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Abstract
A growing body of evidence from environmental health promotion research shows that the physical
environment can affect health directly or through complex interactions with people's behavior. A
holistic understanding of these effects requires that we study individuals' behavior in space.
Nonetheless, ﬁ nding the right geographical context and translating it into a working spatial unit
of analysis is far from easy. As a result, researchers have used a variety of spatial units in empirical
research. Among these units, activity spaces have been especially gaining interest.
Activity space models have been implemented in different ways to represent the area within
which individuals travel during the course of their daily activities. Nonetheless, despite the
fundamental role of activity spaces in empirical analysis, they have rarely been at the center of
scholarly focus. This has contributed to a lack of conceptual and methodological consensus related
to how activity spaces are deﬁ ned and used in environmental health research. Recent evidence
suggests that this might have resulted in uncertainties that negatively affect the validity of empirical
ﬁndings. However, little is known about the involved mechanisms, their implications, and how they
should be addressed in research. This dissertation takes steps toward ﬁ lling these gaps.
Init ially , t his d isse rt at ion aims t o d isambig u at e t he conce p t of act ivit y sp ace t hrou g h a l it e rat ure
review. Following this conceptual clariﬁ cation, the dissertation pursues its methodological
objectives by implementing two novel individual-based activity space models. The ﬁ rst model,
dynamic home range, is a versatile polygon representing an improved estimation of individual
residential area. The second, individualized residential exposure model (IREM), is a more
advanced model of activity space that incorporates a place-based estimation of exposure to provide
a more reﬁ ned picture of individuals' spatial behavior.
This dissertation goes further by presenting an empirical framework for the measurement and
use of activity space in research. While this framework shows how the relationships between
activity space and personal and environmental characteristics can be multidimensionally examined,
it also reveals interesting empirical ﬁ ndings from the Helsinki metropolitan area. These studies
are based on data collected though online public participation geographical information system
(PPGIS) surveys.
Another contribution of this dissertation is to provide empirical evidence on how the choice of
spatial units can considerably affect the results regarding the associations between the environment
and health. The ﬁ ndings elucidate the implicit mechanisms that can affect the results and help
provide guidelines for the choice of spatial units in research. Finally, this dissertation presents a
set of practical geographical information system (GIS) tools that can facilitate use of advanced
activity space models in environmental health research.
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Introduction

1. Introduction

The world is on the move, and so are we. Our modern societies and our
environment are shaped by people's mobility patterns (Schneider, Belik,
Couronné, Smoreda, & González, 2013), which are differentiated in scales of
time and geography. Long time and distance trips consist generally of rare and
infrequent events such as international flights or movements between cities. By
contrast, short time and distance trips mostly consist of intracity travels such as
commuting to work, shopping, or using services. Although such daily travel
patterns are not new, the scholarly interest in studying them is relatively recent.
Studying human mobility is perhaps most deeply rooted in transportation
studies. With the dawn of the modern era in urban planning, expansion of
urbanism, and the emergence of new transportation technologies, a better
understanding of human travel behavior was found crucial for the development
of different transportation networks (i.e., public transportation, roads, and
pedestrian routes) (e.g., Gillan and Wachs, 1976). In turn, these developments
resulted in a global spread of using motorized travel modes. Soon, this raised
scholarly and public concerns about our destructive influence on the
environment. The raised awareness about air pollution, global warming, and
greenhouse gas emissions attracted scholarly attention to the study of human
mobility and its environmental impacts (e.g., Christine Bae, 1993).
On the other hand, the person-environment relationship can be viewed as
transactional (Altman & Rogoff, 1987). In transactional view, the personenvironment relationship is seen as a dynamic and interactive system that
should not be taken out of context (Kyttä, 2003). This view highlights the active
role of both parties in this interactive relationship. People can influence and
change the environment. At the same time, people can come under the influence
of the environments they interact with. Perhaps it was based on this latter
understanding that the interest in analyzing human mobility behavior started
to appear in social sciences as well.
Social scientists were certainly among the first group of scholars who started
to scrutinize how the environment can influence people. Sociologists found
human mobility important in the studies of human social networks. Individual
mobility patterns were found to have an impact on social interactions,
integration, and the psychological wellbeing of individuals (Cutler, 1972; Hodge,
1970).
Taking a broad view, toward the end of the 20th century, the concept of
mobility was certainly not new to social sciences anymore. However, thanks to
a number of social and technological advancements, a new trend in mobility
9

research was to appear—a trend toward reconsideration of spatial mobility, its
patterns, and manifestations (Faist, 2013). This trend, together with significant
advancements in spatial data collection and analysis methods, facilitated a
“mobility turn” in social sciences (Urry, 2000). The “mobility turn” or the
“mobility paradigm” in social sciences underlines the essential part of personbased and dynamic analysis and stresses a move forward from static and
sedentarist spatial approaches (Faist, 2013; Sheller & Urry, 2006). Mobility is a
contemporary paradigm in the social sciences that explores different old and
new forms of movement, including those of people, ideas, and things (Cresswell,
2011; Hannam, Sheller, & Urry, 2006), as well as their social implications (Faist,
2013).
It did not take researchers long to realize that mobility is more than a
trajectory on a map. Mobility is also about context and space. As a result of
mobility, people come into direct contact with different spaces. Perhaps it was
the realization of this simple fact that human mobility became the center of
focus by many researchers in fields related to medical sciences such as public
health, health geography, and epidemiology (e.g. Prothero, 1984). Contacting
different areas may come with health benefits or even risks, depending on the
qualities and characteristics of the environment. With already grown cities, this
was especially important to epidemiologists because this could mean that
environmental hazards could spread faster and affect a bigger population.
These changes coincided with a new age in urban planning and the emergence
of new ideas in urban studies. In the 1980s and 1990s, sustainable urban design
and New Urbanism emerged in synchronization (Duany, Plater-Zyberk, &
Speck, 2001). The new urban solutions integrated perceptual, functional, and
behavioral dimensions with sustainable environmental ideas (Elshater, 2012).
It was in this era that people-related issues started to present themselves as
fundamental elements in planning and building cities (Carmona, 2010). Issues
related to people’s health, social justice, and equality, among others, attracted
scholarly interest to concepts and principles such as livability (Badland et al.,
2014), active living (Sallis et al., 2006), equal accessibility (Laatikainen,
Tenkanen, Kyttä, & Toivonen, 2015; Paloniemi et al., 2018), neighborhood
walkability (Ewing, Handy, Brownson, Clemente, & Winston, 2006; L D Frank
et al., 2010), and urban aesthetics (Boehmer, Hoehner, Deshpande, Brennan
Ramirez, & Brownson, 2007). Because of this growing interest, a considerable
body of research also emerged to validate the importance of such concepts by
empirically exploring human-environment relationships from different aspects.
The immense growth in the amount of human-environment research in recent
decades is not solely due to the growing interest in the field. In fact, the
technological advancements facilitating place-based research have had a key
role in the splendor of this field of research. In recent decades, technological
advancements in spatial sciences have introduced new tools that facilitate the
collection of spatial data in larger amounts and enable more individual-based
approaches. Readily available tools such as handheld GPS (global positioning
system) devices and mobile phones are examples of such revolutionary
advancements that have been widely used in place-based research.
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Furthermore, the introduction of internet-based data collection approaches
expanded the scope of what can be studied in research. Map-based data
collection methods, often categorized under public participation geographical
information system (PPGIS) approaches, brought new insights into place-based
research by incorporating a more personalized approach. Through methods
such as SoftGIS (Kyttä & Kahila, 2011), researchers had the opportunity to more
directly attach people’s experiences to places and enjoy an integrative place- and
person-based research paradigm.
On top of all these new research opportunities, the advancements in
computational sciences made it possible to analyze large data sets. Computerbased geographical information systems (GIS) helped us to connect people and
space. Through these analytical approaches, and by advanced quantitative and
visual means, we could explore more complicated spatial patterns and reveal
some of the geographical trends resulting from people’s behavior in space.
Nevertheless, these new possibilities revealed new limitations as well.
As a prerequisite to analyzing human-environment relationships, we need to
first have a clear, yet simple enough, understanding of human behavior in space.
Particularly, in order to evaluate the importance of geographical context on
people’s lived experiences, we need to find a way to identify and define the
relevant context (i.e., the geographical context that individuals are exposed to)
(Matthews & Yang, 2013). To achieve such an understanding, a working model
of human spatial behavior and mobility is needed—a spatial unit that is simple
enough to work with yet does not compromise reality. However, this has proven
to be a difficult mission to accomplish.
The very root of this difficulty lies in the human behavior itself. As already
seen in many other disciplines involving human behavior modeling, complexity
is inherent to our behavior. Humans have complex minds, and their decisions,
and hence their behaviors, can be a product of many factors. However, despite
this complexity, researchers have found that individuals' daily routines are often
highly predictable (Eagle & Pentland, 2009; Song, Qu, Blumm, & Barabási,
2010). In geography, this observation has led to the utilization of the important
concept of “activity space,” defined as a collection of “areas within which people
move or travel in the course of their daily activities” (Gesler & Albert, 2003).
Activity spaces have been used as spatial units measuring individual mobility
and to examine how people’s habitual movements interact with their
environment (Sherman, Spencer, Preisser, Gesler, & Arcury, 2005). Studying
human activity spaces can yield important insights into many phenomena
related to humans’ living experiences and facilitate our understanding of human
behavior and its relationship with the built environment (BE) (Xu et al., 2016).
Activity space has been defined and theorized in many different ways by
researchers working in various disciplines and using various methodological
approaches. This diversity of approaches in studying activity spaces can present
itself both as an opportunity and a challenge. It is an opportunity because a
wider range of available options allows for the comparison of methods and
eventually a more study-specific choice of approaches. Furthermore, given the
fact that all existing approaches have their advantages as well as disadvantages,
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a wider range of methods can facilitate the use of integrative approaches. On the
other hand, the diversity of methods can be misleading and confusing to an
empirical researcher. This is an especially big issue given that many of the
existing methods provide ill-fitting and over-simplistic solutions that may cause
biases to the study results.
There is a sparse yet growing body of research on the effects of choice of
activity space models on results yielded from health geography research. Recent
evidence shows that there is a significant influence on the results concerning the
relationships between the BE and health when different activity space units are
used (Howell, Farber, Widener, & Booth, 2017; Zenk et al., 2011; Zhao, Kwan, &
Zhou, 2018). Kwan (2012b) defines this as an uncertain geographic context
problem (UGCoP) and underlines that addressing the problem should be sought
through advancements in GIS and geospatial technologies (Kwan, 2012a).
Simplistic fixed unit approaches such as buffers (Holliday et al., 2017; Zhao et
al., 2018), often coming with arbitrary choice of distances (Browning & Lee,
2017), are ill-fitting solutions that are commonly suspected of biasing research
results by marginalizing the revealed influence of contextual factors (Perchoux,
Chaix, Cummins, & Kestens, 2013) or inferring associations that may not truly
exist (Kwan, 2012b, 2012a). Furthermore, recent research has been warning us
about the local or residential “trap,” defined as the methodological belief that
“the ‘local’ is always the appropriate scale” (Cummins, 2007). Considering that
real-life activities are not always contained within local neighborhoods (Chaix,
2009), limiting activity spaces to the immediate residential neighborhoods and
overlooking what happens beyond may render the results weak and unreliable
(Zhao et al., 2018).
The rise of such concerns related to how activity spaces and environmental
contexts are defined, studied, and analyzed are relatively recent. To this point,
little research has been done to develop the related ideas either conceptually or
methodologically. Furthermore, the interdisciplinary nature of fields using the
activity space concept and the general lack of expertise in spatial sciences in
these fields have diverted scholarly attention from the topic. This is despite the
sensitivity and importance of the issue and its fundamental effect on the validity
of research findings.

