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Abbreviations
FSI – floor space index
GSI – ground space index
OSR – open space ratio
NACH – normalised angular choice
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Abstract
After the second world war, modernism brought homogenous urban planning and design principles
across Europe. Standardised, functional planning was a solution to accommodate the growing
population. However, these days post-war neighbourhoods often lack vitality and are negatively
perceived.
Among other reasons, inappropriate urban planning contributes to deteriorating modernistic
environments. While, contrary to modernistic principles, traditional, pre-war neighbourhoods are
often regarded as satisfactory. Thus, the comparative morphological study aims to find significant
morphological differences in these typologies regarding the street network and built environment
configurations of post-socialist and western planning contexts.
Space syntax and space matrix indicators, representing -to and -through local and global movement
patterns in streets and spaciousness, coverage and intensity of the built environment, were computed
in Amsterdam and Vilnius. It was confirmed that pre-war streets are better locally and globally
integrated and such built environment is more dense. Lastly, modernistic typologies are relatively
homogenous, confirming their historical origins.
According to the literature review, density and integration parameters positively correlate with urban
areas' socio-economic qualities. Higher values are associated with more frequent human movements,
more economic activities, and social cohesion in housing areas. Therefore, it is likely that lower
integration and density parameters of modernistic typologies contribute to the overall unsatisfactory
modernistic urban environment.
Socio-economic problems of post-war areas are complex, and the physical environment is one of the
many possible reasons behind problematic aspects of post-war areas. Nevertheless, place-specific
solutions may be proposed based on integration and density matrixes. Spatial interventions are
suggested where densification or infrastructure improvement measures could take place.
Key words:
Space syntax, density, integration, urban morphology, urban vitality
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1. Introduction
1.1 Context
After the second world war, European cities were in turmoil. Across the continent, there was a housing
shortage due to the destroyed physical stock. Whereas the booming urban population had only
increased the housing pressures (Van Beckhoven et al., 2009). These circumstances affected most
countries, and urban redevelopment solutions were relatively homogenous. Thereupon, the
modernistic principles of a "Functional city" were believed to be an inspiring and working solution for
the physical restoration of urban areas in Europe.
The rise of the modernism paradigm, envisioned mainly with the CIAM movement in the 1930s,
materialised in the 1950s and 1960s in new European urban developments. Built environments often
characterised by high-rise housing estate complexes, surrounded by open spaces, and intercepted
with functionally separated transport networks were continuously developed. Such socio-technical
urban solutions were based on malleability, the belief that humans can control the space based on
objectivity, technical expertise, and standardisation (Lawton, 2020). Even though Europe was divided
along the borders of the Iron Curtain, these principles were similar in eastern socialist and western
democratic states (Monclús & Díez Medina, 2016). An example of such developments could be seen
in figures 1 & 2

Figure 1 & 2. Pendrecht in Rotterdam and Žirmūnai district in Vilnius, Lithuania, 1969.

Modernistic urban developments solved a significant housing shortage problem. Mass housing was a
working solution accommodating the increasing urban population and rejuvenating the destroyed
physical environment. Moreover, modernistic neighbourhoods are often green, spacious, and well
accessible by public transportation (Rowe, 2011). At the time of construction, new homeowners often
experienced never seen before living conditions in terms of sanitation and facilities (Herfert et al.,
2013). Nevertheless, there was always opposition towards modernistic developments, and the
dissatisfaction with the modern living environment rose from the absence of human scale principles,
as observed by Jan Gehl:
"The modernist rejection of streets and the traditional city in the 1920s and 1930s
and the introduction of functionalist ideals of hygienic, well-lit dwellings resulted
in visions of the widespread tall city between freeways. Walking, cycling and
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meeting others in shared urban spaces were not part of these visions, which
subsequent decades had an immense impact on new urban development all over
the world."
Gehl (2013, p. 56).
Up to 75% in Riga or 67% in Vilnius live in modern high-rise apartment blocks (Hess et al., 2018). While
in Amsterdam, around 30% of the physical building stock is still modernistic (Kadaster, 2021).
Therefore, a relatively large share of residents lives in environments that could be described as
unsatisfactory. For example, in post-socialist countries, mass housing buildings, metaphorically named
as matchboxes, are perceived as monotonous, uninviting and unsafe (Wassenberg, 2018).
Additionally, these urban areas host a lack of community involvement and ethnic and income
segregation (Hess & Tammaru, 2019; Howley et al., 2009). Segregation leads to isolation of
communities and unjust social discrimination (Lloyd & Shuttleworth, 2014). Such negative aspects of
these areas establish a cycle of neighbourhood decline. Physical and social depreciation of
neighbourhoods leads to the loss of the market advantage to the newer or more preferable living
areas (Wiesel, 2012). Therefore, the filtering processes increase, where residents, who can afford,
move out from modern areas to other, more liveable, residential neighbourhoods (Harding et al.,
2007).

1.2 Problem description
There are numerous contextual and causal factors affecting urban areas’ economic and social
qualities. (Alberti et al., 2018). Modernistic urban environments and their lack of vitality are well
researched in academia and practice. Van Beckhoven et al. (2009) summarise and review the main
themes of factors behind deterioration as human behaviour, institutional, and physical. According to
the authors, factors of these themes simultaneously affect each other and increase the effect of the
perceptive and physical decline of post-war urban areas.

1.2.1 Human behaviour factors
Spatial segregation based on income or ethnicity in post-war neighbourhoods can often be linked to
historical contingencies based on interpretations of human behaviour. In western Europe, migration
trends were an impactful force that resulted in ethnically clustered neighbourhoods (Elsinga &
Wassenberg, 1991; Van Beckhoven et al., 2009). Conversely, in soviet states, migration was
prohibited; therefore, modernistic areas are generally ethnically homogenous (Burneika et al., 2019;
Hess & Tammaru, 2019; Turkington et al., 2004). Even though segregation among the local and Russian
populations is sometimes visible in modern neighbourhoods in Baltic states (Kährik & Tammaru, 2010),
it is also a matter of cultural attitudes whether factors like ethnic or income mixture will lead to
adverse changes in the perception of modernistic neighbourhoods (Andersen, 2019). Thus, local
contextual trends on resident choices and migratory aspects impact how a neighbourhood will be
perceived. The homogeneity of living population based on income or ethnicity as interpreted by
cultural and personal attitudes of people influence the satisfaction and the market value of a
neighbourhood. Understanding and tackling these socio-behaviour circumstances is a rather
unfeasible undertaking due to the complexity of human interrelations.
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1.2.2 Institutional factors
Differences in institutional factors, types of property rights and norms behind housing policies form
the overall value of modernistic dwellings. There is a correlation between the perception of mass
housing neighbourhoods and types of ownership (Van Beckhoven et al., 2009). Apartments in soviet
states were given free of charge based on egalitarian principles, while in western countries, most
apartments were issued as rental or social housing. Therefore, modernistic neighbourhoods are
satisfactory in areas with shared responsibility via ownership rights (Wassenberg, 2018). However, flat
ownership fragmentation leads to decision-making difficulties that may result in the deteriorating
physical condition of buildings (Turkington et al., 2004). In post-socialist countries, buildings often
decay to dangerous states while residents are unable or unwilling to cooperate to restore them (Cinis
et al., 2008). While housing corporations can make an uncomplicated decision on the renovation of
buildings and the surrounding environment. Therefore, the current and historical allocation of
ownership rights and the distinctiveness of governance systems designate the way neighbourhoods
could be managed and recognised. Aspects of institutional and human behaviour factors influence the
way the post-war physical environment was planned, developed, and maintained.

