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Abstract
Scientific research suggests that accessibility has a profound influence on residential real estate values.
There is, however, a lack of a holistic and integrated approach towards operationalising accessibility in
these kinds of research. This, in turn, results in accessibility analyses that do not have a discrepancy
between perceived- and calculated accessibility and accessibility to public transport and accessibility
by public transport. This research attempts to fill this research gap, and analyse the extent to which
both perceived- and calculated accessibility to public transport and by public transport, about a broad
set of neighbourhood characteristics and structural characteristics, influence the valuation, in terms of
rent prices per square metre, of office buildings in the Netherlands.
The research does this by applying Structural Equation Modelling on publicly available neighbourhood
data and office transaction data supplied by Savills Netherlands and by relying on a quantitative
questionnaire on perceived accessibility. It is, based on a neither significant nor relevant structural
model, concluded that both perceived accessibility and calculated accessibility to- and by public
transport portray a positive relationship with the valuation, in terms of rent price per square metre, of
office buildings in the Netherlands when accounting for property-specific characteristics and
neighbourhood characteristics of the property in question.
Keywords: Structural Equation Modelling, Real Estate Values, Calculated Accessibility, Perceived
Accessibility
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Summary
Conventional research on the influence of accessibility on land- and real estate values tends to (1)
neglect the interaction between accessibility by (public) transport modes and accessibility to (public)
transport modes; (2) only include calculated or objective accessibility while neglecting perceived
accessibility; (3) assess the influence of accessibility on land- and real estate values in isolation and not
include a larger set of neighbourhood characteristics; and (4) be solely focused on residential property
values. Overcoming these gaps might be done by applying a holistic perspective on the influence of
accessibility on commercial real estate values which includes both accessibility by (public) transport
and accessibility to (public) transport; perceived accessibility and calculated accessibility; and the
acceptance of the indirect relationship between accessibility and a broader set of neighbourhood
characteristics, which has largely been overshadowed by the singular and calculated evaluations of the
influence of to-accessibility and by-accessibility on residential real estate.
This research is aimed at contributing to the discussion on analysing the interaction between
accessibility, neighbourhood characteristics and land- and real estate values. More specifically, it is
aimed at expanding existing insights on the relationship between accessibility, neighbourhood
characteristics and land- and real estate values by attempting to evaluate this relationship from an
integrated perspective. This means that this research attempts to include both calculated- and
perceived accessibility and the accessibility to public transport and accessibility by public transport to
create a holistic overview of the relationship between accessibility, neighbourhood characteristics and
commercial real estate values. The research will, thus, attempt to explore the relationship between
calculated accessibility, perceived accessibility, accessibility by public transport, accessibility to public
transport, neighbourhood characteristics and office values, to evaluate whether these relationships
are positive, negative or non-existent. The exploratory aim leads to the following research question:
“To what extent do both calculated- and perceived accessibility to public transport and by public
transport interact with the valuation, in terms of rent prices per square metre, of office buildings in
the Netherlands, and how does this relate to the influence of a broader set of neighbourhood
characteristics on the valuation of office buildings in the Netherlands?”
Data collection relied upon two methods of data collection. First of all, a quantitative questionnaire
has been used to gauge the individual’s perceived importance of having good accessibility to spatially
distributed opportunities. The results of this questionnaire were, in turn, used to assess weight factors
for certain spatially distributed opportunities which were, consequently, used as input for assessing
levels of perceived accessibility. It can, based on this method of data collection, be concluded that
individuals have different perceptions on the importance of accessibility to various spatially distributed
opportunities. Having accessibility to train stations is, for instance, perceived to be more important
than having accessibility to bus stations or restaurants, bars and cafés. Spatially distributed
opportunities have, based on the aggregate outcomes of the perceived importance of having
accessibility to these spatially distributed opportunities, been weighted. These weighted spatially
distributed opportunities are, in turn, used in the final method of data analysis.
Secondly, secondary data collection has been carried out. This secondary data collection functioned as
a foundational stage in the development of the research. The secondary data collection included an
assessment of calculated accessibility through a Potential Accessibility Measure, based on General
Transit Feed Specification Data, publicly available data from the Centraal Bureau voor de Statistiek (In
English: Statistics Netherlands) and Network Analysis in Geographic Information Systems (ArcGIS).
Neighbourhood characteristics are, furthermore, assessed through publicly available data from the
Statistics Netherlands, whereby a distinction is made between demographic characteristics and
economic agglomeration characteristics. Finally, a database on the valuation of office buildings, based
V

upon the rental price in square metres per year, is supplied by Savills Netherlands. This database spans
the period from the 1st of January 2020 to the 1st of November 2021 and includes numerous indicators
of the structural characteristics of every office building.
The gathered data on perceived accessibility, calculated accessibility, neighbourhood characteristics,
and office transactions is, first of all, combined in one dataset and, consequently analysed using the
IBM SPSS package to describe the data. The data is, finally, analysed through Structural Equation
Modelling, with a more specific focus on Confirmatory Factor Analysis and Causal Path Analysis in the
IBM AMOS package. Various measurement models have been specified which, in the end, resulted in
a structural model which was neither significant nor relevant. The research has, however,
acknowledged the non-significance and non-relevance of the model which is believed to be caused by
the non-normal distribution of the used empirical data.
Relating the previously discussed methods of data collection to the main research question, and
comparing this with the results of the questionnaire on perceived accessibility, results in the overall
conclusion that both calculated- and perceived accessibility to public transport and by public transport
portray, when accounting for its multivariate relationship with demographic characteristics, economic
agglomeration characteristics and structural characteristics, a positive relationship with the valuation,
in terms of rent prices per square meter, of office buildings in the Netherlands. It is, by applying
Confirmatory Factor Analysis and carrying out a quantitative questionnaire on perceived accessibility,
concluded that accessibility, both to public transport and by public transport, can, be regarded as an
explanatory factor in the valuation, in terms of rent prices per square meter, of office buildings in the
Netherlands, whereby the relationship between accessibility and the valuation of office buildings is
more positive than the relationship between neighbourhood characteristics and the valuation of office
buildings. The relationship between structural characteristics and the valuation of office buildings is a
non-significant relationship whereof, therefore, no definitive conclusion can be made. It should be
noted that these relationships are based on a structural model which is neither significant nor relevant.
This is acknowledged and accepted by the researcher, and it is believed that the poor fit between the
empirical data used in this research and the structural model is not necessarily a bad thing. Various
scholars, after all, argue that realistic, and often non-normally distributed, data does seldom result in
perfect values for the (adjusted) goodness-of-fit index, RMSEA and 𝜒 2 /𝑑𝑓. It would, therefore, be
unwise to fully reject the investigated theoretical model based on their non-compliance with
goodness-of-fit measurements. A conclusion on the difference in relationships between perceived
accessibility and calculated accessibility can, due to the lack of adequate empirical data, not be made.
It is, however, concluded that individuals, who work in office buildings, perceive good accessibility to
public transport facilities as more important than good accessibility by public transport to certain
spatially distributed amenities.
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1. Introduction

Blaak 8, Rotterdam
(Picture by Simone Hutch, 2018, retrieved from: UNSPLASH)
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Urbanised areas are experiencing more and more consequences of Global Climate Change, such as
draughts, floods, shortages in water- and food supply, heat stress and the degradation of air- and water
quality (Bastin et al., 2019; Van der Heijden, 2014). Mitigating these consequences, by minimising the
harmful emission of Greenhouse Gasses (GHG) caused by (private) urban transport such as Carbon
Dioxide (CO2), Nitrogen Oxide Pollutants (NOx) and other poisonous gasses, can be done by reevaluating urban transport systems and encourage the use of more sustainable modes of urban
transport (Mi et al., 2019). These sustainable and low-carbon modes of urban (public) transport, such
as urban light rail systems, rapid bus transit systems and adequate availability of low mobility facilities
which include satisfactory cycling tracks and pedestrian facilities, can generate significant reductions
in GHG emissions. This can, in turn, reduce environmental degradation (Yang, Chau, Szeto, Cui, & Wang,
2020). It should be noted that the creation of more sustainable urban transport systems is not merely
enough to mitigate the consequences of Climate Change. Various scholars call for the need for a shift
from urban transport systems based on mobility to transport systems based on accessibility. Urban
transport systems should not solely be assessed from their speed, travel times and the ease at which
people can travel around, but rather should be assessed from a perspective that measures the
expansion of choices and the potential for interaction that an urban transport system creates for its
users (Handy, 2002, 2005). This call for an alternative assessment of urban transport systems touches
upon the well-known debate between mobility and accessibility, whereby the latter aims to merge
land-use patterns and urban transport systems and, thus, is aimed at enhancing the potential for
activity (Geurs & van Wee, 2004). More specifically, accessibility can be defined as “the extent to which
land-use and transport systems enable (groups of) individuals to reach activities or destinations using
(a combination of) transport mode(s)” (Geurs & van Wee, 2004, p. 128).
The integration of land-use and transport systems, by integrating both land-use planning and transport
planning is, therefore, recognised by various scholars as an accessibility enhancing measure (Bertolini,
le Clercq, & Kapoen, 2005; C.-N. Li & Lai, 2014; Stojanovski, Lundström, & Haas, 2012). The
enhancement of accessibility has, if approached correctly, positive social, environmental and economic
effects in urban areas, such as lower CO2 emissions due to sustainable transport alternatives (Renne,
2009); more social justice due to higher levels of accessibility (Martens, 2012); and higher residential
property prices, which are in some cases offset by lower transport costs (see for instance: Dong, 2017;
Hale, 2014; Renne, Tolford, Hamidi, & Ewing, 2016; Sim, Krause, & Winson-Geideman, 2015). It is,
therefore, understandable that, due to its positive effects, higher levels of accessibility are appreciated
by urban policymakers, users and inhabitants of the urban system. It is, for this reason, argued that
accessibility has, due to the attractive interaction between land-use patterns and transport systems,
an influence on the attractiveness of an area. This has, in turn, an influence on the valuation, both
economical and cognitive, of the built-up environment (Bowes & Ihlanfeldt, 2001; Duncan, 2011;
Mathur & Ferrell, 2013).

1.1. Research Problem Statement
The influence of accessibility on the valuation of the built-up environment through how it increases
the attractiveness of an area has been the subject of various research, especially in the residential real
estate sector. This influence is, however, in the scientific literature often conceptualised as the direct
influence of accessibility on land- and real estate values, whereby accessibility is often conceptualised
in a non-consistent manner (Cordera, Coppola, dell'Olio, & Ibeas, 2019; Giuliano, Gordon, Pan, & Park,
2010). Cordera et al. (2019) have for instance, by investigating the impact of accessibility by public
transport on residential real estate prices through hedonic regression models and spatial hedonic
regression models in Rome (Italy) and Santander (Spain), shown that accessibility to opportunities by
public transport can be regarded as a significant factor in residential real estate prices. Hedonic
regression models are, in the case of real estate studies, regression models that attempt to assess the
influence of certain characteristics on the price of a property. Rijlaarsdam (2016), on the other hand,
2

concluded, by analysing the correlation between residential property prices and the distance to Light
Rail Station in the Netherlands, that a positive correlation between residential property prices and the
distance to the Light Rail Station can be found (Rijlaarsdam, 2016). The difference between Cordera et
al. (2019) and Rijlaarsdam (2016) in approaches towards accessibility is, according to Yang et al. (2020),
an important one. Research on the influence of accessibility on real estate values either measures (1)
accessibility to (public) transport facilities or (2) accessibility by (public) transport facilities to spatially
dispersed activities. The former represents the lion’s share of research (Yang et al., 2020). Yang et al.
(2020), therefore, call for an inclusion of both accessibility by (public) transport and accessibility to
(public) transport in the evaluation of the influence of accessibility of land- and real estate values.
Accessibility, secondly, tends to be approached as a calculated concept. (Pot, van Wee, & Tillema,
2021). This means that the potential to interact and engage with spatially dispersed activities is often
evaluated using calculated indicators based on spatial data (Pot et al., 2021). This so-called calculated
or objective accessibility often differentiates from how potential individual travel behaviour is
influenced by how the environment is perceived (D. Wang, Brown, Liu, & Mateo-Babiano, 2015). It is,
therefore, important to acknowledge the concept of perceived accessibility in any evaluation of
accessibility, and how self-reported evaluations of accessibility relate to calculated accessibility. Pot et
al. (2021) argue that calculated accessibility and perceived accessibility tend to portray a certain
mismatch. This mismatch can, in turn, lead to the undermining of policy strategies regarding
accessibility. This is caused by the fact that perceived accessibility can be viewed as the real basis for
individual decision-making regarding participation in spatially dispersed opportunities. Van der Vlught
et al. (2019) have shown, by measuring perceived accessibility in Nottingham, the United Kingdom,
and Hamburg, Germany, that calculated accessibility tends to not have a significant association with
perceived measures of accessibility once individual factors are accounted for. It is, therefore,
important to combine measures of perceived accessibility with measures on calculated accessibility to
evaluate accessibility in an integrated manner (Pot et al., 2021; van der Vlugt, Curl, & Wittowsky, 2019).
Thirdly, one could argue that the evaluation of the influence of accessibility on land- and real estate
values are inherently economical geographical, as the spatial distribution of opportunities and
economic activity should, according to de Bruyne and van Hove (2013), be seen as an important factor
that, next to local differences such as demographic effects, government policy, and the quality of
housing and living in a specific area, influences the valuation of (residential) real estate. Research on
the influence of accessibility on land- and real estate values, however, tends to often neglect this
important relationship between locational factors, neighbourhood characteristics and their
relationship to spatially dispersed activities (Bowes & Ihlanfeldt, 2001; Duncan, 2011; Mathur & Ferrell,
2013). Demographic, sustainability and liveability indicators influence, next to accessibility, the
attractiveness of an area and can, thus, influence property prices (De Bruyne & Van Hove, 2013;
Trojanek, 2015). It is, therefore, recommended to not isolate accessibility, but acknowledge the
influence of locational- and neighbourhood characteristics on the valuation of land- and real estate
(Bowes & Ihlanfeldt, 2001).
Finally, a substantial amount of research has been carried out on the influence of accessibility on
residential property values (see for instance: He, 2020; Munshi, 2020; Wittowsky, Hoekveld, Welsch,
& Steier, 2020), but has largely neglected the impact of accessibility on the values and rent of offices
and commercial land- and real estate (Kok & Jennen, 2012). One could argue that this is remarkable,
especially when relating the neglect of evaluations of accessibilities to the potential involvement of
commercial land- and real estate in creating more sustainable urban areas (Kok & Jennen, 2012; Van
der Heijden, 2014). Higher levels of accessibility can, according to Kok and Jennen (2012), lead to higher
levels of income which, in turn, can be used to create more sustainable commercial real estate.
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These four gaps in the existing scientific literature feed this research. One could argue that
conventional research on the influence of accessibility on land- and real estate values tend to neglect
a holistic and integrated approach towards accessibility. Conventional research on the influence of
accessibility on land- and real estate values tends to (1) neglect the interaction between accessibility
by (public) transport modes and accessibility to (public) transport modes; (2) only include calculated
or objective accessibility while neglecting perceived accessibility; (3) assess the influence of accessibility
on land- and real estate values in isolation and not include a larger set of neighbourhood
characteristics; and (4) be solely focused on residential property values. Overcoming these gaps might
be done by applying a holistic perspective on the influence of accessibility on commercial real estate
values. This includes both accessibility by (public) transport and accessibility to (public) transport;
perceived accessibility and calculated accessibility; and the acceptance of the indirect relationship
between accessibility and a broader set of neighbourhood characteristics, which has largely been
overshadowed by singular and calculated evaluations of the influence of to-accessibility and byaccessibility on residential real estate. Doing this might, therefore, create interesting new insights and
contribute to the debate on the “value of accessibility” which is currently ongoing in academic
literature (Guan & Peiser, 2018; Z. Li, 2018).

1.2. Research Aim and Research Question
This research is aimed at contributing to the discussion on analysing the interaction between
accessibility, neighbourhood characteristics and land- and real estate values. More specifically, it is
aimed at expanding existing insights on the relationship between accessibility, neighbourhood
characteristics and land- and real estate values by attempting to evaluate this relationship from an
integrated perspective. This means that this research attempts to include both calculated- and
perceived accessibility and the accessibility to public transport and accessibility by public transport to
create a holistic overview of the relationship between accessibility, neighbourhood characteristics and
commercial real estate values. It does this by acknowledging that accessibility is a factor in the
attractiveness of a neighbourhood which, in turn, influences commercial real estate values, which are
in this research conceptualised as office buildings. The research will, thus, attempt to explore the
relationship between calculated accessibility, perceived accessibility, accessibility by public transport,
accessibility to public transport, neighbourhood characteristics and office values, to evaluate whether
these relationships are positive, negative or non-existent. The research is, due to its aim of expanding
existing insights by exploring alternative accessibility measures, exploratory in nature (Van Thiel, 2014).
The exploratory aim leads to the following research question:
“To what extent do both calculated- and perceived accessibility to public transport and by public
transport interact with the valuation, in terms of rent prices per square metre, of office buildings in
the Netherlands, and how does this relate to the influence of a broader set of neighbourhood
characteristics on the valuation of office buildings in the Netherlands?”
To answer this research question, the following two sub-questions can be distinguished:
1. “To what extent do both calculated- and perceived accessibility to public transport and by public
transport relate to the valuation, in terms of rent prices per square metre, of office buildings in the
Netherlands?”
2. “To what extent do calculated- and perceived accessibility to public transport and by public
transport indirectly relate to the influence of neighbourhood characteristics on the valuation of
office buildings in the Netherlands?”

4

1.3. Relevance
The exploratory aim of the research, which has been clarified above, can be related to both a scientificand societal relevance. The following two sub-paragraphs give an overview of the relevance of this
research.

1.3.1. Scientific Relevance
A substantial body of knowledge on the relationship between accessibility and land- and real estate
values exists, especially on the relationship between accessibility to public transport facilities and
residential real estate prices (Debrezion, Pels, & Rietveld, 2011; Ozalp & Akinci, 2017). Studies on the
relationship between real estate values and accessibility by public transport are, however, gaining
more ground by, for instance, using spatial data and calculating accessibility indices. There is, however,
according to Yang et al. (2020), a lack of studies that simultaneously incorporate accessibility by public
transport and accessibility to public transport in property valuation studies. Yang et al. (2020),
therefore, recommend including accessibility by public transport in property valuation studies, due to
interesting insights that it might generate in combination with accessibility to public transport facilities.
It is, furthermore, argued by Pot et al. (2021) that there is a need for a re-evaluation of measuring both
accessibility to public transport and accessibility by public transport. Pot et al. (2021) argue in favour
of accessibility measures that do not solely rely on spatial data, but include individual perspectives on
perceived accessibility. This is, according to Pot et al. (2021), mostly due to the observation that
accessibility to opportunities that the environment provides are conditioned by individual perceptions
which, in turn, means that there is no such thing as calculated accessibility that can fully capture
accessibility. It is, therefore, important to include measures on perceived accessibility in empirical
research on accessibility, which are often still not included in empirical research on the relationship
between accessibility and property valuations (Hamersma, Heinen, Tillema, & Arts, 2015; Pot et al.,
2021). It can, furthermore, be argued that conventional property evaluation studies neglect locational
characteristics and solely focus on the influence of accessibility on the valuation of properties, while
de Bruyne and van Hove (2013) have stressed the importance of the relationship between spatially
dispersed opportunities, locational factors and neighbourhood characteristics and the valuation of real
estate. This relates to a previously made statement, where it was stated that conventional research
on the influence of accessibility on land- and real estate values tends to (1) neglect the interaction
between accessibility by (public) transport modes and accessibility to (public) transport modes; (2) only
include calculated or objective accessibility while neglecting perceived accessibility; (3) assess the
influence of accessibility on land- and real estate values in isolation and not include a larger set of
neighbourhood characteristics; and (4) be solely focused on residential property values.
This research, thus, tries to relate to the recommendations made by Yang et al. (2020), de Bruyne and
van Hove (2013) and Pot et al. (2021) to make a first attempt at filling the knowledge gap that exists in
evaluating the relationship between accessibility to public transport and accessibility by public
transport, locational factors and land- and real estate values. It will, essentially, do this by devising
accessibility measures that approach accessibility both from a perceived perspective and a calculated
perspective and incorporate both accessibility by public transport and accessibility to public transport
which can, by relating it to Yang et al. (2020) and Pot et al. (2021), be an interesting first attempt at
fully capturing accessibility and its influence on commercial property valuations.

1.3.2. Societal Relevance
The built environment is of great significance in reaching goals related to sustainability (Van der
Heijden, 2014). Especially commercial real estate portrays a huge potential to become more
sustainable which, in turn, might influence commercial real estate valuations and office rents (Kok &
Jennen, 2012; Van der Heijden, 2014). Furthermore, it can be argued that increased accessibility,
through integrating land-use planning with transport planning, should be regarded as a precondition
5

for sustainable urban development. This is mostly due to the minimalization of unsustainable transport
movements that result from increased accessibility (Stojanovski et al., 2012; Suzuki, Cervero, & Iuchi,
2013). Commercial real estate that portrays high levels of accessibility can, thus, mitigate a wide range
of negative externalities caused by unsustainable modes of urban transport. It is argued that increasing
accessibility creates a wide range of benefits, such as an increase in public health due to the reduction
of the emission of CO2 and Nitrogen Oxide Pollutants (NOx) (Stojanovski et al., 2012); more social
justice due to higher levels of accessibility (Martens, 2012); and higher property prices, which are in
some cases offset by lower transport costs (see for instance: Dong, 2017; Hale, 2014; Renne et al.,
2016; Sim et al., 2015). This latter benefit of increased accessibility, furthermore, touches upon the
point of Value Capture (VC) Mechanisms. VC instruments attempt to capture the increase of property
value attributable to public investments in, for instance, public infrastructure. One could, thus, argue
that an increase in accessibility, caused by public investments in infrastructure, might lead to higher
land- and real estate values (Suzuki, Murakami, Hong, & Tamayose, 2015). These increment land- and
real estate values can, in turn, be captured and used for further improvements in public services (Salat
& Ollivier, 2017; Suzuki et al., 2015).
This research attempt to feed into these debates on the societal significance of accessibility, and
attempts to open up the discussion on sustainable urban development by conceptualising the value of
accessibility, in its broadest sense, on commercial real estate values. This would, in turn, allow owners
of commercial real estate to use this value to implement mores sustainability measures and, if desired,
participate in VC schemes. It would, furthermore, give Local Governments and policy-makers insights
into the relationship between accessibility and land- and real estate values which, in turn, might create
more willingness for sustainable urban development.

1.4. Reading Guide
This dissertation is structured according to various subsequent chapters that lead up to the Conclusion,
Discussion and Recommendations. The following chapter, Chapter 2, gives an overview of the
theoretical background on which this research is built, while also elaborating on the theoretical
framework which guides the research. More specifically, it includes paragraphs on Accessibility and
Accessibility Measures, Commercial Real Estate and Commercial Real Estate Values and
Neighbourhood Characteristics. Chapter 2, furthermore, includes the Operationalisation and the
Conceptual Model that guides this research. Chapter 3, Methodology, Methods and Techniques,
touches upon the used methods of data collection and the methodology, while also including issues
regarding general validity, reliability and ethical considerations. The subsequent chapter, Chapter 4.
Data and Descriptive Statistics, focuses on the used dataset and presents the most important
descriptive statistics. The fifth chapter builds upon the previous two chapters, and discusses the actual
results of the data collection and data analysis. These results include the Structural Equation Modelling
(SEM), which is subdivided into a paragraph on the measurement models and a paragraph on the
Confirmatory Factor Analysis. The dissertation ends with answering the research question, while also
highlighting the limitations of this research and presenting recommendations for future research and
recommendations for policy-making and policy-makers. This Conclusion, Discussion and
Recommendations can be found in Chapter 6. The final part of this dissertation includes an overview
of the used references and various appendices.
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2. Theoretical Concepts and
Theoretical Framework

Wijnhaven, Rotterdam
(Picture by Simone Hutch, 2018, retrieved from: UNSPLASH)
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The following chapter presents an overview of the theoretical framework on Accessibility and
Accessibility Measures, Commercial Real Estate and Commercial Real Estate Values and
Neighbourhood Characteristics that guides the research. This theoretical framework should not be
regarded as a mere analysis of the existing theory, but rather presents the chosen perspectives on the
key concepts used throughout this research. This chapter, furthermore, presents the
operationalisation of theoretical concepts and the conceptual model that guides the research.

2.1. Accessibility and Accessibility Measures
Accessibility and mobility are two terms that are often used interchangeably in scientific literature and
policy documents (Handy, 2002). The difference between these two terms is, however, of utmost
importance in analysing land-use patterns, transport systems and travel behaviour (Handy, 2002;
Levine, Grengs, & Merlin, 2019). Mobility generally tends to focus on the means rather than the ends,
where an increase in mobility can be defined as an increase in territory that can be reached for a given
investment of time and money (Levine et al., 2019, p. 2). This, in turn, results in an overreliance on
vehicle operating speeds, travel times and delays per capita and monetary units wasted while waiting
in traffic in the analysis of travel behaviour and land-use patterns (Levine et al., 2019). Accessibility, on
the other hand, tends to rely on analysing land-use patterns and travel behaviour from the perspective
of derived demand, whereby the demand to reach destinations shapes the demand for transport and
mobility (Levine et al., 2019). Optimising accessibility, and, thus, the derived demand, would lead to
an increase in the destinations that can be reached for a given investment of time and money and
would, therefore, focus on expanding the choices in both destinations and transport modes (Handy,
2005; Levine et al., 2019). Expanding the choices in both destinations and transport modes touches
upon the complex relationship between accessibility and mobility. Enhancing mobility generally
increases accessibility, since an increase in mobility tends to make destinations more easily reachable
(Handy, 2005; Martens, 2015). High levels of mobility are, however, neither a sufficient nor a necessary
condition for good accessibility, which can be deducted from the definition of accessibility by Geurs
and van Wee (2004). Geurs and van Wee (2004, p. 128) define accessibility as “the extent to which
land-use and transport systems enable (groups of) individuals to reach activities or destinations using
(a combination of) transport mode(s)”.
As stated previously, Pot et al. (2021), differentiate between calculated accessibility and perceived
accessibility. It can be argued that the inclusion of both types of accessibility is of utmost importance
when analysing the spatial distribution of dispersed destinations and activities, as both the calculated
accessibility and perceived accessibility largely shape the derived demand. The following two subparagraphs, therefore, briefly differentiate between the two types of accessibility that are included in
this research. The third sub-paragraph presents an overview of how accessibility tends to be measured,
and presents the approach to measuring accessibility of this research.

2.1.1. Calculated Accessibility
As stated before, accessibility and, more specifically, accessibility which is evaluated through
calculations based on spatial data can be approached as to how land-use and transport systems enable
(groups of) individuals to reach activities or destinations using (a combination of) transport mode(s)
(Geurs and van Wee, 2004, p. 128). This, in general, means that accessibility tends to reflect the
amount of spatially dispersed activities in a destination that can be reached within a given time-frame
by a (combination of) transport mode(s) from an origin (Handy, 2005; Papa & Bertolini, 2015). Geurs
and van Wee (2004) stress the importance of the four interrelated components of accessibility which,
according to Pot et al. (2021), are often used in calculated evaluations of accessibility. These four
components are the land-use component, the transport component, the temporal component and the
individual component.

8

The first two components tend to reflect the complex relationship between the distribution of spatially
dispersed opportunities and transport modes, while the latter two components tend to respectively
reflect the availability of opportunities at different types of the day and the needs and opportunities
of individuals (Geurs, 2006; Geurs & van Wee, 2004). More specifically, the land-use component
reflects the land-use system which consists of (1) the amount, quality and spatial distribution
opportunities supplied at each destination; (2) the demand for these opportunities at origin locations;
and (3) the confrontation of supply and demand for opportunities which, according to Geurs and van
Wee (2004, p. 128), may “result in competition for activities with restricted capacity such as jobs and
school vacancies and hospital beds”. The transportation component of accessibility describes the
transport system. The transport system is expressed as the disutility for an individual to cover the
distance between an origin and a destination using a specific transport mode. This disutility tends to
be measured in terms of the amount of time, costs and effort individuals experience and, thus, closely
relates to the notion of mobility (Geurs & van Wee, 2004; Levine et al., 2019). Disutility tends to be a
result of the confrontation between the travel demand and supply of infrastructure in terms of its
location and mode-specific characteristics (such as maximum travel speeds, number of lanes, public
transport timetables and travel costs). The fourth component, the temporal component, described by
Geurs and van Wee (2004) reflects temporal constraints such as the availability of opportunities at
different times of the day, and the time available for individuals to participate in spatially dispersed
activities. The final component, the individual component, reflects the needs, abilities and
opportunities of individuals. These characteristics influence, according to Geurs and van Wee (2004) a
person’s level of access to transport modes and spatially distributed opportunities. This includes having
the skills or education to qualify for jobs, being able to drive a car and having the financial capacity to
use public transport.
These four components of calculated accessibility are not singular, but rather reflect complex
relationships with one another. It is, therefore, important to acknowledge the four interrelated
concepts of accessibility when analysing land-use systems and travel behaviour. Figure 2.1. on the
following page portrays the relationship between the four components of accessibility. It can, from the
dotted arrows in this figure, be concluded that the four components of accessibility portray an indirect
relationship between each other. The direct relationships between any of the four components of
accessibility and accessibility to opportunities itself are shaped by either the availability of
opportunities (land-use component); the time, costs and effort of travel (transport component); time
restrictions (temporal component); or the needs, abilities and opportunities of individuals (individual
component (Geurs & van Wee, 2004). Both the direct and indirect relationships between the
components of accessibility are guiding in this research, especially the direct relationship between the
land-use component and accessibility to opportunities and the transport component and accessibility
to opportunities. It should, furthermore, be noted that the concept of perceived accessibility is closely
related to these four components of accessibility, but differentiates on the approach in which
accessibility is evaluated through measuring any of the four components of accessibility (Geurs & van
Wee, 2004; Pot et al., 2021). The following sub-paragraph, Paragraph 2.1.2. Perceived Accessibility,
further discusses the difference between calculated accessibility and perceived accessibility.
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Figure 2.1. The four interrelated components of accessibility (Adapted from: Geurs & van Wee, 2004).

2.1.2. Perceived Accessibility
Pot et al. (2021) argue, by adhering to the conceptualisation of accessibility by Geurs and van Wee
(2004), that perceived accessibility might more adequately capture the levels of accessibility
experienced by individuals contrary to calculated accessibility. This is especially valid when accepting
the notion that perceptions of activities are the actual determinant of decisions regarding activity
behaviour (Pot et al., 2021). Again by relating to the conceptualisation of accessibility as the potential
to engage in spatially distributed activities, Pot et al. (2021) define perceived accessibility as the
“perceived potential to participate in spatially dispersed opportunities.” (Pot et al., 2021, p. 2). It should
be noted that this definition allows for the possibility that individuals tend to evaluate opportunities
more positive than other individuals which, contrary to calculated accessibility, can result in the
observation that positive evaluations of accessibility for a certain type of activity may not always lead
to increased levels of participation by all individuals. This is due to the observation that not all types of
activities are equally desired by individuals (Pot et al., 2021).
The main difference between calculated accessibility and perceived accessibility is that perceived
accessibility tends to include the cognitive environment in evaluations of accessibility, while calculated
accessibility tends to solely rely on the physical environment (Pot et al., 2021). Including the cognitive
environment in evaluations of accessibility means that one accepts the notion that decision-making
related to spatial behaviour follows from the perceptions of the environment (Golledge, 1997; Pot et
al., 2021). This means that different individuals can perceive the same physical environment in
different ways which, in turn, can lead to different spatial behaviour (Golledge, 1997). This does,
however, not mean that the physical environment does not shape spatial behaviour at all. Golledge
(1997) argues that information on the actual environment (physical environment red.) is gathered and
detected through interactions with both the actual environment itself and representations of the
actual environment (Golledge, 1997; Pot et al., 2021). This detected and gathered information on the
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actual environment is then translated into a mental image through individual processing. This
individual processing leads, according to Golledge (1997), to individual spatial knowledge. This spatial
knowledge is, in turn, interpreted and evaluated following the individual’s value system which reflects
their attitudes and beliefs which, finally, results in a cognitive environment (Golledge, 1997; Pot et al.,
2021).
Attempting to include the discussion on the relationship between the physical environment and the
cognitive environment in the debate on calculated- and perceived accessibility leads to a
conceptualisation of accessibility which argues in favour of the acceptance that the physical
environment shapes the cognitive environment (Pot et al., 2021). Figure 2.2. portrays how the four
components of accessibility (Geurs and van Wee, 2004) shape perceived accessibility. This figure is
adapted from Pot et al. (2021, p. 3), who characterise this figure as “a conceptual model for perceived
accessibility”. With this conceptual model, Pot et al. (2021) formulate perceived accessibility as a
function of perceptions of the distribution and characteristics of activity locations (land-use
component), of the transport system and of the temporal feasibility of engaging in spatially dispersed
activities using (a combination of) modes of transport. This perception of three of the four components
of accessibility relates to the cognitive environment as described by Golledge (1997). It should be noted
that the mechanism behind the formation of these perceptions on the three components of
accessibility is shaped by the overarching individual component of accessibility, since this largely
determines the capturing, interpreting and processing of the environment in which an individual is
situated (Pot et al., 2021).

Figure 2.2. A conceptual model of perceived accessibility (Adapted from: Pot et al., 2021).

It should, finally, be noted that public transport services take on a special case in this conceptual model,
as one could argue that public transport services can be seen as part of the accessibility of a certain
activity location and, therefore, part of the transport component, but that they also can be seen as
activity location in their own right, which can either be accessible or not (Pot et al., 2021). This closely
relates to the discussion posed by Yang et al. (2020), who argue in favour of an evaluation of both
accessibility by public transport (public transport as part of the transport component) and accessibility
to public transport (public transport as an activity location) (Pot et al., 2021; Yang et al., 2020). This
distinction between accessibility by public transport and accessibility to public transport, both for
calculated- and perceived accessibility is guiding in this research. It should be noted that the chosen
approach towards measuring accessibility has, however, implications for how both calculated- and
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perceived accessibility is evaluated (Geurs & van Wee, 2004; Pot et al., 2021). The following subparagraph clarifies the chosen approach towards measuring accessibility that is guiding in this research.

2.1.3. Measuring Accessibility
An accessibility measure should, according to Geurs and van Wee (2004), ideally take all four
components of accessibility into account. In practice, however, accessibility measures tend to only
focus on one or more components of accessibility, which is often depending upon the perspective
taken on how accessibility is measured (Geurs & van Wee, 2004, 2013; Litman, 2017). In general, four
basic types of perspectives on accessibility measures are distinguished, these being:
-

-

-

-

Infrastructure-based Accessibility Measures: infrastructure-based accessibility measures tend to
analyse the (observed or simulated) performance or service level of the transport infrastructure.
This includes measures on the length of infrastructure networks, the density of the networks,
levels of congestion and average speeds on the transport network (Geurs & van Wee, 2013).
Infrastructure-based accessibility measures tend to be used in transport planning, and closely
relate to the transport component of accessibility (Geurs & van Wee, 2004, 2013; Miller, 2018).
Location-based Accessibility Measures: Location-based accessibility measures tend to analyse
accessibility from the perspective of a location, which is generally on a macro-level. More
specifically, it focuses on locations and different access between them in a given transport system
(Moyano, Martínez, & Coronado, 2018). Location-based accessibility measures are broadly used in
evaluations of accessibility, as they attempt to describe the level of accessibility to spatially
distributed activities from the perspective of a location (Geurs & van Wee, 2013; Moyano et al.,
2018). This makes location-based accessibility measures ideally suited for Origin – Destination
analyses, whereby the amount of spatially distributed activity that can be reached within a given
timeframe using (a combination of) transport modes can be calculated (Siddiq & D. Taylor, 2021;
Y. Wang et al., 2018).
Person-based Accessibility Measures: Person-based accessibility measures are used to evaluate
accessibility at the individual level and is closely related to Hägerstrand’s (1970) famous time-space
geography that measures limitations on an individual’s freedom of action in the environment
(Hagerstrand, 1970; Siddiq & D. Taylor, 2021). Person-based accessibility measures, furthermore,
greatly rely on the characteristics of individuals, such as type of employment, age, gender and
income (Geurs & van Wee, 2013).
Utility-based Accessibility Measures: Lastly, the utility-based accessibility measures attempt to
evaluate the utility, often expressed in monetary values, that individuals can derive from access to
spatially distributed activities. This type of accessibility measure is, according to Geurs and van
Wee (2013) gaining more attention in accessibility studies, as it describes how added value can be
derived from accessibility.

This research mostly relies upon location-based accessibility measures, which attempt to evaluate the
amount of spatially distributed activity that can be reached within a given timeframe using (a
combination of) public transport per commercial real estate object. Using location-based accessibility
measures is beneficial, since it can be argued that this rhymes with the discussion on accessibility to
public transport and accessibility by public transport, as posed by Yang et al. (2020). Accessibility to
public transport can, after all, be characterised as a spatially distributed activity in itself (Yang et al.,
2020). Accessibility by public transport, on the other hand, can simply reflect the transport component
in the accessibility framework by Geurs and van Wee (2004) and can, thus, be included in locationbased accessibility measures.
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Location-based accessibility measures can, furthermore, be divided into various specific measures,
whereby the location-based accessibility measures are generally distinguishable as groups of distance,
contour and potential measures (Geurs & van Wee, 2004, 2013; Moyano et al., 2018). Distance, or
sometimes referred to as travel cost or connectivity, measures approach location-based accessibility
as the degree to which (sets of pre-defined) destinations within a travel network are connected. This
connectivity is often described in terms of ‘cost of travel’, such as average travel times or average travel
speeds (Moyano et al., 2018). Contour measures are closely related to distance measures, but
incorporates the idea of reaching more than one destination in the transport network from a predefined origin location. The contour measure, which is sometimes referred to as an isochronic,
cumulative opportunities, proximity count or daily accessibility measure, analyses the number of
opportunities that can be reached within a given travel time, distance or cost, or measure of the
(average or total) time or cost required to access a fixed number of opportunities (Geurs & van Wee,
2004, p. 133). Using distance- and contour measures does have its drawbacks. Geurs and van Wee
(2004) argue that these measures are aimed at the land-use and transport component of accessibility,
but neglect their combined effect through the absence of clear distance-decay functions. Furthermore,
competition effects are not taken into account when using both distance measures or contour
measures. Finally, both measures fail to take individuals’ preferences and perceptions into account by
implying that all spatially distributed opportunities are equally desirable, regardless of the type of
opportunity or time spent travelling (Geurs & van Wee, 2004).
A solution to these drawbacks might be to use a potential accessibility measure, which is sometimes
referred to as a gravity measure (Moyano et al., 2018). Potential accessibility measures estimate the
accessibility of opportunities in origin location 𝑖 to all other destinations (𝑛) in which smaller and / or
more distance opportunities provide diminishing influences (Geurs & van Wee, 2004, p. 133). It, more
specifically, regards accessibility as being proportional to a mass and as decreasing with increasing
distance, which is typically represented by travel times. Assessing accessibility through a potential
accessibility measure takes on the following form, and assumes a negative exponential cost function:
𝑛

𝐴𝑖 = ∑ 𝐷𝑗 𝑒 −𝛽𝐶𝑖𝑗
𝑗=1

where 𝐴𝑖 is a measure of accessibility in zone 𝑖 to all opportunities 𝐷 in zone 𝑗 , 𝑐𝑖𝑗 is the cost of travel
between zone 𝑖 and zone 𝑗, which is generally measured in travel times, and 𝛽 the cost sensitivity
parameter, which is often set as one in most accessibility studies (Moyano et al., 2018). This research
refrains from using distance and contour measures, even though these measures tend to require less
spatial data and are often easier to communicate towards readers (Geurs & van Wee, 2004). It, rather,
estimates (calculated) accessibility based on potential accessibility measures, as it is believed that
potential accessibility measures adequately reflect the interaction between transport systems and
land-use patterns and more realistically reflect travel behaviour. It should, however, be noted that
thought has to be given to the operationalisation of zones and the (weighted average of the) types of
opportunities 𝐷 in the zones. Paragraph 3.4.1. Calculating Accessibility discusses this in a more indepth manner, and thoroughly explains the use of the potential accessibility measures.
Incorporating the evaluation of perceived accessibility in the conventional accessibility measures might
present the researcher with some challenges. Location-based perceived accessibility measures tend to
lend themselves for evaluations on the perceived quality and / or relevance of spatially distributed
opportunities. Pot et al. (2021) state that incorporating weighting, based on an evaluation of
individuals’ perception, is a valid way to assume the relevance of spatially distributed opportunities,
travel resistance and preferences. This, furthermore, paves the way for more analyses on distance
decay functions and stated preferences within conventional calculated accessibility measures, such as
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the potential accessibility measure. Paragraph 3.5. Questionnaire: Perceived Accessibility discusses
how perceived accessibility to public transport and perceived accessibility by public transport, from a
location-based perspective, is included in this research.

2.2. Commercial Real Estate and Commercial Real Estate Values
This research is focused on commercial real estate, with a specific focus on offices. It should be noted
that the use of “commercial real estate” throughout this research refers to offices and excludes any
other type of commercial real estate. It is, before continuing with discussing approaches towards
measuring office building values, important to have a distinctive definition of offices and office units.
Van Gool et al. (2013, p. 93) refer to offices as “a spatial, independent asset, used for business-,
organisational-, commercial- and administrative purposes.” Offices tend to be reflected as both a
functional and physical object, whereby the former is mostly concerned with its ability to facilitate
business-related activities and the latter refers to its ability to facilitate physical spaces for its
functional aspect (van Gool, Weisz, & van Wetten, 2013). This research relies on this definition of
offices, and acknowledges both the physical and functional dimensions of office buildings.

2.2.1. Measuring Real Estate Values
Estimating the impact of different factors on real estate prices is generally done through hedonic
pricing models, which simply assume a linear regression between the (advertised) price of a property
and a (group of) property characteristics (Cordera et al., 2019; Yang et al., 2020). These property
characteristics tend to be sub-divided into four different groups, these being structural, locational, and
neighbourhood and environmental characteristics (Freeman & Zhao, 2019; Q. Li, Wang, Callanan, Lu,
& Guo, 2021). Hedonic pricing models assume that the coefficient of each property characteristic does
not differentiate across locations, and involves the estimation of global models (Yang et al., 2020). It is
argued by Cordera et al. (2019) that this poses a weakness for using hedonic pricing modelling in its
purest form, which is approached as:

𝑦 = 𝑋𝛽 + 𝜀
where 𝑦 is the price of the property or group of properties, 𝑋 is a matrix holding information about
the independent variables, 𝛽 is a vector of the parameters to be estimated and 𝜀 is a vector of
independent and identically distributed errors (Yang et al., 2020). Spatial autocorrelation, which
addresses the variance between spatially distributed observations, could account for this weakness,
especially since it is argued that real estate prices are largely influenced by spatial characteristics
(Freeman & Zhao, 2019). Real estate is, after all, locationally immobile, which arguably makes no two
properties spatially alike (Freeman & Zhao, 2019). It is, therefore, of great importance to apply a model
that addresses spatial dependence between observations when evaluating the influence of a (set of)
property characteristics on the (advertised) price of real estate (Cordera et al., 2019). Accounting for
spatial autocorrelation can simply be done by using a hedonic pricing model that incorporates spatial
autocorrelation in the form of residuals, such as the Spatial Error Model or the Simultaneous
Autoregressive model (Cordera et al., 2019; Yang et al., 2020). Freeman and Zhao (2019), however,
argue that hedonic pricing models, even when they account for spatial autocorrelation, are beset by a
range of technical problems, such as multicollinearity and heteroscedasticity. They, therefore, argue
in favour of analysing the influence of (a set of) characteristics on real estate values through Structural
Equation Modelling (SEM). Freeman and Zhao (2019) argue that, even though a significant absence of
SEM in modelling real estate values is observable due to the dominance of spatial econometrics’
reliance on hedonic pricing methods, SEM should be regarded as a useful method for investigating the
influence of independent variables on real estate prices. This is largely due to the way that it handles
spatial autocorrelation, heteroscedasticity and multicollinearity. This research makes use of Structural
Equation Modelling to investigate the relationship between the independent variables and the
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dependent variable. Paragraph 3.6. Data Analysis and Structural Equation Modelling further discusses
the application of SEM in this research.

2.2.2. Property Characteristics influencing Commercial Real Estate Values
As mentioned previously, four different sets of property characteristics tend to influence the valuation
of real estate. Freeman and Zhao (2019) and Li et al. (2021) elaborate on this by explaining that any of
these four property characteristics should be included in valuation studies. It should, however, be
noted that Freeman and Zhao (2019) stress that most valuation studies solely focus on physical
(structural) and locational characteristics, as neighbourhood and environmental characteristics are
strongly linked to locational characteristics. This research, therefore, approaches the property
characteristics that influence its value from the perspective used by Freeman and Zhao (2019),
meaning that structural- and locational characteristics are only included in this research.
First of all, structural characteristics reflect the physical characteristics of a real estate object. This
includes office-building specific characteristics such as the Total Lettable Floor Area (LFA), age of the
building, sustainability certificates, building qualities, the number of floors and the height of the
building (Weterings, 2009; Yang et al., 2020). Locational characteristics, on the other hand, are
approached as an explanatory factor for the valuation of real estate which attempts to keep the
location and, thus, the immediate surroundings of a real estate object in mind. Locational
characteristics include, in most valuation studies, both neighbourhood and environmental
characteristics, due to the vague demarcation between location, neighbourhood and environment
(Freeman & Zhao, 2019). Locational characteristics can encompass a broad set of factors, but generally
tends to be focused on the accessibility of a location; the demographic characteristics of a location;
and the economic activity near a location, which tends to be characterised in terms of agglomeration
economies. Locational factors, which this research approaches as neighbourhood characteristics due
to its methodological focus on neighbourhoods, are, next to accessibility, central in this research. These
neighbourhood characteristics will, therefore, be explained in the coming paragraph.
It should be noted that various scholars incorporate other property characteristics in assessing the
value of a (commercial) real estate object. Weterings (2009), for instance, includes the characteristics
of the lease agreement between the tenant and the owner of a real estate object in the valuation of
real estate objects. It is, according to them, important to realise that longer-lasting contractual
agreements tend to result in relatively lower rental prices per square metre. This is mostly due to the
belief that shorter lease agreements give investors less assurance on rental revenues which, in turn,
can drive rental prices up (Weterings, 2009). Weterings (2009), furthermore, states that it can be
beneficial to incorporate (regional) market conditions in the analysis of the valuation of real estate
objects, as supply and demand of office spaces are primarily determined on the regional level. This
research refrains from using any other additional property characteristics besides the structural- and
locational characteristics, due to the general consensus in the scientific literature that these two types
of property characteristics matter the most (Freeman & Zhao, 2019; Remøy, 2010).

2.3. Neighbourhood Characteristics
The effects that a neighbourhood and its characteristics have on locational real estate choices of
individuals and companies are well documented, and traditionally tend to focus on economic and
demographic determinants of this choice (Andersson, Shyr, & Yang, 2021; Beckers & Boschman, 2017).
Individuals and entities tend to compare the costs and benefits of real estate locations and, according
to economic theory, attempt to choose the location which maximises their net benefits. It can for
commercial real estate, and offices in specific, be argued that a location which can provide for high
levels of efficiency and a maximisation of turnover and profits is the most attractive (van Gool et al.,
2013). This neo-classical perspective on (office) location decisions, which emphasises the maximisation
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of profit, has in recent years been questioned more and more (Levy & Peterson, 2013). Decisionmaking in the “real world” is more complex and relies, according to more recent research, more on
locational characteristics and neighbourhood attractiveness. According to Beckers and Boschman
(2017), aspects that are considered in this regard are the availability of employment / employees,
demographic factors, proximity to opportunities and the local presence of (dis-)amenities. These
(dis-)amenities include the availability of services facilitating the type of real estate.
It should, however, be noted that different sets of neighbourhood characteristics influence locational
decisions for various types of real estate in various ways. Residential real estate choices are mostly
determined by high levels of accessibility and proximity to jobs and the city centre, housing quality and
housing stock composition, demographic factors such as the age, gender and ethnic composition of a
neighbourhood and, finally, the provision level of urban amenities (Beckers & Boschman, 2017).
According to Sigler et al. (2015), locational choices for commercial real estate and firms cannot simply
be reflected by bid-rent theory anymore, but rather should be reflected by a complex set of locational
characteristics that influence locational choice. Accessibility to employees and, thus, human capital;
proximity to customers; demographic factors such as the distribution of age groups and population
density; neighbourhood safety; sustainable surroundings; and liveability levels all contribute to
locational decisions for firms and, thus, to the locational decision-making for building and renting
offices (Adnan, Daud, & Mohamed Razali, 2015; Levy & Peterson, 2013; Sigler, Searle, Martinus, &
Tonts, 2016; Vogt, 2016). It can, after all, be argued that the demand by firms for offices constitutes of
the demand by employees for attractive office locations which serve their business needs (Adnan et
al., 2015; Louw, 1996).
This research relies on previously carried out research regarding the neighbourhood characteristics
and location factors influencing the decisions of a firm to (re)locate to a specific neighbourhood which,
in turn, influences the valuation of office buildings. It, most notably, relies on insights on location
decisions for firms, and therefore for office spaces, generated by Elgar et al. (2009), Louw (1996) and
Levy and Peterson (2013). It should, furthermore, be noted that these insights are solely focused on
the user market of the real estate market for offices. Real estate markets, after all, tend to be visualised
in the DiPasquale-Wheaton Model which balances supply and demand for real estate between
investors, users and developers (DiPasquale & Wheaton, 1992). This model attempts to explain the
development of real estate, by stating that the supply of real estate at a specific price and a specific
location is heavily dependent upon the demand for real estate at a specific price and a specific location.
This, in turn, causes a certain willingness to invest. Actors in the development market, user market and
investment market are, thus, heavily dependent upon each other (DiPasquale & Wheaton, 1992). It is,
therefore, believed that location factors and neighbourhood characteristics both the supply and
demand of offices, whereby user preferences largely shape the attractiveness of a neighbourhood or
location (Elgar, Farooq, & Miller, 2009). The following neighbourhood characteristics are included in
this research:
-

-

Demographic Characteristics: Elgar et al. (2009) argue that socioeconomic factors that reflect the
demographics of an area largely influence the decision of a firm to (re)locate to that specific area.
Factors include population size, population density, diversity in age and the average household
income. According to Elgar et al. (2009), firms tend to find neighbourhoods with high densities,
higher average household incomes and high diversity in terms of age more attractive.
Accessibility: Areas that portray high levels of accessibility tend to be evaluated as more attractive
than neighbourhoods that portray lower levels of accessibility. It should be noted that the desire
for a specific type of spatially dispersed opportunities is largely dependent upon the type of
business. Firms tend to prefer areas that their employees can reach easily, while also being able to
reach their customers in an easy way (Adnan et al., 2015). Certain types of firms also prefer
proximity to various business-related amenities, including restaurants, parking spaces, public
transport facilities and sports facilities. A distinction between the influence of calculated
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-

accessibility on the attractiveness of an area and the influence of perceived accessibility on the
attractiveness of an area cannot be made. This is because a substantial body of research on
perceived accessibility is missing and that almost all studies focus on calculated accessibility (Pot
et al., 2021).
Agglomeration Economies: Elgar et al. (2009) theorise that firms tend to locate in areas that
provide proximity to firms of the same kind and to firms in related fields. It is, therefore, argued
that agglomeration effects, operationalised as the similarity of knowledge-base and industry in a
neighbourhood, impacts the attractiveness of a neighbourhood in a positive way.

The exact operationalisation and inclusion of the neighbourhood characteristics is discussed in
Paragraph 3.4.1. Calculating Accessibility. Accessibility, and the influence of the various forms of
accessibility on the valuations, in terms of rental price per square metre, is central in this research and
is, therefore, discussed in a more in-depth manner in Paragraph 3.4.2. Assessing Neighbourhood
Characteristics.

2.4. Operationalisation and Conceptual Model
This research attempts to assess the extent to which both perceived accessibility and calculated
accessibility to public transport and by public transport have, next to general neighbourhood
characteristics and property-specific structural characteristics, an influence on the valuation of office
buildings. This is done by relying on the conceptualisations of calculated accessibility by Geurs and van
Wee (2004) and perceived accessibility by Pot et al. (2021). This, first of all, implies that this research
acknowledges the multi-component approach towards both perceived- and calculated accessibility.
Accessibility is, therefore, by following Geurs and van Wee (2004) and Pot et al. (2021), approached as
the (perceived) extent to which land-use and transport systems enable (groups of) individuals to reach
activities or destinations using (a combination of) transport mode(s). Both perceived accessibility toand by public transport and calculated accessibility to- and by public transport consist out of four
different components. These four components, them being the transport component, land-use
component, individual component and temporal component, shape how individuals can reach
activities or destinations using (a combination of) transport mode(s).
It is, however, believed that perceived accessibility and calculated accessibility shape the total
accessibility to spatially dispersed opportunities in different ways. Pot et al. (2021) argue, after all, that
perceptions of activities are the actual determinant of decisions regarding activity behaviour. This can
cause a difference between calculated accessibility and perceived accessibility which, in turn, can
influence spatial decision-making. This research, therefore, includes both notions of accessibility. It,
furthermore, attempts to separate these notions to figure out the different influences of each form of
accessibility on the valuation, in terms of rent price per square metre, of office buildings.
It should be noted that this research does not assess the influence of both perceived- and calculated
accessibility by public transport and to public transport on the valuation of commercial real estate in
isolation. The research, rather, approaches this relationship as a relationship dependent upon
(constant) property-specific structural characteristics and neighbourhood-specific characteristics. By
following Freeman and Zao (2019), Li et al. (2021) and Weterings (2009), this research incorporates
the idea that the influence of accessibility (both perceived and calculated) by public transport and to
public transport cannot simply be assessed without giving thought to the context in which the
commercial real estate object is situated. Accessibility is, after all, an element of the locational
characteristics of a real estate object (Freeman & Zhao, 2019; Q. Li et al., 2021). Next to this,
demographic characteristics and agglomeration economies of the location in which the investigated
real estate objects are situated are included in the research. It is, furthermore, believed that propertyspecific structural characteristics, such as building qualities, LFAs and number of floors largely influence
the valuation of a commercial real estate object (Q. Li et al., 2021). The relationship between perceived
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accessibility to public transport and by public transport and calculated accessibility to public transport
and by public transport and the valuation of office buildings is, therefore, not approached as an
isolated relationship but, rather, is approached as depicted in the conceptual model in figure 2.3. It
should be noted that how the elements of this relationship are quantitatively operationalised is
discussed in Chapter 3. Methodology, Methods and Techniques. It is assumed that the valuation, in
terms of price per square metre, of offices in the Netherlands is influenced by three factors. These
being the structural characteristics of a property, accessibility to opportunities and the demographicand agglomeration economy neighbourhood indicators of that specific property. Accessibility,
furthermore, consists both out of a calculated- and perceived component of accessibility. This is
depicted in figure 2.3. below.

Figure 2.3. The conceptual model that guides this research (Adapted from: Geurs & van Wee, 2004; Pot et al.,
2021).
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3. Methodology, Methods and
Techniques

EY Office, Amsterdam
(Picture by Luca Lago, 2020, retrieved from: UNSPLASH)
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This chapter presents the chosen methodology that guides the research. The chapter starts by
presenting the philosophical assumptions that rhyme with the approach of the research. These
Philosophical Assumptions are followed by the Research Strategy. Paragraph 3.3. discusses the
Research Methods and Data Collection which is subsequently followed by two paragraphs on the
Secondary Data Collection and the Questionnaire. Paragraph 3.6 discusses Structural Equation
Modelling, which is the used method for Data Analysis. This chapter ends by respectively discussing
Reliability and Validity in Paragraph 3.7. and Ethical Implications in Paragraph 3.8.

3.1. Philosophical Assumptions
It is difficult to place this research under any of the four basic metaphysical beliefs, with these being
Positivism, Post-Positivism, Critical Theory and Constructivism, that can be used in guiding inquiry
(Creswell & Poth, 2018; Guba & Lincoln, 1994; Van Thiel, 2014). On the one hand, this research
acknowledges locational differences between commercial real estate objects and accepts the notion
that every location/neighbourhood has a distinctive set of characteristics which causes a certain
uniqueness to the real estate objects included in this research. Realities are in some form “real”, but
only imperfectly real with slight differences. It can, by relying on Guba & Lincoln (1994), be argued that
this relates to the post-positivist ontological notion of Critical Realism. On the other hand, this research
attempt to generalise findings, such as perceived accessibility and the influence of independent
variables on the dependent variable, to a broader Dutch context. Furthermore, by including perceived
accessibility in this research, the researcher accepts that individuals perceive the importance of their
environment differently which, in turn, can relate to the ontological underpinnings of constructivism.
Calculated accessibility, finally, is not approached as an isolated concept but rather is included in a set
of neighbourhood characteristics. This is deliberately done, since the researcher believes that
locational differences between commercial real estate objects create a certain uniqueness. The
research does, however, believe that the data collected through quantitative methods of data
collection in order to falsify theoretical hypotheses is significant, generalisable and true for the
investigated context. It is, therefore, proposed that this research can be labelled as Post-Positivist
research based on its reliance on critical realism and falsification through quantitative methods. The
research, furthermore, borrows certain ontological elements from Constructivism, whereby it is
believed that the locally and specifically constructed realities of individuals shape the concept of
perceived accessibility.
It should be noted that the research does neither relate to Critical Theory nor Positivism. It is, first of
all, believed that findings are not always true, but rather are subjective to falsification. This is
uncommon for both Critical Theory and Positivism. Lastly, the overreliance on quantitative methods,
which include falsification, cause this research to rely closer to Post-Positivism than Positivism, Critical
Theory or Constructivism.

3.2. Research Strategy
This research attempts to assess the relationships between accessibility (both perceived and calculated
accessibility to public transport and accessibility by public transport), various neighbourhood
characteristics and the valuation, in terms of rent prices per square metre, of commercial real estate
objects (offices). Assessing these relationships will be done using a quantitative approach, which fits
the philosophical underpinnings of this research. A quantitative approach has deliberately been chosen,
as it corresponds to the belief that findings in the investigated context are generalisable and true. A
quantitative research approach, after all, allows for the use of statistical calculations which, in turn,
allows for conclusions based on generalisations (Van Thiel, 2014). It should be noted that quantitative
approaches are often criticised for their reduction of findings in numerical data which leads to
simplifications and a reduction of information (Johannesson & Perjons, 2014; Van Thiel, 2014). This
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research attempts to keep this criticism in mind, by taking care not to raise conclusions based on wrong
causation and correlation. Paragraph 3.7. General Validity and Reliability discusses how the reduction
of findings in numerical data influences the validity of this research.
The research design is, furthermore, based on deductive reasoning. Broad theories on calculated
accessibility, perceived accessibility, neighbourhood characteristics and commercial real estate are
used as a basis for the development of a conceptual framework that tries to test causal hypotheses
using observations (Deshpande, 1983; Thornhill, Saunders, & Lewis, 2009). The conceptual model that
guides this research can be found in Paragraph 2.4. Operationalisation and Conceptual Model.
Inductive reasoning, on the other hand, is an approach that uses empirical generalisations for the
development of theoretical insights. Deductive methods are often criticised for the lack of transparent
selection criteria for the chosen theories, while inductive methods are often criticised for the
substantial volume of empirical data which is required to develop valid generalisations (Thornhill et al.,
2009). It is, therefore, common to include both inductive and deductive reasoning in research
(Deshpande, 1983). This research mostly draws on deductive reasoning, but is not solely limited to this
type of reasoning. The research is open to new insights gained through empirical evidence which might
be generalisable in different contexts.
As stated before, this research attempts to assess the relationships between calculated- and perceived
accessibility to public transport and by public transport, neighbourhood characteristics and the
valuation, in terms of rent prices per square metre, of commercial real estate objects. It does this by
testing causal hypotheses through desk research, while incorporating elements from a survey research
strategy. The following sub-paragraph elaborates upon the desk research strategy, with a more specific
focus on secondary data analysis.

3.2.1. Desk Research and Secondary Data Analysis
The research strategy, which attempts to describe the overall design and logical procedure of the
research, largely influences the research methods of data collection (Johannesson & Perjons, 2014;
Van Thiel, 2014). Selecting a research strategy is mostly guided by the research problem and the body
of existing knowledge. Large amounts of (statistical) data are available which can be used for the
assessment of the relationships between calculated accessibility (both to public transport and by public
transport), neighbourhood characteristics and the valuation, in terms of rent price per square metre,
of commercial real estate. It is, therefore, a logical choice to approach (a part of) the research question
through a desk research strategy with a specific focus on secondary data analysis.
Desk research tends to generally be concerned with testing hypotheses by using existing data sources
(Van Thiel, 2014). These existing data sources contain information that has been produced for different
purposes than the research, but can be used or re-used to fit with the purpose of the research. The
main benefit of using existing data sources is that the researcher does not need to interfere with the
research context to collect data. This, in turn, reduces threats to validity and reliability (Johannesson
& Perjons, 2014; Van Thiel, 2014). One should, before starting with desk research, make sure what
type of data is being used or re-used. Primary data is, according to Johannesson and Perjons (2014),
comprised of data that has been collected by the researcher itself. This, in the sense of desk research,
is data that has not been produced for research purposes, or which has not been used for research
before (Van Thiel, 2014). Secondary research data, on the other hand, refers to earlier collected data
and / or research findings that can be used anew in another study on the same or a related subject
(Van Thiel, 2014). This generally refers to statistical databases which can be used and combined to
answer new research questions. Analysing this secondary data is, in turn, done through secondary data
analysis. Secondary data analysis can be defined as the reanalysis of existing data for exploratory,
explanatory or descriptive purposes (Radley, 2010).
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This research makes use of secondary data analysis to assess the relationship between calculated
accessibility, certain pre-defined neighbourhood characteristics and the valuation of commercial real
estate. The secondary data analysis strategy is applied to the Dutch context, and attempts to (1)
calculate accessibility levels for each neighbourhood in the Netherlands based on publicly available
numerical data on commercial real estate–related opportunities per neighbourhood and travel times
from neighbourhood to neighbourhood; (2) figure out neighbourhood specific characteristics relevant
for commercial real estate; and (3) assess the influence of calculated and perceived accessibility and
neighbourhood characteristics on the rental price of a selected number of commercial real estate
objects in the Netherlands through Structural Equation Modelling (SEM). Paragraph 3.4. Data Analysis
and Structural Equation Modelling further elaborates upon SEM. It should be noted that the
assessment of perceived accessibility to public transport and perceived accessibility by public transport
is not done through secondary data analysis. It, referring to the constructivist elements of this research,
rather attempts to assess this through incorporating elements from the survey research design and,
thus, by generating new data. Perceived accessibility is, using a questionnaire, assessed for a relevant
group of respondents. This assessment can, in turn, be used as input for “weight factors” that illustrate
the perceived importance of certain types of spatially dispersed opportunities. The following
paragraph, Paragraph 3.3. Research Methods of Data Collection and Data Analysis, will explain the
collection of secondary data and the development of the questionnaire.
By applying desk research and incorporating elements from a survey research design, the research
attempts to reject the Null Hypothesis (H0) stated below while rejecting the Alternative Hypothesis
(Ha):
𝐻0 = High levels of perceived accessibility and calculated accessibility to public transport and by public
transport influence the valuation, in terms of rent price per square metre, of commercial real estate in
the Netherlands, whereby other relevant structural- and neighbourhood characteristics are taken into
consideration.
𝐻𝑎 = High levels of perceived accessibility and calculated accessibility to public transport and by
public transport do not influence the valuation, in terms of rent price per square metre, of commercial
real estate in the Netherlands, whereby other relevant structural- and neighbourhood characteristics
are taken into consideration.

3.3. Methods of Data Collection
This research covers two distinctive ways of collecting data. The first method is used to calculate levels
of accessibility and assess the neighbourhood characteristics relevant for commercial real estate
objects. This method uses secondary data. The second method uses a questionnaire and is used to
assess perceived accessibility. The following two sub-paragraphs touch upon these methods of data
collection. Figure 3.1. on the following page gives an overview of the research model that guides the
collection and analysis of data. This schematic overview also includes the method of data analysis
(Structural Equation Modelling) that will be used to answer the research questions of this research.
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Figure 3.1. A schematic overview of the methods of data collection and data analysis.

The subsequent two paragraphs give an overview of the Secondary Data Analysis Collection, which
assesses both calculated accessibility by public transport and accessibility to public transport and the
neighbourhood characteristics, and the Questionnaire.

3.4. Secondary Data
Characteristics

Collection:

Accessibility

and

Neighbourhood

The secondary data collection functions as a foundational stage in the development of this research.
This method of data collection is used to assess calculated accessibility and neighbourhood
characteristics. An assessment of calculated accessibility and neighbourhood characteristics using
secondary data collection is chosen, since it is believed that the Centraal Bureau voor de Statistiek
(CBS) (in English: Statistics Netherlands) has substantial and relevant statistical data available per
neighbourhood. Their yearly-updated “kerncijfers wijken en buurten” provides this research with
adequate statistical data on demographics, socio-economic factors, and opportunities per
geographical unit which, in turn, can be used for the assessment of calculated accessibility and
neighbourhood attractiveness. This research makes use of the so-called “wijk” unit, which is next to
ZIP-code areas and “buurt” units one of the smallest geographical units used by the CBS. In total,
around three thousand neighbourhoods can be observed in the Netherlands. Furthermore, publicly
available public transport data, specified in the General Transit Feed Specification (GTFS) form, can be
used to assess travel times between neighbourhoods using Network Analysis in Geographic
Information Systems (GIS) which, in turn, can be used in the potential accessibility measurement as
specified in paragraph 2.2.3. Measuring Accessibility. A brief overview of the assessment of calculated
accessibility by public transport and to public transport is given below. This overview is followed by an
overview of the assessment of neighbourhood characteristics.
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3.4.1. Calculating Accessibility
Accessibility by public transport is calculated by using the potential accessibility measure as specified
by Geurs and van Wee (2004) and Moyano et al. (2018). The potential accessibility measure has the
following form:
𝑛

𝐴𝑖 = ∑ 𝐷𝑗 𝑒 −𝛽𝐶𝑖𝑗
𝑗=1

where 𝐴𝑖 is a measurement of accessibility in zone 𝑖 to all opportunities 𝐷 in zone 𝑗 , 𝑐𝑖𝑗 is the cost of
travel between zone 𝑖 and zone 𝑗 , which is generally measured in travel times, and 𝛽 the cost
sensitivity parameter, which is often set as one in most accessibility studies (Moyano et al., 2018).
More specifically, this means that accessibility in neighbourhood 𝑖 can be approached as the sum of
allopportunities/activitiess in all other neighbourhoods, including neighbourhood 𝑖 . This function,
furthermore, incorporates the costs of travel between neighbourhood 𝑖 and all other neighbourhoods.
First of all, costs, operationalised as travel times in minutes by public transport from neighbourhood 𝑖
to neighbourhood 𝑗, are calculated. This is done by using Geographic Information Systems (GIS). More
specifically, Network Analysis in the QGIS software and General Transit Feed Specification (GTFS) data
are used to create realistic travel times between neighbourhoods. GTFS data provides real–time public
transport data based on timetables, public transport stops, routes and modes of public transport which
helps in creating a more realistic assessment of travel times between neighbourhoods. Secondly, a set
of relevant opportunities / activities per neighbourhood are distinguished. Accessibility studies that
attempt to assess the locational accessibility of residential real estate tend to solely focus on the
amount of spatially distributed jobs per geographical unit (Yang et al., 2020). This research, however,
focuses on commercial real estate and more specifically offices. It, therefore, attempts to include
various spatially distributed opportunities relevant for commercial real estate reachable by public
transport, such as employees, sports facilities, convenience stores and restaurants. Selecting these
spatially distributed opportunities and activities has been done in consultation with commercial real
estate specialists and experts. Due to the limited availability of adequate data on the precise location
of restaurants, sports facilities and restaurants in the Netherlands, the location of these spatially
dispersed activities is approached in a generalised manner. More specifically, the amount of spatially
dispersed activities per neighbourhood is assessed by using the “Standaard Bedrijfsindeling 2008”
(SBI2008) (in English: Standard Company Characterisation 2008). This gives insight into the number of
businesses and branches per neighbourhood which, in turn, can be used to assess accessibility to
spatially dispersed activities. The potential accessibility measure, after all, approaches the cost of
travel as the travel time by public transport between neighbourhoods. It is, therefore, logical to also
approach the amount of spatially distributed opportunities as the aggregate number of opportunities,
categorised by SBI2008, per neighbourhood. Figure 3.2. gives an overview of the includes SBI2008
codes and their respective characterisation.
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Characterisation
Total Number of Companies
Agriculture, Forestry and Fishing
Industry and Energy
Retail and Hospitality
Transport, Information and Communication
Financial Services and Real Estate
Business Services
Culture, Recreation and Miscellaneous Services

SBI2008
A–U
A
B–H
G+I
H+J
K–L
M–N
R-U

Figure 3.2. Characterisations and their corresponding SBI2008 codes (CBS).

Finally, an adequate cost sensitivity parameter (𝛽) has to be selected. The cost sensitivity parameter
reflects the generalised cost sensitivity of users of a transport system. As stated by Moyano et al (2018),
most accessibility studies set the value of the 𝛽 at one. This is, however, not preferred in all analyses
of accessibility, especially when working with large distances. A 𝛽 close to one has, after all, a profound
influence on the assumed importance of distant locations. Beria, Debernandi and Gerrara (2017),
therefore, stress the importance of not using a too-large 𝛽 in accessibility analyses that focus on longdistance trips, as is the case in this research. Selecting a small 𝛽 is, instead, preferred (Beria,
Debernardi, & Ferrara, 2017). By analysing previously carried out research on accessibility and large
distances, Beria et al. (2017) argue in favour of using 𝛽 = 0,01 in accessibility analyses that work with
long distances and analyses differences between neighbourhoods and zones. This research will,
therefore, adhere to Beria et al. (2018) and set the cost sensitivity parameter (𝛽) at 0,01.
The result of the accessibility calculation is an insight into the accessibility, specified as the amount of
spatially distributed activities/opportunities reachable by public transport, per neighbourhood. This
can, in turn, be used to “grade” neighbourhoods and make a distinction between well-accessible
neighbourhoods and badly-accessible neighbourhoods. This is done by calculating a z-score for
calculated accessibility for each neighbourhood. This gives insight into how far a data point from the
observed mean is which, when compared to a z-score table, can give insight into the percentage of
scores above and / or below the mean if the data reflects a normal distribution. The z-scores for
calculated accessibility are calculated as follows:
𝑧=

(𝑥 − 𝜇)
𝜎

where 𝑧 is the z-score, 𝑥 is the sample accessibility score, 𝜇 is the mean accessibility of the population
and 𝜎 is the standard deviation of the population.
Accessibility to public transport is, furthermore, calculated using the same potential accessibility
measure as specified above. The cost of travel between neighbourhoods, however, is now not
measured in terms of travel time by public transport, but is rather measured in terms of travel time by
bicycle, as the bicycle is still one of the most used ways by which Dutch people reach public transport
(Thomas et al., 2018). The spatially distributed activities/opportunities are, in the case of measuring
accessibility to public transport, public transport stops of various forms of public transport. These
public transport stops are solely focused on Train Stations and Bus Stations, due to how other forms
of public transport, such as metro, tram and ferry, are exclusive to certain areas in the Netherlands.
Figure 3.3. portrays more detailed information on how accessibility is calculated in this research.
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Accessibility by Public Transport
Cost of Travel
Quickest travel time (in minutes) from the
centroid of neighbourhood 𝑖 to the centroid of
neighbourhood 𝑗 by any form of public transport.

Spatially Distributed Opportunities
Employees (Residents per neighbourhood)
Restaurants, Bars and Cafés
Sports Facilities
Shops (excl. Supermarkets and Convenience
Stores)
Supermarkets and Convenience Stores
Childcare Services
Primary Schools, Secondary Schools and Tertiary
Schools.

Accessibility to Public Transport
Cost of Travel
Quickest travel time (in minutes) from the
centroid of neighbourhood 𝑖 to the centroid of
neighbourhood 𝑗 by bicycle, with an average
speed of 15 km / h.

Spatially Distributed Opportunities
Train Stations
Bus Stations

Figure 3.3. The cost of travel and the spatially distributed opportunities.

It can be noted that the Spatially Distributed Opportunities in figure 3.3. do not necessarily rhyme with
the SBI2008 codes as specified in figure 3.2. do, therefore, need to be coupled based on their
corresponding SBI2008 code, which is done by using a linking table provided by the CBS (2021). The
results of this link are given in figure 3.4. This link is used throughout the rest of this research, and is
also used in linking the results of the questionnaire on perceived accessibility to the corresponding
calculated accessibility.
Accessibility by Public Transport
Spatially Distributed Opportunities
Restaurants, Bars and Cafés
Sport Facilities
Shops (excl. Supermarkets and Convenience Stores)
Supermarkets and Convenience Stores
Childcare Services
Primary Schools, Secondary Schools and Tertiary Schools

SBI2008 Code
G+I
R-U
G+I
G+I
R-U
R-U

Figure 3.4. The Spatially Distributed Opportunities and their corresponding SBI2008 codes.

3.4.2. Assessing Neighbourhood Characteristics
Various neighbourhood characteristics can be included in this research. This research includes, by
adhering to available statistics from the CBS, neighbourhood characteristics on demographics and
agglomeration economies. These characteristics can then, through GIS, be linked to commercial real
estate objects to link each commercial real estate object with the characteristics of the neighbourhood
in which it is situated. Figure 3.5. gives an overview of the neighbourhood characteristics that are
included in this research, and presents how they will be assessed/calculated.
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Demographic Characteristics
Indicator
Number of Inhabitants
Population Density
Inhabitants in Age Group 0 – 15
Inhabitants in Age Group 15 – 25
Inhabitants in Age Group 25 - 45
Inhabitants in Age Group 45 - 65
Inhabitants in Age Group 65 >
Average Income per Resident
Residents Low Educated
Residents Middle Educated
Residents Highly Educated
Economic Agglomeration Indicators
Indicator
Total Number of Companies
Companies in Agriculture, Forestry and Fishing
Companies in Industry and Energy
Companies in Retail and Hospitality
Companies in Transport, Information and Communication
Companies in Financial Services
Companies in Business Services
Companies in Culture, Recreation and Miscellaneous
Average Residential Value

Source
CBS (2021)
CBS (2021)
CBS (2021)
CBS (2021)
CBS (2021)
CBS (2021)
CBS (2021)
CBS (2019)
CBS (2019)
CBS (2019)
CBS (2019)
Source
CBS (2020)
CBS (2020)
CBS (2020)
CBS (2020)
CBS (2020)
CBS (2020)
CBS (2020)
CBS (2020)
CBS (2019)

Figure 3.5. Neighbourhood indicators that are included in this research .

These neighbourhood characteristics are, next to accessibility indicators and property-specific
structural indicators, used to assess the extent of the relationship between accessibility and the
valuation of office buildings. It should be noted that the objects of this study are office buildings, and
not neighbourhoods. The valuation of offices buildings in terms of rental price per square metres is,
after all, only applicable on office buildings. The relationship between the geographical scales that this
research uses is, therefore, a relationship between neighbourhoods and individual real estate assets
located within neighbourhoods. This is visualised in figure 3.6. Each neighbourhood in the Netherlands
contains a specific amount of spatially dispersed opportunities/activities. Accessibility in the
neighbourhood i is the aggregate amount of spatially distributed opportunities in any other
neighbourhood with a distance-decay function for public transit travel times. Each building,
represented by the grey objects, are located within a certain neighbourhood.

Figure 3.6. A schematic overview of the approach towards calculating accessibility.
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3.5. Questionnaire: Perceived Accessibility
The second method of data collection is concerned with assessing perceived accessibility. It attempts
to do this using an (online) quantitative questionnaire, related to Pot et al. (2021), which attempts to
assess the importance that users of commercial real estate objects assign to various spatially
distributed opportunities, including various modes of transport. The questionnaire is drawn up by
adhering to the operationalisation of perceived accessibility as given by Pot et al. (2021). This implies
that categories in the questionnaire can roughly be divided into parts relating to the Individual
Component, the Land-use Component, the Transport Component and the Temporal Component.
Using a questionnaire is beneficial in the case of the research problem, as it allows for a collection of
large samples of the investigated population. It, furthermore, provides the researcher with data that
is collected and interpreted systematically for the purpose of the research objective (Baker, Singleton,
& Veit, 2011). Answers are mostly collected through the application of an Ordinal Scale, with more
specifically the Likert Item Scale, asking respondents for their perceived importance of having spatially
dispersed opportunities in a close proximity. The seven-point Likert Item Scale includes a range of
answers, ranging from 1 “strongly disagree” to 7 “strongly agree”, whereby each question is
formulated in such a way that it attempts to assess the importance of the proximity of spatially
dispersed opportunities for each respondent. Using a Likert Item Scale is beneficial, as it allows for the
possibility of flexible statistical analyses on the collected data based on aggregate scores or values
(Bajer et al., 2011; Van Thiel, 2014). Participants, which are in the case of this questionnaire “users of
offices”, can reflect their attitudes and behaviours towards perceived accessibility by selecting the
most fitting response to each question (Hulley, Cummings, Newman, Browner, & Grady, 2013).
According to Baker et al. (2011), four different aspects should be taken into consideration when
designing a questionnaire. First of all, the acquiescence effect tends to keep in mind the positive
tendency of answering to questions that respondents tend to have. Respondents show, according to
Baker et al. (2011), a tendency to agree with statements rather than to disagree with statements.
Statements in the questionnaire are, therefore, formulated positively. Secondly, the central tendency
considers the observation that respondents tend to refrain from selecting extreme answers (Baker et
al., 2011). Adding a neutral alternative, which a Likert Item Scale allows for, can be used to account for
this central tendency. This, furthermore, increases the validity and reliability of this research. Thirdly,
Baker et al. (2011) stress the importance of the order of answers options. Respondents tend to prefer
to answer questions based on a negative–to–positive perspective, rather than the other way around.
Answers options are, for this reason, structured from “strongly disagree” to “strongly agree”. Finally,
respondents tend to portray a pattern answering. Accounting for pattern answering is, according to
Baker et al. (2011), difficult to avoid, but can be recognised during the analysis of the data set.
Selecting the respondents is done using purposeful sampling and snowball/convenience sampling,
whereby the former is concerned with selecting respondents based on their capability to purposefully
inform an understanding of the research question and the latter is concerned with the convenient
availability of respondents (Baker et al., 2011; Van Thiel, 2014). Respondents are purposely selected
based on their employment at office buildings in the Netherlands, and are approached through verbal
methods and internet (social) groups, such as LinkedIn and Facebook groups. It is important to make
the questionnaire available to everyone, which is done by providing both an English and Dutch version
(Baker et al., 2011). The questionnaire, furthermore, adheres to the notion of Baker et al. (2011) that
a questionnaire should be relatively easy to answer. Questions and answer options are formulated as
precise and short as possible, while trying to use “simple language” (Baker et al., 2011). Thirdly, Baker
et al. (2011) stress the importance of encouraging respondents to continue answering the
questionnaire without quitting halfway in. This is done by not including too many questions per page,
and grouping questions based on topics. Finally, as is stated before, the questionnaire relates to the
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conceptualisation of perceived accessibility by Pot et al. (2021) which is, according to Baker et al. (2011)
of utmost importance when designing a questionnaire. Questionnaires should, after all, relate to
theoretical conceptualisations and the key focus of the study (Baker et al., 2011). Figure 3.7. below
presents the research topics included in the questionnaire, which are deducted from Pot et al. (2021).
The data gathered on perceived accessibility using a questionnaire can, consequently be described by
applying descriptive statistical measures. This data is, furthermore, used to calculate “weight factors”
based on the importance that users of commercial real estate assign to spatially dispersed
opportunities. These weights can then be used to re-calculate accessibility in the Structural Equation
Model, based on the importance that users of commercial real estate assign to spatially distributed
opportunities as is stated by Pot et al. (2021). The actual questionnaire, in English, can be found in
Appendix 8.1. The Questionnaire.
Questionnaire Topic
Individual Component of
Perceived Accessibility

Temporal Component of
Perceived Accessibility
Land-Use Component of
Perceived Accessibility
Transport Component of
Perceived Accessibility

Questionnaire Sub - Topic
Income
Gender
Age
Educational Level
Vehicle Ownership and Public Transport Subscription
Ownership
City / ZIP code
Perceptions on Travel Times
Perceptions on (importance of) travel constraints
Perceived Distribution of Activities
Perceptions of Attributes of Destinations
Importance of Activities at Destinations
Perceptions of Public Transport Supply
Resistance towards using Public Transport

Figure 3.7. An overview of the topics used in the questionnaire. These topics are based upon Pot et al. (2021).

3.5.1. Pre-test of the Questionnaire
To assess whether the questionnaire and the included questions, instructions and answer possibilities
were formulated clearly for the participants, a pre-test is conducted. Including a pre-test, or a controltest, is beneficial, as it enhances the validity, reproducibility and range of the research, as it helps in
removing errors in the questionnaire design (Hulley et al., 2013; Van Thiel, 2014).
The questionnaire was shown to six respondents, which gave new insights into possible complications
which were overlooked. Based on the pre-test, several modifications were made. First of all, the logic
in the order of questions was changed slightly. The first version of the survey directly started with the
land-use component of perceived accessibility, while it ended with the individual component of
perceived accessibility. Some of the respondents argued that it was better to start with this individual
component, as a sort of starter, while another respondent argued in favour of ending with the
individual component. After considering both possibilities, the former logic in the order of questions
was selected whereby the questionnaire starts with the individual component of perceived
accessibility. Secondly, and lastly, some questions were improved to enhance the readability. This
included improvements in grammar and spelling, shortening certain questions to encourage
participants to continue with the questionnaire and changing the instruction on of the questionnaire
on the first page to make the questionnaire appear less time-consuming.
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3.5.2. Sample Description of the Questionnaire
The questionnaire has been distributed through various social media between the 2nd of November
2021 and the 10th of December 2021. The questionnaire has, furthermore, been promoted on the train
station Utrecht Centraal on the 30th of November 2021 between 08:00 and 12:00 and on the 3 rd of
December 2021 on the train station Eindhoven Centraal between 13:00 and 16:00. This has resulted
in a total number of respondents of (N =)129. Some of these respondents have, however, forfeit their
response to the questionnaire while being in the process of responding, resulting in a final usable
selection with a total number of respondents of (N =)122.
63 out of the 122 respondents (51.6%) identified themselves as female, while 46.7% of the
respondents identified themselves as male. The remaining two respondents identified themselves as
non-binary and/or a third gender. The average age of the sample was 38, with most of the respondents
(47%) being located in the age group 26 – 35 years old. The figure below presents the distribution of
the age groups of the respondents.
Age Group
0 – 25 years old
26 – 35 years old
36 – 45 years old
46 – 55 years old
56 – 65 years old
66 – 75 years old
77 years and older

N (%)
22 (18.0%)
47 (38.5%)
18 (14.8%)
9 (7.4%)
25 (20.5%)
1 (0.8%)
0 (0.0%)

Figure 3.8. The distribution of age of the sample population.

Respectively 37.7% and 45.1% of the respondents have possession of either a Bachelor’s Degree (either
in Higher Vocational Education or University) or a Master’s Degree. Finally, various residential clusters
can be identified. The figure below presents the residential location of the respondents.
City
Nijmegen
Rotterdam
Amsterdam
Tilburg
Roermond
Utrecht
Maastricht
Haarlem
Eindhoven
Other

N (%)
14 (11.5%)
11 (9.0%)
8 (6.6%)
8 (6.6%)
8 (6.6%)
4 (3.3%)
4 (3.3%)
4 (3.3.%)
3 (2.5%)
58 (47.3%)

Figure 3.9. The residential location of the sample population.

Concluding, it can be stated that the majority of the population sample is between the age of 26 and
35 years old, while the distribution between males and females is fairly even. Most of the respondents
have some form of higher education, and live either in Nijmegen, Rotterdam, Amsterdam, Tilburg,
Roermond, Utrecht, Maastricht, Haarlem or Eindhoven. It should, furthermore, be noted that the size
of the sample is a key element in this study, as it largely affects the generalisability of results. Larger
samples are, according to Field (2016), presumed to accurately reflect the total population and are
likely to result in a smaller sampling error. Efforts have, therefore, been made to make the sample size
as large as possible by, for instance, promoting the questionnaire at the train stations Utrecht Centraal
and Eindhoven Centraal.
30

3.6. Data Analysis and Structural Equation Modelling
The quantitative data analysis covers two distinct ways. First of all, descriptive statistical analysis
through the Statistical Package for the Social Sciences (SPSS) software is conducted. The descriptive
statistical analysis attempts to explore and explain the collected data. This is done for both the data
collected through the questionnaire and the secondary data collection, whereby the data is loaded
into SPSS and coded. Appendix 8.2. Codebook Questionnaire portrays the coding that is used for both
the data gathered through the questionnaire and the secondary data collection. The descriptive
statistical analysis, furthermore, allows for an exploration of omissions, mistakes and outlines in the
data which can be removed to enhance validity and reliability (Rowley, 2014; Van Thiel, 2014).
Secondly, to explore the relationship between variables, inferential statistical analysis is carried out.
This, more specifically, is done through Structural Equation Modelling.

3.6.1. Structural Equation Modelling
The valuation of office buildings is, in this research, approached as a relationship between various
simultaneous and interdependent variables. It is theorised, in the previous Chapter, that the valuation
of office buildings consists out of a relationship between structural characteristics, neighbourhood
characteristics and accessibility. These variables are, once again, dependent upon a subsequent
number of different variables. To statistically test these simultaneous relationships, Harlow (2014) and
Blunch (2012) suggest the application of multivariate statistical methods.
This research applies a Structural Equation Model (SEM), which is a suitable multivariate statistical
method that can be used to investigate the path-dependent nature of the relationship between
structural characteristics, neighbourhood characteristics, accessibility and the valuation of office
buildings (Blunch, 2012; Harlow, 2014). Structural Equation Modelling can be approached as a
confirmatory, multivariate technique that tests causal relationships between variables. SEMs are,
furthermore, often referred to as Covariance Structure Models, since their statistical measurements
are dependent on the covariances between observed variables (Harlow, 2014). Structural Equation
Modelling is especially useful in the context of this research due to its distinction between Latent
Variables and Manifest / Observed Variables. Observed Variables are variables that are directlymeasured and of which data is available and collected (Blunch, 2012). Latent Variables, on the other
hand, are non-measurable variables. Blunch (2012, p. 10) states that latent variables represent
concepts that cannot be or are preferably not measured directly. They are, rather, measured indirectly
by indicators represented by the Manifest / Observed Variables. Latent Variables, therefore, capture
the relation of a concept, which is measured by Observed Variables, within a Structural Equation Model
(Blunch, 2012; Foster, Barkus, & Yavorsky, 2005).
The possibility to use SEMs for analysing simultaneous relationships between variables at once, while
accounting for measurement errors, places it above conventional regression analyses and hedonic
pricing models (Beran & Violato, 2010). The strength of SEM can be found in its way of handling
complex and, often, conceptual relationships amongst variables, whereby non-linear relationships
between latent variables can be modelled through statistical packages and included in the analysis
(Harlow, 2014). It is believed that this strength of SEM fits well with the assumed relationships between
the variables as specified in the Conceptual Model in Chapter 2. It should, however, be noted that SEM
should not be regarded as a singular technique, but rather presents a toolbox that can help researchers
in analysing complex relationships. This research combines two techniques within SEM, namely path
analysis and confirmatory factor analysis. Path analysis, first of all, specifies a structural model. The
structural model refers to the relationships amongst variables and allows the researcher to determine
the correlation between these variables (Beran & Violato, 2010). The relationships between the
variables are specified by the researcher, and are based on theoretical insights.
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The second component of this research, the confirmatory factor analysis (CFA), specifies a
measurement model. The measurement model includes measured variables, such as LFA, rental prices
per square metre and calculated accessibility. The measurement model, furthermore, includes latent
variables, which are variables that are not directly measured, but rather are represented by the
overlapping variance of measured variables (Beran & Violato, 2010). Through respecifying assumed
models and by using SEM-specific techniques, the relationship between variables can be tested and
validified. CFA is, contrary to Explanatory Factor Analysis (EFA), more suitable to test predefined
variable structures based on knowledge gained from theory, empirical research or both (Blunch, 2012;
Graham & Coffman, 2012; Harlow, 2014).
SEM is highly useful in the content of this research, due to the complex (assumed) relationship
between perceived- and calculated accessibility to public transport and by public transport,
neighbourhood characteristics and rental prices of offices. The proposed model that guides this
research is shown in figure 3.10. This model assumes that the latent variables structural characteristics,
accessibility and neighbourhood characteristics portray a certain relationship with the rental price of
offices. The rectangular shapes in this SEM represent measured variables. It should be noted that those
measured variables can constitute out of other measured variables, as is discussed previously. The dashed
line represents an indirect relationship between accessibility and neighbourhood characteristics, which
might be interesting to look at. The operationalisation of variables, and their sources, are shown in figure
3.11. Chapter 5: Results gives a more in-depth overview of the structural model and the measurement
model.
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Figure 3.10. The SEM model, the oval shapes represent latent variables. The rectangular shapes represent measured variables.
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Dependent Variable
Variable Name
Rental Price (€/sq. m.)

Type of Variable
Measured

Level of Measurement
Ratio

Source
Savills
Netherlands/NVM

Type of Variable
Latent
Measured

Level of Measurement
Ratio

Source

Measured

Ratio

Own Calculation

Measured

Ratio

Own Calculation

Measured

Ratio

Own Calculation

Structural Characteristics
- Construction Year

Latent
Measured

Ratio

-

Measured
Measured
Measured

Ordinal
Ratio
Ratio

Latent

-

Measured

Ratio

CBS (2021, 2019)

Measured

Ratio

CBS (2020, 2019)

Independent Variables
Variable Name
Accessibility
- Calculated Accessibility by
Public Transport (z-score)
- Perceived Accessibility by Public
Transport (z-score)
- Calculated Accessibility to Public
Transport (z-score)
- Perceived Accessibility by Public
Transport (z-score)

Sustainability Score (EPC)
Surface of transaction (sq. m.)
LFA of property

Neighbourhood Characteristics
(Includes Accessibility)
- Demographic Indicators as
Mentioned in Figure 3.4.
- Agglomeration Economic
Indicators as Mentioned in
Figure 3.4.

Own Calculation

Savills
Netherlands/BAG
Viewer
Savills
Netherlands
Savills
Netherlands
Savills
Netherlands/Own
Calculation

Figure 3.11. An overview of the variables and their type that are included in this research with their respective
level of measurement and source.

Due to the focus of the research on the Netherlands, transaction data that reflects the rental price in
euro per square metre of the whole country is included in this research. This transaction data contains
1801 entries and reflects the period 1st January 2020 – 1st November 2021. Rental transactions are,
through their respective addresses, combined with accessibility and neighbourhood characteristics to
create a dataset that adequately reflects the included variables per real estate object.

3.7. General Validity and Reliability
This paragraph discusses how this research attempts to guarantee validity and reliability. The reliability
of a research can be seen as a function of (1) the accuracy of the measurements and (2) the consistency
with which the variables are measured (Johannesson & Perjons, 2014; Van Thiel, 2014). The more
accurately and consistently the variables are measured, the more certain and replicable the research
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will be. Ensuring reliability starts with devising accurate methods of data collection by, for instance,
heavily relying upon theoretical methods of data collection (Johannesson & Perjons, 2014).
Furthermore, consistent measurements have to be used that produce similar results under similar
circumstances. For this reason, this research tends to invest quite some time in devising adequate
methods of data collection (Johannesson & Perjons, 2014). The methods of data collection, and the
data collected, closely reflects theoretical insights on measuring calculated- and perceived accessibility
gained by Pot et al. (2021) and Geurs and van Wee (2004). In general, internal validity can be
distinguished from external validity (Johannesson & Perjons, 2014; Van Thiel, 2014). Internal validity
refers to the extent to which empirical data supports the claims made about cause and effect, while
external validity is concerned with how findings can be generalised (Greenstone & Gayer, 2009;
Verschuren & Doorewaard, 2015). Ensuring internal validity is done by using clearly defined and
exclusive measurements which are closely related to theoretical insights and exclusively attempt to
measure the needed indicators, such as perceived accessibility and calculated accessibility.
Furthermore, a large enough sample will be selected to generate statistically relevant results. It should
be noted that SEM should be subjective to various validity and reliability measurements, which include
measurement on Convergent Validity, Construct Validity, Discriminant Validity, Internal Reliability,
Construct Reliability and the Average Variance Extracted. Chapter 5: Results and the Structural
Equation Model includes insights on the validity and reliability of the used model (Ahmad, Zulkurnain,
& Khairushalimi, 2016).
In general, ensuring reliability and validity in this research will be done by careful considerations
regarding the operationalisation, selection of respondents and the creation of measurements. This will
be done by relying in a deductive manner on theoretical insights gained from earlier research in the
field of accessibility and its influence on real estate values and discussions with (methodological)
experts, fellow scholars, colleagues and experts in the field of (commercial) real estate.

3.8. Ethical Implications
Ethical issues regarding this research need to be addressed to guarantee an ethical sound process of
data collection. Ethical principles are well-defined, and might be used to minimise the occurrence of
ethical issues regarding the formulation of research questions, research designs, sampling,
measurement, data collection, confidentiality and privacy, the handling of results and evidence-based
practice (Johannesson & Perjons, 2014; Reamer, 2010). The overarching principle for research ethics
in this research is that the ends do not justify the means in pursuit of knowledge (Johannesson &
Perjons, 2014, p. 181). More specifically the following principles guide the research to carry out this
research in the most ethical way achievable:
−

−

−

The Interests of Participants is Protected. Participants of this research study will not come to harm,
both physically and psychologically. This is ensured by treating disclosed information on
participants as confidential. This should enable freedom of speech guarantee of privacy of
respondents (Johannesson & Perjons, 2014).
Participation is Voluntary and Based on Informed Consent. No single participant is forced or fooled
into participating in the research study. Individuals had the right to decide whether or not to
participate. Participation is not only voluntary but also based on sufficient information about the
purpose and design of the study. Informed consent is aimed at participation, data collection, data
analysis and the usage of quotes under full anonymity. It is also ensured that participants
understood their right to refuse or withdraw participation and informed consent at any given
moment (Reamer, 2010).
Honesty and Openness are Guiding. This research tries to report its findings as honest and open as
possible about participants as well as other researchers. Results of the study are as honestly
communicated as possible, without being biased by personal preferences. Personal preferences
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−

−

and choices are motivated as best as possible throughout this research. The Informed Consent
Form acts as a way to communicate the purpose and design of the study as open and honest as
possible.
Intellectual Property is Protected. The research complies with the laws of the country in which the
research is carried out. This includes legislation on data privacy and intellectual property. The
research does not make illegitimate use of the intellectual property. It, furthermore, tries to
explicitly mention borrowed ideas and insights through quotations and referencing.
Secure Storage of Data is the Norm. Data collection and storage is, if informed consent is given,
carried out based on anonymity. Data is, furthermore, stored securely. An offline encrypted flash
drive is used to store data.
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4. Description of Data, and
Descriptive Statistics

Amsterdam RAI, Amsterdam
(Picture by Luca Lago, 2020, retrieved from: UNSPLASH
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This chapter describes the used data, and subjects them to descriptive statistics. The chapter will start
with an analysis of the dataset which contains the office transaction in the period between the 1st of
January 2020 and the 1st of November 2021. The calculated- and perceived accessibility datasets will
subsequently be discussed in Paragraph 4.2. and Paragraph 4.3.

4.1. Office Transactions
The total dataset of office transactions made in the period between the first of January 2020 and the
first of November 2021 consists out of 3,888 entries, this includes both purchase and (sub)lease or
extension lease transactions. These entries are, unfortunately, not fully complete or cannot all be used
publicly. First of all, entries that solely reflect lease contracts (including sublease contracts and the
extension of lease contracts) are selected. This results in the exclusion of 692 transactions, which were
all purchase transactions. Secondly, only lease transactions that include a rent price (€ / m2 / year) are
included. This results in the exclusion of another 750 transactions. thirdly, for the sake of
reproducibility of this research, only publicly available transactions are included. Finally, all
transactions under €10, - / m2 / year and above €550, - / m2 / year have been excluded, due to the
belief that these transactions are not realistic in the current Dutch office market. The final selection
omitted 631 more entries and consist of 1,801 rental transactions. The map below portrays the
approximate location of these rental transactions within the administrative boundaries of the
Netherlands.

Figure 4.1. The approximate location of all the included office rental transactions in the Netherlands (Source:
Savills Netherlands Research, 2021).
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Most transactions are centred around the largest five cities of the Netherlands, and have taken place
within the municipal boundaries of Amsterdam, Rotterdam, The Hague, Utrecht or Eindhoven. The
figure below specifies the five largest municipalities in terms of office transactions.
Municipality
Amsterdam
Rotterdam
Utrecht
The Hague
Eindhoven

Number of Transactions (January 2020 – November 2021)
194
94
84
79
52

Figure 4.2. The five largest municipalities in terms of office transactions in the period between the 1st of January
2020 and the 1st of November 2021.

Further descriptive statistics on the office transaction dataset is specified in figure 4.3. The focus of
these descriptive statistics is laid upon the rental transaction price (in €) per m2 per year. This is done
since this variable is chosen as the dependent variable in this research, as is specified in the previous
chapter. A histogram of the distribution of the rental transaction price per m2 per year is given. Based
on a Kolmogorov-Smirnov and Shapiro-Wilk test, it can be concluded that the rental transaction price
per m2 per year is significantly non-normal (𝑝 < 0,001). The distribution of the rental transaction price
per m2 per year is slightly positively skewed and strongly leptokurtic. It is, however, argued by Field
(2016) that this is not necessarily bad, especially when dealing with large datasets (Field, 2016). It is,
therefore, after consultation with professionals in the office real estate market, decided that all rental
transaction prices are included in the analysis, since it is believed that all rental transaction prices are
realistic in the current state of the Dutch office real estate market and that rental transactions are, per
definition, not normally distributed due to the attractiveness of certain local real estate markets
Statistical Indicator
N
Mean
Standard Error of Mean
Median
Mode
Standard Deviation
Variance
Minimum
Maximum

Value
1801
€140,52
1.71
€125,00
€100,00
72,43
5245,55
€12,00
€543,49

Figure 4.3. Descriptive statistics of the dataset containing the office rental transaction prices in the period
between the 1st of January 2020 and the 1st of November 2021.
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350

300

250

Frequency

200

150

100

50

0
€ 0,00

€ 100,00

€ 200,00

€ 300,00

€ 400,00

€ 500,00

Rent € / m² / year
Figure 4.4. Distribution of the rental transaction price (in €) per m2 per year used in this research. The blue curve
represents the normal distribution.

4.2. Calculated Accessibility
The accessibility dataset specifies the number of reachable destinations, specified as the number of
employees and the number of companies per economic sector reachable based on a potential
accessibility measure. The precise calculation, and the included sectors, are discussed in the previous
chapter. This dataset, furthermore, includes the number of public transport stops (train and bus)
reachable based on a similar potential accessibility calculation. In total, 3,260 neighbourhoods are
included in this dataset. Seven out of these entries are invalid, due to missing numbers and are,
therefore, not included in the analysis of descriptive statistics. The figure below presents key
descriptive statistics on the number of employees reachable, the number of total companies reachable,
the number of train stops reachable and the number of bus stops reachable per neighbourhood based
on the potential accessibility measure. Descriptive statistics on all other economic sectors, including
histograms and maps can be found in Appendix 8.4. Descriptive Statistics Accessibility Dataset.
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Statistical Indicator

Employees

N
Mean
Standard Error of Mean
Median
Mode
Standard Deviation
Variance
Minimum
Maximum

3253
174.290,74
2641,13
127.969,87
0
150.636,79
2,27 E +10
0
695.125,14

Total Number
of Companies
3253
18.390,40
6,05
11.662,12
0
19.286,14
371.944.105,1
0
109.471,61

Train Stops

Bus Stops

3253
22,66
0,19
20,26
0
10,93
119,47
0
47,00

3253
1033,04
7,22
973,39
1
411,67
169.475,98
0
2060,56

Figure 4.5. Descriptive statistics of the dataset containing the accessibility figures per neighbourhood.

The distribution of reachable destinations is, similarly to the distribution of rental transaction prices,
slightly positively skewed and strongly leptokurtic. It is believed that this does not necessarily cause
any problems when analysing theluence of accessibility on the rental transaction prices. It is, after all,
acceptable to state that some neighbourhoods in the Netherlands score exceptionally well on
accessibility to opportunities, causing outliners. The distribution of the number of train stops and bus
stops reachable, on the other hand, is distributed closer to a normal distribution. The distribution is,
however, significantly non-normal for these two destinations based on a Kolmogorov-Smirnov and
Shapiro-Wilk test (𝑝 < 0,001). Figure 4.6. and figure 4.7. respectively show the distribution of the
total number of companies reachable per neighbourhood and the total number of train stations
reachable per neighbourhood. Appendix 8.4. includes all the distributions of the variables included in
the accessibility dataset.
600
500

Frequency

400
300
200
100
0
0

20000

40000
60000
80000
Total Number of Companies Reachable

100000

120000

Figure 4.6. The distribution of the total number of companies reachable by public transport per neighbourhood.
The blue curve represents the normal distribution.
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Frequency
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100

50

0
0

5

10

15
20
25
30
35
Number of Train Stops Reachable

40

45

50

Figure 4.7. Distribution of the total number of train stops reachable by bicycle per neighbourhood. The
blue curve represents the normal distribution.

Having such a positively skewed distribution of accessibility is not unexpected. Neighbourhood
accessibility by public transport and neighbourhood accessibility to public transport are, inherently,
different per neighbourhood, with some neighbourhoods scoring exceptionally low on public transport
accessibility to amenities and some neighbourhoods scoring exceptionally high on public transport
accessibility to amenities. This is, in some form, less the case for accessibility to public transport
facilities, which suggests a more even spread of public transport facilities throughout the country.
Figure 4.8. and figure 4.9. respectively illustrate the z-scores for the total number of companies
reachable by public transport per neighbourhood and the total number of train stations reachable by
bicycle per neighbourhood. Appendix 8.4. includes illustrations of all the z-scores of the variables
included in the accessibility dataset.
Public transport accessibility to amenities is well above average in the western part of the Netherlands,
also known as The Randstad, with Amsterdam leading the way in most cases. Other large cities, such
as Groningen and Arnhem score slightly below average, while large peripheral parts of the country,
such as Flevoland, Drenthe and Overijssel, score well below average on general accessibility to
amenities. Accessibility, by bicycle, to public transport facilities is, on the other hand, more evenly
spread throughout the Netherlands and is in most places above average. Exceptions can, however, be
found in areas bordering Germany and in the Province of Zeeland. This can, for instance, be concluded
from figure 4.9. which displays the accessibility to train stops in the Netherlands. It can be seen that a
significant part of the country only scores slightly below average on accessibility to train stops. The
Randstad, once again, leads the race in accessibility to public transport facilities.
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Figure 4.8. Accessibility, defined as a total number of companies reachable by public transport, per
neighbourhood, displayed as z-scores.
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Figure 4.9. Accessibility, defined as a total number of train stations by bicycle, per neighbourhood, displayed as zscores.

4.3. Perceived Accessibility
This research is not aimed at exploring explanatory factors for perceived accessibility. It is rather aimed
at analysing, and ranking, the importance of certain spatially distributed opportunities for users.
Exploring relationships between individual characteristics, land-use patterns, temporal components
and mobility structures is, therefore, beyond the scope of this research. It is, nevertheless, interesting
to carry out these analyses and it is, therefore, recommended to do this in further research. Chapter
6: Conclusion, Discussion and Recommendations will further elaborate upon this recommendation.
Figure 4.10. below presents the median answer to the question of whether or not a respondent deems
accessibility by public transport to a certain spatially distributed opportunity important. This importance is,
as stated previously, assessed through a Likert-Item Scale. Figure 4.10., furthermore, presents whether or
not a respondent deems accessibility by bicycle to a certain public transport service important. This table
provides insight into the perceived importance of certain amenities and public transport services.
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Question
It is important that a train station can be reached easily from
an employment location by bicycle.
It is important that a bus stop can be reached easily from an
employment location by bicycle.
It is important that a tram stop can be reached easily from an
employment location by bicycle.
It is important that a metro stop can be reached easily from an
employment location by bicycle.
It is important that restaurants, bars and cafés can be reached
easily from an employment location by public transport.
It is important that sports facilities can be reached easily from an
employment location by public transport.
It is important that shops (excl. supermarkets and convenience
stores) can be reached easily from an employment location by
public transport.
It is important that supermarkets and convenience stores can be
reached easily from an employment location by public transport.
It is important that childcare services can be reached easily from
an employment location by public transport.
It is important that primary schools, secondary schools and
tertiary schools can be reached easily from an employment
location by public transport

Mode
Agree

N (%)
60 (49.2%)

Somewhat Agree

38 (31.1%)

Neutral

39 (32.0%)

Neutral

36 (29.5%)

Somewhat Agree

40 (32.8%)

Somewhat Agree

45(36.9%)

Neutral

50 (41.0%)

Somewhat Agree

54 (44.35)

Neutral

44 (36.1%)

Neutral

49 (40.2%)

Figure 4.10. The mode of the perceived importance of accessibility to public transport services and certain
spatially distributed opportunities, based on a Likert Item scale.

Comparing response items is, due to the ordinal measurement level used in the questionnaire, only
possible through non-parametric tests. It is, after all, not possible to assume a normal distribution of
the data. Comparing response items is beneficial for the research, since insight into the difference of
the perceived importance of accessibility to various spatially distributed opportunities is needed as
input for the assessment of the influence of both calculated accessibility and aggregated perceived
accessibility on the valuation of offices in the Netherlands. Comparing the perceived importance of
accessibility to certain spatially distributed opportunities and the perceived importance of accessibility
to public transport services is done by carrying out Friedman’s ANOVA test, as is suggested by Field
(2016). Scores for each answer category are, after all, measured on an ordinal measurement scale and
are dependent on one another as they are derived from responses made by singular respondents.
Carrying out Friedman’s ANOVA test allows the researcher to distinguish differences between ordinal
answer categories. This, in turn, can be used as input for the weight factors that are needed to
incorporate perceived accessibility in the Structural Equation Model.
Friedman’s ANOVA test suggests (𝜒 2 (5) = 133.11, 𝑝 = 0.000) that there is a significant difference
between the distribution of the perceived importance of accessibility by public transport to (1)
restaurants, bars and cafés; (2) sport facilities; (3) shops (excl. supermarkets and convenience stores);
(4) supermarkets and convenience stores; (5) childcare services; and (6) primary schools, secondary
schools and tertiary schools. Pairwise comparisons between these six different groups result, by
following Friedman’s ANOVA, in similarities in the distribution between the perceived importance of
accessibility by public transport to (1) primary schools, secondary schools and tertiary schools and
childcare services (𝜒 2 (1) = 0.139, 𝑝 = 0.561); (2) primary schools, secondary schools and tertiary
schools and shops (excl. supermarkets and convenience stores) (𝜒 2 (1) = 0.393 𝑝 = 0.100 ); (3)
childcare services and shops (excl. supermarkets and convenience stores) (𝜒 2 (1) = 0.254, 𝑝 =
0.289 ); and (4) restaurants, bars and cafés and sports facilities (𝜒 2 (1) = −0.025, 𝑝 = 0.918 ).
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Friedman’s ANOVA test, furthermore, suggests (𝜒 2 (3) = 215.514, 𝑝 = 0.000 ) that a significant
difference in the distribution between the perceived importance of accessibility by bicycle to (1) train
stations; (2) bus stops; (3) tram stops; and (4) metro stops can be observed. Pairwise comparisons
between these four different groups suggest that there is only a perceived similarity in the distribution
of the perceived importance of accessibility by bicycle to tram stops and metro stops (𝜒 2 (2) =
−0.135, 𝑝 = 0.413).
The results of Friedman’s ANOVA tests both for perceived accessibility by public transport to certain
amenities and accessibility by bicycle to public transport can be used to rank the aggregated perceived
importance of these factors and attach corresponding weight factors. The mode of the answer
categories is, after all, known and Friedman’s ANOVA has shown differences between the answers to
each question. Figure 4.11. below presents these weight factors, based on Friedman’s ANOVA and the
mode of the perceived importance of accessibility to public transport services and certain amenities.
It should be noted that “neutral” importance is labelled as “1”, “somewhat” importance is labelled as
“2”, et cetera.
Accessibility by Public Transport
Spatially Distributed Opportunities
Restaurants, Bars and Cafés
Sport Facilities
Shops (excl. Supermarkets and Convenience
Stores)
Supermarkets and Convenience Stores
Childcare Services
Primary Schools, Secondary Schools and Tertiary
Schools
Accessibility to Public Transport
Public Transport Service
Train Station
Bus Stop
Tram Stop
Metro Stop

Weight
2
2
1

SBI2008 Code
G+I
R-U
G+I

2
1
1

G+I
R-U
R-U

Weight
3
2
1
1

Figure 4.11. The weight factors applied to each spatially distributed opportunity and public transport service.

These ranks are, in turn, combined with the dataset on calculated accessibility as discussed in the
previous paragraph. Perceived accessibility is, in this research, approached aggregately and,
therefore, not on an individual level. It can, therefore, be assumed that accessibility to Restaurants,
Bars and Cafés is perceived to be twice asasortant than accessibility to Childcare Services and
accessibility to train stations is 1.5 times as important as accessibility to bus stops. These weighting
factors are included in the dataset on calculated accessibility in such a way that the final dataset
includes “absolute” numbers on calculated accessibility and aggregate number on perceived
accessibility based on the weighting factor times the absolute number on calculated accessibility.
Appendix 8.6. Codebook Final Dataset specifies this further. The reliance on SBI2008 codes in this
research does, unfortunately, make it impossible to assign specific weights to each spatially
distributed opportunity. SBI2008 Code G+I, after all, encompasses Restaurants, Bars and Cafés
(weight 2); Shops (excl. Supermarkets and Conveniences Stores (weight 1); and Supermarkets and
Convenience Stores (weight 2). These limits precise specifications of assigned weights. An(other)
average has, therefore, been assigned to each SBI2008 code. This results in SBI2008 code G+I having
2
1
a weight of 1 3 and SBI2008 code R – U having a weight of 1 3.
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5. Results

Delftse Poort, Rotterdam
(Picture by Simone Hutch, 2018, retrieved from: UNSPLASH)
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Structural Equation Modelling, and other multivariate methods, requires complete data. The
transaction dataset that is used in this research is, unfortunately, not complete for all the included
variables. Confirmatory Factor Analysis can, after all, not be carried out with incomplete data (Carter,
2006; Graham & Coffman, 2012). Various techniques can be used to deal with missing data, which are
mostly dependent upon the size of the dataset. Estimation algorithms are mostly suitable for smaller
datasets, while larger datasets can suffice with listwise deletion or pairwise deletion of cases containing
missing data for the required variables. This research adheres to Carter (2006), and deals with missing
data based on listwise deletion. Incomplete cases, which have missing data on any significant variable,
are deleted. This method has been chosen since it is not believed that there is a pattern observable in
the missing data. Data is assumed to be missing completely at random, which limits the use of
imputation techniques (Carter, 2006; Graham & Coffman, 2012)
Applying listwise reduction to the transaction dataset, which has for its application for Structural
Equation Modelling been coupled with both the calculated- and perceived accessibility datasets as
explained in Chapter 4, results in a fairly large reduction of cases. Appendix 8.5. gives an overview of
the number of cases per variable that contain missing data. The final dataset, which is used for SEM, is
reduced from 𝑁 = 1801 to 𝑁 = 471. This is a significant reduction, which is most likely caused by the
lack of data on construction years and sustainability scores of properties. It is, however, believed that
these variables are of utmost importance when analysing the interaction between different propertyspecific variables and valuations of offices, as an analysis without these variables might not adequately
capture the relationship between independent and dependent variables. A choice is, therefore, made
to work with fewer observations and more variables, instead of with more cases and fewer variables.
To formulate the Structural Equation Model through Confirmatory Factor Analysis and carry out Causal
Path Analysis, the measurement models and the structural model need to be specified. Based on
theoretical insights and their related indicators as specified in figure 3.3., figure 3.4., figure 3.5. and
figure 3.11., a structural model consisting of three different measurement models is specified. Each of
these three measurement models has to be tested, to figure out whether the assumed model is valid
and fits with the observed sample. Figure 5.1. presents an overview of all variables used in the assumed
Structural Equation Model. Paragraph 5.1. presents the results of the (re)specification of the
measurement model.
Endogenous
Observed

transaction_sqm_total
construction_year
property_lfa_2021
epc
zscore_a_bedv
zscore_a_bed_gi
zscore_a_bed_ru
zscore_a_inw
zscore_a_stops_train
zscore_a_stops_bus
inhabitants_total
education_low
population_density
companies_total
education_high

Latent

Exogenous
inhabitants_age_0_15_year
inhabitants_age_15_25_year
inhabitants_age_15_25_year
inhabitants_age_25_45_year
inhabitants_age_45_65_year
inhabitants_age_65_and_higher
companies_industry_energy
companies_trade_horeca
companies_agriculture
companies_financial_services
companies_business_services
companies_culture_recreation
companies_agriculture
average_house_value
average_household_income
education_middle
companies_transport_communication

neighbourhood_characteristics

Price_rent_m2_yr_conf

calculated_accessibility
structural_characteristics
measurement errors (30)

Figure 5.1. An overview of all variables used in the assumed Structural Equation Model.
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5.1. Confirmatory Factor Analysis: Specifying the Measurement Models
The first step of Structural Equation Modelling is to test whether the assumed measurement models,
consisting of the variables depicted in figure 5.1, are significant, fit the data and represent the reality
in a significant manner. Beforecifying the total measurement model, four individual measurement
models have been specified. These four measurement models are subsequently discussed below.
The first measurement model which is tested is the structural characteristics measurement model. This
model consists out of four endogenous observed variables and is depicted in figure 5.2. A covariance
between the measurement errors of the variables transaction_sqm_total and property_lfa_2021 is
added as an addition to the conceptual model, as it is believed that these two variables portray a
certain correlation to one another. This covariance is, furthermore, added based on a Modification
Index (M.I.) of 14.792. This added covariance decreases the 𝜒 2 from 𝜒 2 = 15.84 (𝑑𝑓 = 2) to 𝜒 2 =
0.499 (𝑑𝑓 = 1) and the 𝑅𝑀𝑆𝐸𝐴 = 0.121 (𝑃𝐶𝐿𝑂𝑆𝐸 = 0.012) to 𝑅𝑀𝑆𝐸𝐴 = 0.000 (𝑃𝐶𝐿𝑂𝑆𝐸 =
0.68). Figure 5.3. presents the measurements for the significance of the model and the model fit of
the structural characteristics measurement model.

Figure 5.2. The structural characttics measurement model.

𝝌𝟐 /𝒅𝒇
GFI
AGFI
RMSEA

Value

P(CLOSE)

0.499

0.480

0.999
0.995
0.000

0.684

Figure 5.3. The measurements for the model fit of the structural characteristics measurement model.

The (calculated) accessibility measurement model, which consists out of six observed variables and is
based upon theoretical insights, does not adequately represent the data. The 𝜒 2 of this theoretical
model is 𝜒 2 = 1742.184 (𝑑𝑓 = 9) and has an 𝑅𝑀𝑆𝐸𝐴 = 0.640 (𝑃𝐶𝐿𝑂𝑆𝐸 = 0.00). Respecification
of the measurement model is, therefore, needed. Respecification of the measurement model leads to
the addition of various covariances. These covariances are based upon the combination of their
respective Modification Indexes and theoretical insights. It can, after all, be deducted from figure 8.14.
until figure 8.23. in Appendix 8.4. Descriptive Statistics Accessibility Dataset that accessibility to one
spatially distributed opportunity portrays correlation with accessibility to another spatially distributed
opportunity. This is likely caused by the geographic distribution of companies throughout the
Netherlands, which is largely concentrated in the larger Dutch cities. Adding covariances between the
variables, as specified in figure 5.4. results in 𝜒 2 = 1.222 (𝑑𝑓 = 2) and a 𝑅𝑀𝑆𝐸𝐴 =
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0.000 (𝑃𝐶𝐿𝑂𝑆𝐸 = 0.808) . Figure 5.5. presents further measurements for the model fit of the
measurement model for accessibility and its significance.

Figure 5.4. The accessibility measurement model.

𝝌𝟐 /𝒅𝒇
GFI
AGFI
RMSEA

Value

P(CLOSE)

0.611

0.543

0.999
0.991
0.000

0.808

Figure 5.5. the measurements for the model fit of the (calculated) accessibility measurement model.

The final measurement model that will be tested is the neighbourhood characteristics measurement
model. This model is, as previously explained, based upon the theoretical insight that demographic
characteristics and economic agglomeration characteristics, together with accessibility, influence the
attractiveness of a real estate object. Various quantitative indicators are selected for both
demographic characteristics and economic agglomeration chwithacteristics which, in turn, are
included in the measurement model. The inclusion of all demographic and economic agglomeration
indicators in one measurement mTo a measurement model with a 𝜒 2 of 𝜒 2 = 20820.855 (𝑑𝑓 =
170) and 𝑅𝑀𝑆𝐸𝐴 = 0.508 (𝑃𝐶𝐿𝑂𝑆𝐸 = 0.000) . Respecification of this model, in respect to
Modification Indexes and theoretiintol insights, does not yield a significant result and does not fit the
covariance matrix of the underlying data. In order to relate closely to theoretical insights while
specifying the most significant and fitting measurement model, the neighbourhood characteristics
measurement model is split up in two distinct measurement models. The demographic neighbourhood
characteristics measurement model with 𝜒 2 = 1.349 (𝑑𝑓 = 1) and 𝑅𝑀𝑆𝐸𝐴 = 0.027 (𝑃𝐶𝐿𝑂𝑆𝐸 =
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0.482) and the economic agglomeration neighbourhood characteristics measurement model with
𝜒 2 = 10.6 (𝑑𝑓 = 2) and 𝑅𝑀𝑆𝐸𝐴 = 0.096 (𝑃𝐶𝐿𝑂𝑆𝐸 = 0.067). Both measurement models and their
respective measurements for the significance of the models and the model fit are respectively shown
in figure 5.6., figure 5.7., figure 5.8. and figure 5.9. below.

Figure 5.6. The demographic neighbourhood characteristics measurement model.

𝝌𝟐 /𝒅𝒇
GFI
AGFI
RMSEA

Value

P(CLOSE)

1.349

0.246

0.999
0.986
0.027

0.482

Figure 5.7. The measurements for the model fit of the demographic neighbourhood characteristics measurement
model.

Figure 5.8. The economic agglomeration neighbourhood characteristics measurement model.

𝝌𝟐 /df
GFI
AGFI
RMSEA

Value

P(CLOSE)

5.310
0.988
0.941
0.096

0.005
0.067

Figure 5.9. The measurements for the model fit of the economic agglomeration neighbourhood characteristics
measurement model.
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5.2. Full Measurement Model
Specifying the full measurement model is done by combining the four interrelated measurement
models into one singular measurement model. It should be noted that this research attempts to
adhere to the theoretical insights and its related conceptual model as discussed in Chapter 2. The
valuation of offices, in terms of rental prices per square metre, are influenced by accessibility, a
broader set of neighbourhood characteristics and structural characteristics of the property itself. There
is, therefore, not a lot of room for extreme respecification of the measurement model based on
theoretical rationales other than the ones used in this research.
The total measurement model is presented in figure 5.11. on thDifferencesarious differences between
the previously discussed individual measurement models and the total measurement model presented
in figure 5.1. can be observed. Firstly, various endogenous observed variables have, if there was no
strong theoretical rationale behind their inclusion, been exempted from the measurement model. The
variables average_house_value, populEPCon_density and epc (sustainability score) have been deleted
from the measurement model due to the insignificance of their regression coefficients and a Critical
Ratio of 𝐶𝑅 < 1.96. These variables have, furthermore, no “deal-breaking” position in the theory of
Yang et al. (2020), Elgar et al. (2009), Adnan et al. (2015) and Weterings (2009). They can, therefore,
be safely exempted from the measurement model. Secondly, various covariances have been added
between variables, to enhance the reliability and model fit of the measurement model. These
covariances have been added based on their respective Modification Indices and theoretical insights.
The final result is a measurement model which poorly reflects the data, but adheres closely to the
theoretical insights on the valuation of offices, in terms of rent prices per square metre, as proposed
by Elgar et al. (2009) and Adnan et al. (2015).
The measurement model does not fit the observed sample well, which can be deducted from the high
𝜒 2 of 𝜒 2 = 693.506 (𝑑𝑓 = 74 𝑎𝑛𝑑 𝑝 = 0.000). It should be noted that a high 𝜒 2 is not necessarily a
problem, due to the presumed complexity of the model and the fairly large sample size (SchermellehEngel, Moosbrugger, & Müller, 2003). Alternative goodness-of-fit measures can, therefore, better
measure the overall way in which the model corresponds to the empirical data. The measurement
model has an 𝑅𝑀𝑆𝐸𝐴 of 𝑅𝑀𝑆𝐸𝐴 = 0.133 (𝑃𝐶𝐿𝑂𝑆𝐸 = 0.000) which represents, according to Rigdon
(1996), a poor fit. The measurement model, therefore, does not adequately represent the empirical
data (Rigdon, 1996). The relevance of the measurement model can be measured by the Adjusted
Goodness-of Fit Index (AGFI). The measurement model has an AGFI of 𝐴𝐺𝐹𝐼 = 0.755 , which is
generally not considered as an acceptable fit (Schermelleh-Engel et al., 2003). Figure 5.10. presents an
overview of all the measurements of the model fit in terms of relevance and significance.

𝝌𝟐 /df
GFI
AGFI
RMSEA

Value

P(CLOSE)

9.372

0.000

0.849
0.755
0.133

0.000

Figure 5.10. The measurements for the model fit of the general measurement model.
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Figure 5.11. The total measurement model that ist specified for investigating the influences of neighbourhood
characteristics, structural characteristics and accessibility on the valuation of office buildings.
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The poor fit between the measurement model and the empirical data is not necessarily a bad thing.
Various scholars argue that realistic, and often non-normal distributed, data does seldom result in
perfect values for the (adjusted) goodness-of-fit index, RMSEA and 𝜒 2 /𝑑𝑓. It would, therefore, be
unwise to fully reject a theoretical model based on their non-compliance with these measurements
(Baumgartner & Homburg, 1996; Doll, Xia, & Torkzadeh, 1994). The measurement model specified in
figure 5.11. will, therefore, not be rejected and will be used in the Causal Path Analysis, even though
this measurement model does not represent the empirical data in a significant and relevant way. It is
believed that this is mostly caused by the structure of the empirical data, which is distributed in a nonnormal way. Chapter 4. Description of Data, and Descriptive Statistics has already touched upon the
distribution of the data. An assessment of normality, carried out in AMOS, results in the observation
that fourteen out of the fifteen endogenous variables are not normally distributed. It is believed that
this is caused by the nature of the data, which consists out of a multitude of outliners. These outliners
are, however, of significant importance, as they factually reflect the state of an office transaction. The
variable construction_year, for instance, has fifteen cases that are below 1900. Five out of these fifteen
cases have a construction year that even predates the 19th century. These entries contribute to the
non-normal distribution of the underlying data which, in turn, influences measurements on the model
fit of the measurement model. It is believed that the cases that have these outliners for any variable
should not be reduced from the dataset, as these outliners factually represent an office transaction.
Further reduction of the data will, furthermore, result in a too-small sample size. This would render
the whole analysis useless. A deliberate choice has, thus, been made to acknowledge the non-normal
distribution of the empirical data which, as a result, may yield a non-fitting measurement model and
slightly distorted results that do, however, heavily rely on theoretical insights.

5.3. Causal Path Analysis
The Causal Path Analysis is used to test the extent to which both calculated- and perceived accessibility
to public transport and by public transport relate to the valuation, in terms of rent prices per square
metre, of office buildings in the Netherlands. The influence of calculated- and perceived accessibility
to public transport and by public transport on the valuation of office buildings in the Netherlands is,
furthermore, related to a broader set of neighbourhood characteristics to test whether both calculated
and perceived accessibility to public transport and by public transport can be regarded as an
explanatory factor for the valuation of office buildings in the Netherlands.
It should be noted, as explained in the previous paragraph, that a deliberate choice has been made to
work with a total measurement model that is neither significant nor relevant according to the
measurements for model fit. These measurement models will, nevertheless, be used as it is believed
that a solid theoretical foundation exists for the investigated relationships. Two different
measurement models are tested to figure out the extent to which calculated accessibility by public
transport and to public transport and perceived accessibility by public transport and to public transport
influence the valuation of office buildings in the Netherlands. These models include a direct
relationship between the latent variables accessibility, demographic characteristics, economic
agglomeration characteristics and the observed variable rent price, in square metres, of offices. The
results of these structural models are presented in the subsequent paragraphs, whereby the structural
models differ in their inclusion of either calculated accessibility or perceived accessibility.
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5.3.1. Causal Path Analysis: Calculated Accessibility
The first structural model that is tested attempts to test the influence of calculated accessibility to
public transport and by public transport on the valuation of office buildings in the Netherlands. An
overview of this structural model, including its (significant) standardised regression weights, is
displayed in figure 5.13. on the following page. The addition of the observed variable
price_rent_m2_year causes an increase in 𝜒 2 to 𝜒 2 = 753.975 (𝑑𝑓 = 85 𝑎𝑛𝑑 𝑝 = 0.000) compared
to the general measurement model. This has decreased the 𝜒 2 /𝑑𝑓 to 8.870. It should, however, be
noted that the structural model is still neither significant nor relevant, which can be deducted from
the goodness-of-fit measurements specified in figure 5.12.

𝝌𝟐 /𝒅𝒇
GFI
AGFI
RMSEA

Value

P(CLOSE)

8.870

0.000

0.846
0.753
0.129

0.000

Figure 5.12. The measurements for the model fit of the general structural model.

An analysis of the unstandardised regression weights, and their corresponding Critical Ratios (C.R.)
results in the observation that the relationship between transaction_sqm_total and
structural_characteristics is not significant (𝐶. 𝑅. = 1.957 𝑎𝑛𝑑 𝑃 = 0.050) . This, furthermore,
manifests itself in the non-significant relationship between price_rent_m2_yr_conf and
structural_characteristics (𝐶. 𝑅. = 2.288 𝑎𝑛𝑑 𝑃 = 0.022) . Figure 8.26. in Appendix 8.7. Results
Confirmatory Factor Analysis presents an overview of all the unstandardised regression estimates and
their corresponding Standard Error (S.E.), C.R. and significance.
The standardised regression weights suggest that the relationship between calculated accessibility and
the valuation, in terms of rent price per square metre, of offthan is more positive that either the
relationship between demographic characteristics and rental price or economic agglomeration
characteristics and rental price. The relationship between calculated accessibility and rental price per
square metre is, afterall, characterised by 𝛽 = 0.563 . The relationships between demographic
characteristics, economic agglomeration characteristics and the rent price per square metre of offices
are respectively characterised by a 𝛽 = −0.249 and 𝛽 = −0.335. It can, furthermore, be observed
that the relationships between the observed variables for calculated accessibility by public transport
on the latent variable of calculated accessibility are more positive than the relationships of the
observed variables for calculated accessibility to public transport on the latent variable of calculated
accessibility. Figure 8.27. in Appendix 8.7. Results Causal Path Analysis presents an overview of the
standardised regression weights for the calculated accessibility structural model. These standardised
regression weights are also included in figure 5.13. on the following page.
Estimates on the correlations (and covariances) have, for the sake of readability, not been included in
figure 5.13. Appendix 8.7. Results Causal Path Analysis gives an overview of the estimates for
covariances and correlations.
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Figure 5.13. The structural model with its standardised regression weights. Correlation estimates are not included
in this figure for the sake of readability.
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5.3.2. Causal Path Analysis: Perceived Accessibility
Incorporating perceived accessibility in the structural model is done by substituting various observed
variables in the accessibility measurement model. More specifically, the following observed variables
in figure 5.13. are substituted:
-

-

-

-

Companies in Trade and Hospitality Reachable (z-score) (zscore_a_bed_gi): This observed variable
is substituted by the observed variable Perceived Z-Score Companies in Trade and Hospitality
Reachable (perceived_zscore_a_bed_gi). This variable is calculated by multiplying the actual
2
calculated z-score of the number of reachable companies in trade and hospitality by 1 3, which is
based upon the questionnaire which gauged the aggregated perceived accessibility of reaching
companies in trade and hospitality.
Companies in Culture, Recreation and Other Reachable (z-score) (zscore_a_bed_ru): This observed
variable is substituted by the observed variable Perceived Z-Score Companies in Culture,
Recreation and Other Reachable (perceived_zscore_a_bed_ru). This variable is calculated by
multiplying the actual calculated z-score of the number of reachable companies in culture,
1
recreation and other by 1 3, which is based upon the questionnaire which gauged the aggregated
perceived accessibility of reaching companies in culture, recreation and other.
Number of Train Stops Reachable (z-score) (zscore_a_stops_train): This observed variable is
substituted by the observed variable Perceived Z-Score Number of Train Stops Reachable
(perceived_zscore_a_stops_train). This variable is calculated by multiplying the actual calculated
z-score of the number of train stops reachable 3, which is based upon the questionnaire which
gauged the aggregated perceived accessibility of reaching train stops.
Number of Bus Stops Reachable (z-score) (zscore_a_stops_bus): This observed variable is
substituted by the observed variable Perceived Z-Score Number of Bus Stops Reachable
(perceived_zscore_a_stops_bus). This variable is calculated by multiplying the actual calculated zscore of the number of bus stops reachable 2, which is based upon the questionnaire which gauged
the aggregated perceived accessibility of reaching bus stops.

The result of this substitution is a structural model similar to the structural model in figure 5.13. The
only difference between the structural model that includes perceived accessibility and the structural
model that includes calculated accessibility are the unstandardised regression weights for the
observed variables for perceived accessibility. These have, after all, been subjective to weight factors
as explained previously. It should be noted that the standardised regression weights of the whole
model, and its corresponding measurements for significance and relevance, have not changed. This is
due to how the collected data on perceived accessibility relates to rental transactions of office
buildings in the Netherlands. Perceived accessibility, in this research, does not relate directly to each
rental trans of office buildings in the Netherlands, but rather approaches perceived accessibility as an
aggregate outcome of a questionnaire generalised for each aevery location in the Netherlands. This
means that each office rental transaction does not have an individual entry on perceived accessibility
that is reflecting the state of perceived accessibility for that, and only that, individual office rental
transaction. Paragraph 6.2. Discussion and Recommendations will further elaborate on the
implications of the operationalised of perceived accessibility used in this research.
Figure 5.14. and figure 5.15. on the following page, respectively, present the measurements for the
model fit of the structural (perceived accessibility) model and the unstandardised regression weights
of the structural (perceived accessibility) model. Estimates of the correlations (and covariances) can
be found in Appendix 8.7. Results Causal Path Analysis.
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𝝌𝟐 /𝒅𝒇
GFI
AGFI
RMSEA

Value

P(CLOSE)

8.870

0.000

0.846
0.753
0.129

0.000

Figure 5.14. The measurements for the model fit of the general structural model.

Relationship

Estimate

transaction_sqm_total <- structural_characteristics

0.021
1.000
-0.004
1.000
3.627
0.562
-3120.455
-11185.729
1.000
2.552
4.094
3.671
2.073
3.475
1.000
-0.003
-0.004
-389.383
154.029

property_lfa_2021 <- structural_characteristics
construction_year <- structural_characteristics
education_high <- demographic_characteristics
inhabitants_total <- demographic_characteristics
inhabitants_age_15_25_year <- demographic_characteristics
companies_financial_services <- economic_characteristics
companies_business_services <- economic_characteristics
average_household_income <- economic_characteristics
zscore_a_bedv <- accessibility
perceived_zscore_a_bed_gi <- accessibility
perceived_zscore_a_bed_ru <- accessibility
zscore_a_inw <- accessibility
perceived_zscore_a_stops_train <- accessibility
perceived_zscore_a_stops_bus <- accessibility
price_rent_m2_yr_conf <- structural_characteristics
price_rent_m2_yr_conf <- demographic_characteristics
price_rent_m2_yr_conf <- economic_characteristics
price_rent_m2_yr_conf <- accessibility

S.E
0.011

C.R.
1.957

P
0.050

0.001

-4.652

***

0.094
0.012
703.232
2512.975

38.567
48.619
-4.437
-4.451

***
***
***
***

0.3709
0.600
0.533
0.303
0.350

6.904
6.824
6.892
6.841
9.933

***
***
***
***
***

0.002
0.001
120.087
27.102

-2.288
-3.841
-3.242
5.683

0.022
***
0.001
***

Figure 5.15. The unstandardised regression weights with their corresponding P.E., C.E. and P values of the
perceived accessibility structural model.

The results of the inclusion of measured variables on perceived accessibility in the analysis of the
influence of accessibility, structural characteristics and neighbourhood characteristics yield a result
comparable to the CFA discussed in Paragraph 5.3.1. The standardised regression weights, once again,
suggest that the relationship between perceived accessibility and the valuation, in terms of rent price
per square metre, of offices is more positive than either the relationship between demographic
characteristics and rental price or economic agglomeration characteristics and rental price.
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6. Conclusion, Discussion and
Recommendations

Amsterdam Zuidas, Amsterdam
(Picture by Ronnie Overgoor, 2019, retrieved from: UNSPLASH)

59

This research attempted to assess the influence of both perceived- and calculated accessibility to
public transport and by public transport on the valuation, in terms of rent prices per square metre, of
office buildings in the Netherlands. It, furthermore, attempted to relate this relationship to a broader
set of neighbourhood characteristics and, thus, attempted to investigate the relationship between
accessibility and land- and real estate values from an integrated perspective. More specifically, this
research attempted to answer the following research question:
“To what extent do both calculated- and perceived accessibility to public transport and by public
transport interact with the valuation, in terms of rent prices per square metre, of office buildings in
the Netherlands, and how does this relate to the influence of a broader set of neighbourhood
characteristics on the valuation of office buildings in the Netherlands?”
1.
“To what extent do both calculated- and perceived accessibility to public transport and by
public transport relate to the valuation, in terms of rent prices per square metre, of office buildings in
the Netherlands?”
2.
“To what extent do calculated- and perceived accessibility to public transport and by public
transport indirectly relate to the influence of neighbourhood characteristics on the valuation of office
buildings in the Netherlands?”
To answer this research question, two sub-questions were distinguished. These two sub-questions
respectively approach the presumed relationship between neighbourhood characteristics, the rent
prices per square metre of office buildings in the Netherlands and both calculated- and perceived
accessibility to-public transport and both calculated- and perceived accessibility by public transport in
different ways and test whether these relationships are positive, negative or non-existent. The
following two sub-questions can be identified:
1. “To what extent do both calculated- and perceived accessibility to public transport and by public
transport relate to the valuation, in terms of rent prices per square metre, of office buildings in the
Netherlands?”
2. “To what extent do calculated- and perceived accessibility to public transport and by public
transport indirectly relate to the influence of neighbourhood characteristics on the valuation of
office buildings in the Netherlands?”
This chapter presents the conclusion that can be drawn from this research. This conclusion is based
upon secondary data analysis of a dataset containing all office transactions in the Netherlands between
the 1st of January 2020 and the 1st of November 2021. This dataset has been supplemented with the
results of a questionnaire on perceived accessibility and Open Data on neighbourhood characteristics
to analyse the relationship between both perceived- and calculated accessibility, neighbourhood
characteristics and the valuation of offices in the Netherlands. This chapter, furthermore, discusses the
potential pitfalls and shortcomings of this research and presents recommendations for further
research and policy-making.
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6.1. Conclusions
Based on the collected empirical data on rental transactions of office buildings in the Netherlands;
accessibility, assessed through the potential accessibility measure (Khan, 1992; Martens, 2015), and
individual’s perspectives on the importance of a wide variety of spatially distributed opportunities,
assessed through a quantitative questionnaire, it can be concluded that both calculated- and perceived
accessibility to public transport and by public transport have a positive influence on the valuation, in
terms of rent prices per square metre, of office buildings in the Netherlands. More specifically, the
application of a multivariate Confirmatory Factor Analysis (CFA) and Causal Path Analysis in AMOS has
shown that the relationship between both calculated- and perceived accessibility to public transport
and by public transport is characterised by a standardised regression weight of 0.56. The Structural
Path Analysis has, moreover, provided insight into the difference in the relationship between the latent
construct of accessibility and the measured indicators for accessibility to public transport and
accessibility by public transport. The relationships between the observed variables for accessibility by
public transport on the latent variable of calculated accessibility are characterised by more positive
regression weights than the regression weights of the observed variables for calculated accessibility to
public transport on the latent variable of accessibility. This can, arguably, mean that accessibility by
public transport can be regarded as more influential than accessibility to public transport in the
assessment of the influence of (calculated) accessibility on the valuation of office buildings in the
Netherlands. A conclusion on the difference between the influence of calculated accessibility on the
valuation of office buildings in the Netherlands and the influence of perceived accessibility on the
valuation of office buildings in the Netherlands can, unfortunately, not be made. This is caused by how
empirical data on perceived accessibility is gathered. Perceived accessibility is, after all, approached as
the aggregate of individuals their perception of spatially distributed opportunities. It is for this reason
impossible to relate individual office transactions and, thus, the valuation of office buildings in the
Netherlands to the perceived accessibility of every singular office building.
It should, however, be stated that these insights are based upon an assumed structural model which
is neither significant nor relevant, which can arguably be explained by the non-normal distribution of
the used empirical data. This research, however, assumes that the insights gained through the
application of the Causal Path Analysis are relevant and insightful. This is due to the belief that a poor
fit between the structural model and the empirical data is not necessarily a bad thing. Various scholars
argue that realistic, and often non-normal distributed, data does seldom result in perfect values for
the (adjusted) goodness-of-fit index, RMSEA and 𝜒 2 /𝑑𝑓. It would, therefore, be unwise to fully reject
a theoretical model based on their non-compliance with these measurements Caution should,
however, be made when interpreting these conclusions.
It can, furthermore, be concluded from the Causal Path Analysis that neighbourhood characteristics,
which are separated in a demographic component and an economic agglomeration component, are in
a negative relationship with the valuation of office buildings in the Netherlands. These relationships
between demographic characteristics, economic agglomeration characteristics and the rent price per
square metre of offices are respectively characterised by a 𝛽 = −0.249 and 𝛽 = −0.335. Grouping
these two components together in a measurement model did not yield a significant result which did
not fit the covariance matrix of the underlying data. It is, therefore, not possible to give a definitive
conclusion on the relationship between the unseparated neighbourhood characteristics and the
valuation of office buildings in the Netherlands. It should, of course, be stated that the negative
relationships portrayed between demographic characteristics and the valuation of office buildings in
the Netherlands and the negative relationships between economic agglomeration characteristics and
the valuation of office buildings in the Netherlands are largely dependent upon the included measured
variables.
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Finally, a conclusion on the influence of structural characteristics on the valuation, in terms of rent
prices per square metre, of office buildings in the Netherlands cannot be made. The unstandardised
regression weights between the observed indicators and the latent variable structural characteristics
and between the latent variable structural characteristics and the valuation, in terms of rent price per
square metre, yielded non-significant standardised regression weights.
Relating the conclusions of the sub-question to the main research question, and comparing this with
the results of the questionnaire on perceived accessibility, results in the overall conclusion that both
calculated- and perceived accessibility to public transport and by public transport portray, when
accounting for its multivariate relationship with demographic characteristics, economic agglomeration
characteristics and structural characteristics, a positive relationship with the valuation, in terms of rent
prices per square metre, of office buildings in the Netherlands. These positive relationships are
characterised by a total regression weight of 0.56, whereby accessibility by public transport portrays a
morelationshipive relation to the latent construct of accessibility than accessibility to public transport.
It is, by applying Causal Path Analysis and carrying out a quantitative questionnaire on perceived
accessibility, concluded that accessibility, both to public transport and by public transport, can, be
regarded as an explanatory factor in the valuation, in terms of rent prices per square metre, of office
buildings in the Netherlands, whereby the relationship between accessibility and the valuation of office
buildings is more positive than the relationship between neighbourhood characteristics and the
valuation of office buildings. The relationship between structural characteristics and the valuation of
office buildings is a non-significant relationship whereof, therefore, no definitive conclusion can be
made. It should be noted that these relationships are based on a structural model which is neither
significant nor relevant. This is acknowledged and accepted by the researcher, and it is believed that
the poor fit between the empirical data used in this research and the structural model is not necessarily
a bad thing. Various scholars, after all, argue that realistic, and often non-normally distributed, data
does seldom result in perfect values for the (adjusted) goodness-of-fit index, RMSEA and 𝜒 2 /𝑑𝑓. It
would, therefore, be unwise to fully reject the investigated theoretical model based on their noncompliance with goodness-of-fit measurements (Baumgartner & Homburg, 1996; Doll et al., 1994). A
conclusion on the difference in relationships between perceived accessibility and calculated
accessibility can, due to the lack of adequate empirical data, not be made. It is, however, concluded
that individuals, who work in office buildings, perceive good accessibility to public transport facilities
as more important than good accessibility by public transport to certain spatially distributed amenities.

6.2. Discussion and Recommendations
The conclusions of this research, and the insight that accessibility portrays a positive relationship with
the valuation, in terms of rent prices per square metre, in the Netherlands, are subject to various
limitations. One should, therefore, be critical when interpreting these conclusions. First of all, the
chosen operationalisation of accessibility in this research, whereby the Potential Accessibility Measure
proposed by Moyano et al. (2018) has been guiding, largely influences the results of this research.
Accessibility is, after all, approached in this research as the aggregate number of spatially distributed
opportunities that can be reached by a certain mode of (public) transport. Other approaches towards
accessibility, such as the approach which assesses accessibility through a contour measure, might yield
different results. This is also valid when acknowledging the limited focus of this research on modes of
transport different from public transport. It can, after all, be argued that accessibility by foot, or
accessibility by car, might portray a different relationship with the valuation, in terms of rent prices
per square metre, of office buildings in the Netherlands. The results of the questionnaire, after all,
reflect a very distributed way of commuting. This can suggest that accessibility, which includes
accessibility by car, bicycle and walking, can each have their influence on the valuation, in terms of
rent prices per square metre, of office buildings in the Netherlands. This research has deliberately
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focused on accessibility to- and accessibility by public transport and has, therefore, made the
deliberate choice to neglect other modes of transport.
Secondly, the conclusions of this research are largely limited by how data is collected in this research.
It was, first of all, impossible to gauge the perceived accessibility of users and/or investors related to
every individual office transacti. This is caused by (1) having no adequate insight ininto the (group of)
persons responsible for decision-making on renting a certain office building which involves having
insight into their willingness to pay a certain rent price; (2) confidentiality issues regarding the
useability of contact details of individuals involved in office transactions; and (3) a lack of time. It is,
after all, a herculean task to distribute enough questionnaires to each of the used 473 office
transactions to be able to draw valid and significant conclusions on the perceived accessibility of users
and/or investors per office transaction. This research has, therefore, decided to approach perceived
accessibility as an aggregate generalisation valid for every office location in the Netherlands of the
perceived accessibility of numerous individuals. It has, therefore, been impossible to match validly
match perceived accessibility with each office transaction which, in turn, has made it impossible to
adequately compare the influence of calculated accessibility to- and by public transport on the
valuation, in terms of rent prices per square metre, of office buildings in the Netherlands to the
influence of perceived accessibility to- and by public transport on the valuation, in terms of rent prices
per square metre, of office buildings in the Netherlands. Secondly, the structure and distribution of
the used data on office transactions throughout this research have largely impacted the useability,
significance and reliability of the results and conclusions of this research. The used empirical data on
office transactions in the period between the 1st of January 2020 and the 1st of November 2021
supplied by Savills Netherlands portrays, for almost all included variables, a non-normal distribution.
This non-normality of the data violates one of the most important assumptions of multivariate
regression models, namely the assumption that the used (empirical) data has to be distributed
according to a normal distribution (Field, 2016). A non-normal distribution has also been observed in
the empirical data used from the Netherlands Statistics bureau on neighbourhood characteristics.
Violating the assumption that empirical data is structured according to a normal distribution can lead
to insignificant and unreliable results. This research has, nevertheless, deliberately made use of nonnormal data, as it is believed that “real-world” geographical data is, unless one manages to use a close
to an infinite amount of data points, never normally distributed. Still, one should be cautious when
attempting to replicate this research, especially when using empirical data on office transactions
and/or neighbourhood characteristics which portra a different distribution compared to the
distribution of the data used throughout this research. Thirdly, which is related to the previous
discussion point made on calculation accessibility through the Potential Accessibility Measure by
Moyana et al. (2018), thow publicly available data is used to calculate accessibility through the
Potential Accessibility Measure can significantly alter the results and conclusions of this research.
Accessibility is, after all, calculated by heavily relying on publicly available data on the location of
SBI2008 companies per neighbourhood. It should be acknowledged that this is far from an accurate
representation of the actual location of spatially distributed opportunities throughout the Netherlands.
The reliance on the SBI2008 characterisation, furthermore, largely simplifies the actual type of spatially
distributed opportunities. Restaurants, Bars and Cafés and Shops are, after all, significantly different
spatially distributed opportunities but, when adhering to the SBI2008 characterisation, are both
characterised under the SBI2008 code G + I. Fourthly, and finally, a point of discussion should be made
about the large reduction of office transaction entries out of the office transaction dataset supplied by
Savills Netherlands that took place in this research. The office transaction dataset supplied by Savills
Netherlands consisted of a considerable amount of missing data. The researcher has, therefore, chosen
to apply listwise deletion of missing data, which has resulted in a large reduction of office transaction
entries used in this research. It is believed that this was necessary to enhance the reliability and
significance of the results. It should, however, be acknowledged that simple listwise deletion has
removed a substantial amount of results that could have significantly altered the outcomes of this
research if, for instance, imputation methods were used. It is, due to the non-normally distributed
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nature of the used empirical data, believed that imputation methods would result in unrealistic data,
as no individual office buildings are alike.
These points of discussion outline the need for further research. Directions for further research might,
for instance, include a further, and deeper, analysis of the relationship between (both calculated- and
perceived) accessibility, neighbourhood characteristics, structural characteristics and the valuation, in
terms of rent prices per square metre, of office buildings in the Netherlands which uses different data
sources and, therefore, might mitigate problems of non-normality which were encountered in this
research. This includes research that includes a broader selection of office transactions, not limited to
the period between the 1st of January 2020 and the 1st of November 2021 as was the case in this
research. Broadening the scope of the included office transactions might lead to a better distribution
of office transactions which, in turn, can result in more significant and relevant results in the Structural
Equation Model. It can, furthermore, be interesting to adopt a different approach towards accessibility.
This research has conceptualised accessibility by calculating the number of spatially distributed
activities reachable using a Potential Accessibility Measure as coined by Moyano (2018). This has, as
discussed previously, acted as a limitation due to the limited availability of publicly available data on
spatially distributed activities per neighbourhood. It might, therefore, be interesting to approach
accessibility from contour-based accessibility measures, which evaluate accessibility as the number of
spatially distributed opportunities that can be reached from an origin within a predefined time.
Statistics Netherlands (CBS) has a public dataset available, based on this contour measure which
presents an overview of the number of various spatially distributed opportunities that can be reached
within a certain threshold. Using this dataset in the context of this research might give valuable insight
into the relationship between accessibility to spatially distributed opportunities and the rent prices of
office buildings in the Netherlands. It might, moreover, be interesting to not solely focus on either
accessibility by public transport or accessibility to public transport, but rather broaden the perspective
on accessibility and include different modes of transport in the analysis. Public transport is not the sole
mode of transport used by commuters. Other forms of transport, such as walking, cycling or driving a
car, create different travel times which, in turn, influence the amount of spatially distributed
opportunities that can be reached while adhering to the Potential Accessibility Measure. This is in line
with recommendations made by Yang et al. (2020) and Pot et al. (2021). It is, finally, recommended to
devise a measurement of perceived accessibility which gauges the perceived accessibility of users of
individual office buildings. This would allow for the opportunity to relate singular office transactions
to data on perceived accessibility which is specific for every office transaction. It is, however, believed
that this would be a very time-consuming process, which would require a huge amount of data
collection. It would, furthermore, be insightful to use the empirical data on perceived accessibility in
this research for other research purposes. It can, for instance, be interesting to use this empirical data
for an assessment of explanatory factors which, in turn, might lead to insights into the importance of
accessibility to spatially distributed opportunities, separated by demographic characteristics or place
of residence.
Insights gained through this research are, except insights on perceived accessibility, not necessarily
relevant for policy-makers and policy-making. It is, however, interesting to consider the positive
influence of (calculated) accessibility on the valuation of office buildings as a vehicle to open the debate
on (Land) Value Capture. Policymakers can, for instance, explore the relationship between
(commercial) real estate values and accessibility within their administrative boundaries. Insights
gained through this exploration can, in turn, be used to engage in dialogue on Value Capture with real
estate developers and/or real estate investors. It is recommended that (local) governments strive to
incorporate VC instruments in their legal- and administrative framework, as it can capture increase of
property value attributable to public transport investments can be used to make even more
improvements in public services. This can, in turn, lead to a more sustainable society and more
sustainable real estate which mitigates negative externalities caused by the built-environment (Salat
& Ollivier, 2017; Suzuki et al., 2015). Insights on perceived accessibility gained through this research
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can be interesting for policy-makers and policy-making, whereby the insights on the perceived
importance of certain spatially distributed amenities can be used as food for the enhancement of (the
accessibility of) these amenities.
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8.1. Questionnaire
The questionnaire below has been distributed throughout the course of this research. The
questionnaire below presents all the asked questions, carried out through the Qualtrics Software.
Appendix 8.2. gives and overview of the codebook of this questionnaire. The questionnaire has,
furthermore, been made available in Dutch. This Dutch version is not included in this Appendix.

Start of Block: Introduction
Q1_Introduction_Int First of all: Thank you for participating in this survey.
This survey and the gathered data are part of a graduation project focused on the perceived
accessibility by public transport of activities / services / places around employment locations
in the Netherlands. Your response will help in the assessment of the accessibility of
employment locations in the Netherlands.
The survey will take around 5 minutes. Your responses are fully anonymous, and will be
handled according to Dutch privacy laws.
Thank you for your time, please feel free to reach out to me with any questions.
Wouter van 't Grunewold
wouter.vantgrunewold@ru.nl

Q2_Introduction Your participation in this research is completely anonymous. No information
you share can be traced to you, and data will be used solely for academic research purposes.
Do you consent to this?

o Yes (1)
o No (survey will be ended) (2)
Skip To: End of Survey If Q2_Introduction = 2

End of Block: Introduction
Start of Block: Individual Component
Q1_Individual_Intro The following questions are focused on your individual circumstances.
Please fill in all the questions. If you prefer not to answer a question, the option "Prefer not
to say" can be selected. An indication is given when multiple answers can be selected.
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Q2_Individual_Gender What is your gender?

o Male (1)
o Female (2)
o Non-binary / Third Gender (3)
o Prefer not to say (4)
Q3_Individual_Age Please fill in your age:
________________________________________________________________

Q4_Individual_Resi Please fill in your current place (city / village) of residence:
________________________________________________________________

Q5_Individual_Edu What is your highest level of completed education?

o No education (1)
o Primary Education / Secondary Education (2)
o MBO Degree (Vocational Education) (3)
o Bachelor's Degree (HBO and WO) (4)
o Master's Degree (5)
o PhD Degree (6)
o Other, Please Specify (7) ________________________________________________
o Prefer not to say (8)
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Q6_Individual_Employ What is your current employment status?

o Full-time employment (1)
o Part-time employment (2)
o Unemployed / Looking for work (3)
o Unemployed / Not looking for work (4)
o Student (5)
o Other, Please Specify (6) ________________________________________________
o Prefer not to say (7)
Q7_Individual_Car Do you have access to a car that can be used for commuting?

o Yes (1)
o No (2)
o Prefer not to say (3)
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Q8_Individual_ModeTr Which of the transport modes below do you commonly use to commute
from your employment location to your location of residence? (Multiple answers are
allowed)

▢
▢
▢
▢
▢
▢
▢
▢
▢
▢

Walking / By Foot (1)
(Electric) Bicycle (2)
(Electric) Moped / Scooter / Speed Pedelec (3)
Motorcycle (4)
Car (5)
Train (6)
Metro (7)
Bus (8)
Other, Please Specify (9) ________________________________________________
Prefer not to say (10)

Q9_Individual_Income Optional: What is your annual net household income?

o Less than €20.000,- (1)
o Between €20.000,- and €30.000,- (2)
o Between €30.000,- and €40.000,- (3)
o Between €40.000,- and €50.000,- (4)
o Higher than €50.000,- (5)
o Prefer not to say (6)
End of Block: Individual Component
Start of Block: Transport Component
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Q1_Transport_Int The following questions are focused on your perceived importance of the ease
of travel by public transport to your employment location. Please select whether you
Strongly agree or Strongly disagree with any of the following five statements.

Q2_Transport_Possibi It is important that my employment location can be reached by an
adequate number of possibilities of (combinations of) public transport modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q3_Transport_Time It is important that my employment location can be reached by (a
combination of) public transport modes in an appropriate time :

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q4_Transport_Costs It is important that my employment location can be reached by (a
combination of) public transport modes for an acceptable amount of money:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q5_Transport_Safety It is important that my employment location can be reached by (a
combination of) public transport modes safely:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q6_Transport_Comfort It is important that my employment location can be reached by (a
combination of) public transport modes comfortably:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
End of Block: Transport Component
Start of Block: Land-Use Component
Q1_LandUse_Intro The following questions are focused on your perceived importance of having
public transport facilities well accessible by bicycle from your employment location. They are
also focused on the importance of having certain services / activities / places well accessible
by public transport from your employment location. Please select whether you Strongly
agree or Strongly disagree with any of the following ten statements.

Q2_LandUse_Train It is important that a train station can be reached easily from my employment
location by bicycle:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q3_LandUse_Bus It is important that a bus stop can be reached easily from my employment
location by bicycle:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q4_LandUse_Tram It is important that a tram stop can be reached easily from my employment
location by bicycle:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q5_LandUse_Metro It is important that a metro stop can be reached easily from my employment
location by bicycle:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Page
Break
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Q6_LandUse_ResCafe It is important that restaurants, bars and cafés can be reached easily from
my employment location by (a combination of) public transport modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q7_LandUse_Sports It is important that sports facilities can be reached easily from my
employment location by (a combination of) public transport modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q8_LandUse_Shops It is important that shops (excl. convenience stores and supermarkets) can
be reached easily from my employment location by (a combination of) public transport
modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q9_LandUse_Grocery It is important that convenience stores and supermarkets can be reached
easily from my employment location by (a combination of) public transport modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q10_LandUse_DayCare It is important that childcare services can be reached easily from my
employment location by (a combination of) public transport modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q11_LandUse_Schools It is important that primary schools, secondary schools and tertiary
schools can be reached easily from my employment location by (a combination of) transport
modes:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q12_LandUse_Optional Optional: It is important that _____ (fill in) can be reached easily from
my employment location by (a combination of) public transport modes:
________________________________________________________________
End of Block: Land-Use Component
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Start of Block: Temporal Component
Q1_Temporal_Intro The following questions are focused on your perceived importance of
temporal characteristics of public transport and activities / services/ places around your
employment location. Please select whether you Strongly agree or Strongly disagree with any
of the following three statements.

Q2_Temporal_Travel Travel times are important when traveling to activities / services / places
near my employment location:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
Q4_Temporal_Opening Current opening times of activities / services / places around my
employment location are important when traveling to activities / services / places near my
employment location:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
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Q5_Temporal_Operate Current operating times of public transport are important when traveling
to ctivities / services / places near my employment location:

o Strongly disagree (1)
o Disagree (2)
o Somewhat disagree (3)
o Neutral (4)
o Somewhat agree (5)
o Agree (6)
o Strongly agree (7)
End of Block: Temporal Component
Start of Block: Outro
Q1_Outro_Out You have reached the end of this survey. Thank you for taking the time to answer
this survey. Feel free to use the text box below if you have any comments or additions
concerning this research or this survey.

Q2_Outro_Comments Optional: Use this text box to write down any comments or additions
concerning this research or this survey:
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
End of Block: Outro
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8.2. Codebook Questionnaire
Variable

Label / Description

Q1_Introduction_Int
Q2_Introduction
Q1_Individual_Intro
Q2_Individual_Gender
Q3_Individual_Age
Q4_Individual_Resi
Q5_Individual_Edu
Q6_Individual_Employ
Q7_Individual_Car
Q8_Individual_ModeTr
Q9_Individual_Income
Q1_Transport_Int
Q2_Transport_Possibi
Q3_Transport_Time
Q4_Transport_Costs
Q5_Transport_Safety
Q6_Transport_Comfort
Q1_LandUse_Intro
Q2_LandUse_Train
Q3_LandUse_Bus
Q4_LandUse_Tram
Q5_LandUse_Metro
Q6_LandUse_ResCafe
Q7_LandUse_Sports
Q8_LandUse_Shops

Introduction of the Questionnaire
Consent for Participation
Introduction to Individual Component
Gender of the Respondent
Age of the Respondent
Place of Residence of Respondent
Level of Education of Respondent
Status of Employment of Respondent
Car Ownership of Respondent
Preferred Mode of Transport of Respondent
(Optional) Individual Income of the Respondent
Introduction to Transport Component
Importance of Accessibility to Employment Location by Public Transport
Importance of Travel Time to Employment Location by Public Transport
Importance of Costs of Public Transport to reach Employment Location
Importance of Safety of Public Transport to reach Employment Location
Importance of Comfort of Public Transport to reach Employment Location
Introduction to Land Use Component
Importance of Train Station in Proximity of Employment Location
Importance of Bus Station in Proximity of Employment Location
Importance of Tram Station in Proximity of Employment Location
Importance of Metro Station in Proximity of Employment Location
Importance of Restaurants, Bars and Cafés in Proximity of Employment Location
Importance of Sports Facilities in Proximity of Employment Location
Importance of Shops (excl. Convenience Stores and Supermarkets) in Proximity of
Employment Location
Importance of Convenience Stores and Supermarkets in Proximity of Employment
Location
Importance of Childcare Services in Proximity of Employment Location
Importance of Schools in Proximity of Employment Location
Optional Answer Category for Important Spatially Distributed Opportunities
Introduction to Temporal Component
Importance of Travel Times
Importance of Opening Times of Spatially Distributed Opportunities
Importance of Operating Times of Public Transport
Introduction to the Outro of the Questionnaire
(Optional) Possibility to add Comments to the Questionnaire

Q9_LandUse_Grocery
Q10_LandUse_Daycare
Q11_LandUse_Schools
Q12_LandUse_Optional
Q1_Temporal_Intro
Q3_Temporal_Travel
Q4_Temporal_Opening
Q5_Temporal_Operate
Q1_Outro_Out
Q2_Outro_Comments

Figure 8.1. The codebook of the questionnaire on perceived accessibility.
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8.3. Data Preparation Accessibility Dataset
The following steps give a summarised overview on how accessibility by public transport and
accessibility to public transport has been calculated. These steps can be used in order to carry out
additional research, or reproduce this current research. It should be noted that IBM SPSS Statistics
(Version 28) and ArcGIS (Version 10.7.1) has been used to carry out the steps below..
1) Download Open Data on public transit in GTFS-format from the ‘REISinformatiegroep’. The files
included in the GTFS dataset are ‘agency.txt’, ‘calendar_dates.txt’. ‘feed_info.txt’, ‘routes.txt’,
‘shapes.txt’, ‘stop_times.txt’, ‘stops.txt’, ‘transfers.txt’ and ‘trips.txt’. These files are all needed in
order to create a Network Dataset in GIS. The downloaded data for this research is the data
published on the 9th of November, 2021.
2) A Network Dataset is created in ArcGIS by using the “Add GTFS to a Network Dataset”
geoprocessing tool, published by ESRI. This tool pre-processes GTFS data In order to prepare it for
use in a Network Dataset. This includes information on Stop, Schedules, Lines and Transfers.
Furthermore, all roads in the Netherlands are imported in the Network Dataset from the
‘Nationaal Wegen Bestand’ published on the online platform for geo-information of the Dutch
Central Government, PDOK.
3) Thirdly, geographical boundaries of all Dutch neighbourhoods in 2020 are imported from the
website of the Dutch Statistics (CBS) bureau. These are, in turn, transformed to point features by
deriving the centroid of each polygon shape and imported in the Origin – Destination
geoprocessing tool for Network Datasets as both Origin and Destination.
4) The Origin – Destination matrix is solved. This means that ArcGIS calculates travel times, based on
accurate transit times and walking times from the centroid of each neighbourhood to the centroid
of each other neighbourhood. The result of this 3.261 times 3.261 calculation is a dataset
containing 10.634.121 rows with information on travel times between neighbourhoods.
5) Travel times have, finally, been used in order to calculate the potential accessibility as specified in
the Methodological Chapter of each neighbourhood. This has been done by carrying out
calculations in IBM SPSS Statistics, The final result of this fifth step is a dataset which presents the
aggregate amount of spatially distributed opportunities per neighbourhood. This excludes public
transport stops, as travels times between neighbourhoods in order to reach public transport
facilities are not calculated with GTFS data.
6) This final dataset can be loaded in IBM SPSS Statistics in order to perform statistical analyses. This
dataset is, however in the case of this research, combined with a created dataset on accessibility
to public transport.
7) This later dataset is created in a similar fashion as explained previously, but rather excludes the
GTFS data and instead creates a Network Dataset solely relying on the ‘Nationaal Wegen Bestand’.
A Network Dataset has, thus, been created with all the road in the Netherlands. A travel mode has,
furthermore, been added which attempts to capture travel between neighbourhoods by bicycle
and operates at a set speed of 15 kilometres per hour. Step Three, Step Four and Step Five are
carried out in a similar manner, but instead result in a dataset which presents the aggregate
amount of spatially distributed transport stops, differentiated by its travel mode, per
neighbourhood. This dataset has, through IBM SPSS Statistics, been combined with the dataset
discussed in Step 6.
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8.4. Descriptive Statistics Accessibility Dataset
Indicator

Employees

Total
Companies

Companies
Energy and
Industry

Companies
Retail and
Hospitality

3.253

Companies
Agriculture,
Forestry
and Fishing
3.253

N
Mean
S.E. Mean
Median
Mode
Std.
Deviation
Variance
Minimum
Maximum

3.253
174.290,74
2.641,13
127.969,87
0
150.636,79
2,27 E +10
0
695.125,14

Companies
Financial
Services and
Real Estate
3.253

Companies
Business
Services

3.253

Companies
Transport,
Information and
Communications
3.253

3.253

18.390,40
6,05
11.662,12
0
19.286,14

523,12
6,05
463,47
0
345,17

2.721,89
43,49
1.942,60
0
2.480,55

371.944.105,1
0
109.471,61

119.141,9
0
2838,88

6.153.122,05
0
8.854.307,42

355,98
58,20
2.573,09
0
3.319,76

1.816,67
41,83
903,66
5,00
2.385,84

1.755,71
31,49
1.158,07
10,00
1.796,09

11.020.824.03
0
18.954,79

5.692.220,02
0
14.067,40

3.225.930,82
0
10.6000,00

Figure 8.2. Descriptive Statistics of the variables includes in the accessibility dataset.
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Train
Stops

Bus Stops

3.253

Companies
Culture,
Recreation
and Other
3.253

3.253

3.253

5.386,89
111,81
2.982,28
25,00
6.377,22

2.613,29
55,50
1.557,94
0
3.165,56

22,66
0,19
20,26
0
10,93

1.033,04
7,22
973,39
1
411,67

40.668.882,49
0
36.946,45

10.020.785,95
0
19.848,72

119,47
0
47,00

169.475,98
0
2.060,56

600
500

Frequency

400
300
200
100
0
0

20000

40000
60000
80000
Total Number of Companies Reachable

100000

120000

Figure 8.3. The distribution and normal curve of the total number of companies reachable per neighbourhood.
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Frequency
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50
0
0

500
1000
1500
2000
2500
Number of Companies in Agriculture, Forestry and Fishing Reachable

3000

Figure 8.4. The distribution and normal curve of the number of companies in Agriculture, Forestry and Fishing
reachable per neighbourhood.
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400
350

Frequency
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100
50
0
0

2000
4000
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8000
10000
12000
Number of Companies in Energy and Industry Reachable

14000

Figure 8.5. The distribution and normal curve of the number of companies in Energy and Industry reachable per
neighbourhood.
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Figure 8.6. The distribution and normal curve of the number of companies in Retail and Hospitality reachable per
neighbourhood.
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Figure 8.7. The distribution and normal curve of the number of companies in Transport, Information and
Communications reachable per neighbourhood.
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Figure 8.8. The distribution and normal curve of the number of companies in Financial Services and Real Estate
reachable per neighbourhood.
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Figure 8.9. The distribution and normal curve of the number of companies in the Business Services sector
reachable per neighbourhood.
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Figure 8.10. The distribution and normal curve of the number of companies in the Culture, recreation and
Miscellaneous reachable per neighbourhood.
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Figure 8.11. The distribution and normal curve of the number of Employees reachable per neighbourhood.
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Figure 8.12. The distribution and normal curve of the number of train stops reachable per neighbourhood.
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Figure 8.13. The distribution and normal curve of the number of bus stops reachable per neighbourhood.

Figure 8.14. Accessibility to the total number of companies by public transport per neighbourhood, displayed as
z-scores.
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Figure 8.15. Accessibility to the total number of companies in Agriculture, Forestry and Fishing by public transport
per neighbourhood, displayed as z-scores.

Figure 8.16. Accessibility to the total number of companies in Energy and Industry by public transport per
neighbourhood, displayed as z-scores.
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Figure 8.17. Accessibility to the total number of companies in Retail and Hospitality by public transport per
neighbourhood, displayed as z-scores.

Figure 8.18. Accessibility to the total number of companies in Transport, Information and Communications by
public transport per neighbourhood, displayed as z-scores.
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Figure 8.18. Accessibility to the total number of companies in Financial Services and Real Estate by public
transport per neighbourhood, displayed as z-scores.

Figure 8.19. Accessibility to the total number of companies in Business Services by public transport per
neighbourhood, displayed as z-scores.
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Figure 8.20. Accessibility to the total number of companies in Culture, Recreation and Miscellaneous by public
transport per neighbourhood, displayed as z-scores.

Figure 8.21. Accessibility to the total number of employees by public transport per neighbourhood, displayed as
z-scores.
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Figure 8.22. Accessibility to the total number of bus stops by bicycle per neighbourhood, displayed as z-scores.

Figure 8.23. Accessibility to the total number of train stops by bicycle per neighbourhood, displayed as z-scores.
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8.5. Missing Cases Per Variable in Transaction Dataset
Demographic Neighbourhood Characteristics
Indicator
Number of Inhabitants
Population Density
Inhabitants in Age Group 0 – 15
Inhabitants in Age Group 15 – 25
Inhabitants in Age Group 25 – 45
Inhabitants in Age Group 45 – 65
Percentage of Inhabitants in Age Group 65 >
Average Income per Resident
Percentage of Residents Low Educated
Percentage of Residents Middle Educated
Percentage of Residents Highly Educated
Economic Agglomeration Neighbourhood Indicators
Indicator
Total Number of Companies
Companies in Agriculture, Forestry and Fishing
Companies in Industry and Energy
Companies in Retail and Hospitality
Companies in Transport, Information and Communication
Companies in Financial Services
Companies is Business Services
Companies in Culture, Recreation and Miscellaneous
Average Residential Value
Property Specific Indicators
Indicator
Surface in sq. m.
Construction Year
Sustainability Score (EPC Label)
Property LFA

Missing (N)
14
18
14
14
14
14
14
18
62
62
62
Missing (N)
14
14
14
14
14
14
14
14
154
Missing(N)
74
1054
1225
1054

Figure 8.24. An overview of the number of missing cases per variable in the dataset. A deletion of these cases has
led to the final dataset which is being used for SEM. The codebook for this dataset can be found in the next
paragraph.
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8.6. Codebook Final Dataset
The following paragraph of this Appendix presents the codebook of the final dataset that has been
used for Factor Analysis. This dataset is the primary dataset, and includes non-confidential data. It can,
therefore, be used for other research purposes.
Variable

Label / Description

transaction_sqm_total
price_rent_m2_yr_conf
inhabitants_total
inhabitants_age_0_15_year
inhabitants_age_15_25_year
inhabitants_age_25_45_year
inhabitants_age_45_65_year
inhabitants_age_65_and_higher
average_household_income
population_density
companies_total
companies_argiculture
companies_industry_energy
companies_trade_horeca
companies_transport_communication
companies_financial_services
companies_business_services
companies_culture_recreation
average_house_value
education_low
education_middle
education_high
construction_year
property_lfa_2021
epc
epc_label
Neighbourhood_Code
wk_name
Municipality
city
a_bedv_EXP_reachable
a_bed_gi_EXP_reachable
a_bed_ru_EXP_reachable
a_inw_EXP_reachable
a_stops_train_EXP_reachable
a_stops_bus_EXP_reachable
zscore_a_bedv
zscore_a_bed_gi
zscore_a_bed_ru
zscore_a_inw
zscore_a_stops_train
zscore_a_stops_bus
perceived_zscore_a_bed_gi
perceived_zscore_a_bed_ru
perceived_zscore_a_stops_train
perceived_zscore_a_stops_bus

Sq. m. Transaction
Pice (Per sq. m.)
Total Inhabitants (Neighbourhood)
Inhabitants Age 0 - 15 (Neighbourhood
Inhabitants Age 15 - 25 (Neighbourhood)
Inhabitants Age 25 - 45 (Neighbourhood
Inhabitants Age 45 - 65 (Neighbourhood)
Inhabitants Age 65 + (Neighbourhood)
Average Household Income (Neighbourhood)
Population Density (Neighbourhood)
Total Companies (Neighbourhood)
Companies in Forestry, Fishing and Agriculture (Neighbourhood)
Companies in Energy and Industry (Neighbourhood)
Companies in Trade and Hospitality (Neighbourhood)
Companies in Transport, Information and Communication (Neighbourhood)
Companies in Financial Services, Real Estate (Neighbourhood)
Companies in Business Services (Neighbourhood)
Companies in Culture, Recreation and Other (Neighbourhood)
Average House Value (Neighbourhood)
Inhabitants Low Education (Neighbourhood
Inhabitants Middle Education (Neighbourhood)
Inhabitants High Education (Neighbourhood)
Construction Year (Property)
Lettable Floor Area (Property)
EPC Status (Property)
EPC Label (Property)
Neighbourhood Code
Neighbourhood Name
Municipality Name
City Name
Total Number of Companies Reachable (Accessibility)
Companies in Trade and Hospitality Reachable (Accessibility)
Companies in Culture, Recreation and Other Reachable (Accessibility)
Number of Inhabitants Reachable (Accessibility)
Number of Train Stops Reachable (Accessibility)
Number of Bus Stops Reachable (Accessibility)
Z-Score Total Number of Companies Reachable (Accessibility)
Z-Score Companies in Trade and Hospitality Reachable (Accessibility)
Z-Score Companies in Culture, Recreation and Other Reachable (Accessibility)
Z-Score Number of Inhabitants Reachable (Accessibility)
Z-Score Number of Train Stops Reachable (Accessibility)
Z-Score Number of Bus Stops Reachable (Accessibility)
Perceived Z-Score Companies in Trade and Hospitality Reachable (Accessibility)
Perceived Z-Score Companies in Culture, Recreation and Other Reachable
(Accessibility)
Perceived Z-Score Number of Train Stops Reachable (Accessibility)
Perceived Z-Score Number of Bus Stops Reachable (Accessibility)

Figure 8.25. The Codebook of the final dataset that has been used for SEM, each variable has a corresponding
label which gives a short description of the variable.
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8.7. Results Causal Path Analysis
The following figures give an overview of the results of the Confirmatory Factor Analysis. These figures
are meant as a supplement to the figures included in the actual analysis.
Relationship

Estimate

transaction_sqm_total <- structural_characteristics

0.021

property_lfa_2021 <- structural_characteristics
construction_year <- structural_characteristics
education_high <- demographic_characteristics
inhabitants_total <- demographic_characteristics

1.000
-0.004
1.000
3.627
0.562
-3120.455
-11185.729
1.000
5.104
4.913
5.507
4.145
2.316
1.000
-0.003
-0.004
-389.383
154.029

inhabitants_age_15_25_year <- demographic_characteristics
companies_financial_services <- economic_characteristics
companies_business_services <- economic_characteristics
average_household_income <- economic_characteristics
zscore_a_bedv <- accessibility
zscore_a_bed_gi <- accessibility
zscore_a_bed_ru <- accessibility
zscore_a_inw <- accessibility
zscore_a_stops_train <- accessibility
zscore_a_stops_bus <- accessibility
price_rent_m2_yr_conf <- structural_characteristics
price_rent_m2_yr_conf <- demographic_characteristics
price_rent_m2_yr_conf <- economic_characteristics
price_rent_m2_yr_conf <- accessibility

S.E
0.011

C.R.
1.957

P
0.050

0.001

-4.652

***

0.094
0.012
703.232
2512.975

38.567
48.619
-4.437
-4.451

***
***
***
***

0.739
0.720
0.799
0.606
0.233

6.904
6.824
6.892
6.841
9.933

***
***
***
***
***

0.002
0.001
120.087
27.102

-2.288
-3.841
-3.242
5.683

0.022
***
0.001
***

Figure 8.26. The unstandardised regression weights with their corresponding P.E., C.E. and P values of the
calculated accessibility structural model.

Relationship

Estimate
-

transaction_sqm_total <- structural_characteristics
property_lfa_2021 <- structural_characteristics
construction_year <- structural_characteristics
education_high <- demographic_characteristics
inhabitants_total <- demographic_characteristics
inhabitants_age_15_25_year <- demographic_characteristics
companies_financial_services <- economic_characteristics
companies_business_services <- economic_characteristics
average_household_income <- economic_characteristics
zscore_a_bedv <- accessibility
zscore_a_bed_gi <- accessibility
zscore_a_bed_ru <- accessibility
zscore_a_inw <- accessibility
zscore_a_stops_train <- accessibility
zscore_a_stops_bus <- accessibility
price_rent_m2_yr_conf <- structural_characteristics
price_rent_m2_yr_conf <- demographic_characteristics
price_rent_m2_yr_conf <- economic_characteristics
price_rent_m2_yr_conf <- accessibility

0.918
0.934
1.002
-0.902
-1.013
0.190
1.003
0.922
0.983
0.944
0.649
0.300
-0.249
-0.335
0.563

Figure 8.27. Standardised regression weights of the calculated accessibility structural model.
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Relationship

Estimate

S.E

C.R.

P

accessibility <-> structural_characteristics

471016.086

106004.557

4.443

***

demographic_characteristics <-> structural_characteristics
economic_characteristics <-> structural_characteristics
education_high <-> demographic_characteristics
demographic_characteristicsl <-> accessibility
demographic_characteristics <-> economic_characteristics
E2 <-> E3
E16 <-> E20
E16 <-> E18
E16 <-> E19
E17 <-> E18
E18 <-> E20
E19 <-> E20
E8 <-> economic_characteristics
E9 <-> E18
E6 <-> E12

-227.700
4087310.605
-98.604
-1.052
-21550.197
1301377.610
-190483.046
32689327.067
-7932.487
-50576366.188
-1160001.989
16010.625
-57.712
-777648.435
950.050

54.513
1350263.255
29.326
.658
46396.586
332662.337
22705.680
2812185.860
799.713
3389114.223
382761.210
1095.983
13.883
99437.898
104.401

-4.177
3.027
-3.362
-1.599
-.464
3.912
-8.389
11.624
-9.919
-14.923
-3.031
14.608
-4.157
-7.820
9.100

***
.002
***
.110
.642
***
***
***
***
***
.002
***
***
***
***

Figure 8.28. Covariances and their related S.E., C.R. and P values of the calculated accessibility structural model.

Relationship

Estimate
-.780

demographic_characteristics <-> economic_characteristics

-.070
-.021
.198
-.267
.550
-.326
-.686
-.026
.887
-.459
-.131
.455

economic_characteristics <-> accessibility
demographic_characteristics <-> accessibility
E2 <-> E3
E16 <-> E20
E16 <-> E18
E16 <-> E19
E17 <-> E18
E18 <-> E20
E19 <-> E20
E8 <-> economic_characteristics
E9 <-> E18
E6 <-> E12

Figure 8.29. Correlations of the calculated accessibility structural model.
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Relationship

Estimate

S.E

C.R.

P

accessibility <-> structural_characteristics

1144.147

257.496

4.443

***

demographic_characteristics <-> structural_characteristics
economic_characteristics <-> structural_characteristics
education_high <-> demographic_characteristics
demographic_characteristicsl <-> accessibility
demographic_characteristics <-> economic_characteristics
E2 <-> E3
E16 <-> E20
E16 <-> E18
E16 <-> E19
E17 <-> E18
E18 <-> E20
E19 <-> E20
E8 <-> economic_characteristics
E9 <-> E18
E6 <-> E12

-227.700
4087310.605
-98.604
-1.052
-21550.197
1301377.610
-190483.046
32689327.067
-7932.487
-50576366.188
-1160001.989
16010.625
-57.712
-777648.435
950.050

54.513
1350263.255
29.326
.658
46396.586
332662.337
22705.680
2812185.860
799.713
3389114.223
382761.210
1095.983
13.883
99437.898
104.401

-4.177
3.027
-3.362
-1.599
-.464
3.912
-8.389
11.624
-9.919
-14.923
-3.031
14.608
-4.157
-7.820
9.100

***
.002
***
.110
.642
***
***
***
***
***
.002
***
***
***
***

Figure 8.30. Covariances and their related S.E., C.R. and P values of the perceived accessibility structural model.

Relationship

Estimate
-.780

demographic_characteristics <-> economic_characteristics

-.070
-.021
.198
-.267
.550
-.326
-.686
-.026
.887
-.459
-.131
.455

economic_characteristics <-> accessibility
demographic_characteristics <-> accessibility
E2 <-> E3
E16 <-> E20
E16 <-> E18
E16 <-> E19
E17 <-> E18
E18 <-> E20
E19 <-> E20
E8 <-> economic_characteristics
E9 <-> E18
E6 <-> E12

Figure 8.31. Correlations of the perceived accessibility structural model.
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