1.1

Research objectives

Despite the growing concerns related to the use of different spatial units in
urban environmental studies, there is little research done to address these
concerns. Particularly, there are conceptual and methodological research gaps
related to how activity spaces are defined, modeled, and used in environmental
health research. This dissertation is motivated by this need for further research,
and it aims to provide a new framework for the use of activity spaces and their
related concepts in urban environmental studies.
The present dissertation takes steps toward filling the existing research gaps
by pursuing a fourfold research objective. While the first three objectives are
primarily conceptual and methodological, the last objective concerns the
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Introduction

contextual findings. The very first objective of this dissertation is a conceptual
one: to disambiguate the concept of activity spaces. This is done through
a comprehensive review of literature from various scientific traditions
interested in studying urban contextual factors. As a second objective, this
dissertation proposes novel methods of modeling activity spaces,
facilitating and improving the use of these spatial units in empirical research
without over-complicating them. Third, this study demonstrates how
activity spaces can be quantitatively analyzed and implemented in
empirical research. And last but not least, this study provides empirical
evidence guiding the choice of a suitable activity space model in
research. This is done through a comparative study of some of the existing
modeling approaches and exploring their potential for different research and
capturing different types of contextual factors.
While specifically aiming at the objectives outlined above, this dissertation
also tries to find answers for the following research questions:
i.
ii.
iii.
iv.

1.2

Are the commonly used units of spatial analysis good enough for
environmental health research?
Can we model individual activity spaces using participatory mapping
data?
Does an improved activity space model help broaden our
understanding of person-environment relationships?
How can studying activity spaces help us measure possible health
outcomes?

Structure of the dissertation and description of papers

The argumentation of this dissertation is built upon five peer-reviewed journal
articles and is elaborated in the compilation. The first four papers provided
extensive literature reviews along with details about the utilized methods and
data sets, as well as thorough discussions about the results, their implications,
and limitations. On a more technical level, the fifth paper shared and elucidated
the developed tools and their documentations to facilitate re-implementing the
discussed methods in future research.
Article I explored the use of spatial units in different disciplines and reviewed
the most common approaches used in the literature. Building on the existing
knowledge from the literature, this article brought together some of the most
important principles of modeling spatial units and evaluating them.
Additionally, this article proposed a novel individual-based model of home
ranges. The article went further by outlining the significance of evaluating
spatial units with a non-biased and multilevel approach. This article addresses
research questions i and ii.
Article II aimed to deepen our understanding of the spatial units of analysis
both conceptually and methodologically. This article used the concept of activity
spaces and added to our conceptual understanding of them by reviewing the
literature and proposing a categorization of the existing approaches.
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Additionally, this paper identified and discussed some of the limitations of the
so-called “container” approaches and implemented a novel, spatially sensitive
model of activity spaces based on place exposure estimation (individualized
residential exposure model [IREM]). This paper went further by implementing
a multidimensional study framework for analyzing activity spaces and reporting
its empirical findings from the Helsinki metropolitan area (HMA). This article
addresses research questions i, ii, and iii.
Article III explored an important dimension of activity spaces by introducing
the novel concept of centricity. This article defined centricity as a novel measure
of an activity space’s spatial distribution and proposed a quantitative method of
operationalizing it. Using an empirical case study from the HMA, this article
demonstrated how this new measure can help us spatially scrutinize the
mobility behavior of individuals within and beyond their residential
environment. Particularly, using centricity, this article shed light on some of the
personal and urban structural mechanisms involved in an individual’s choice of
destinations and travel mode. This article addresses research questions i, ii, and
iii.
Article IV returned to the fundamental assumption of all the previous studies
and evaluated how important the choice of spatial units can be in environmental
research. This article empirically compared several spatial units of analyses and
provided concrete evidence on how they can affect research findings on place
and health associations. Additionally, this article shed light on some of the
underlying mechanisms involved in how different BE characteristics can affect
people and, subsequently, drew a number of guidelines for the choice of spatial
units in empirical research. This article addresses research questions i, iii, and
iv.
Article V provided the necessary spatial tools for implementing activity
spaces in research. This article did not focus on presenting any new ideas but
instead provided practical GIS tools that can facilitate re-implementing the
concepts discussed in previous articles in future research. In addition to making
these concepts reusable for future research by openly publishing these tools and
scripts, this study aimed to add to the transparency and reproducibility of ideas
discussed throughout this dissertation.
In the following section, the foundations of the research will be introduced in
more depth. Subsequently, in section 3, the used methodology will be
elaborately presented. Section 4 provides a summary and discussion of the
conceptual, methodological, and contextual findings from the articles in this
dissertation. Finally, section 5 summarizes the argument of this dissertation by
presenting the conclusions, assessing its relevance, and suggesting future
research directions.
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2. Research foundations

2.1

The contextual effects of the built environment on people

The BE has been an important part of everyday life ever since people started to
live together and the first communities were formed. The BE is the totality of
places built or designed by humans, including buildings, areas around
buildings, transportation infrastructure, layout of communities, and parks and
trails (Transportation Research Board, 2005). More broadly, the BE can be
defined as the manmade spaces in which people live, work, and recreate on a
daily basis (Roof & Oleru, 2008). Therefore, the characteristics of the BE can be
of utmost importance to people’s behaviors and experiences in their everyday
settings. On one hand, this encompasses the physical characteristics of the BE,
such as the availability and quality of green spaces, public spaces, and sidewalks,
or other structural characteristics, such as population density and traffic
(Hassen & Kaufman, 2016). On the other hand, on a more experiential level,
people’s behavior in their everyday settings may be influenced by their
perception of the BE characteristics (Proshansky, 1978). For example, the way
people perceive safety may influence their use of urban spaces (Kyttä, Kuoppa,
Hirvonen, Ahmadi, & Tzoulas, 2014).
Over the past two decades, literature has increasingly explored the
relationship between the BE characteristics and health. According to the World
Health Organization (WHO) (2004), health has various dimensions and it refers
to a state of complete physical, mental, and social wellbeing and not merely the
absence of a disease or infirmity. According to WHO (2004), wellbeing is a
result of four key factors that can affect an individual at varying degrees: human
biology, social and physical environment, healthcare system, and lifestyle.
Therefore, wellbeing is not a purely private phenomenon. Individuals remain
embedded in social structures and communities and encounter many social
tasks and challenges that can determine how well they live their lives (Keyes,
1998).
Given these definitions, a considerable amount of environmental health
research has focused on the social and physical environment as a direct factor
of health. The negative effects of air pollution on individuals’ health is perhaps
one of the most well-documented examples of the direct effects of the BE on
people (Brunekreef & Holgate, 2002; Kampa & Castanas, 2008). The positive
effects of green spaces on mental health and stress restoration is another wellestablished example of how the BE can directly affect inhabitants’ health (Grahn
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& Stigsdotter, 2010; Hartig, 2008; van den Berg, Maas, Verheij, &
Groenewegen, 2010).
At the same time, the BE can affect health in a less direct, and perhaps more
complex, manner by influencing individuals’ lifestyles and shaping their
behaviors in the space (Commers, Gottlieb, & Kok, 2007). This line of research
builds upon the findings by environmental psychologists that behaviors may be
predicted more accurately from the situations people are in than from their
individual characteristics (Wicker, 1984). Therefore, it is conceptualized that
the BE can positively or negatively affect an individual’s health by presenting
opportunities or barriers for physical activity (McCormack et al., 2004; Renalds,
Smith, & Hale, 2010). Despite the high heterogeneity of empirical findings
(Feng, Glass, Curriero, Stewart, & Schwartz, 2010), the relationships between
the BE and chronic non-communicable diseases, including obesity, diabetes,
and cardiovascular diseases, have extensively been documented by researchers
(Renalds et al., 2010; Sallis, Floyd, Rodriguez, & Saelens, 2012).
Many studies concentrate on the use of active travel modes and active daily
mobility and their positive contribution to health as a major source of physical
activity (Tribby, Miller, B. Brown, Smith, & Werner, 2017; Zapata-Diomedi et
al., 2017). There is growing international evidence that a supportive BE can
encourage active travel such as walking and cycling. In this line, a growing
amount of research has emerged to try to identify the characteristics of
environments that can promote active travel behavior. According to these
studies, such environments are often found to be characterized with higher
residential density (Boulange et al., 2017; Ewing & Cervero, 2010; Rundle et al.,
2007), larger land-use diversity (Ewing & Cervero, 2010; Li et al., 2008), better
availability of walking and cycling trails (Abildso, Zizzi, Abildso, Steele, &
Gordon, 2007; Mertens et al., 2017), better proximity to services (Berke,
Koepsell, Moudon, Hoskins, & Larson, 2007; Grafova, 2008), smaller block
sizes (Berke et al., 2007), presence of green and recreational resources (Bertram
& Rehdanz, 2015; Cohen, Inagami, & Finch, 2008; Li, Fisher, Brownson, &
Bosworth, 2005; Zhang et al., 2018), visually appealing architecture (S. C.
Brown et al., 2008), better access to public transit (Boulange et al., 2017; Rundle
et al., 2007), and more street connectivity (Boulange et al., 2017; Li et al., 2008).
Nevertheless, this already long list of health-promoting BE characteristics is not
exhaustive because more and more environmental characteristics are found to
be associated with physical activity.
Similarly, the BE can also affect the social and mental health of individuals
through indirect mechanisms. For example, the physical design of residential
settings has increasingly been found to have effects on social wellbeing (i.e.,
social interactions, civic participation, and community engagement) (Hassen &
Kaufman, 2016; Semenza & March, 2009). Despite a lack of consensus
(Mouratidis, 2018), most empirical studies have found high density, walkability,
and diversity of the BE to be positively associated with better mental and social
wellbeing (Cerin, Leslie, Toit, Owen, & Frank, 2007; Kim, 2007; Podobnik,
2011; Wood, Frank, & Giles-Corti, 2010).
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Nevertheless, the associations found related to health and BE characteristics
are not always so straightforward. Limited yet considerable evidence shows that
associations between the BE, physical activity, and health may vary by sociodemographic factors (Perez et al., 2018). Some studies suggest that these
associations vary by age, gender, and socio-economic status, but findings have
been inconsistent (Boone-Heinonen & Gordon-Larsen, 2011; Carlson et al.,
2014; Forsyth, Oakes, Lee, & Schmitz, 2009; McCormack, Shiell, Doyle-Baker,
Friedenreich, & Sandalack, 2014; Owen et al., 2007; Perez et al., 2016; Van Dyck
et al., 2015; Villanueva et al., 2014). Further, an increasing amount of research
shows that the mere presence of certain BE characteristics does not adequately
explain the associations between environmental factors and health. For
instance, a higher density and larger land-use diversity do not always result in
better health outcomes. For example, while the presence of parks for recreation
and pedestrian-oriented mixed land use is associated with better health
(Renalds et al., 2010), an inverse relationship may emerge when a high density
of alcohol outlets are present together with land-use mix (Cohen et al., 2008).
Similarly, some research suggests that green spaces should not be seen as
“simply green” (Akpinar, Barbosa-Leiker, & Brooks, 2016). The shape, size,
accessibility, and type of green space, among other factors, may affect how it
correlates with mental and physical health (Akpinar et al., 2016; Ngom,
Gosselin, Blais, & Rochette, 2016; Nieuwenhuijsen, Khreis, Triguero-Mas,
Gascon, & Dadvand, 2017).
Another factor that can considerably add to the complexity of associations
related to health and BE characteristics is the spatial unit that is used for the
evaluation of such relationships. The results from any study examining the
effects of area-based attributes on individuals can be affected by how contextual
units are geographically delineated and the extent to which these areal units
deviate from the true geographic context (Kwan, 2012b). Therefore, a wide
range of methods have been used in literature to represent and describe the
geographical context of individuals. The following section will go through some
of these efforts and review the most common approaches.

2.2

Modeling and understanding the geographical context

As reviewed in the previous section, in recent years there have been many
scholarly attempts to build an evidence base for the role of environmental
resources in health-related behaviors to guide urban planning to tackle health
inequalities (Vallée, Le Roux, Chaix, Kestens, & Chauvin, 2014). One of the main
complexities in this field is the geographical definition of the physical
environment. Studies have used varying extents and methods to define the
relevant spatial unit to measure the level of physical and environmental
exposure and their potential effects on health. This variation begins from the
terminology used for addressing these units and continues all the way through
to its conceptual meaning, geographical scope, and operationalization.
Researchers have used a wide range of terms, including neighborhood
(Alidoust, Bosman, Holden, Shearer, & Shutter, 2017), home range (Botte,
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2015), territorial range (Broberg, Salminen, & Kyttä, 2013), and home zone
(Hamilton-Baillie, 2000), to refer to arguably the same concept—a concept
describing the space around individuals’ places of residence that they most
interact with. Despite this seemingly straightforward definition of an
individually defined neighborhood, its conceptualization requires that an
individual’s psycho-social interactions with his/her environment is understood
(Siordia & Saenz, 2013). Consequently, neighborhoods may be defined by
people’s perception of living environments, including their personal life (e.g.,
place attachment); social life (e.g., social interaction); functional views (e.g.,
public transportation); physical views (e.g., sidewalks); and economic aspects
(e.g., home ownership) (Siordia & Saenz, 2013).
The term neighborhood may have a deep psycho-social meaning for many
(Siordia & Saenz, 2013); however, the meaning of what a neighborhood is has
yet to be scientifically defined—in particular, how neighborhoods should be
delineated. For empirical research interested in studying residential
environments, a physically bounded definition of neighborhood is often
required. This mandates that the researcher makes explicit theoretical decisions
about what a person perceives as their area of residence. Further, the researcher
needs to choose a criterion for determining an approximation of this area’s
geographical boundaries. This has proven to be a challenging procedure, not
least because the many psycho-social aspects of neighborhoods are rarely
known on an individual level. Consequently, a considerable part of literature has
predominantly relied on geographical polygons, often subjectively chosen by the
researcher to arbitrarily produce aggregate measures of contexts.
In this line, many studies focus on local administrative units, such as census
tracts, as a spatial representation of neighborhoods (Diez Roux, 2001). Such
choices are primarily based on the availability of such administrative data rather
than their appropriateness concerning the spatial scale at which environmental
exposures may affect individuals (Perchoux et al., 2013). Administrative
boundaries are geographical polygons made to serve governmental
administrative needs and not the theories of academicians regarding the true
exposure of residents. In other words, administrative units are easy but arguably
ill-suited solutions to represent an individual’s neighborhood (Lee et al., 2008;
Perchoux et al., 2013).
In order to overcome limitations associated with the use of administrative and
district boundaries, many scholars have suggested a move toward more egocentered neighborhood definitions (Wong & Shaw, 2011). In these approaches,
the individual, usually their place of residence, is central to the neighborhood
boundary definition. In a considerable body of literature, this has been
operationalized as various buffers of different—and often arbitrary—shapes
and sizes. Circular buffers of different radii (e.g., Kyttä et al., 2016; Seliske et al.,
2009) and road network buffers (Oliver, Schuurman, & Hall, 2007) are
examples of such approaches. Although these approaches are more individualbased than administrative boundaries, they are not individual-specific. In other
words, these models are often uniformly applied to all individuals in a sample
regardless of their individual differences.
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At the same time, a comparable line of research has used the notion of activity
spaces to provide spatial unit solutions that are more individual-specific and
geographically inclusive. Activity space, less commonly known as action space
(Dijst, 1999), refers to a space containing a set of geographically distributed
points that are visited by an individual (Reynolds, 1971). Using methods such as
minimum convex polygons (Buliung & Kanaroglou, 2006) and standard
deviational ellipses (Arcury et al., 2005), researchers have proposed models of
activity spaces as units of spatial context. These units are based on actual
activities of individuals typically collected through mobile phones, GPS tracking
data, or online mapping surveys. These approaches avoid the “local trap” by not
presuming that local is always the appropriate scale (Chaix, 2009; Cummins,
2007).
Activity space approaches, in their essence, are based on the idea that as long
as physically contacted, any space, whether located within or beyond one’s
residential neighborhood, can have significant contextual effects on an
individual. However, empirical research typically requires more spatially
specific definitions of the geographical context. Application of large delineations
enclosing all activity places of an individual can result in overly large spatial
units, which may not truly represent an individual’s activity space. This can lead
to overestimation of physical features that are abundant within the defined
boundary and diminish the importance of scarcely available characteristics,
which may be of significance to an individual’s daily behavior. In response to
this limitation, few studies have attempted to provide more spatially sensitive
models of activity spaces.
The scholarly attempts at implementing spatially sensitive models of activity
spaces have often been limited to the use of kernel density surfaces that create
heat maps based on the density of travel destinations (Kestens, Lebel, Daniel,
Thériault, & Pampalon, 2010; Schönfelder & Axhausen, 2004a; Schönfelder &
Axhausen, 2004b). Although this is a step forward, the accuracy of these models
may still be negatively influenced by their exclusive dependence on the spatial
density of destinations and ignore the internal heterogeneity and complexity of
places and daily movements (Wei, She, Zhang, & Ma, 2018). In response to this
limitation, few studies have proposed the use of more advanced models of
activity spaces. In an attempt to study the spatial inequalities of the food
environment (“foodscape”) and measure their effects on personal health, Wei et
al. (2018) used long-term GPS data to model individual activity spaces. The
authors used a framework based on space-time proximity to investigate
individual foodscape exposure. In a similar attempt, Wang and colleagues
(2018) used a “crystal-growth” algorithm to develop an individual activity space
model that not only considers people’s actual daily activity patterns based on
GPS tracks but also takes into account the environmental contexts constraining
or encouraging people’s daily activities.
There is little doubt that such advanced methods provide a more accurate
estimation of individual activity spaces compared to more simplistic
approaches. However, a crucial fact that needs to be taken into consideration
when developing activity space models is their application. Hence, it is
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important to consider for what purpose and by what group of researchers these
models are to be applied. Activity spaces are rarely the primary goal in empirical
research; instead, they are most commonly used as a means of evaluating
person-environment relationships. Further, as elaborately reviewed in the
previous section, the potential users of such models come from a wide range of
disciplines with a varying range of geospatial expertise. This could be one of the
main reasons why attempts for improving modeling of individual activity spaces
through complex approaches have remained virtually isolated in research.
Additionally, complex models typically require rich spatial data sets for
implementation. This is another obstacle in the way of using them for empirical
research because GPS tracking data are costly and difficult to collect for a large
study group. Therefore, there is still a need for improved models of activity
spaces that are good enough for environmental health research yet do not
involve overly complex procedures or exclusively demand costly data collection
processes.
Although finding improved activity space models is an important first step,
the complexity associated with the understanding of these constructs does not
end with their modeling. The use of improved activity space models poses
complexities related to the measurement and understanding of the outcomes.
Activity spaces are multidimensional constructs, and their understanding
requires a comprehensive approach of similar fashion (Perchoux et al., 2014).
The notion of dimension here refers to the different domains of latent
information that are captured in a model during the modeling process. For
example, an activity space model can contain information on the physical,
quantitative, and qualitative characteristics of an activity space that can be
revealed through a set of measurements (Perchoux et al., 2014).
A multidimensional measurement of activity spaces can enable a
multidimensional analysis of the study phenomenon. In an environmental
health context, this would mean that different dimensions of an activity space
can be analyzed together with different layers of personal and environmental
characteristics and health measures, providing a more holistic picture of their
interrelationships. Despite the analytical opportunities that a multidimensional
study of activity spaces can offer, little work has been done in this area. This
highlights the need for further research in the field, exploring additional
dimensions of activity spaces and demonstrating their normative meanings for
empirical research.

2.3

Choosing the right spatial unit: why does it matter?

As reviewed in the previous section, researchers have used a wide range of
spatial units to represent individuals’ geographical contexts. These units greatly
vary in shape, size, and geographical scope. A growing number of researchers
believe that this lack of consensus and the uncertainties associated with the use
of various spatial units can potentially explain some of the heterogeneity in
results from prior research about the contextual effects on health and physical
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activity (Feng et al., 2010; James et al., 2014; Kwan, 2012b; Wilks, Besson,
Lindroos, & Ekelund, 2011).
Until recently, there was little known about how well various spatial units
represent the areas in which individuals undertake their daily activities. Recent
evidence suggests that many of the commonly used units do not sufficiently
represent the actual activity spaces of individuals. For example, a number of
studies show that a large proportion of individuals’ daily activities take place in
locations well beyond the commonly used circular buffers (Holliday et al., 2017;
Kyttä et al., 2015; Prins et al., 2014).
Furthermore, the choice of spatial unit can significantly affect the BE
measurements derived from it (Frank et al., 2017). In the environmental health
promotion context, this could mean that different types of associations may be
found between the environmental factors and various health measures. For
instance, Howell et al. (2017) reported that stronger associations between
physical activity and walkability can be found when an activity space model is
used as the unit of spatial analysis rather than a simple home neighborhood.
Further, Zhao et al. (2018) reported that the choice of different spatial units can
influence observations regarding if and how an environmental variable can
affect obesity.
This evidence suggests that the choice of spatial units not only can affect the
accuracy of the analysis but also can considerably influence the results. This
means that any study examining the effects of area-based attributes on
individuals can be affected by how contextual units are geographically
delineated and the extent to which these areal units deviate from the true
geographic context (Kwan, 2012b; Zenk et al., 2011; Zhao et al., 2018).
Additionally, emerging evidence suggests that different factors may affect
individuals at different geographical scales (Howell et al., 2017; Zhang et al.,
2018). Kwan (2012b) refers to this as the UGCoP and explains that this problem
can result from the spatial uncertainty in the actual areas that exert the
contextual influences as well as the temporal uncertainty in the duration in
which individuals experienced these contextual influences.
Despite the recently growing research on the significance of choice of spatial
units in health research, the existing evidence is still rather limited. Hence, there
is a need for further research in this area investigating how different spatial
units of analysis can yield distinct results regarding the association between the
BE and health. A more holistic look at this phenomenon may help reveal the
mechanisms involved in how the geographical context can influence individuals
and help us investigate the challenges and opportunities of the different spatial
units for environmental health-related research. This can in turn provide
researchers with guidelines assisting the choice of appropriate spatial units of
analysis in research.
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3. Research approach and process

The overarching theme of the research described in this dissertation is to
explore innovative methods of modeling individual activity spaces and provide
a practical framework for choosing and implementing them in environmental
health research. This research strategy requires a place- and individual-based
methodology to establish the link between people and their environment.
Accordingly, internet-based softGIS surveys were used for data collection in the
studies included in this dissertation (Kahila & Kyttä, 2009). SoftGIS is an
example of a PPGIS method that allows the study of individuals’ location-based
experiences (G. Brown & Kyttä, 2014; Kyttä, Broberg, Tzoulas, & Snabb, 2013).
Over the years, softGIS has been used in multiple environments to study
mobility behaviors of different age groups (Gottwald, Laatikainen, & Kyttä,
2016; Kyttä, Broberg, Haybatollahi, Schmidt-Thomé, et al., 2015).
Most studies related to activity spaces so far have relied on data sets collected
through GPS devices or mobile phone tracking. These methods are capable of
providing a significantly higher amount of mobility data for each individual and
an undoubtedly better spatial accuracy compared to self-reported methods.
However, these data collection procedures are generally time-consuming and
costly and, hence, may result in smaller sample sizes (Shareck, Kestens, &
Gauvin, 2013). Additionally, in such data sets, the link between environments
and individuals’ experiences are not so distinctly captured. Most often, these
data sets rely on parallel travel diaries filled by participants to capture the
experiences (Mavoa, Oliver, Witten, & Badland, 2011; Wolf, Guensler, &
Bachman, 2001). However, working with such diaries is typically laborious, and
analyzing them quantitatively may not be so feasible (Nguyen, Armoogum,
Madre, & Pham, 2017).
Motivated by these limitations, the studies described in this dissertation used
online map-based surveys as the primary means of data collection. However, in
one of the studies (Article IV), additional GPS data were collected from a small
subsample of study participants in order to evaluate and validate the models
with more accurate spatial data. The GPS data were collected one year after the
original PPGIS data collection and around the same time of the year to minimize
seasonal differences. The main data sets used in the articles of this dissertation
have been collected in two different projects (Table 1). While in the first data set
a wide age range of 15–65 was queried, the second data set was directed to a
more specific age group, namely older adults between 55 and 75 years of age.
The latter data set was collected from the HMA in Finland, comprising the three
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neighboring cities of Helsinki, Espoo, and Vantaa (Figure 1). Data set 1 included
data from Helsinki and Espoo.
Table 1. The data sets used in the study.
Data set

1

2

Project

Urban happiness

ActivAge

Used in articles

I

II, III, IV

Spatial context

Helsinki, Espoo

Helsinki, Espoo, Vantaa

Year collected

2009

2015

Age group

15–65

55–75

Sample size

15,982

5,000

Response rate (%)

~ 20

~ 23

Funding

National Technology Agency of
Finland

Finnish Ministry of Education
and Culture

The used data sets were collected as part of larger projects with a wide range
of research questions. Therefore, the used surveys consisted of various pages
addressing different themes (Figure 2). However, the surveys were roughly
consistent in their structure and format. Particularly, the parts related to
mapping daily activities and the places of residence that were used in these
studies were formulated in a comparable fashion. Accordingly, the participants
started to answer each survey by providing some background information
concerning their socio-demographic characteristics, such as income, education,
age, and household type. In the next steps, the respondents were directed to a
map and asked to make a number of markings. First, they were asked to mark
their homes. Next, respondents were asked to use the online interface to mark
their everyday activity places. In addition, the respondents were asked to
indicate by which transportation mode and how frequently they accessed these
places. The respondents were also asked to answer a series of questions about
their quality of life and health. In the second data set, the respondents were
asked to mark on a map the places of their everyday environment where they
feel happy and to answer a number of questions about their personal life goals.
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Figure 1. Map of the study area. HMA: Helsinki, Espoo, Vantaa.

Figure 2. An instance of the “Me and my everyday environment” PPGIS survey
(ActivAge project).
It should be noted that the samples were randomly selected and provided by
the statistical offices of the cities under study. Individuals were invited to
participate in the online surveys through mail. In both surveys, monetary
rewards were arranged in the form of lotteries to motivate participants. The
studies were approved by Aalto University’s Research Ethics Board, and no
personal information was shared with any third party.
Using the data sets described above, the articles included in this dissertation
provided novel tools and methods of modeling and understanding individual
spatial units. Table 2 presents a summary of methods used in these articles.
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The spatial tools in these studies were implemented in Python language using
ESRI’s © Arcpy module. These tools are documented in Article V and are
publicly accessible online. Most of the articles in this dissertation also included
an empirical part implementing the proposed methods and reporting the
contextual findings. The empirical parts consisted of various GIS and statistical
analyses. In addition to the customized tools specifically developed for these
studies, the GIS analyses included the use of various tools provided in ArcGIS
and QGIS software. For the statistical analyses, IBM SPSS and R software were
used. The used statistical analyses ranged from simple methods such as Pearson
correlation, t test, and ANOVA analysis all the way to more advanced methods
such as multilevel regression modeling.
As a first step, in Article I, a systematic way of defining individual home range
was developed. Additionally, as a novel step, this study proposed evaluation
criteria to assess and compare the effectiveness of the proposed model.
Article II took the idea presented in the previous article to a new level by
developing the conceptual and methodological understanding of spatial units
and proposing an advanced model of individual activity spaces. This article
introduced a new model of individual activity spaces using a notion of place
exposure. This article built upon the conceptualization that activity spaces are
not only person-specific but also place-specific. In other words, the level of
contextual exposure not only varies from one person to another but also from
place to place depending on an individual’s mobility and activity behavior.
Therefore, a spatially sensitive model such as the developed IREM can more
accurately represent one’s spatial context and thus serve as a more reliable
spatial unit for assessing contextual factors. This article went further by drawing
a multidimensional framework of analyzing activity spaces and reporting the
empirical findings related to the associations between different activity space
dimensions and personal and environmental characteristics.
Article III added to the discussion raised in Article II regarding the
multidimensional characteristic of activity spaces and discovered a novel
dimension of the spatial distribution of activity places. This new dimension,
formulated as a measure named centricity, provides us with new insight into
how activity places cluster, and it helps us identify the socio-economic and
environmental correlates of different types of travel behaviors. This is
empirically demonstrated in the same article using a categorization of activity
spaces into three groups—monocentric, bicentric, and polycentric—based on
the spatial distribution of activity places, as measured by centricity.
Finally, Article IV returned to the underlying assumption of all studies in the
dissertation and provided empirical evidence of why and how the choice of
spatial unit matters in research. In doing so, this article compared different
spatial units proposed or discussed in the preceding articles and provided
evidence on how the choice of these units can affect the results. The findings
from this article provided support for one of the main ideas of this dissertation:
Different spatial units may capture different contextual effects and therefore
yield different results concerning the association between the BE and health.
This article went further by drawing conclusions from its observations that can
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serve as guidelines in the choice of spatial units in environmental health
research.
Finally, with an aim of making the results of this dissertation reusable and
reproducible for future research, the tools used in this dissertation are
presented in Article V. This includes a technical and functional description of
the tools, Python codes, and documentation of the software. The package
includes ArcGIS tools for identifying home range distance and modeling
individual home range (discussed in Article I), creating IREM (discussed in
Article II), and creating a high exposure area model (discussed in Article IV).
Table 2. A summary of spatial units and statistical methods in the articles.
Article

Spatial units

Statistical analyses

I

Dynamic home range (compared
with: 500-m residential buffer)

Pearson correlation, ANOVA

II

IREM (compared with: 500-m
residential buffer, shortest path
area, kernel density)

Principal component analysis, multilinear regression
analysis

III

Dynamic home range

Ordinal logistic regression, Pearson correlation, Chisquare test, ANOVA, post hoc Tukey test

IV

Dynamic home range, IREM
(compared with: administrative
unit, 500-m residential buffer)

Paired sample t test (adjusted for type I error using
Bonferroni correction), multivariate linear regression

V

Dynamic home range, IREM

-
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4. Results and discussion

The results from this dissertation can be divided into two major categories. In
the first category, the conceptual and methodological contributions related to
the first three objectives of this dissertation will be presented and discussed.
Subsequently, in line with the fourth objective, the second category will discuss
the contextual findings from the empirical parts of these studies. Finally, the
strengths and limitations of this dissertation as whole will be discussed in this
chapter.

4.1

Conceptual and methodological findings

In the following sections, the conceptual and methodological contributions of
the articles included in this dissertation will be discussed. There are a lot of
ambiguities related to how spatial units are conceptualized and operationalized
in the field of environmental health promotion research. Therefore, in line with
the first three objectives of this dissertation, as outlined in the introduction, this
research aimed to disambiguate the concepts related to the use of spatial units
in environmental health research and subsequently suggest ways to
operationalize them in research.
4.1.1

Conceptualizing the spatial units

The spatial units used for assessing different aspects of person-environment
relationships in the literature can be divided into two groups. First, there are the
area-based spatial units that are defined similarly for a group of people who
typically live in the same area. The most common examples of this approach
include use of different administrative units such as census tracts or postal
codes. Obviously, these methods are not very informative about an individual’s
specific spatial behavior. However, these methods are widely used to assess the
environmental characteristics at individuals’ area of residence. Despite the
availability of such spatial units, there are serious doubts about their suitability
for empirical research. Even if not explicitly presented, these approaches are
based on the unrealistic assumptions that people living in the same area have
similar exposures to their surrounding environment and that their activities are
bounded by such official, and often arbitrary, boundaries. Given these
limitations, individual-based modeling is more favorable in research.
In an individualized spatial unit, each individual is at the center of their
relevant spatial context. This approach is closer to reality, and it has been
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operationalized in a number of ways. A review of the literature taking this
approach reveals the use of a wide range of terms for referring to arguably
similar concepts. Although this diversity of terms can be attributed to the
diversity of methods used for modeling these spaces, it can also reflect how
diversely an individual’s spatial context has been conceptualized. While terms
such as home range, home zone, and neighborhood, among others, emphasize
the residential environment around one’s place of residence, using terms such
as activity and action space draws our attention to a space beyond the residential
restriction. These latter spatial units are based on the assumption that the whole
space encapsulating one’s activity places is significant to his/her living
experience, and thus, any person-environment relationship should be sought
within this inclusive space.
Although in the former approach the residential place of an individual is
central to the definition of their spatial context, this approach is not
fundamentally so different from the latter. The notion of activity spaces can still
be relevant to the residential approach. That is why Article II labeled them
both as activity space approaches while distinguishing them based on their local
or broad geographical scope. Residential approaches, in their very essence, are
based on the assumption that the area around one’s place of residence typically
includes their most significant activity places. Although findings from Article
III partly support this assumption, the findings are not always so consistent.
For example, Article I and II are in line with some previous research (Kyttä et
al., 2015; Prins et al., 2014) by showing that a considerable share of activities
can take place in areas well beyond commonly used residential units. However,
this does not necessarily dismiss the use of residential approaches in studying
person-environment relationships. Evidence, including findings from Article
IV, shows that the effects of different environmental factors may manifest at
different geographical levels. Therefore, it is beneficial to have spatial units of
different geographical scopes.
In the following section, the novel spatial units developed in this dissertation
will be briefly presented.
4.1.2

Modeling individual activity spaces

Working with individual activity spaces, whether at a residential or a broad
geographical scope, typically requires a definition of workable delineated
spaces. From a GIS perspective, using a delineated and preferably compact
spatial unit can facilitate the measurement of BE characteristics. To this point,
residential areas have been the obvious choice for this need. However, the way
these areas should be individually delineated is still a matter of ongoing
discussion.
The need for a delineated residential environment thus far has mostly resulted
in an arbitrary or, at best, insufficiently substantiated choice of fixed distances.
These distances are typically used as thresholds for defining one’s extents of
local activity space by excluding remotely located activity points that are
presumably infrequently accessed. Article I discussed that finding such a
distance needs to be sought through a systematic optimization approach. This
30

Results and discussion

article went further by suggesting a solution for this need: implementing Jenk’s
optimization algorithm to find the optimum locality distance. The article
showed that an optimum threshold can be found to define what can be regarded
as local for an individual, using the data itself and without compromising too
much on the potentially important activity places.
Although the application of a locality threshold facilitates the measurement of
contextual factors, it can introduce new biases too. In particular, the result will
be a container with crisp boundaries. Article I discussed that this can be a
limitation because human activity spaces are fuzzy in nature (Botte, 2015;
Chaix, Merlo, Evans, Leal, & Havard, 2009). A person’s exposure to the
environment does not abruptly end at the point they have indicated as their
place of residence or activity but may extend to an area around each point that
they may contact. This article addressed this issue by suggesting a parametric
approach for buffering points before bounding them with a polygon.
Consequently, this article presented an individual-based model of home ranges
(i.e., residentially focused activity spaces) based on a systematic customization
of the convex hull boundary. This aimed to provide a more versatile, individualspecific, and realistic definition of activity spaces.
However, the same article discussed that in order for a model to be acceptable,
its effectiveness needs to be evaluated. In this line, this article developed
multilevel evaluation criteria and discussed that such an approach, in
comparison to the commonly used single criterion, is more robust toward a
number of potential biases such as those caused by the inferential error (Kwan,
2012b). This article did not strictly advise the use of a specifically defined
criterion; instead, it outlined a context-specific approach for implementing one
in any given study. Based on this approach: First, the included criteria need to
make sure that the model is acceptable in accordance with the actual spatial
behavior of the individuals. Second, the model should ensure that it can capture
some of the well-established empirical evidence from the previous research.
According to this approach, an effective activity space model should pass at
least half of the designed criteria. The home range model developed in this
article passed 80% of the implemented criteria, suggesting a promising fit.
Further, as reported in Article IV, the home range model shows 79%
consistency with the actual residential activity space of a subsample of
participants, as measured by GPS tracking data. Considering that the GPS data
were collected a year after the original PPGIS data collection, and the fact that
the individuals’ week may have differed from their typical week as reported in
the survey, this result indicates an acceptable congruency between the model
and the actual behavior of individuals.
The home range model can serve as a promising approximation of the
residential activity space when detailed information on individual mobility is
not available or an extra level of complexity is not favorable in research.
However, similar to other so-called container approaches—where an activity
space is represented as a polygon—certain limitations persist. Particularly, the
home range model does not account for the variability of accessibility and
exposure within its boundaries. Article II discussed that with more detailed
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information on individual activities, such as their frequency of activities and use
of travel modes and travel routes, a more refined picture of activity space is
reachable. As discussed in this article, this refined picture of activity space can
be operationalized using the notion of place exposure (Matthews, 2011).
Place exposure can be defined as a numeric estimation of a person’s
magnitude of contact with a specific geographical location. Article II argued
that an individual activity space not only varies from one person to another but
also can vary from place to place depending on the magnitude of exposure. The
IREM implemented in this article was based on this understanding. In IREM,
an individual’s activity space is represented as a raster instead of a polygon. As
demonstrated in this article, this spatially more refined picture of activity spaces
can provide a more realistic model of individuals’ spatial behavior and, in turn,
help broaden the understanding of person-environment relationships.
However, working with a raster for measuring environmental characteristics
is obviously more difficult than working with a polygon. As demonstrated in
Articles IV and V, with IREM it is possible to extract the areas of high
exposure—as defined by the user—as a polygon. This can considerably simplify
the analytical procedures yet maintain some of the features of the original
exposure model. A high exposure area polygon is less affected by the equal
accessibility and exposure assumptions and can allow for a more concentrated
container approach by focusing on areas of potentially higher importance to an
individual.
The comparison results of different models reported in Article II indicate
that, based on the used multi-criteria evaluation, IREM is an effective activity
space showing acceptable accordance with reality and good support by
empirical evidence. Further, as reported in Article IV, the high exposure areas
of IREM show a 65% consistency with the actual activity space of a subsample
of participants, as measured by GPS devices. Given that the GPS data were
collected a year after the original PPGIS data collection, and the fact that the
individuals’ week may have differed from their typical week as reported in the
survey, this result suggests a promising congruency between the model and the
actual behavior of individuals.
Figure 3 illustrates the discussed models for a single study participant. As
depicted in this figure, the activity space models in these studies are only locally
implemented to assess the individuals’ relationships with their residential
environment. However, these models are not restricted to the residential area,
and their geographical scope can be modified according to specific research
needs.
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Figure 3. Exemplary home range model (A) and IREM (B) of an individual study participant.

It should be noted that all the required tools for implementing these
procedures are written in Python language and reported in Article V. This
includes the necessary tools to identify the optimum locality distance, create a
home range model, create IREM, and extract high exposure areas of IREM.
4.1.3

Multidimensional analysis of activity spaces

Like many other aspects of human behavior, there can be different dimensions
to activity spaces, too. Different dimensions need different ways of
measurement, and each can help us capture certain types of information about
an individual’s behavior in space. This previously motivated a limited amount
of research trying to empirically explore some of these dimensions (Perchoux et
al., 2014). However, due to the scarcity of research in this line, these dimensions
were not sufficiently explored, and a working framework of such a
multidimensional approach was yet to be developed. Motivated by this lack of
research and to explore the potential of such a multidimensional approach,
multidimensional analysis of activity spaces is at the center of focus in this
dissertation. In this line, Article II explored different dimensions of activity
spaces using IREM and categorized them into three groups of physical,
structural, and activity characteristics. These include some of the dimensions
previously used in literature as well as novel ones developed in the articles of
this dissertation. With the added insight from Article III, these dimensions can
be better categorized by adding a fourth group (Table 3).
First, we have dimensions, such as size and elongation that capture
information on the physical characteristics of activity spaces. These dimensions
are based on the geometric measurements of activity spaces and provide us with
information on the overall extent and shape of these spaces. Studying these
dimensions can give us an overview of an individual’s activities and their
geographical extent. However, they may not provide us with a precise
understanding of the intensity and distribution of the activities.
Second, we have dimensions, such as greenness, that capture information on
the structural characteristics of activity spaces. These dimensions are based on
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the structural characteristics of the area that is covered by the activity space and
provide us with information on the overall environmental characteristics of
these spaces. These dimensions can be particularly useful in exploring personenvironment relationships and help assess the impacts of exposure to different
environmental features on an individual’s behavior patterns.
Third, we have dimensions, such as intensity and specialization of activities
that capture information on the activity characteristics. These dimensions are
based on the information about the overall activity and can provide us with
information about the level and type of the activities that individuals engage in.
These dimensions can be particularly useful in environmental health and active
living research.
Fourth, we have dimensions, such as exteriority—degree of concentration of
activity places beyond the residential environment—and volume of travel, that
capture information on the spatial distribution of activity places. Compared to
the first group, these dimensions can provide us with a more specific and precise
understanding of how activity places are distributed throughout the space.
These dimensions can be particularly useful in understanding the mobility
behavior of individuals and their various lifestyles and help scrutinize the
personal and structural determinants of different travel-related decisions, such
as the choice of travel mode and destination.
Table 3. A summary of activity space dimensions.

Category

Type of information
captured

Exemplary
dimensions

Exemplary indicators

Article

Physical
characteristics

Geometric
characteristics of activity
spaces

Size,
elongation

Area, perimeter, Gravelius
index, total exposure,
major to minor axis ratio

I, II, III, IV

Structural
characteristics

Structural characteristics
of the area covered by
the activity space

Greenness,
density, water
access,
walkability,
land-use mix

Green coverage, green
exposure, water coverage

II, IV

Activity characteristics

Level of activity,
diversity or special focus
on certain types of
activities

Intensity,
specialization

Total frequency, number of
types of activities, share of
types of activities

II

Spatial distribution

Geographical
distribution of activity
places and travel
patterns

Exteriority,
volume of
travel

Degree of attachment to
neighborhood (percentage
of
activity places inside
neighborhood boundary),
centricity index

II, III

In addition to listing and categorizing these dimensions, Article II
demonstrated a practical framework of how they can be used in empirical
research. According to this framework, each of these dimensions can be best
identified by a number of similar, yet slightly different, indicators that capture
34

Results and discussion

relevant information to a dimension. Subsequently, using statistical methods,
such as principal component analysis, the most relevant indicators will be
identified and integrated into a single dimension. For example, indicators such
as area, perimeter, and total exposure can be used to construct a dimension
capturing the overall size of the activity space.
Article III went further in this line by proposing and implementing a novel
distribution measure of activity space, namely centricity. In this article,
centricity was operationally defined as an ordinal measure, measuring the
multiplicity of activity centers in an individual’s activity space. Through an
empirical case, this article showed how centricity can be spatially and
quantitatively measured. Further, as illustrated in Figure 4, this article
suggested a categorization of activity spaces into three groups of monocentric,
bicentric, and polycentric based on their level of centricity to make them more
intuitively interpretable.

Figure 4. Schematic examples of the three activity space categories based on centricity (Article
III [Hasanzadeh, 2019]).

Overall, the results from Article III showed that studying centricity of activity
spaces can bring new insights into individual travel behavior. Centricity, in
contrast to other existing measures of spatial distribution, not only provides us
with a quantitative assessment of an activity space’s overall dispersion but also
provides a geographically delineated understanding of how activity places may
cluster. In turn, looking at the clusters of activities and classifying activity spaces
based on their centricity can provide a more refined picture of the distribution
of activity places across an individual activity space. This can help us scrutinize
the underlying personal, socio-economic, and environmental factors of different
activity and travel patterns.
In the end, the implemented methodological framework together with the
resulting empirical findings demonstrate the relevance of using
multidimensional approaches for studying activity spaces. The studies included
in this dissertation cover a number of these dimensions and try to discuss their
implications for empirical research. However, I believe there are many
dimensions to the spatial behavior of individuals that still need to be explored.
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4.1.4

Why does the choice of activity space models matter?

Most of the research included in this dissertation is based on the argument that
the choice of spatial units in studying person-environment relationships is
highly important. Particularly in Articles I and II, by referring to a then scarce
but growing body of evidence, we argued that the choice of spatial unit of
analysis can considerably affect the results of a study and influence any
interpretations based on them. Although this argument was already supported
by the results from these studies, it was in Article IV that the argument was
more precisely examined in the context of environmental health promotion
research.
Article IV investigated whether different residential and activity space units
of analysis yield distinct results regarding the associations between the activity
space, BE characteristics, and health. In addition, this study examined the
challenges and opportunities of the different spatial units of analysis for
environmental health-related research. In doing so, two common residential
units of analysis and two novel activity space models were used to examine older
adults’ perceived health in relation to the BE features in the HMA. An
administrative unit, 500-m circular residential buffer, home range model—
introduced in Article I—and IREM—introduced in Article II—were used to
assess the associations between the BE and health of respondents (Figure 5).
The comparisons were made based on the following five activity space and BE
measures derived from the literature: walkability index, land-use mix,
pedestrian and cycling route density, size of activity space, and greenness.
The results from this article showed that all four different spatial units of
analysis differed from each other in terms of size, shape, and how they capture
different contextual measures. Additionally, all four models yielded
considerably distinct results regarding the associations between the BE
characteristics and health. The widely discussed positive association between
green space and health was found only when exposure was assessed though
IREM. Walkability index and the length of pedestrian and bicycle routes were
found to positively correlate with perceived health measures only with a home
range model. The size of activity space, only when measured based on the actual
exposure, with IREM was found to be positively associated with various health
measures. At the same time, the results derived from the buffer and
administrative units were rather insignificant and inconsistent across different
variables.
These results substantiate the argument that different spatial units of analysis
can result in considerably different measurements of the BE. In turn, the
differences derived from the use of different spatial units seem to considerably
affect the associations between environment characteristics and health
measures. Although it is not easy to argue what models work best in different
contexts, the observed differences in results can be attributed to a number of
reasons that are worth discussing.
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Figure 5. The four different spatial units of analysis compared in Article IV (Laatikainen,
Hasanzadeh, & Kyttä, 2018).

As empirically demonstrated in Articles II and IV, one of the key differences
between different spatial units is in how they represent the true spatial behavior
of individuals. This variety in accordance with reality can be one of the key
reasons why results derived from different models can vary significantly. In
other words, different models have different capacities in approximating the
actual exposure context of individuals, and this may in turn result in a biased
estimation of environmental effects. This can manifest as an under- or
overestimation of the association under study (Kwan, 2012b). For example,
according to the GPS comparison results reported in Article IV, a simple
spatial unit such as administrative boundary only covers 38% of actual visited
areas of an individual on average, whereas the more advanced individualspecific home range model on average captures 56% of these areas. Additional
biases may be introduced by a unit such as administrative boundary, which may
include extensive areas beyond the actual exposure area of an individual (Kwan,
2012b). Therefore, an overly large spatial unit covering a significant share of an
individual’s true activity space may not necessarily be regarded as a suitable
solution.
A second key difference between the compared models, which may have
contributed to the differences in the results, is the geographical scope of the
units. A model such as home range has a more extensive geographical scope
including vaster areas around an individual’s home, whereas some units such as
the circular buffers with smaller radii (e.g., 500 m) (Kyttä et al., 2015) are more
concentrated on the immediate surrounding of an individual’s home. At the
same time, an exposure-based model such as IREM may not necessarily have a
specific geographical scope but instead focuses on areas that an individual more
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intensively interacts with. The results from Article IV suggest that there may
not be a single solution fitting all situations (Catney, Frost, & Vaughn, 2018).
Depending on the context, the research questions, and the types of associations
we are looking for, different geographical scopes may be relevant (Howell et al.,
2017). For example, as reported in this article, while more extensive spatial units
such as home range and administrative boundary may be especially usable in
determining the availability of environmental opportunities that promote active
travel and the related health outcomes, a model such as IREM can provide us
with insight into the mechanisms of how the actual exposure to green structures
can enhance health.
As discussed in Article II, one key difference between different models that
can affect choice of spatial units is their usability. Depending on the availability
of data sets and technical expertise, different models may be deemed as suitable.
Advanced models such as IREM or the home range model presented in this
dissertation can help empower the analysis of contextual effects. For example,
through IREM we can investigate an individual’s exposure to different
environmental settings and assess their impacts on the individual’s living
experiences, or with the help of the home range model, we can measure
centricity of activity space and scrutinize the mobility behavior of an individual.
However, implementation of such methods depends on availability of resources,
skills, and, perhaps above all, rich individual-level data sets. On the other hand,
although simple methods such as circular buffers can be easily implemented,
they can significantly restrict the analytical possibilities. The set of tools
developed and published as open source in Article V are part of the effort to
make advanced models more accessible for a wider range of researchers with
various levels of geospatial expertise. This GIS toolbox allows the
implementation of methods discussed in this dissertation through a convenient
user interface.
As mentioned earlier in this section, it is not easy to argue what model works
best in a certain situation because it may depend on multiple factors.
Nevertheless, Table 4 may help as a reference for comparing different spatial
units, and it may help with choosing a suitable solution.
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Format
Polygon
Polygon
Raster*

High

IREM

Polygon

Difficulty
Low
Low

Home location

Medium

Administrative unit

Residential
neighborhood
(e.g., postal code)

Home range

Data needed

Residential buffer

Spatial unit

Table 4. A comparison of different spatial units.

Home location,
activity locations

Geographical
Analytical strengths
scope

Other comparable
units

Extended
residential

-

Postal areas, census
tracts (Diez Roux,
2001)

Immediate
residential

Individual-based

Road network buffer
(Lee et al., 2015)

Extended
residential

Individual-based,
individual-specific,
allows
multidimensional
analysis

Standard deviational
ellipse (Sherman et
al., 2005), minimum
convex polygon
(Buliung and
Kanaroglou 2006)

Individual-based,
Home location,
individual-specific,
Other exposure
activity locations,
allows
models (e.g., Wei et
multidimensional
al. 2018), kernel
travel routes, travel
Activity space**
analysis, exposure
density-based model
mode/speed,
assessment, refined (Chainey, Tompson, &
frequencies of
picture of activity
visits
Uhlig, 2008)
space

* High exposure areas can be delineated as a polygon (Article IV and V).
** In Article II, IREM was implemented in extended residential scope. However, the use of IREM
is not technically restricted to this particular geographical scope.

4.2

Contextual findings

The development of methods and tools in this study strives to support
environmental health promotion research by contributing to some of the
fundamental questions related to how people interact with their everyday
environment. This dissertation demonstrates how the proposed novel
methodological steps can be employed in a useful way to gather empirical
knowledge. Accordingly, most articles in this dissertation include an empirical
part in addition to their primarily methodological focus, aiming to evaluate and
demonstrate the use of implemented methods in empirical research and report
the empirical findings that can be useful in environmental health research.
Thus, in this dissertation, the mobility and activity behavior of individuals have
been analyzed together with the background knowledge as well as with elements
of the BE on an urban structural level.
It should be noted that all empirical results reported in this dissertation are
made through an analysis of cross-sectional data sets collected through softGIS.
Therefore, I abstain from using terms that may indicate a direction in
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associations. Instead, more general terms such as associations and correlations
are used in reporting the findings.
4.2.1

Personal and environmental correlates of activity spaces

The results from the articles included in this dissertation indicated that various
characteristics of activity spaces are associated with the socio-economic and
environmental characteristics of the respondents.
Article I found a positive correlation between the size of activity space and
the age of HMA residents, aged 15–65. Article II reported significant
associations among several socio-economic variables and different dimensions
of activity spaces. According to the results from this study conducted among
older adults aged 55–75 residing in HMA, income, education, and housing type
of participants were found to be associated with the physical characteristics of
activity spaces. Further, in this study group, household characteristics were
found to be significantly associated with the structural characteristics of activity
spaces. More specifically, individuals who had reported having children or pets
in the household were identified with generally more green activity spaces.
Additionally, participants with pets as well as those who had reported exercising
regularly were identified as more intensely active. Nevertheless, the analysis
conducted on the same data set in Article III did not reveal any significant
associations between centricity of activity spaces and the socio-economic
characteristics of participants.
Despite the findings suggesting presence of some associations between socioeconomic variables and different dimensions of activity spaces, the associations
found between activity spaces and BE characteristics were generally stronger
and more consistent throughout the studies in this dissertation. This is in line
with previous studies reporting that some characteristics of activity spaces are
better explained by the BE and are less related to socio-economic variables (Ma,
Gerber, Carpentier, & Klein, 2014).
As reported in Article II, among older adults aged 55–75 residing in HMA,
living in central areas with more urban characteristics was associated with a
higher intensity of activity as well as a higher concentration of activity places in
the home surroundings. Similarly, Article I reported relatively smaller activity
spaces in more densely populated areas of the HMA. In line with these findings,
as reported in Article III, living in less urban areas was associated with higher
odds of having a polycentric activity space. In other words, people residing in
central areas appear to do most of their frequent activities in areas of their home
surroundings whereas those residing in less central areas tend to have their
activities spread between several clusters further away from their homes. These
observations can be explained by the urban morphology of suburbs—with lower
street connectivity and lower density of services—that may force suburbanites
to travel longer distances and more often visit destinations outside their home
vicinity (Perchoux et al., 2014). The results may also be partially attributable to
a possible residential self-selection process in which individuals with a more
positive stance toward longer traveling are found to live in more suburban areas
(De Vos & Witlox, 2016).
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There are also other results from the included articles which—perhaps less
directly—suggest a link between the BE characteristics and activity spaces of
individuals. As reported in Article I, the activity space size of individuals varies
less significantly among individuals living in the same neighborhood than
among those living further apart. This suggests that individuals living in the
same residential area, and potentially exposed to a similar urban environment,
tend to have more similar activity spaces compared to those who live in other
settings (Vallée et al., 2014). Furthermore, as reported in Article II, there is a
positive correlation between the number of happy places marked by participants
and the overall size and intensity of activity spaces. The number of happy place
markings can be regarded as a proxy indicator of how appealing the urban
environment is to an individual. Therefore, a more appealing urban
environment, as perceived by an individual, may be associated with a larger and
more intense activity space.
Article III looked more closely into these relationships by comparing the
characteristics of activity places in individuals’ home surroundings and those
located further away. As reported in this article, older adults aged 55–75 residing
in the HMA tend to do most of their frequent activities in their home vicinity. In
other words, generally speaking, the extra neighborhood clusters, if present,
comprise the less frequent activity places of individuals. This finding is in line
with some of the previous discussions in the literature (Flamm & Kaufmann,
2006; Neutens, Delafontaine, Scott, & De Maeyer, 2012). As this article argued,
the differences in travel behaviors can be a result of life stage differences
between individuals, including a lack or presence of mandatory travel purposes
such as traveling for work. However, a comparison of urban structural
characteristics between individuals’ home vicinity and their extra neighborhood
activity clusters, as reported in this article, suggests that a compensatory
behavior may also be at play (Strandell & Hall, 2015).
According to the results from Article III, the majority of individuals
identified with bicentric and polycentric activity spaces were residents of less
urban areas. Further, the majority of trips by these individuals were made to
destinations with a higher population density compared to the individuals’ own
residential environment. In turn, visited areas in most cases were less green
than the participants’ neighborhoods. Similarly, visiting water areas did not
appear to be a major motivation for extra neighborhood trips. These findings
suggest that, in this study area and in this age group, compensatory behaviors
other than visiting recreational areas may be present. Whether for mandatory
purposes, such as work travels, or for recreational reasons, such as shopping or
use of urban amenities, a large proportion of people identified with bicentric
and polycentric activity spaces appear to seek areas that have more urban
characteristics than their own residential environments.
Given the importance of individual travel patterns on different aspects of
urban life, including health and wellbeing, these findings can be of great
significance to both researchers and practitioners. However, future research is
needed to deepen our understanding of the observed associations and the
details of mechanisms involved in them.
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4.2.2

Activity spaces, the built environment, and associations with active
living and perceived health

Active living and the associated health benefits have been one of the prominent
areas of urban research in recent years. In this line, it has often been argued that
in addition to lifestyle and personal preferences, urban form is of utmost
importance in promoting active living and health behavior in general (Diomedi,
Brown, 2015; Sallis, Owen, & Fisher, 2015). Examining these associations in
different urban contexts naturally involves studying daily behavior patterns of
urban dwellers and exploring the various dimensions of person-environment
relationships. In this light, the methods developed in this dissertation can be
especially useful in the analysis and help deepen our understanding of these
relationships.
The intensity of activity space, calculated as one dimension of IREM in
Article II, can be regarded as a proxy measure of the overall activity level of
individuals. Considering how weights are assigned in calculating IREM and the
indicators that have contributed to this dimension of activity space, intensity
can roughly represent the overall use of active travel modes and the frequency
of activity for an individual. Given this understanding, the association found in
Article II between the location of an individual’s home in the region and the
intensity of activity space suggests that people living in more urban areas tend
to be more active than those living in suburban and rural settings. In other
words, older adults aged 55–75 residing in more central areas of the HMA tend
to travel more frequently and actively than individuals of the same group who
reside further from central urban areas. Comparably, Article III investigated
the links between the BE and individuals’ activity through a different analytical
lens and acquires similar findings as in Article II: Individuals with
monocentric activity spaces, predominantly living in more central urban areas,
were found to have reported the highest use of active travel modes for reaching
their destinations. Comparable links between location in the region and level of
physical activity have previously been reported (Frank, Engelke, Engelke, &
Schmid, 2003; Sallis et al., 2016; Sarkar, Webster, & Gallacher, 2017).
The positive association between the number of happy place markings and the
intensity of activity space for individuals, reported in Article II, can also be
seen as associations between the environment and level of activity from a
different angle. As discussed in the previous section, the number of happy place
markings can be regarded as a proxy indicator of environmental attractiveness.
With this understanding, the observed association may suggest a link between
the attractiveness of the urban environment, as perceived by the participants,
and their overall level of activity. Although this association is consistent with
some of the previous research findings (e.g. Van Dyck et al., 2012; Fields et al.,
2013), it should be further examined with more direct measures of
environmental attractiveness.
Furthermore, while using novel methods, the results from Article IV
reasserted some of the findings from the literature, suggesting that the
availability of active living opportunities, such as more walkable urban settings
and the abundance of cycling and pedestrian routes, are positively associated

42

Results and discussion

with several aspects of health (Howell et al., 2017; Mertens et al., 2017).
Additionally, a high exposure to green areas was positively associated with
better perceived health, functionality (i.e., the ability to carry out daily tasks),
and overall quality of life in the study group. This is in line with numerous
studies reporting a positive association between exposure with green areas and
several aspects of health (e.g. Zhang et al., 2018).
At the same time, Article IV raised the discussion that the associations
between BE characteristics and individuals’ health are not always
straightforward. This article went on by arguing that there can be two sides to
these relationships. One side of these associations can be related to the
availability of environmental opportunities that can promote active travel and
the related health outcomes. On the other hand, there is a second side to these
associations, which is related to the mechanisms of how the actual exposure to
different environmental elements can enhance health. For example, a positive
relationship between the amount of green space in one’s neighborhood and their
health can be attributed to the effects of recreational areas in promoting active
living, more directly be a result of mere exposure to this feature, or, perhaps
more realistically, be a joint outcome of the two. This seemingly trivial assertion
can considerably affect the arguments around the health-promoting effects of
the environment in empirical research. Yet, it is rarely explicitly distinguished
in the literature.
Another interesting observation from Article IV is related to the use of
activity space size as a proxy for the level of activity in environmental health
research. The results suggest that the commonly used overall size of activity
space (e.g. Lee et al., 2015) may not be a good indicator of activity level. A simple
reason for that can be that a larger activity space may be driven by car use, while
car use is found to impede individuals' activities. This might explain why the
overall activity space size, as measured by the home range model, was not found
to be significantly associated with any of the health aspects in Article IV.
Conversely, the overall size of the high exposure areas, including the most
intense areas for activity and mobility, was found to be positively associated
with several aspects of health. This highlights the need for using more focused
approaches of measuring daily activities in environmental health research.

4.3

Strengths and limitations

One of the main strengths of this dissertation is to introduce spatial solutions
that are not only reliable and innovative compared to many existing methods
but are also operationally feasible. The proposed models are versatile and can
be systematically defined and customized to different research needs.
Another major strength of this study is the use of PPGIS as the primary source
of data. This ensures that the proposed methods are not only applicable to costly
rich spatial data sets such as those collected via GPS but also can be robustly
applied to more sparse individualized spatial data sets. In addition, the unique
characteristic of PPGIS in linking individualized spatial and experiential data
enabled this study to provide an empirical base for the proposed methods. The

43

multidimensional activity space analysis approach as well as the wide range of
statistical methods used in the empirical studies shed light on new aspects of
spatial behaviors.
However, as identified and elaborately discussed in each of the included
articles, these studies are not free from limitations. Use of PPGIS, which was
earlier identified as one of the strengths of this dissertation, may have also
introduced limitations to these studies. Although earlier evidence shows that
the spatial accuracy of PPGIS data is generally acceptable (G. Brown, 2012), one
cannot undermine the potential measurement bias that can result from
variability of accuracy between individuals. Moreover, some of the measures
employed in this dissertation rely on the number of locations marked on a map.
These measures may be confounded by the level of the respondents’ engagement
with mapping activities and the level of their mapping skills (G. Brown, 2016).
Another potential limitation of this study related to its data is that seasonality
is not accounted for when measuring mobility. This can cause biases because
such behaviors can change seasonally. Further, the used data sets did not
contain any information on the temporality of mobility behavior. Incorporating
the temporal aspect could have potentially affected the exposure estimations.
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5. Conclusions

In line with the main objectives, in this dissertation I set out to find answers for
some of the ongoing research questions in the literature. These questions were
not simple, and I had to go on a long quest to find some of the answers—only to
face new questions. In this final chapter of my dissertation, I will go through
these questions, summarize my answers to them, explain how they are relevant,
and finish with more questions for future research.
Are the commonly used units of spatial analysis good enough for
environmental and health research?
The articles included in this dissertation reviewed some of the most common
spatial units in environmental health promotion research. Many of these units
are inaccurate and rely on over-simplistic assumptions. On the other hand, the
few newly emerging activity space models tend to be too complicated for
implementation in empirical research. This dissertation highlights the need for
more reliable activity space models and, at the same time, underlines that this
should be sought through analytically feasible approaches. Based on this
understanding, this dissertation develops advanced models and methods that
tackle many of the limitations of the current approaches yet are practical for
empirical research.
Can we model individual activity spaces using participatory mapping
data?
The simple answer is yes. However, this proved to be more challenging than
working with richer spatial data sets such as those collected via GPS or mobile
phone tracking. The scarcity of available spatial data in PPGIS data sets for each
individual makes the role of prediction in modeling more prominent, and this
in turn can foster more room for errors. Nevertheless, as demonstrated
throughout the various studies of this dissertation, PPGIS data have great
potential that can be unleashed with the use of the right geospatial techniques.
Collection of self-reported data, such as PPGIS data sets, is more costeffective—and perhaps more realistic—than, for example, GPS data sets, which
are commonly used in activity space studies. With the help of advanced analysis
techniques developed in the included studies, this dissertation shows that
similar findings can be made using PPGIS data. Furthermore, PPGIS data sets
can help us reach new levels of experiential knowledge. Therefore, it is
recommended to use PPGIS for activity space studies when there is a demand
for high quality results yet limited resources for data collection are available.
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Does an improved activity space model help broaden our
understanding of person-environment relationships?
The answer is definitely yes. Not unlike many other aspects of human
behavior, a person’s behavior in the environment is often multi-faceted and
complicated. An improved activity space model can help extract information on
this behavior more comprehensively and accurately. Additionally, a good
activity space model can enable advanced spatial analysis and help capture
different dimensions of activity behavior. Given that each of these dimensions
appear to shed light on a certain aspect of these behaviors, a multidimensional
approach can help broaden our understanding of person-environment
relationships.
How can studying activity spaces help us measure possible health
outcomes?
As the empirical analysis of studies included in this dissertation were
conducted on cross-sectional data, it is not easy to speak about health outcomes.
However, the results from studies included in this dissertation evidently show
that different aspects of health are associated with the mobility patterns of
individuals as well as the characteristics of the places they have contact with.
Studying activity spaces can help with measuring these relationships on
multiple levels. First, an activity space provides us with the relevant spatial
context for exploring these associations. Additionally, an advanced activity
space model can enable a comprehensive and multidimensional analysis of the
person-environment relationships and thus help us look for such associations
from different angles and perspectives. Consequently, this can enable a more
detailed and direct analysis of different environmental health phenomena.

5.1

Relevance

Improving inhabitants’ urban experiences through an understanding of their
complicated relationships with the environment has been one of the top urban
challenges faced by both researchers and practitioners in recent decades.
Obviously, these relationships form as a result of people’s interactions with the
space. Therefore, to advance our understanding of these relationships, our
spatial understanding of them needs to advance as well.
Motivated by this need, this dissertation focused on the spatial aspect of
person-environment relationships. Most of the efforts in this line revolved
around the concept of activity space—a concept so central to environmental
research yet poorly understood by many. Accordingly, this dissertation started
by disambiguating the concept and continued by proposing models and
methods of using them in research. The proposed models and methods were
implemented as GIS tools and were published to facilitate use of advanced
geospatial methods in empirical activity space studies. Further, the present
dissertation provides a framework for understanding and utilizing activity
spaces in research and thus is relevant to a wide range of research themes
related to individuals’ spatialized experiences. This may include, but is not
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limited to, research about mobility, transportation, urban planning,
epidemiology, public health, and active living.
The proposed framework primarily includes spatial tools and methods for
mapping and measuring individuals’ mobility and activity behavior in space.
However, through multiple empirical cases, this dissertation demonstrated how
this framework can be used along with other statistical methods to provide an
integrative knowledge discovery paradigm. As a result, in addition to the
primarily methodological contributions of this research, empirical findings
were made and reported in this dissertation that can be of interest to
environmental health promotion research.
Additionally, the empirical findings from the studies included in this
dissertation showcase the relevance of the implemented methods for
environmental health promotion research. The empirical findings show that,
with the use of appropriate geospatial methods, PPGIS tools such as softGIS can
be effectively used as cost-effective data collection methods for studying activity
spaces in research.
Although the framework presented in this dissertation is demonstrated using
data collected with this methodology and from the HMA, its application is
neither limited to PPGIS data nor to this specific geographical context. With
some modifications, the concepts brought up in this dissertation can be relevant
to any geographical context, and the developed tools and methods can be
applied to any comparable spatial data of various sources.
As a whole, this dissertation adds to the theory of activity spaces through
conceptual clarification and methodological improvements. Nevertheless, this
dissertation does not solely focus on theory because it extends its endeavors to
link these theoretical contributions to empirical environmental health
promotion research.

5.2

Future research and recommendations

As discussed at the end of each article, the research in this dissertation is not
free from limitations. During the course of this research, some of the limitations
were identified and tackled, and many were left unaddressed, leaving us with
more research questions for future studies.
One of the main limitations in this study is related to the data collection
method used. PPGIS is a novel data collection method that can provide us with
high quality spatialized experiential data. However, similar to other selfreported methods, the volume of spatial data on an individual level is relatively
small. The scarcity of training data can pose challenges in any kind of modeling,
including spatial modeling, increasing the chance of inaccurate predictions.
Further, in data collected through PPGIS methods, the quality of spatial
information can vary between individuals depending on their level of mapping
skills and engagement in the task. Although this should not have systematically
affected the results of these studies, it may still have introduced some biases to
the empirical findings.

47

Although the methods developed in this dissertation suggest considerable
improvements compared to the existing methods, I believe future research can
still benefit from the novel ideas in this area. In particular, future research could
benefit from incorporating the temporal aspect of individuals’ spatial behavior
in the modeling of activity spaces. The temporal information, which was not
available in the data sets used in this dissertation, could potentially enhance our
understanding of activity spaces. This could particularly help improve IREM
through a more accurate estimation of place exposures.
Further, there are limitations related to the use of implemented models that
should be addressed in future studies. Individual-specific spatial units have the
advantage of being more accurate and closer to reality. At the same time, they
can introduce difficulties in measuring certain environmental characteristics.
For example, a modifiable areal unit problem (MAUP) could arise as a result of
varying spatial unit sizes between individuals.
Additionally, future research could benefit from more scholarly endeavors to
find additional dimensions of activity spaces that could possibly shed light on
new domains of individual activity and mobility behavior. Additionally, future
research is needed to find more concrete normative meanings for different
dimensions and measures of activity spaces. This could help facilitate the
interpretation of the results and promote the use of such methods and measures
in research and practice.
Furthermore, both practice and research could benefit from future
longitudinally designed studies aiming to clarify the direction of the
associations reported in this dissertation. This could help disambiguate these
relationships and guide planning and policymaking processes toward more
sustainable urban designs aiming to improve inhabitants’ living experiences
and improve their health and wellbeing through relevant active living and health
behavior interventions.
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