1.2.3 Physical environment
The physical environment is arguably the most visible domain of modernistic areas. Labels that people
use to describe mass housing areas are often unforgiving: brutal, monotonous, and grey (Monclús &
Díez Medina, 2016; Van Beckhoven et al., 2009). While the architecture is a significant aspect that
makes these areas look dull, it plays a minor role in the end valuation of modernistic neighbourhoods
(Herfert et al., 2013; Hess et al., 2018; Monclús & Díez Medina, 2016; Van Beckhoven et al., 2009). The
other part of the physical problems described by the authors arises from inadequate spatial planning
and urban design.
A known urbanist Jane Jacobs (1961), advocates that physical environments promoting a higher
concentration of people are essential to liveable places. While modern areas are relatively dense in
terms of population, it is suggested that configurations of buildings and their relations with open
spaces play a vital role in the perception and social well-being of neighbourhoods (Newman, 1972).
Indeed, open spaces may host criminal activities and generally discourage social interactions as people
feel isolated in such spaces (Herfert et al., 2013; Wassenberg, 2018). Whereas typical modern
freestanding buildings may isolate and hinder human interactions (Ye et al., 2017). Therefore, it seems
that there are relations between resident satisfaction and properties of the built environment. Some
configurations are regarded as safer or generally satisfactory, while others may promote feelings of
insecurity. Tendencies in relations between buildings and their perception could be used as an
opportunity to find precise shortcomings of the built environment.
Marshall (2004, p. 4) says that modernism reversed the relationship between human movement and
urban places, where streets carry motor traffic to neighbourhoods that have become "tranquil
precincts". Connecting with the ideas of Jacobs and Gehl, streets no longer promote human activities.
In addition, the relative location as guided by street networks of post-war areas in the city is essential
to the urban environment. For example, the closer the housing area is to the city centre, the more
ethnically and income homogenous residential population is (Andersson & Bråmå, 2018; Kovács et al.,
2018). The spatial inequality problem also increases in European cities as stimulated by the spatial
mismatch and inaccessibility of neighbourhoods compared to central urban locations (Galster, 2012;
van Ham et al., 2016). Inappropriate or misinterpreted spatial planning of modernistic
neighbourhoods paved streets that no longer accept people. The lack of them on the streets leads to
isolated and less economically opportunistic urban environments that could eventually be regarded
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as unsatisfactory. By knowing what properties of streets are linked with higher frequencies of human
movement, conditions associated with humanely functional streets may be found.

1.2.4 Problem statement
The physical environment is an objective manifestation of local institutional and socio-economic
contexts that shape modernistic neighbourhoods. It could be hypothesised that negative aspects of
the modernistic physical environment are linked to a lack of people or, in general – vitality.
Furthermore, according to Oliveira (2016), the physical environment could be understood by
parametrically analysing its components. For example, correlations are established between
properties of streets and built environment and socio-economic aspects of urban areas in the
academia (Hillier & Iida, 2005; van Ham et al., 2016; van Nes & Yamu, 2021b; Yamu et al., 2021). Thus,
the parametric comparison of urban components from different contexts may allow for interference
in satisfactory properties that contribute to vital urban areas. For example, such research has been
done on Chinese and Dutch cities (Ye & Van Nes, 2014a; Van Nes et al., 2012). However, knowledge
of parametric differences in European contexts is lacking. Post-socialist and western cases were never
parametrically explored, despite the influence of modernism that shaped cities from these regions.
Therefore, an opportunity arises to explore cities representing these contexts, building knowledge on
differences that may be associated with a lack of vitality in post-war neighbourhoods.

1.3 Research objectives
The thesis aims to compare a western and post-socialist city and discern modernistic neighbourhoods
based on parameters on streets and buildings. To do so, pre-war, traditional neighbourhoods are
analysed as counterpart environments contrasting the post-war areas. Additionally, neighbourhood
cases from post-socialist and western cities are compared to tackle the lack of knowledge between
contexts. Analysis of different contexts may increase the validity of findings of general trends between
traditional and modernistic neighbourhoods. The findings of a comprehensive parametric evaluation
of pre-war and post-war neighbourhoods of post-socialist and western contexts and their significance
then could be interfered with the previously researched socio-economic implications.
It is worthwhile to note that this thesis does not have the scope to measure socio-economic
performance. However, connections between physical parameters and socio-economic aspects, such
as vitality, are established by conducting a literature review on existing theories and empirical
evidence supporting them. Therefore, the relevant literature on empirical evidence of parameters of
street network configurations and built environment will be used to pinpoint specific parameters that
are significant to the socio-economic performance of modernistic neighbourhoods.
Lastly, it is aimed that the parametric analysis of traditional and modernistic neighbourhoods from
post-socialist and western contexts will help identify problematic areas in case cities. It may be
possible to map the depreciating areas with spatial data on the properties of streets and buildings.
The socio-economic linkage of these parametric properties will further help to establish lacking areas.
Parametric differences of case cities will then be interfered with by using already established general
trends on socio-economic aspects from other cities. By knowing parametric shortcomings and their
connections to socio-economic performance, policy or design interventions could be proposed to
improve the quality of analysed cities.
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1.4 Thesis structure
After describing societal issues of post-war neighbourhoods and their historical contexts, theoretical
concepts that define street networks and the physical built environment are discussed further.
Empirical studies on these theories are reviewed to build a theoretical premise on the fundamental
parameters of urban components that discern the urban physical environment. Additionally, socioeconomic aspects and their relations to parameters of streets and buildings are revisited. These
concepts help to frame the research questions of the thesis. Furthermore, the research methodology
is developed to answer the research questions and literature review of empirical studies and theories.
The results are disseminated in the results section, while afterwards, the discussion connects back to
the historical contexts and probable socio-economic consequences that urban parameters may
impact. Lastly, the research questions will be answered in the conclusive chapter of the master thesis.
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2. Related works
This section will build the fundamentals for street network configuration and built environment
analysis. Firstly, the academic field of urban morphology is described. It is helpful to do so as
awareness about the field and different schools of thought gives an understanding of which urban
elements are significant as regarded by experts. Moreover, theories on linear characteristics of streets
and parametric measurements of buildings are justified for the appropriate methodology selection for
the analysis. The significance of found morphological parameters on social aspects of cities is backed
up by inquiring on empirical knowledge found between these factors. Lastly, relevant theories are
conceptualised and summarised into research questions that will be asked at the end of this chapter.

2.1 Theoretical fundamentals of streets and buildings
Urban morphology, the study of the physical environment and its forming processes of human
settlements, tries to tackle the urban complexity by analysing the form of cities (Kropf, 2018). There
are three major schools of thought on urban morphology: Conzenian, Italian and French (Moudon,
1997). Italian and French schools of thought emerged as an opposition to modernism due to its
oversimplification of reality (Moudon, 1997). On the contrary, the traditional and incrementally
developed urban form is a preferable typology in terms of functionality and aesthetical values
(Muratori, 1959). Urban morphologists agree that traditional typologies overperform modernistic
planning by endorsing chaotic and more organic-like developments to occur. Old town areas were
continuously growing and adapting according to the city's needs. They represented a bottom-up or
inductive approach, while modernistic developments were a technical, top-down solution that
oversimplified the urban complexity.
Likewise, empirical studies on consumer preference for traditional areas over modernistic ones
confirm trends established by theorists of urban morphology. According to Araldi and Fusco (2019)
and Evans and Unsworth (2012), people are likely to favour narrow streets and densely built
environments ascribed to traditional urban fabrics. Pre-war planning opposes modernism's
malleability principle, and traditional typologies could be regarded as a growing organism, not a target
of human interventions (Larkham, 1992; Wohl, 2018). Thus, this thesis argues that traditional urban
environments are preferred over modernistic areas. Morphological comparison of modernistic areas,
as opposed to traditional ones, may help discern specific parameters that are likely to define as
satisfactory. Nevertheless, selecting the agreed-upon morphological concepts is crucial for achieving
comparable results.
There is an agreement on essential components of the physical urban environment among urban
morphologists. Conzen (1960) conceptualised the components of urban form and established
foundations for a common approach of quantitative studies on urban morphology. According to
Scheer (2016), urban morphology theorists conform to building-block plans, plots and streets as
essential objects of the morphological analysis. These elements seem to be focal for many studies
related to the built environment and socio-economic performance (Hoppenbrouwer & Louw, 2005;
Rowley, 1996). Street and building configurations are also objects of critique on modernism, as
described in the introduction. Consequently, in this thesis, parameters describing relations of buildings
and plots, together with street characteristics, will be sought. Further pages will explore theories and
ideas on analysing these components.
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2.2 Streets as urban arteries
The linear characteristics of street networks are fundamental for understanding human movement
patterns and their significance to the urban environment. People's perceptions and movement
patterns are based on the geometry or topology of streets (Hillier & Iida, 2005). Under the space syntax
approach, an axial line represents a person's sightline or movement logic, and it could be used as an
essential element for street network analysis (van Nes & Yamu, 2021a). The network of such lines is
further explored using a graph theory - mathematical and structural analysis of relationships between
points joined by lines, regarded as vertices and edges (Hillier & Hanson, 1984; West, 2001). The
drawback of the graph theory is that it does not represent the built environment's actual physical and
metric characteristics (Marshall, 2004; Ratti, 2004). However, newer space syntax methods in graph
theory can compute segment lines representing axial lines, accounting for metric distance variables
(Hillier et al., 2012). This allows for analysis based on distance properties, for example, to see relations
between local neighbourhoods and global urban system levels (Van Nes & Yamu, 2020). Please refer
to figure 3 for illustrations of different street representations.

Figure 3. The actual layout of Ferdinand Bolstraat in Amsterdam, its axial map and segment map,
respectively (van Nes & Yamu, 2021).

There is a linkage between different linear representations of streets and patterns of human
movements. According to Hillier and Iida’s (2005) study between network and psychological effects,
the human movement could be categorised as a movement to a particular destination with deliberate
decisions to get there and movement without regard to the destination. Authors describe these
movements to and through movements, respectively. To-movements are linked with the estimation
of the degree of integration – the relation that one street has with all streets in the urban system
based on relative distance (Hillier & Hanson, 1984). While through movements are based on angular
choice, which shows the extent of integration of streets in relation to all streets in the system based
on the lowest angular deviations (Yamu et al., 2021). In other words, the straightest street is more
likely to be passed through (or chosen) from all spaces to all other spaces in the system (Penn et al.,
1998). These two types of human movements and accessibility measures based on them will be the
basis for the analysis of street network configurations of neighbourhoods from case cities.
All in all, streets as linear components of the physical environment could be associated with human
movement based on distinct representations of reality. Thus, people move and shape the physical
environment, and their to- or through movements represented as integration measures have
implications on the socio-economic qualities of urban areas.
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2.2.1 The integration of network and its implications on socio-economic aspects
Streets form a core of the urban environment as they sustain the movement and interactions of
people (Marshall, 2004). Such interactions have implications for the environment. For example, the
natural movement economic process theory explores one of the causality mechanisms in cities (Hillier
et al., 1993). The theoretical claim is that the street network and its physical attributes influence
people's movement patterns and, consequently, economic activity patterns. For example, the more
spatially integrated a street is, the more people move through it, and there is a higher chance for
commercial sites to attract customers. Thus, according to natural economic process theory, street
network integration is a parameter that could be linked with the economic qualities of urban places.
There is empirical evidence of spatial integration's impact on economic performance and the social
cohesion of urban areas. How a place is going to perform economically is likely to be influenced by
how difficult it is to reach that particular location (van Nes, 2021; