses can be depersonalised (anonymized) and encrypted to prevent identification of the 
associated device. Under the principles ‘notice’ and ‘Disclosure’ the data subjects are also 
required to be notified of what is being measured, why and by whom.

In the use of the smart tool it is not expected that users will object to the gathering of per-
sonal information relating to preferences. this is because the values are subjective and can 
easily be changed. the input values also do not say anything personal except for preference, 
something that can not be used against users in any way.



Image: BKCityGuide 2017/2018Image: BKCityGuide 2017/2018



Part IV

RESULTS
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10. DeSIGn ProceSS Smart tooL
this chapter will illustrate the process of designing the proposed Smart tool and its func-
tionalities by describing the construction and outcomes of several aspects. firstly, (10.1) the 
objectives set out for the functionality of the Smart tool is clarified signifying the (design) 
objectives. thereafter, the (10.2) required technology to achieve these functionalities are 
explored. consequentially, the execution of the proposed smart tool is clarified by making 
several models. Beginning with, (10.3-4)  two prototypes which were used to test Preference 
function modelling on users of the campus. then, (10.5) a database structure which illustrates 
the back-end of the smart tool needed to store the generated data is described. after this, 
a (10.6) mock-up of a mobile application is described which is tested on users to show work-
flow in order to improve usability. Lastly, the (10.7) findings in these evaluation interviews are 
described using the predetermined method of the task Load Index.

10.1 Objectives

Image 10.1 Workflow Smart Tool (own illustration)

Image 10.1 is a representation of the proposed smart tool that is able to help students with 
finding a study space meeting their personal preferences and requirements. this was one of 
the first ideas about the functionality of the smart tool which has been developed through-
out the research. the Smart tool is represented as a decision tree to indicate the choices 
a user needs to make to enable a selection of the study spaces according to preferences. 
firstly, it is important to be able to use an smart tool on a smartphone while approaching the 
building. In this manner wayfinding is delayed the least (or not at all) by gaining information 
about the supply of available study spaces. Such an smart tool would work for each individ-
ual student who is able to set up their own preferences. Preferences are by indicating the 
preferred degree of occupation, natural light/window view, closeness to facilities etc. of 
spaces. thereafter of each of these criteria is weighed by the user, to indicate importance. 
this ultimately allows the app to show a selection of spaces that has the highest match with 
the user’s preferences.

In the first screen of the smart tool three options are given: “find me”, “find my classroom” 
and “find a Study/workspace”. after selecting, each option shows different results. When 
“find me” is selected a 3D map of the faculty/office building is shown while the location 
of the user is indicated. this will enable the user to navigate the building and offers a bet-
ter alternative to the traditional paper building map. If “find my classroom” is selected the 
schedule of the individual student is shown through an integration of Brightspace. after the 
class is selected a 3D map is shown indicating both the student and the room linked to the 
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selected class. Using the 3D map the student can navigate himself to the classroom or choose 
the option to “find a route” showing the fastest route to the room and estimating the time 
needed to reach the location.

When a user is looking for a study/work space the “find a study/workspace” can be selected. 
Subsequently the smart tool shows the number of available spaces and asks the user if it is 
going to ‘Work alone’ or ‘cooperate’. In the case that the user is cooperating the number of 
needed spaces is requested up to a total of 10. afterwhich the requirements for the space 
are requested giving the options of: Power outlets, Presentation monitor, etc.. When this is 
completed a selection is made of the available study/workspaces the users is able to choose. 
after one of the options is chosen the user is directed to the space(s) through a 3D map. In 
the case that there are no study spaces available that meet the requirements or preferences 
of the user or there are no more study spaces left available, two options are show. the option 
to ‘Show’ the study spaces which did not meet the requirements anyway or the option to ‘find 
a space on a different faculty’. this makes it possible for the user to either adapt his require-
ments/preferences or move to a different faculty. When ‘Show’ is chosen the study spaces 
are which did not meet the requirements are shown with indication what requirements were 
not met.  the users are then still able to choose these spaces making them mitigate/easing 
up on their requirements or preferences. the reason for showing the selection of study spaces 
on other faculties is to use the unique ability of student to use multiple faculties to meet their 
needs. this should lead to a more effective use of the campus as a whole.

Image 10.2 Required Technology Smart Tool (own illustration)

10.2 Required Technology
In image 10.2 the required technology is linked to the decision tree of the proposed smart tool 
to show which technology is needed for which function. to start, a student must be able to log 
in to his personal account, for which a Single Sign-on net ID integration is most desired as 
this reduces the time to log in. to enable the functionality of finding a classroom in relation to 
the students schedule an integration of the Brightspace is most likely needed or the schedule 
can be extracted from the underlying scheduling system. to guide a user to a classroom the 
location of the user needs to be determined. What is also important in this regard is determin-
ing the location of the user, from which a route can be calculated. Which leads to the next 
technology wayfinding which is the technology for calculating routes. 

Determination of a users location is also important with regard of the distance a user is will-
ing to travel to a space. this distance is stored in the user bound settings which holds all of 
the values for the preferences of the user. When a selection of spaces is shown according 
to the users preferences it has to be available, otherwise it is of no use. therefore the tech-
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nology of occupancy detection is needed. furthermore, occupancy is another aspect which 
is of influence of users preferences which adds to the importance of this technology of the 
proposed smart tool. additionally, to reduce the time to build the smart tool it is expected 
that some integrations with existing systems need to be established, include a (3D) systems 
for maps for example.

10.3 Prototype Version 1
to test the proposed Smart tool a space preference function model was constructed in excel. 
this was chosen for its ease of use with regard to input information, its ability to add backend 
functions in Visual Basic where e.g. the lagrange function was implemented and the fact that 
most people have been exposed to excel before. In the first version of the model the step-by-
step process of Pfm was used, each tab representing a different step. 

Step 1. firstly the criteria was shown which formed the basis for the Pfm rating. this also al-
lowed to ask users which criteria are important to them, which could be deleted and which 
were missing (shown in Image 10.3).

 
Image 10.3 Criteria (own illustration)

Step 2. the following step was “Identify alternatives”, which included a list of spaces with 
different value for each of the criteria. the values that were input was random to allow the 
calculation to function.

Image 10.4 Alternatives in the model (own illustration)

Step 3. the step thereafter was “elicit Scores” in which the values of the users preferences 
were asked. this was expected to be the least comprehensible step as it could easily be too 
abstract for users which values were asked. therefore additional guidance was implement-
ed in the form of text boxes. this however still required the users to read the text boxes and 
showed to still be insufficient to make users understand which values needed to be filled in, 
as shown in the interviews (appendix 2).
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Image 10.5 Elicit Scores tab (own illustration)

Step 4 required users to input the importance or weight of each of the criteria. to explain 
what is asked of the user a text box was included. for the mathematical function to work the 
percentage needs to be 100%. therefore conditional formatting was used to show wheth-
er the total percentage of 100% (which then turned green), or did not meet this require-
ment (making the percentage turn red). enabling users guidance for filling in the appropriate 
weights. additionally, to help users to get an understanding of the weight differences of the 
criteria relevant to each other, a pie chart was added.

Image 10.6 Changing weights (own illustration)

Step 5. Included the results of the mathematical calculations showing a preference score of 
0-100 for each criteria. the overall preference score and ranking was shown in the right hand 
side as shown in image 7.7 for the “binary” criteria, the results showed a score of either 100, 
indicating they matched completely or 0 indicating that the criteria wasn’t met at all. this 
allowed the system to still show spaces which did not met this particular aspect, while the 
space itself might have a high overall preference score. contrastingly, one could also opt for 
a “requirement” meaning an absolute need which filters the results based on this attribute. 
this was shown on the far right allowing the user to filter the requirements on Silent spaces, 
meeting-, temporary Work- and Self Study Spaces. also users were able to filter spaces on 
whether it contained a Power outlet or audiovisual support. to make the input values insight-
ful, weights relating to each criteria were indicated above the results. this was to stimulate 
users to iteratively change their input to support them in calculating the desired results. 
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Image 10.7 Preference Score Results tab (own illustration)

Conclusion
the test showed that the system still had a lot to gain in terms of usability. In particular, Step 
3. elicit weights demand much effort from users as it was unclear which value needed to 
be filled in where, what the values meant and what they did for the score. therefore, much 
verbal guidance was needed. furthermore, users were  overall very meticulous with filling in 
their values which led to a lengthy input time of 10-15 minutes. In daily use, this would be far 
too great as users will most likely abandoned the Smart tool because of the cognitive effort 
demanded to use it. However, it was shown that when users ‘got the hang of it’ they were able 
to input values at a much higher rate. Users also intuitively understood that they were able to 
change the values to get other results (see appendix 2.).

relating to the preference input values of users for “Distance to current location” were in-
terestingly much higher than the values of the mock-up data. reasons for this were they 
indicated that they imagined they would use it from home which was situated a couple of 
kilometers from the campus. In the results however, this showed that the “Distance to current 
location” mostly resulted in high preference score values for every space, making this criteria 
significantly less impactful for the preference score results. 

concerning the output of the system, the results did not show the attribute values of the actu-
al spaces, but only the preference scores. requiring users to go to a different tab to evaluate 
the results, which in terms of workflow, is considered to be demanding.

10.4 Prototype Version 2
as a result of the first user interviews it was established that users had difficulty with under-
standing how the system works and which values needed to be entered. therefore, the pri-
mary focus of for version 2 was finding ways to improve understandability and usability of the 
system. one implementation of this was to improve navigation by having all the input fields on 
the same tab in excel to have better overview of the system by preventing the need to switch 
between tabs. However, if all the input fields had been put in one tab the understandability 
would most likely decrease dramatically instead of improve. therefore, User forms were used, 
which are input windows which display after clicking a button, as shown in image 10.8
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Image 10.8 Start screen after clicking preference settings button (own illustration)

Userform ares able to show users where to input data in the many fields it required without 
leaving the tab. the userform consisted of two sections: a top where the scales for prefer-
ence modelling function are determined and a bottom where weight to the criteria can be 
given. the top was most intricate and therefore displayed above. Because the fields of each 
criteria are the same tabs are used in the user form itself which helps the user to focus on 
one set of criteria preferences at a time. furthermore, users are able to learn fairly quickly 
that the criteria require a similar set of preference values, which is able to increase under-
standability. throughout the whole userform many help buttons are placed to help the users in 
each of the task in the case he might get stuck. furthermore, options buttons of which value 
is most preferred lessen the strain on users by allowing them to click instead of typing out the 
value, improving usability. 

Image 10.9 Help button for distance to current location (own illustration)

In the bottom section of the user form a the criteria are shown with a set of buttons to in-
crease or decrease the weight of the criteria. the buttons are set to increase the weight with 
increments of 5 on a scale of 0 to 100. the result of this is shown in a pie chart which displays 
the weights of criteria relative to each other in percentages.
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Image 10.10 Help message for assigning preference (own illustration)

When the preference values have been filled in by the user the preference scores are calcu-
lated by clicking on the continue button, automatically set up to select the highest ranked 
space. the results are shown in a table with all the spaces with every preference scores for 
each criteria and ranked according to overall preference score. to improve understandability 
of the results the preference scores are formatted conditionally. this shows the values of the 
preference scores of 0 to 100 with a gradient from green to red respectively. other scores are 
shown with a progress bar indicating perceived distance.

Image 10.11  Results (own illustration)

a set of requirement filter buttons are added to give users the opportunity to specify their ab-
solute needs. In the case that no results show or the user is unhappy with the results he is able 
to deselect the filter to show more results. this is able to either make a better representation 
of these demands or confront users with their demands.

Since the criteria preference scores show how much the (dynamic) attributes of space relate 
with the users preferences, it can give too little information about the actual attributes of 
the space. therefore a row has been added which shows the attribute values of the space by 
clicking on the space name. this enables users to review the results and choose between the 
spaces regardless of preference score.
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10.5 Database Structure
the database structure represent the storage (back end) of information which is needed to 
operate the proposed Smart tool. to visualize this an entity relationship (er) model has been 
constructed in mySQL workbench, which has been transferred to access to demonstrate the 
principle of obtaining the right combination of data to display to the user as usable informa-
tion. the er model shows all the tables relevant to the proposed Smart tool. for clarification, 
sections are made clear by using distinguishable colours, blue and red, signifying the ge-
ometric data and user settings respectively. an overview of the er model is shown in image 
10.12 below.

Image 10.12 Overview of the ER model (own illustration)

In the center of the er model, the table with the most fields represents the space table. In 
this table all the information relation to the space is stored. to prevent data duplication and 
to assure referential integrity the database, and the space table specifically, is normalized. 
this is depicted as the several tables attached to the space table, which represent these 
normalized tables including: Spacetype, Layout, Lightingtype, Wing, floor and Building. the 
relationship type from the space table to these normalized tables is many-to-one. Indicating 
that only one value can be assigned to a single space (i.e. a space can’t have two layouts). 
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Image 10.13 Geometrics section (own illustration)

Geometrics
the Database has several tables which indicate the geometric location of spaces or users. In 
relation to this there are several related tables of which a combination is needed to deter-
mine or calculate the location in a building. for spaces, it is important to indicate in which 
building on which floor, wing is as a result of connection to a number of Wifi access points. 
through connecting the spaces with the relevant Building and floor tables, the space can 
be linked to a more specific location. this is needed to allow the calculation of the distance 
between the user and the space and enables the display of relevant information on which 
the user can make a decision. Similarly the position of a user in time in relation to several aP 
location detections is needed to determine his location, which is stored in the Position table. 
additionally, these user positions are aggregated into availability of space and an occupancy 
rating for the specified space. the space is specified by defining a area using vector polygon 
stored within the database.

Image 10.14 User Settings section (own illustration)

User Settings
as stated above the user is firstly connected to a number of aP which enables the determina-
tion of the users position within a certain building. as a result of this a users position if rela-
tion to spaces can be aggregated to find spaces nearby. However, for determining the match 
based on the preference score the preferences and requirements of the user also need to be 
stored. for the requirements an associative table is used to enable many-to-many relation-
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ships, hence a person can only have one set of requirements. the values for user preferences 
are separated into a table, which in turn is linked to a table which stores the different criteria. 
this enables each of the users a set of values for each criterion. concerning feedback of 
spaces the users are linked to spaces with a separate feedback table. this enables the user 
to give multiple feedback ratings over a  period of time and spaces to obtain feedback from 
multiple users.

through queries a view is created which shows a ranking of spaces based on preference 
function modelling through combining the requirements, feedback and the criteria input and 
settings of the user.

10.6 User Interface
this section will explore the workflow of the proposed Smart tool in a mobile application form. 
for this a wireframe model is constructed with use of the program Balsamiq. a wireframe is 
chosen in this stage of the design because it does not distract users with commenting on 
stylistic issues (i.e. colour schemes or transitions). Balsamiq allows users to interact with the 
screens allowing them to get an idea of the workflow and how to navigate the mobile appli-
cation. the wireframe, however, does not work other than allow users to go from one screen 
to the next and is therefore dubbed a mock-up.

Image 10.15 Starting screens (own illustration)

Starting
after starting the application the user is asked to log in. this will allow his personal settings 
to be stored needed for a number of functions (i.e. favourites or schedule). When logged in 
the user will see his own location, a menu button at the left top corner and a navigation bar 
along the bottom of the screen. the navigation bar shows a home, search and settings button 
which can be clicked at any moment to navitage. It also indicates which function is active by 
changing colour. the functions of these buttons will be explained in the next section.

When clicking the menu button, an overlay shows with a number of functions including: a 
campus map, events, schedule, favourite spaces, user settings and a user guide. the campus 
map shows a digital map of the campus with all its facilities, possibly including the occupancy 
ratings per building or space. events show what events are upcoming and can be person-
alized to relate to the faculty or interests of the student. the schedule shows the upcoming 
lectures, projects and workshops planned for the student. favourites shows the favourite 
spaces of the user which are chosen by himself. this allows the user to quickly check what 
the occupancy ratings or wether the space is available are for example. the user settings 
include the users preference settings for finding a suitable space and other settings. Guide 
represents a walkthrough for users who need additional help with the functionality of the 
tool. When the app is used for the first time this walkthrough will show up after logging in to 
support users in first use.
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Image 10.16 Input screens (own illustration)

Input
When the search button is clicked it is asked how many are needed in the form of the but-
tons “Self study” or “collaborate”. When clicking self study the next step will be indicating 
requirements while collaborate asks for a number of people in the form of a drop down 
before continuing to this step. multiple requirements can be selected or deselected before 
going to the next step, for which another navigation bar has appeared. By clicking the user 
is able to navigate to and within the following steps. However, when no data is entered the 
model should indicate this and show which field or step is incomplete. the Determine scales 
and Determine weights steps remain fairly abstract in this wireframe model, but relate to the 
functionalities explained in the Pfm excel model.

Image 10.16 Result screens (own illustration)

Results
after the values have all been put in the results are shown as as interactive list. the list con-
tains fields for each spaces ranked according to highest overall preference rating. the fields 
show the overall preference rating,  a small photograph, two buttons indicating “”navigate 
to” and “show details”. When the show details button is clicked the space menu opens allow-
ing for additional information to show. thereafter the preference scores can be checked, the 
photograph can be enlarged, the space location can be shown with the buttons respectively 
or the options can be clicked in the top right corner. the space options allow the space to be 
added to favourites, a feedback rating of 0-100 to be given or remarks to be left to support 
facility management.
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10.7 Conclusions

Reflection Deliverables
In this next section there will be reflected upon the deliverable to see how much the prede-
termined functionality of the Smart tool has been met.

must-have Should-have

Selection model based on preferences, 
requirements (& availability)

net-id integration (Single sign-on)

Preference match selection campus integration (2 or more faculties in 
the database)

Dashboard for data visualisation UI design for mobile app

User-bound preferences (saved)

nice-to-have forget-about-it

Live link for occupancy determination events

Determination availability studyplace level Way-finding

Brightspace schedule integration 3D model

favourites mobile app

Booking system Safety

Table 3.1 Deliverables

every functionality within the ‘must have’ category has been realized, with the exception of 
the data visualisation dashboard. the (excel) model is able to filter spaces based on avail-
ability (though not real-time), requirements and preferences. Data visualisation proved to 
be of lesser importance for the research as it requires larger quantities of data to visualize 
meaningful lessons. How this is visualized does not have much value for this research as this 
depends on the output of data. thus, with the absence of data it is impossible to visualize 
data thus making the construction of dashboard obsolete at this stage. However, if the pro-
posed smart tool will actually be implemented such a dashboard for data visualisation and 
analysation is very valuable. one could argue that it is essential for the transformation of 
data to management information to be useful in supporting decision making.

Within the ‘should-have’ category two functionalities have been realized within this research. 
the groundwork for the integration of multiple facilities or the entire campus has been real-
ized by developing the database structure. though, this database still needs to be filled with 
the attributes of the spaces in order to work. this is expected to take significant amount of 
time if this information is not present in another database. the other realized functionality 
is the user interface for the mobile app to show the workflow and enable to determine how 
users will interact with the smart tool. this proved very helpful within the research.

for the latter two categories, most has unsurprisingly not been realized with the exception 
of the underlying database structure for ‘favourites’ and ‘live link for occupancy determina-
tion’. the database structure has been designed to allow these two functionalities. However, 
achieving the functionality of live occupancy determination will require significantly more 
effort and resources.

Lessons from the prototype evaluations
In the following section the results of the system is explored by using the lessons from the 
prototype evaluations with students. In general it is important to pay much attention to the 
usability of the smart tool as this determines whether the tool will actually be used. It proved 
to be fruitful to involve the end-users in the design of the system to determine what works and 
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what doesn’t and to make the appropriate changes iteratively. this is for example shown in 
the system after facilitating use by putting the input fields on one single tab to avoid naviga-
tional issues, implementing a userform to focus the users attention and integrate help buttons 
for guidance. Ultimately, all the students recognized the added value of the tool in finding 
study spaces, which is able to support them in finding study spaces.

Usability
It was made clear that using Preference function modelling is not designed for users on this 
scale but rather in making complex decisions and by generating alternatives. the purest form 
of the method is not desired from a user perspective as it was shown users need considerable 
(mental) effort to determine their preference values. However, if these values only need to 
be input once the strain on the user is significantly reduced and acceptable. therefore it is 
beneficial for the workflow to place the preferences in the settings instead of requiring users 
to input these values on a daily basis, as it would take too long. furthermore, the users clearly 
showed that once they became familiar with the system they were able to more easily adapt 
their preferences. this indicates that there is a level of intuitiveness in the the system, making 
it less daunting after first use and can stimulate users to make adjustments to their settings 
to meet their preferences more accurately. 

It has become clear that much needs to be gained in terms of usability, as the students com-
municated that they are easily frustrated when something does not work accordingly. one 
student even stated: ‘It has to work 100% the first three times I use it, otherwise i won’t use it 
anymore’. However, for this research the principle of the smart tool needed to be clarified to 
test on users and some flaws in the design are to be expected.

Preference criteria
all of the interviewed students indicated that the most important aspects were distance 
to the current location and the occupancy of available spaces. However, there were clear 
differences in the distance users were willing to travel to a space. this difference is caused 
by whether students have a bike to travel or not, which unsurprisingly greatly increases the 
distance they are willing to travel to a suitable space. the students also indicated that the 
travel distance also depends on their current location and situation they are in. meaning that 
if a student is situated at home he is able to make a decision on what building to go to before 
he leaves, meaning he can travel directly to the study space. When the student just finished 
a lecture, this demand might be different as he needs to study or work on his projects quick-
ly (maybe even collaborating), therefore looking for a study space nearby. In another case, 
during a busy exam period the available study spaces are increasingly hard to find which 
reinforces the need for a study space findability tool. 

considering the criteria which were implemented in the smart tool most were considered 
important. However, the feedback rating was not understood primarily and since users indi-
cated that they would not actively participate to give feedback to spaces this might not need 
to be implemented. additionally, this criteria was not given much weight either.

However considering the non functional criteria clear difference in preference could be seen 
for each user. most users preferred a closed layout for example, but one preferred an open 
layout. Similarly most preferred a space with natural lighting while one preferred a space 
with synthetic lighting. this student showed that he preferred spaces with synthetic lighting 
and a closed layout, most likely because it would be a more quiet space.

the weight users assigned to the criteria also had clear differences. Some students laid more 
emphasis to a single criteria whereas others had a more balanced division of weights. 
the former was mostly the case for the criteria occupancy rating and distance to current 
location, which unsurprisingly was also stated to be the most important criteria. overall the 
functional aspects of spaces are considered most important which confirms the research of 
Beckers, van der Voordt, & Dewulf (2016).
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Results
considering the results students showed and stated that they would go through a few spaces 
to review them to decide which of the top (5) ranked meets preference most.  Some us-
ers indicated they would review the values of the results while others were only interested in 
the overall preference score. However, it was communicated that to enhance the overview of 
the results it is best to hide these values behind a window or button. furthermore, the location 
of the space is something that was considered important and even more so a way to reach 
that destination, especially in indoor environments. 

Missing link between students, CREM and FM
In general students feel like there is a lack for them to communicate their needs and require-
ments with the ones responsible for the real estate supply. even the student who was involved 
with the project relating a facility management service point for students agreed that even 
though there is a way for students to approach facility management it remains very daunting. 
furthermore, students would not take the effort to use it as it usually lacks urgency or they do 
not feel responsible.

Some students indicated that they could be incentivized to use the system more if it was clear 
to them that the data the system generates is able to improve the campus. to realize this it 
is important to state this added value explicitly to inform the users. However, other users also 
indicated that they would only use the smart tool for their own benefit.

User satisfaction
In relation to giving feedback ratings of spaces to indicate satisfaction the users stated that 
they would not use this functionality very often. they indicated two cases in which they would 
use it: when a space dramatically underperforms or doesn’t meet expectations and when a 
space performs exceptionally well. While if a space performed ‘ok’ or ‘as expected’ the users 
would not be incentivized to give feedback. one student stated that he would give feedback 
about 10% of the cases to indicate the amount he would use giving feedback. furthermore, 
the evaluation showed that the users would prefer a single option button to assign feedback 
(i.e. like or dislike) rather than giving a rating between 0-100.

Task Load Index
the task Load Index (tLX) was used to assess the workload on students while using the system. 
for this, students indicated the perceived strain while using the prototype on a scale of 0 to 
100, with 50 representing neutral, on the following criteria: mental demand; physical demand; 
temporal demand; performance; effort; frustration. the scores of each of the students during 
each prototype evaluation (version 1 and 2) is analyzed alongside the criteria.
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criteria findings

mental Demand 
‘How mentally demanding was the task?’ 

In all cases the students indicated that 
the mental demand was high (70-75). this 
comes at no surprise as the required num-
ber of values is high initially and it is not 
always clear what the values mean. In par-
ticular users had trouble for understanding 
and indicating what the intermediate value 
and its respective preference score was.

Physical Demand
‘How physically demanding was the task?’

Unsurprisingly, the physical demand on the 
users was low as it only required them to 
fill in values on a laptop.

temporal demand
‘How hurried or rushed was the pace of the 
task?’ 

this relates to the timeliness of the results 
and the time pressure users felt during use. 
Because the system primarily took a long 
time to use (approximately 15 min.) this 
scored low in the first version. However, 
after the user form had been implemented 
it became clear that the understandability 
and usability was improved which resulted 
in a greater speed with which the system 
could be used (approximately 8 min.), 
which was reflected in the score for tem-
poral demand. 

Performance 
‘How successful were you in accomplishing 
what you were asked to do?’  

relating to performance the students 
communicated that the system was able to 
help them in making decisions on where to 
study. therefore, high scores were given of 
the performance in general (+/- 75).  How-
ever, the performance was obstructed by 
some faults in the system. Since these are 
design flaws due to the inexperience of the 
systembuilder, it is not expected that these 
performance issues will translate into the 
actual functioning of the system. 

effort 
‘How hard did you have to work to accom-
plish your level of performance?’

In relation to the mental demand effort 
was scored lower (55-65). Indicating that 
the users perceived the workload other 
than the mental demand acceptable.

frustration
‘How insecure, discouraged, irritated, 
stressed, and annoyed were you?’

the level of frustration was scored di-
vergent, which most likely is the result of 
some of the flaws in the system caused 
by the inexperience of the systembuilder. 
However, this also shows that users can 
easily get frustrated if the system does not 
work as expected. therefore, making the 
system foolproof (i.e. working completely 
and understandable) is a essential for the 
acceptance of the system. 



reSULtS   l   90

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment



Image: BKCityGuide 2017/2018Image: http://www.braaksma-roos.nl/project/bk-city/



Part V

CONCLUSION
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11. concLUSIonS
the aim of this chapter is to conclude on the findings of this thesis by answering the main 
research question. Before this, the (11.1) problem statement and (11.2) hypothesis are reintro-
duced to help the reader contextualize the research. following this, the (11.3) research objec-
tive and corresponding (11.4)  main research question is stated. thereafter, the main research 
question will be answered, first more generally (11.5) and then more specifically (11.6).

11.1 Problem statement
there is a lack of information on demand to support campus management in making campus 
space decisions. this includes information on the utilization of space and information on user 
satisfaction. Students also lack information on the availability and aspects of study space 
which causes problems in finding preferred space to study. this can cause frustration and 
dissatisfaction of students, which can ultimately negatively influence the productivity and 
competitive advantage of universities. therefore, it can be argued that there currently is a 
lack of a way to provide information to align dynamic space demand with supply on both the 
long- and short term.

11.2 Hypothesis
It is hypothesized that the described problem can be solved by providing information about 
study spaces with the use of smart tools (Valks, arkesteijn, den Heijer, & Vande Putte, 2016, p 
18). With regard to the use of the university campus or real estate, the objective is to increase 
both the effectiveness of the alignment of supply and demand while optimizing the efficiency 
of space use. 

11.3 Objective and main Research Question
the research objective was developing a smart tool that provides information to improve the 
alignment of space demand and supply for both the user and campus management. the re-
search objective is formulated into the following main research question:

“How can a Smart tool provide information to align dynamic user demand 
more effectively and efficiently with campus space supply on both the 
long and short term?”

11.4 Main Conclusions
this question is answered by developing and designing a smart tool that enables the in-
teraction between users and real estate. the research proposes a smart tool that supports 
users in finding an appropriate study space based on their preferences. to achieve this this 
Preference function modelling (Pfm) is implemented in a smart tool to calculate which of the 
available spaces correspond most with the user’s preferences. this has been realized by con-
structing an excel model which enables users to input values for several preference criteria. 
Installed on this excel model is a Lagrange function which processes the preference value 
input of the user. the Lagrange function is able to output a ranking of spaces according to 
space attributes and the user’s preferences. additionally, the user is presented options to fil-
ter out any spaces which do not comply with any requirements. for example, if a user requires 
a power outlet there is the option to filter out all the spaces which do not have a power out-
let. Ultimately, the user is presented with a ranked list of spaces, informing of which spaces 
most comply with his/her preferences. Based on the evaluative interviews it is expected that 
this would be able to inform and support users in making a decision on where to study.

the smart tool simultaneously stores the preference input values users enter into the smart 
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tool for two purposes, representing the short and long term respectively. the input is stored 
to the user settings to (1) increase usability and prevent the user to fill in his preference values 
every time. Usability is (very) important as it determines whether a (smart) tool will actually 
be used or abandoned. It became clear during prototype evaluation that the initial cognitive 
effort was undesirably high. therefore, to increase the likelihood the smart tool will actually 
be used, it is important to store the input values for later use. this allows use of the smart tool 
without entering the values every single time. While also allowing users to ‘tweak’ their input 
values to represent their preferences more accurately.

the smart tool also gathers the input data of user preferences to (2) analyze at a later mo-
ment. In the case that a large number of campus users utilize the smart tool to find their 
preferred study spaces, a large dataset of campus user preferences can be extracted. the 
stored user data can be analyzed to possibly find new insights on the preferences and behav-
iour of users. It is expected that this will lead to a more accurate representation of demand. 
consequently, this data can be compared to the current campus to see how much supply 
aligns with this demand. all the uses of campus management for this data are described more 
extensively in section 8.6, the ‘added value of the smart tool’.

In conclusion, the findings from the interviews suggest that the proposed smart tool can 
potentially add much value for both the user and campus management. the users generally 
reacted very positive to the concept of the smart tool. this shows that the smart tool will have 
significant value in supporting study space findability when executed correctly. to achieve 
this, usability of the smart tool is crucial for ultimate use. as this research comprises a design 
problem, it is important to realize that design problems can be solved in numerous ways, each 
leading to various results. therefore, this can be seen as one of the possible ways a smart tool 
is able to support alignment of campus space. the benefits of using the proposed smart tool 
is described more specifically in the next section.

11.5 Arguments for improved alignment
this section will give a more detailed answer to the main research question by describing 
the conclusions along four perspectives distinguished in the main research question. these 
include alignment effectiveness and efficiency, in the short and long term. an overview of the 
arguments for each of these aspects is shown in the table below. thereafter, each of these 
arguments are described in more detail, starting with the short term and ending with the long 
term. 



93   l   concLUSIon 

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

alignment of demand and supply

efficiency effectiveness

Short term a higher efficiency is 
achieved by the ability to 
find a suitable study space 
more quickly. this is done 
by providing information on 
the most suitable spaces by 
ranking space according to 
preference.

Users are supported in find-
ing a more suitable space 
according to needs and 
preferences by providing in-
formation on spaces. there-
fore, it is expected that the 
selected space will more 
effectively support demand.

Long term a findability tool allows to 
use space more efficiently. 
It is argued that the more 
efficient space is used, the 
higher the need for a finda-
bility tool will become.

With a more accurate rep-
resentation of demand, sup-
ply can be aligned more ac-
curately as a consequence. 
Ultimately this can lead to 
making better decisions 
concerning the real estate 
supply. 

Table 11.1 Arguments for the improved alignment of demand and supply

11.5.1 Short term
following the construction of the smart tool, the prototype evaluation functioned as a way to 
determine how much users are supported in the short term alignment to supply in effective-
ness and efficiency. Based on the student interviews to evaluate the functioning of the smart 
tool (see appendix 2), it can be concluded that the smart tool is able to more effectively and 
efficiently align demand with supply on the short term.

Efficiency
With regard to the efficiency of the alignment in the short term, the smart tool provides infor-
mation which could potentially lead to a decreased time to find and travel to a study space. 
the smart tool initially requires effort to input the values for the preference criteria. If this 
input process is not taken into consideration, the use of the smart tool will take significantly 
less time. Hence, the ability to store the input values in the user settings. When the results are 
shown to the smart tool user, he/she will be informed with the spaces are most suitable for 
their study activity. By providing this information, the user is prevented to search a building. 
Searching a building can involve travelling to a section of a building only to find out that the 
space does not meet the user’s preferences, requirements or is simply unavailable. thus, it 
can be argued that (user) demand is aligned with supply more efficiently by supplying infor-
mation on the suitable spaces to allow users to travel to a space directly.

travelling to a space can be supported even further by providing a map showing a location 
and possibly wayfinding, which is defined as the calculation of a route through a building. 
Both of these functions are currently not executed in the prototype of the smart tool, but 
rather expressed in the mock-up due to time restrictions. additional value of the integration 
of wayfinding includes that users are incentivized to make a choice of which space to travel 
to. not only does this reward the user in being supported to find the space in less time, but it 
also generates valuable information which can be used to analyze which spaces are chosen 
most often and the reasons for it.

Effectiveness
as the smart tool shows a ranking of spaces based on the preferences of the user, it is sug-
gested that the demand can be aligned more effectively. this is the result of multiple factors. 
(1) as the smart tool is used in actual situations of campus use, the user is less likely influ-
enced by misinterpretation or bias. (2) If a user is confronted by his/her demands they are 
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more likely to change them if they do not comply with the situation. therefore, if there are no 
spaces available which fully conforms with user preferences but requires the user to lower 
requirements, the user is presented with the opportunity to do this. 

for example, in the case that a student needs to study quietly for the rest of the day, but all 
the library space is occupied, because the student had lectures in the morning. the smart tool 
is then able to provide information of other quiet study space to study the whole day, while it 
may require the student to travel further. another case may be that a student needs a printer 
nearby because he/she needs to print to hand in an assignment for example. therefore, this 
criteria is more important. consequentially, the weight of this criteria can be increased to 
find a space which has a printer nearby, while it may require the student to settle for a less 
ideal space to study for a longer time. contrastingly, when a student needs to work on a 
project in between classes for example, the preferences also might change. In this case the 
student is more interested in a space nearby where he/she is able to work, while having a 
power outlet becomes less important in that case. these are some of the examples the situ-
ation the student is in might influence preferences for a study space. 

thus, the user is able to ‘tweak’ his preference input values to more accurately represent de-
mand for different situations. furthermore, if the standards are too high, the user is confront-
ed by the results, which can lead the user to change some of the filters or preference values. 

11.5.2 Long term
following the construction of the smart tool by implementing Pfm, it was expected that the 
data that was generated would support campus managers in aligning demand with supply 
more effectively and efficiency. this section will argue in which ways the smart tool is able 
to do this based on the semi structured interview with the campus managers to evaluate the 
results of the smart tool (see appendix 3). for example, the data can indicate that there is not 
enough space of a certain function. then, campus management can see whether this demand 
can be met by reallocating functions/reorganizing the building, preventing the construction 
of a new building. this was one of the examples given by the real estate developer of the tU 
Delft campus.  therefore, it can be concluded that the smart tool is able to generate data 
which can potentially lead to a more effective and efficient alignment of demand with supply 
over the long term. However, the use of the data ultimately depends on how the data will be 
transformed to information and how this information is used.

Efficiency
regarding the alignment efficiency in the long term, the main argument that can be made is 
that the smart tool supports the findability of study spaces improves efficient space use. as 
previously determined, students can quickly come to the conclusion that there are not suffi-
cient study spaces when they have trouble locating them. When the number of study spaces 
is decreased, students will perceive the lack of sufficient spaces more easily. Hence, if the 
number of study spaces is decreased the findability will become increasingly important. al-
ternatively, a higher degree of study space findability will allow to decrease the amount of 
study spaces, leading to a more efficient use of space.

Effectiveness
as a result of the accumulated data on user preferences, real estate interventions can in-
crease the alignment effectiveness of demand and supply over the long term. more specif-
ically, the preference data supports campus management in making decisions by (1) serving 
as a quantified means to support decision making (e.g. convince stakeholders). It does this 
by indicating what space types and spatial aspects are most demand by stated importance. 
a more indepth use of the generated data to increase the effectiveness over the long term is 
described in section 8.6, the added value of the smart tool.
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11.6 Added value of the Smart Tool
this section will describe the added value of the proposed smart tool. It will do so by using  
following structure: firstly, an in-depth description of the added value by relating the out-
come to the DaS frame. In each step the value of the generated data to the campus man-
agement process is discussed. Lastly, because the Smart tool can be seen as a contribution 
to the real estate supply and thus a real estate/It solution, it is related to these ways to 
determine the added value. therefore, the smart tool will be related to the ways real estate 
is able to add value. 

11.6.1 Implications to campus management Process (DaS)
the DaS frame can be used to describe the steps campus manager need to take to achieve 
alignment of supply and demand. In this section the value the proposed smart tool can add 
to the steps in the DaS frame is described.

1. Assess the current situation: 
the essence of assessing the current situation is to determine how much the current real es-
tate supply meets current demand. In current management practice the assessment of the 
current situation is approached more traditionally. currently the supply is assessed by bench-
marking and by interviewing several students or representations of students annually.

considering the results that the proposed smart tool yields, a better representation of cam-
pus user demand, campus management can more accurately assess assessment of the cur-
rent situation.  Since this representation of demand can be compared to campus space 
supply the match with demand can be determined in the functional perspective. In the case 
that certain criteria or spatial aspects appear to be more important in campus study spaces 
than is currently present, it should appear in the generated data. When this is discovered 
after analyzing the data, campus management can subsequently act to by making decisions 
of how this demand will be met. When the campus space supply is aligned better with the 
representation of demand it is expected that a higher user satisfaction is achieved. 

Likewise, by giving the option to give feedback on spaces, campus management can be made 
aware of how users experience the current real estate supply.  more specifically this can 
show which spaces are considered ‘below standards’. When a space is can repeatedly badly 
rated, it indicates the need for real estate interventions and perhaps prioritizes them. addi-
tionally, the degree to which spaces are received negatively or positively by its user gives an 
indication of the overall user satisfaction. In any case, when space is frequently considered 
as ‘below standards’ campus management is able to more specifically analyze why the space 
is underperforming and how improvements can be made.

By no means does this mean that gathering qualitative information of interviewing users be-
comes obsolete. Both forms of information gathering will support one another by acting as 
a form of verification or contradiction leading to a better representation of demand. this 
can be seen as trilateration (i.e. the use of multiple sources of information results in a better 
representation). However, because the smart tool generates more data it is expected that 
this will lead to a better representation of demand and becomes easier to identify underper-
forming space.

2. Explore the future demand: 
for exploring changing demand many tools are able to explore trends and developments of 
the future campus on the basis of qualitative information. However, it is important for campus 
managers to generate quantitative data to support the identification of trends and develop-
ments affecting the organisational, financial, functional and technical requirements. these 
developments can be expressed as programmatic requirements in terms of m2, required 
qualities, function mix and available budget (Den Heijer, 2011, p. 166).
atoi Since the proposed smart tool is able to give a better representation of campus user 
demand and this data is being generated passively it is possible to analyse the accumulated 
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data over a periods of months or years to see whether patterns or trends can be recognized. 
after this recognition campus management can be informed of developing trends and have 
quantified means to support decision making. this can be done by mining or analyzing the 
data to find long term patterns which can be used to anticipate the future. after these pat-
terns are translated into expected future demand the supply can be adapted accordingly.

It is important to realize that the trends cannot be followed blindly but has to be thoroughly 
evaluated and supported with qualitative information. this is because there is significant-
ly valuable to understand the underlying reasoning behind these trends and patterns. fur-
thermore, the degree to which the generated data is useful depends on the quality of the 
analysation of this data. However, one must remember that no matter how much information, 
the future remains very hard to predict. 

3. Generate future models:
the objective of ‘Generating future models’ is finding a satisfying match between future de-
mand and future supply. the generated future models (supply) should match with the chang-
ing organisational demands determined in the previous step (exploring changing demand). 
for a university, future models can be determined for four different physical scales relating 
to four different organisational levels. on the supply side this includes future models for the 
(knowledge) city, campus, building and places or functions within a building (workplaces, 
lecture halls and libraries). on the demand side these models need to align with the changing 
goals of the municipality, university, faculty and individual users of the campus: students and 
(academic) staff members (Den Heijer, 2011, p. 175). thus the objective in this step is to make 
a model of the supply side satisfying the demand side on various scales. In current campus 
management practice, future models are being generated without much user involvement.

With regards to this step, the outcomes of the data analysation can provide inherent sug-
gestions for adaptations to the real estate. the preferences of the individual users of the 
campus, can indicate that some functions are more frequently needed or more important. 
these preferences can inherently suggest models for the supply on the campus, building and 
functional level. for example, the demands can show a higher demand for a certain study 
space (e.g. collaborative spaces) after which the future model can include more of these 
studyspaces, leading to a more effective alignment. these demands can then be translated 
to the amount this type of space is implemented on a building or campus-wide level. Hence, 
choices can be made to comply with these demand by translating them into different levels 
of scale. Similarly, the weight users give to certain criteria can be translated into the building 
or campus models to reflect this.

4. Define projects: 
In the fourth step of the DaS frame, projects are defined to transform the current campus into 
the future campus. When new projects are defined campus managers make business cases by 
specifying the project in terms of input and output of resources. this requires specific input 
in crem variables, but also output data from comparable projects to generate management 
information. It is important to remember that defining projects requires the
assessment of its contribution to the future campus. therefore, the presumed contribution 
to the university’s performance (ex ante) is made explicit to evaluate decisions over time (ex 
post).

there are several ways the more accurate representation of demands through generating 
data can support the definition of projects. Similarly to the first step of the DaS frame, under-
performing spaces or least popularity can be recognized to focus attention to improve these 
spaces. Likewise, when the demands of users show a highly recurring demand for a particu-
lar function or spatial aspect it can be seen as highly important. as a result, the priority to 
implement these demands into projects can become higher. this means a particular project 
might be implemented before another on the basis of a higher demand. thus, by gaining more 
information on what the actual demand of users are, decisions can be made to prioritize and 
plan projects. 
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the information can only suggest a certain prioritization of projects, but it cannot determine 
what the effect of the project on the organisational performance will be. therefore, the value 
of projects with regard to the effect on key performance indicators still needs to be assumed. 
this is because the extent to which the for example user satisfaction will change is still very 
hard to determine. However, it can indicate more effectively show that previous reasons for 
dissatisfaction are removed. furthermore, pilots and innovative projects can also be used as a 
form of experimentation for which the smart tool can indicate of how the project is received. 
this is because it is expected that if a new project is implemented, users are more likely to 
leave feedback as it is a change of the previous situation. this can lead to new insight in the 
performance of the projects which can be related to the overall organisational performance.

11.6.2 Implications to the real estate Supply
Since the smart tool is an application to improve the use of real estate, it can also be seen as 
an extension real estate. therefore, the smart tool is related to the ways real estate is able 
to add value to an organisation as described by De Vries (2008) and expanded upon by Den 
Heijer (2011). the smart tool is related to these ways to add value to use as a structure to 
clarify the added value of the smart tool. each of the ways have a symbol beside it indicating 
the degree to which the effect the smart tool has. the symbols include a “=” representing no 
significant effect, “-” representing a negative influence  and a “+” sign to express positive 
effects. In the case that the negative or positive effects are great it is indicated by two sym-
bols. 

Ways to add value

1. Increasing real estate value = 7. Supporting image +

2. controlling risk + 8. Supporting culture =

3. Decreasing costs + 9. Stimulating collaboration +

4. Increasing flexibility + 10. Stimulating innovation =

5. Supporting user activities ++ 11. Improving quality of place +

6. Increasing user satisfaction ++ 12. reducing footprint +

Table 8.2. ways to add value showing the effect of the smart tool

1. Increasing real estate value =
the objective of the smart tool is not to increase the value of the real estate but to optimize 
the alignment of real estate the organisations primary processes. However, if the information 
the smart tool generates results in improvements of the supply, it is highly likely that the value 
of the real estate also increases. However, this is limited to the degree it increases satisfac-
tion in general, rather than a specific use. Still, one can view this as an indirect effect and it 
becomes hard to determine how much the value of real estate would increase after imple-
mentation.

2. Controlling risk +
With regard to the financial risk, because the smart tool is able to give more information 
about the utilization of the campus patterns and trends can be discovered which decrease 
risk. for example, if there is a downward trend in the use of campus space because of the 
implications of e-learning this should be recognized in the utilization information. With this 
information, the decision to decrease the total amount of space can be made sooner, which 
decreases the risk that the real estate costs become unnecessarily high.

another added value of using a smart tool that provides information about the real estate 
is the ability to decrease risk by improving safety. Utilization information can provide useful 
information to improve the safety on campus. campus management is able to decrease risk 
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by having better insight of how buildings are used. However, during dangerous situations 
or evacuations smart tools can provide information on the nearest exit which can possibly 
streamline evacuation. Due to insufficient knowledge of exit routes and panic, users can by-
pass exit routes and clutter the more obvious exit routes leading to a sluggish and potentially 
life threatening evacuation. Despite these possibilities, the smart tool in its current form does 
not provide any added value to control risk by providing information to users. therefore, it is 
valuable to research how a smart tool is able to do this.

3. Decrease real estate costs +
the real estate costs can be decreased by decreasing the amount of space needed. this is 
done by providing information about study space and gaining insight through the generated 
data. By providing information about study space the findability of spaces is improved, which 
can reduce the perception that there is a lack of study space. By gaining insight into the ac-
tual needed m2 per student, the total amount of space can be reduced by using the space 
more efficiently. While reducing the amount of space it is important to monitor user satisfac-
tion to make sure the cost reduction goals do not negatively influence the user satisfaction 
goals. this can in turn reduce costs, by either selling off a certain building which has turned 
out to be obsolete or subletting part of the space to another party to reduce the costs for 
renting the real estate.

4. Increasing flexibility +
Primarily, the smart tool provides information to users which are more likely to be distributed 
more across campus. as as result, faculty specific space can be decreased by having a higher 
amount of study space for the whole university. this means the campus is more inclusive and 
space can be used more flexible by different disciplines. 

furthermore, this point correlates with some of the arguments made in ‘decrease real estate 
costs’. By gaining a greater understanding of needed space per discipline the remainder of 
space can be designated as flexible space. this flexible space can act as space which can 
be used by different disciplines and stimulate collaboration as described later. When sudden 
spikes in demand for a particular study subject occurs, other faculties are then more able to 
absorb this change. additionally, space can be also be let out to another party. 

5. Support user activities ++
Similar to the first point the main objective of the smart tool is to support user activities by 
providing information about real estate. this entails finding a suitable study space for the 
student, which is needed for most learning activities. It thus, supports learning activities in-
directly by offering a variety of learning spaces to students according to their preferences.

6. Increasing user satisfaction ++
one of the primary objectives of the smart tool is to support the users of the building by 
displaying information about occupancy and building aspects. In theory, displaying usable 
information alone will decrease the number of frustrations previously had. especially when 
considering the user did not have any means to gain information about the building or an 
available workspace. thus, this will support user activities with regard to the existing real es-
tate possibly obtaining a greater fulfilment of the demands solely by displaying information. 
furthermore, the proposed smart tool also shows information about the aspects of the space, 
which is able to more effectively help users in finding a preferred space to study.

the smart tool is also designed to quantify the demands of the users, so that the crem can 
act on these demands by altering the real estate portfolio. thus, in the long term, when the 
demands have accumulated and later on analysed, projects can be defined to align the 
demands of the users to a greater extend. also, new innovative concepts can be tested in 
the work environment on which the performance can be measured. When these projects 
have been implemented the increase in user satisfaction can be measured by analyzing any 
changes in use after implementation. this can show a satisfactory increase in use of the 
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newly adapted space or a staggering and disappointing use of the space. from this point on, 
lessons can be learnt and new decisions can be made to make improvements.

7. Supporting Image +
In terms of supporting image the proposed smart tool is able to stimulate users to choose for 
the university. Since it was concluded that universities are increasingly competitive imple-
menting a tool to support students in their activities would most likely be greatly appreciated. 
furthermore, the smart tool will not only show that the university is concerned with the end 
user, but also shows that it is equipped with the latest technology and supports innovative 
ideas.

8. Supporting culture =
In terms of supporting culture, the smart tool can have different effects of the culture of the 
university campus. considering the university culture the smart tool can have positive effects 
by familiarizing users with other campus buildings. as its users will use more faculty buildings 
they are more likely to come into contact with students of other faculties. this will show stu-
dents what other faculties are able to accomplish and is even able to inspire and stimulate 
collaboration among students of different faculties. While on the scale of university faculty it 
might actually have negative effects on culture building within faculties. Because, as stated 
in the interviews, faculties want to stimulate collaboration within the faculty. this is harder 
to achieve when the students of a particular faculty are distributed across other buildings of 
the university campus. therefore it is argued that the degree the smart tool supports culture 
remains equal.

9. Stimulating collaboration +
collaboration can be supported by stimulating mobility between the buildings on campus by 
showing the available suitable space. If the most suitable space happens to be in another 
faculty somewhere else on the campus, the students are stimulated to move to the faculty 
to work there. Hence, it is expected that students will be more likely to study at different 
faculties and have more chance in being affected or inspired and collaborate with different 
disciplines. 

furthemore, if students gain the impression that it is easy to find a suitable space for group 
projects, they might be more inclined to work together in the same space. When the portfo-
lio is properly aligned with its demand, this should be the case. If not, the portfolio can be 
adapted to the degree that the generated data shows. What helps this even more is by im-
plementing a booking function into the smart tool, which enable students to book spaces for 
group projects. researching how to add this function to the smart tool can therefore prove 
valuable.

10. Stimulating innovation =
as stated in supporting culture, as students are stimulated to use other faculty buildings it 
increases the chance for cross contamination and chance encounters with other disciplines. 
this means that students can get inspired by different disciplines and can find new innova-
tive approaches outside their study subject to apply within their study subject. However, how 
much students are influenced by studying in another faculty building is hard to determine and 
questionable. therefore it is assessed as remaining equal.

11. Improving quality of place +
By focussing on the most important attributes of the user preferences, it is expected cam-
pus management is able to improve space. However, the generated data mostly covers the 
functionality of space. this does not include the overall quality of place in terms of perceived 
ambiance for example. nevertheless, valuable insight into what is desired by campus users 
can be extracted by analyzing the most [preferred and selected spaces. this can lead to a 
new approach of how to upgrade campus space to improve the quality of the individual study 
spaces. 
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12. Reducing footprint +
reducing the footprint symbolizes the degree in which the smart tool supports decreasing the 
environmental footprint. this includes the co2 emission, material use and amount of space. 
as the smart tool stimulates the distribution of students, more of the campus will likely be 
used. By itself, this will not reduce the footprint of the campus. However, if campus manage-
ment is able to reduce the amount of used space as a result of better study space findability, 
a reduced footprint can be achieved. as described in decrease real estate costs, a reduction 
of the amount of real estate supply is possible when user satisfaction is monitored. thus, the 
smart tool will not decrease the footprint in the short term, but the smart tool leads to possi-
bilities to reduce the total amount of space in the long term. additionally, possibilities exist 
to synchronize utilization information with the HVac systems to achieve a reduced energy 
usage. this, however, is beyond the scope of this research. 

11.6.3 relating added value to organisational performance
the process of adding value through real estate is shown by relating the 12 ways to add
value to the four stakeholder perspectives, which is illustrated in the model below (image
8.1).  this model is based on a more elaborated model of the stakeholders perspectives 
found in the dissertation of Den Heijer (2011). crem (i.e. campus management) is placed in 
the center of the model. from this point cre managers influence the different perspectives 
through real estate interventions. these interventions have varying degrees of influence on 
the perspectives based on the scale of the real estate project. Hence, the indication of the 
quality ambition, number of users involved, budget and space types of the project. 
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Image 11.1 Adding value related to organisational performance

It can be seen that the smart tool mostly support the added values in the functional perspec-
tive, by improving the user satisfaction, supporting user activities and increasing flexibility. 
the added values of increasing user satisfaction and supporting user activities is also related 
to some of the added values found in the strategic perspective, which is indicated by the 
arrow. these include improving quality of place, stimulating collaboration and supporting 
organisational image. the added value to increase flexibility is also indirectly related to the 
financial perspective through the  of reducing the footprint of the campus.

Surrounding the perspectives is the performance of the organisation with its related key 
performance indicators. the underlying relations of the key performance indicators are indi-
cated by the arrows. this shows that the functional perspective is related to the productivity 
dimension. In turn, it can be seen that through the productivity, the competitive advantage 
and profitability is influenced.  While sustainable development is able to influence solely the 
competitive advantage. Because the smart tool is able to support adding value in multiple 
perspectives, it can be argued that it is very likely that the smart tool can have significant 
effect on organisational performance.
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12. DIScUSSIon
In this chapter some of the issues of the results are described, signifying the bottlenecks for 
the value of the smart tool or limitations of the research.

12.1 Transformation of data to information
the quality of the data increases with the amount of input, leading to a more reliable and 
accurate representation of the campus end user’s preferences and needs. thus when the 
input is reflected upon tens of thousands of users there will most likely be interesting data to 
analyze. However, eventually the quality of the information is not only dependent on the qual-
ity of the data but also on the techniques used for the transformation of data to information. 

Statistical methods offer ways to analyze data. the objective of this analysis is to find re-
lationships or patterns within the data that could be used to the advantage of the deci-
sion-maker (Lohman, 1999, p. 47). an example of a statistical method is data mining, which 
can be used to analyze the generated data to see which of the requirements /constraints 
are most important when finding a studyspace. Data mining can be used to discover new 
insight from data, which can be used in the decision making process. In essence, data mining 
consists of performing several analyses on the available data to find unknown patterns, which 
is done automatically. Data mining techniques are designed to search for possible relation-
ships between data elements and to select the most interesting relationships (Lohman, 1999, 
p. 48-49). 

However, issues relating to statistical methods are also present. these include translating the 
data mining results into appropriate actions. It is also difficult to determine the added value 
before data mining sessions take place.

12.2 Dependence on Technologies
Despite the added values of the proposed smart tool, it remains dependent on the integration 
of several technologies. these technologies include occupancy detection, user localisation 
and wayfinding, each having their own value for implementation.

12.2.1 occupancy detection 
occupancy detection is needed for the determination of study space availability and the 
match with preference. Showing availability is dependant on the accuracy and speed with 
which occupancy is detected and shown. the occupancy rating is a factor which determines 
where users want to study and is seen as one of the most important criteria.

12.2.2 User localisation
another criteria that was appointed one of the most important was distance to current lo-
cation. for this the position of the user needs to be known to enable the calculation of the 
distance between the user position in relation to the spaces. as the position of a user chang-
es the results the proposed smart tool will gives will be different. this is also important when 
multiple, or large quantities of students use the smart tool, otherwise the likelihood that users 
will be sent to the same spaces will increase.

12.2.3 Wayfinding 
When a result is shown including its aspects and preference scores the user needs to be in-
centivized to actually choose the space. this will generate data of which space users choose 
more or less, which is able to give valuable insight into the popularity of spaces. choosing 
can be incentivized by subsequently guiding the user to the space through wayfinding. 
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12.3 Strategic behaviour
Strategic behaviour problems exist when information is considered not ‘neutral’, meaning the 
information might influence outcome. Lohman (1999, p. 31) stated that strategic manipulation 
of the employees was labeled as one of the major reasons for the existence of inaccurate 
data. In relation to the proposed smart tool users might deliberately give spaces they like to 
scare off other users in using the space, leading to them having the space for their own.

not only employees are tempted to behave strategically, managers are also in a position to 
use information to improve their personal position instead of bothering about organizational 
contribution (Lohman, 1999, p. 66). Ultimately, it is the decision-making process carried out 
by management that is responsible for the contribution of management information. Despite 
negative impact on organizational performance, managers can withhold information or de-
cide to not undertake any action. a plausible reason might be that using the information 
could result in a negative impact on them personally and their personal interests outweigh 
the organization’s interest (Lohman, 1999, p. 7).

12.4 Similarity to SpaceFinder
Since the smart tool has similarities to the Spacefinder developed by cambridge, it is impor-
tant to state where the differences exist. the main difference between the proposed smart 
tool and Spacefinder is that Spacefinder solely focuses on providing information for users, 
whereas the proposed smart tool also generates information to be used by campus man-
agement. the other difference is the fact that Spacefinder primarily focuses on providing 
information to new university students. this is because they figured that their students have 
the highest need for information about spaces to study in the beginning of their studies.
therefore, it also transcends the campus by also showing spaces to study outside the campus 
(e.g. coffee bars or a public library). once students became acquainted with the preferred 
study spaces it was assumed that users will not return, which is exactly what the traffic of 
the Spacefinder showed (Priestner, 2016). However, it is argued that because the tool does 
not include occupancy rating, students are not incentivized to use it on a daily basis. as 
Spacefinder does not give any information on whether the preferred study space is actually 
available, users are not sure of whether travelling to the space is worthwhile. By including oc-
cupancy rating it is expected that users are able to make a better decision of where to study 
beforehand, increasing the likelihood that the user will find an available space. therefore, it 
is assumed that with the inclusion of information on both spatial aspects and occupancy the 
smart tool is able to provide more useful information, leading to more frequent use.

12.5 Learning of Campus Space
Similar to the Spacefinder, when users have used the proposed smart tools several times they 
will most likely learn where spaces are located on campus. thus, users will subconsciously 
learn the locations of their preferred spaces and, as a result, the need to use the smart tool 
will becomes less. If the user is also given insight into the occupancy rating of those particular 
spaces, he might even remember a what time space is available. this will most likely lead to 
a significant decrease in frequency of use after some time. as a result, the overall traffic will 
also decrease significantly. 

However, when demands change for whatever reason the user is able to adapt his prefer-
ences in the smart tool. this will support the user to discover new spaces that meets his pref-
erences. thus, keeping up with and reflecting the dynamically changing demand of users. at 
times when the traffic increases it can be assumed that end-users are having trouble finding 
a suitable study space. this could be an indicator for campus managers to analyse whether 
the situation was incidental or structural. on the basis of this information the campus manag-
er is able to make changes to real estate to prevent these situations. moreover, when traffic 
increases and occupancy ratings increase, it also becomes interesting to see which criteria 
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become apparently less important to the users.

12.6 Required Mental Effort
the amount of mental effort required to use the smart tool prototype was assessed with the 
use of a task Load Index (tLX) questionnaire. the assessment showed that the amount of 
mental effort required to use the smart tool prototype was quite high. Because of the high 
degree of mental effort required to to operate the smart tool, Preference function modelling 
might not be suitable in its purest form. Since some of the criteria are of less interest to the 
users, it becomes worthwhile to see which criteria can be deleted or how it can be simplified 
to improve usability. In particular, the middle values and its respective preference values 
were the values users struggled with the most. additionally, cre managers stated that every 
value was interesting to them, however the middle values had the least priority. additionally, 
the middle value is needed in Preference function modelling generate a greater number of 
alternatives, something that is not necessary in this case since the alternatives are already 
existing. therefore, with usability in mind, it might be desirable to remove the middle values.

12.7 Online Learning
Because the proposed smart tool is in fact a type of search engine for study space, it became 
interesting to see what existing knowledge of search engines is applicable to the smart tool. 
one technique is machine- or online Learning and the best example for this is the google 
search engine. the Google search engine is ofcourse a very developed set of algorithms 
which is able to process large amounts of data to obtain the best search results. there are 
algorithms which are able to link the query (text string for the search input) to the selected 
website. By storing this data the most selected websites will appear at the top of the search 
results as this satisfied the majority of former users the best.  By implementing this technique, 
this could for example show a average user input to save new users time to fill in the prefer-
ence scores. In turn this could greatly improve the workflow and decrease the time needed to 
use the smart tool, which is beneficial for the end-user.

However, because the proposed smart tool is based on subjective data this type of support 
will decrease the reliability of the data. this is because the value in the generated data exist 
in  the more accurate representation of user preferences. When the subjective data of users 
will be changed by a algorithm the user is less in control and is not confronted with his/her 
own demands. furthermore, people are generally want to put in as little effort possible and 
might feel even less motivated to fill in the preference values, thus settling for the input of 
the average user. When these preference values are not changed by each user, the values 
hold significantly less usable information to support decisions. the preference values will 
then constantly reinforces itself, leading to a self-fulfilling prophecy. this will not be a fully 
personalized and subjective data anymore which makes it severely less useful for making de-
cisions. this will be especially, when criticized by stakeholders on the grounds of contested 
information.

furthermore, if the smart tool alters the preference settings of the user based on the selec-
tion of space automatically and without their knowledge or consent, the preference settings 
might be changed to represent actual preference less. the chosen space might be most ap-
plicable at that point in time but this doesn’t mean that it is always the case and therefore 
the preferences are adapted. choosing a space which does not fully meet your requirements 
is a form of mitigating and can be dependent on the situation you are in. 

12.8 Modularity
the smart tool is modular and can be improved upon by removing or adding criteria which are 
interesting at a certain point in time. When, because of changes to the educational environ-
ment, different criteria are becoming increasingly important, it is possible to add these crite-
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ria. this requires a number of changes to the database, when the spaces need an additional 
attribute for example. furthemore, for calculating the preference score it becomes important 
to determine whether it is possible to measure this attribute. an example for an additional 
attribute can be the amount of light is preferred for a space. Since light can be measured 
in Lux it is possible to add (real time) measurements by adding Lux meters to spaces. this 
can serve as another criteria of user preferences. other examples include temperature me-
ters, humidity meters, air movement meters, decibel meters, sustainability ratings or energy 
consumption measurements. However, the smart tool is interesting for the end-user because 
there are clear benefits to him: finding the most preferred study space. When criteria are 
added that do not have anything to do with the study spaces it will be less interesting for end 
users to use in the process of finding a study space.

12.9 Feedback
concerning the feedback rating users are able to give to spaces, users most likely won’t be  
stimulated to use this function other than on two occasions: when a space severely disap-
pointed and is below standards or when a space performs exceptionally. this relates to with 
the what Sundstrum (1986) described as a dissatisfier. Sundstrom (1986 in Vries, 2007, p. 86) 
distinguished two types of factors which influence employees satisfaction: satisfiers and dis-
satisfiers. the physical environment is acknowledged as a dissatisfying factor. meaning that 
if no problems are apparent it is experienced as positive, while when it doesn’t meet require-
ments it can strongly decrease performance and cause dissatisfaction (Vries, 2007, p. 340). 
In the case of exceptional performance users will most likely not even give a feedback rating 
unless they are incentivized to do so. Incentivizing them can be done by explicitly stating that 
their feedback is able to help the campus make more of these kinds of spaces. What might be 
a better indicator for feedback is the spaces users store as favourites, since they can protect 
the space from becoming too popular by not informing other users about the quality of the 
space.

12.10 Distribution of Users
the smart tool is inherently designed to find spaces which meet its users preferences. Since 
it is suggested that most students like to study in a silent space and one with a low occu-
pancy rating, students will be sent all across the campus. there are several issues relating to 
increasing the distribution of users among the campus.

Some of the faculty members will be less enthusiastic if they find out students do not study in 
their own faculty anymore. this could seriously obstruct the formation of communities among 
faculties. furthermore, distributing users across the campus does only concern faculty mem-
bers, but also the technical managers and controllers who are concerned with decreasing the 
amount of m2, footprint and costs of the real estate supply. If users prefer to study in spaces 
that are occupied to a lesser extent (e.g. 20%) this will negatively influence the efficiency of 
space use, obstructing cost reductions. furthermore, this results in additional spaces which 
need to be heated or air conditioned leading to a greater energy expenditure or footprint. 
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13. recommenDatIonS
this section will describe the recommendations for future research as a consequence of the 
results and limitations of this thesis.

13.1 Find ways to increase usability
though much improvements have been made over the course of this thesis, before the pro-
posed smart tool is implemented it still needs improvement with regard to usability. as stated 
numerous times in this research, usability is ultimately very important for the degree the pro-
posed smart tool will be used. It is imperative for the generation of large amounts of data 
that many users will use the smart tool as often as possible. thus, the data reliability, quality 
and representativeness increases parallel with its use (i.e. the more data input the better). 
Simultaneously, the more input an individual user gives on its preferences the more accurate 
the representation of demand will be and the higher the potential for interesting findings. 
therefore, the continuation of the design of the proposes smart tool needs to balanced with 
regard to the benefits for the user and the generation of useful data. researching to which 
degree both ends of information provision is optimized will be a valuable continuation from 
this point on.

13.2 Increase the accuracy of occupancy detection
By increasing the accuracy of occupancy detection in buildings, users can be supported with 
this information more effectively. meaning that occupancy and availability can be deter-
mined on a workplace level, rather than that of its surrounding space. Because the main cri-
terias for users are the availability and occupancy of a study space, improving this can lead 
to a significant value increase. as of this moment Wifi occupancy detection is not accurate 
enough to inform about workplaces. this means the user still misses information about which 
workplace are available in the designated space. this information is valuable as it can inform 
users about the exact location of a preferred available workplace, after which the user can 
travel more directly. However, this increased accuracy requires other types of sensors. Be-
cause this needs additional investment, it is worthwhile to research the costs and benefits to 
give insight on whether this is a worthwhile and feasible improvement.

13.3 Research possibilities on the operational level
By integrating the smart tool with facility management software, users are able to give feed-
back on the operational level on the spaces. It was stated in the interviews that there is a 
need for a less daunting, more approachable way for users to comment on facilities. Po-
tentially, this could improve the time in which facility management can respond to occuring 
problems, allowing facility management operate more effectively and efficiently. this can 
also lead to a higher user satisfaction as the problems are resolved more adequately. this 
can potentially also lead to added value of the smart tool for facility management, which can 
support the business case of the smart tool.

13.4 Effect of the smart tool on user behavior
as the smart tool is developed to support user activity, it becomes interesting to see how 
much user behaviour is influenced by use of the smart tool. for example, it is interesting to 
determine how much users will actually use the smart tool in their study life. this can be done 
by analyzing how much unique users return use of the smart tool and how frequent. When use 
of the smart tool decreases or diminishes, users most likely have a good idea of where there 
preferred spaces are and when they are most likely occupied. therefore, it is interesting to 
find how quickly users will cognitively ‘learn’ campus space. By learning it is meant that over 
time users will remember from past experience which study spaces comply with their needs 
and are available at a certain period of time. after the use of the smart tool has declined 
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over a period of time and then unexpectedly starts to peak, one can expect this signifies 
moments when students have difficulty or want to be supported in finding a space. the rea-
soning for why that peak in use has occurs can then be analyzed to determine whether it was 
for example caused by business or a real estate intervention.

another aspect which is important with regard to user behaviour, is distribution of users 
among the campus as a result of smart tool use. this is because the distribution of users on 
the campus can inhibit the reduction of space, which can ultimately constrain cost and foot-
print reduction. to obtain real estate goals like reducing the footprint, researching how much 
the implementation of the smart tool increases the distribution of users on campus becomes 
relevant.this can provide insight into how much the efficiency of space use is affected. Simi-
larly, researching the degree to which users are stimulated to and by sharing facility buildings 
can be potentially supportive in making a business case for the smart tool. However, the de-
gree to which users are inspired by other faculties is especially hard to measure.

13.5 Applicability to commercial organisations
the smart tool is originally designed for a university campus and considers students in its 
functioning. this is evident in the criteria and in the argument that the smart tool is very ap-
plicable to a university environment because students (usually) do not have an assigned work-
spaces. Because several authors argued that the university is increasingly operating similar to 
flexible workspaces it is expected that the proposed smart tool can also be applied to com-
mercial organisations. the same need for individual focus workspaces, group work spaces 
and conference space exist in both commercial organisations and higher education. Because 
the need for information on users by real estate management equally exists in commercial or-
ganisations, it is interesting to see what the differences are between these organisations and 
higher education. this can lead to insight in how one should approach applying the findings 
of this research, to a smart tool for a commercial organisation.
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14. refLectIon
In this chapter there will be reflected upon the research by firstly describing the process 
and the used research methods. thereafter, the research will be placed it into the broader 
context by exploring the societal and scientific relevance and position within the master and 
practice. 

14.1 Research process

14.1.1 exploration
as stated in the foreword, the research started with the realisation that the existing ways to 
gain useful information about the building are inconvenient or absent. this especially con-
cerned finding an available and preferred studyspace fitting the needs at that particular 
moment in time. this led to the exploration of the problem area by using several ways to gain 
information, consisting of: discussions with friends and students and reviewing literature.

even though I was eager to find my own solution for this problem I first started by looking at 
existing tools to learn valuable lessons. It became clear that many before me had already 
tried to solve similar problems using smart tools. In this phase the ‘Smart campus tools’ book 
released in 2016 was very useful as it had most of the information I required. then, on the basis 
of my experience with other applications I started to get an idea of how I wanted the smart 
tool to function. this resulted in the decision tree as shown in the report and when comparing 
this to the final result it is clear that there was no mayor deviation from this original structure.

In order to get a greater understanding of how to make this smart tool I engaged in discus-
sions with friends and students who had experience in developing software. Since one of 
them worked at a supposedly ‘Smart Building’ he invited me there to see what current smart 
tools already exist. this visit led me to believe that the current smart tools weren’t used to its 
full potential. after proposing my ideas for the smart tool they were able to help me to culti-
vate it and figure out how to execute it. for this they proved especially valuable in gauging 
what was feasible with the limited experience and time. from that point on I started to learn 
what was possible within It and how to actualize it. 

14.1.2 moving to P2
the most important objective for the P2 was to have a proper research structure and basis 
of a literature study, resulting in a research proposal. Leading up to the P2 I set the goal to 
finish my literature study, allowing me to increase my focus on the development of the smart 
tool. considering my inexperience with developing software, it was expected that the devel-
opment of the smart tool would take a lot of time. therefore I had set the goal to finish pro-
cessing most of the literature for the P2. for this, the available literature on current campus 
management practice provided a good basis for this aspect of the research, consisting of: 
‘campusnL’ and ‘managing the University campus’. even though I was unable to finish the 
literature research completely, it was rather far along and it motivated me to work extensively 
on my report.

a reason the literature research was obstructed was because of the unknowns in developing 
the smart tool. to get a better idea of how the smart tool was going to be built it was key to 
start with the design of a prototype for the P2. this meant working parallel on the report and 
model after the P2.

14.1.3 moving to P3
Since the report was far along and my research structure had been fully set up it presented 
the opportunity to find an appropriate company for an internship. Lonerooftop was very in-
teresting as it already had a solution similar to my own and had the required Wifi occupancy 



109   l   concLUSIon 

Smart Real Estate Management - Developing a Smart Tool for Campus User Alignment

detection. Luckily I was able to get into contact with and got accepted by Lonerooftop to 
do an internship.

During the first stage of the internship I was working solitary for quite some time as I was try-
ing to finish my literature research. When this was finally finished I developed the prototype 
to carry out the data collection. In this phase it became clear that the internship was very 
helpful as they provided me with useful information on several subjects. one tip that was 
particularly helpful was evaluating software with end-users by using a wireframe mock-up 
(Balsamiq). these tools allowed me evaluate the smart tool to iteratively improve upon the 
smart tool design.

14.1.4 moving to P4
from this point on I worked to finish my report by finalizing the literature study, data collec-
tion and conclude the research. Unfortunately, this took more time than I had anticipated. for 
the conclusion it was important to gather all the findings and analyze it. However, because 
there was not enough time between the final data gathering and handing in the report, the 
conclusion was not completely finished. However, there was still time available leading up to 
the P5 to finalize the report.

14.1.5 moving to P5
from the P4 to the P5 the pressure was off, which was very welcome since I had worked quite 
hard up till this point. However, the backlash of this was that I needed to reignite my moti-
vation to finish the report in the desired quality. after a short period of taking it a bit slower 
I was able to find my motivation again for the finalization of the thesis. the feedback on my 
P4 report mostly included making the report more coherent to improve readability and under-
standability. Hence, this was the main objective I focused on.

14.1.6 Supervision
from the outset the supervision was very helpful to increase my understanding of what I had 
read and heard. I experienced a pleasant mix of the ‘management’ perspective of how to use 
the generated data in real estate management and a more ‘technical’ perspective of how to 
construct and test a smart tool. for this, alexandra and rein provided guidance respective-
ly. the mentor sessions assisted in the reflection on the progress and results of the research 
which helped to focus on the essence.

During each mentor session I took notes, which I transferred into small reports. this was 
a great way to document the most valuable information, collect thoughts, and inform the 
mentors that everything that was discussed was understood correctly. this is something that 
definitely has value for increasing effectiveness of important meetings later on in my career.

14.1.7 motivation
the process of writing this thesis required considerable effort, self-discipline and time. How-
ever, because I thoroughly believed in this subject I had a natural curiosity towards the out-
come of the research, which was able to motivate me throughout the thesis. overall I was 
very motivated to end this final objective of my studies with something I could be proud of 
and would give me confidence in starting my career.

as several students had also embarked on their own theses around the same time, getting 
into contact with them was very helpful and motivational. their perspectives helped to figure 
out where the knowledge gap was in this particular subject. While also confirming the missed 
opportunity that was present, which motivated me even more to develop a smart tool of my 
own. additionally, this also led to the realisation that whenever I got stuck it was beneficial 
to engage with a fellow student or friend to take a step back to regain motivation.  
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Sometime before the P2 I kept to-Do lists with prioritized tasks for keeping me informed 
about what needed to be done and in what order. throughout the process of writing my thesis 
a frequent to-do was to update my report constantly. this was done to get into the habit of 
finishing things and decreasing the effort in looking up previous findings. In the later stage of 
the research I also made a planning for each week in order to finalize the report. However, 
it also became painfully clear that the actual time to complete tasks is often higher than ex-
pected. especially concerning analyzing, reflecting and concluding the research.

14.2 Research methods

14.2.1 Literature research
With regard to the literature research the dissertation of Den Heijer ‘managing the University 
campus’ and the more recent  ‘Smart campus tools’ and ‘campus nL’ books served as a great 
basis to gain understanding of current campus management practice. this allowed me to 
have a good foundation from which I could delve into more specific subjects. 

concerning the development of the smart tool I realized that it was important to not only 
learn but also document this. after some research I found in the ‘Business Intelligence guide-
book’ which covered most of the aspects of designing a proper database which would form 
the backbone of the smart tool.

14.2.2 Informal interviews
my internship at Lonerooftop presented me with opportunities to learn about every aspect 
of developing software for real estate management. When after some time questions arose 
I was able to make appointments for informal interviews with the discipline able to answer 
the questions for that specific aspect of software development. through these informal in-
terviews useful information was extracted which helped me improve my understanding of: 
privacy legislation, front- and back-end development and data science. Being able to easily 
make these appointments made my internship very worthwhile.

14.2.3 model Development
at the start of the research my objective was to have an actual working mobile application. 
However, as the researched progressed I realised the amount of time needed to research was 
too great to achieve this. furthermore, my inexperience with software also proved to be a 
bottleneck for this objective. therefore, most of the coding was done in excel which proved 
to be more functional than expected. for the development of the mock-up Balsamiq was an 
excellent way to visualize ideas quickly and supporting design iteration.

14.2.4 (evaluation) Interviews
the data collection consisted of interviews with students and real estate managers. ‘User 
centric evaluation methods’ provided me with useful methods to interviews the students. 
combining this with prototypes and a mock-up in balsamiq the interviews went very smoothly. 
considering the semi structured interview with the real estate managers, it became clear that 
during the interview it was easy to lose track of what questions were answered. Luckily, there 
were possibilities to complete the interview by asking more specific questions later through 
email.

14.2.5 case study
Using tU Delft as a case for this study was a good decision as it was easy to contact the 
necessary people for data collection (i.e. students and real estate managers). furthemore, 
since the campus was already familiar it was less abstract what needed to be considered. 
However, when further researching how to implement this it becomes interesting to see what 
differences exist among campuses.
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14.2.6 ethical dilemmas
no real ethical dilemmas have come across during the research. However, considering the 
ultimate use of the generated data there are some ethical dilemmas which can become 
possible issues. these issues include the possibility of users to manipulate the data and that 
the degree to which the data is useful remains dependent on the behaviour of the decision 
maker. considering the personal information that is required as input, it is expected that a 
simple statement should inform the users and they should have no real reason to object to its 
use. furthermore, protecting this information is increasingly regulated and when complying to 
these regulations the information should be secure enough to protect it from misuse.

14.2.7 Personal learning goals
Leading up to the research I became aware of the opportunities information and smart tools 
offered and, simultaneously the relatively traditional methods of decision making in real es-
tate management. Since then I was very interested in these opportunities, which this thesis 
allowed me to explore more. In doing so, my research skills needed to develop in structuring 
research and meeting scientific requirements. over the course of this thesis, I believe these 
skills have developed significantly during the research process.

clearly, the thesis also required me to establish my software development skills. While I might 
not have transformed into a full fledged software developer, I am somewhat able to speak 
the ‘language’. Which was one of my learning goals: to be able to bridge the gap between 
software development and real estate management.

as this master thesis took a substantial amount of time and effort, it can be seen as the big-
gest project I was involved in during my studies. moreover, the thesis was a very personal pro-
ject as I had selected and completed the thesis myself completely. this allowed me to take 
charge of such a project, really develop approaching research and making project decisions. 
this enabled to develop my planning, leadership and ultimately skills in documentation of a 
large project. furthermore, I have really developed using my network and knowledge of others 
to progress research. these are all thing I consider to be very valuable in the continuation of 
my career.

14.3 Dissemination

14.3.1 Societal relevance
the results of this thesis indicate possibilities for real estate management (and campus man-
agement in particular) to develop information sources on user demands through smart tools. 
the main benefits of this thesis, can be found in the fact that it shows what value the pro-
posed smart tool initially has while also providing value over the long term. Initially it is ex-
pected that it will increase user satisfaction by supporting user activities. Simultaneously the 
smart tool shows ways to generate data to improve the campus. the generated information 
can prove valuable in supporting decision making with respect to indicating which spaces are 
underperforming and what functions are most in demand by users. Because, this information 
is quantified there are also possibilities to analyse the data to make new discoveries about 
what is expected of future demand. furthermore, the principle of using smart tools for both 
supporting users while generating data on their demands can also lead to new developments 
of similarly useful software.

14.3.2 Scientific relevance
the relevance of this thesis in the scientific field primarily exist in the understanding of the 
development of software for real estate management. With these insights it has become 
(more) clear what is possible by using smart tools in both the use of buildings and how to 
generate data to support decision making. the research also showed how Preference func-
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tion modelling can be used on a greater scale which can also be used for other purposes. 
furthermore, it can be concluded that the proposed smart tool has a potential to add signif-
icant value to real estate users and management processes. therefore, it becomes valuable 
to extend these principles to discover more potential. 

14.4 Research Position

14.4.1 Position within Smart real estate management
Since the end result of this thesis is a smart tool which firstly supports campus users in their 
activities it is argued that the smart tool mostly operates in the functional perspective of 
crem. more specifically, this thesis mostly focuses on the product side of smart tools, encom-
passing the needs of end users in the use of such a smart tool. thus, the research has taken 
on a user centric approach, while simultaneously generating data to support real estate 
management decision making. taking this approach has given insight into what is important 
for users in using a smart tool, possibilities with the available sensors and the capabilities of 
software development to support real estate management overall.

14.4.2 Position within management in the built environment
Since the data generated by the smart tool ultimately focuses on optimizing use of existing 
structures it is argued that, within the master ‘management in the built environment’, this 
thesis is most applicable to real estate management practice. However, the results also 
suggest that smart tools can be implemented to a wide variety of other uses within the built 
environment. this type of smart tool can also be applied to optimize urban development by 
gathering more data on urban areas for example. moreover, for project development the les-
sons learnt from the generated data can also be accumulated over time to integrate it into 
a new project.
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1. roaDmaP

Image 3.4 Roadmap (own illustration)
In image 3.4 the roadmap of the research is shown. the roadmap shows the most important 
tasks of the research within its respective research phase. first the exploration phase is the 
start of the research which is spent looking for a subject of interest within the graduation 
lab derived from either a scientific or social need. It is important to clearly determine and 
describe the problem and its main causes while linking this with existing scientific literature. 
therefore the literature research and problem analysis are the first tasks in the roadmap. 
from the problem analysis a scientific standpoint will be taken in the form of a hypothesis. 
the objective of the research is to test the hypothesis on its truthfulness. from this hypothesis, 
research questions are formulated which target various aspects of the required information. 
When the research questions are formulated there is a need to determine the methods to 
answer these questions. therefore the task research method is a product of the research 
questions. to complete this all a research objective is defined which differentiates from the 
hypothesis, which is not to be proven or not, but simply the ultimate goal of the research.

It can be noticed that the literature research block extends from the first phase to the second 
phase. for this research literature will be used to set the fundamentals of the research in-
cluding problem definition and requirements as stated in the previous sub chapters. thus, the 
literature research supports the design process and the validation of the research outcomes. 
the defined main literature subjects are thus far: corporate real estate (crem), managing 
the University campus and Business Intelligence. However, as stated, literature research con-
cerning Smart campus tools, Learning Space Preferences and Privacy Laws as a supporting 
role. crem will act a general introduction to the field of corporate real estate management 
and its main objectives. managing the University campus is researched to determine the 
state-of-art of campus management and discover the problems in current practice. Business 
Intelligence is researched to establish how reliable management information can be made 
and stored to optimally support decision making. Learning Space Preferences involves stu-
dent needs and input for implementation in the Smart tool. Privacy Laws is explored relating 
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to user data gathering in order to make a smart tool that is allowed in the current regula-
tory climate. available data will be collected. Lastly, a backend prototype of the Smart tool 
is made offering a solution for the design problem. this will offer a sense of direction and 
gauge the feasibility of the features. 

In Phase three the maturation of the backend will be the main objective. Users are involved 
to make the Smart tool tailored to their needs and the Data streams need to be secured. In 
particular a Building assessment needs to take place to gather the data which is unavaila-
ble at this stage. the Smart tool development starts with the prototype of the former phase 
which will be improved after two iterations in the form of evaluation interviews, resulting in a 
preliminary- and final design. In this phase the literature research should be mostly finished 
but it can be required to support research and Smart tool development with further literature 
research in some cases.

Phase four primarily concerns the design of front-ends in the form of the dashboard, which 
will be used by the campus management and a UI for the students. Similarly to the design of 
the backend these design will have two iterations in the form of interviews. after the system 
has been completed the Smart tool will be tested in the form of a Pilot. It is crucial to estab-
lish a working Smart tool, implementation can prove difficult, requiring much attention is in 
this phase. at a later stage the campus Integration implies implementation of other faculties 
meaning possible new data streams and significant changes for the Smart tool.  moreover, 
the Smart tool can be analyzed on applicability to other organisations and if possible even 
applied to an organisation. reporting the findings of the research will also become a large 
part of this phase as the scientific findings need to be analyzed thoroughly to be able to an-
swer the research questions and hypothesis with accuracy.

In the fifth and final phase a step will be taken back to review the process and results of the 
research. In the conclusion all the results of the research and its process will be described. 
a Discussion is needed to take a critical standpoint on the research and its results. this is 
designed to make both the researcher and the the reader think. finally, in recommendations 
new ideas for other researches and needs within the scientific body will be pointed out to 
stimulate further research, meant to show where to continue after the thesis.
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2. PrototYPe eVaLUatIon

the prototype evaluation interview reports can be sent upon request. for more information, 
contact terveer.sven@gmail.com.
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3. SemI-StrUctUreD InterVIeW re manaGerS

the campus manager interview reports can be sent upon request. for more information, con-
tact terveer.sven@gmail.com.


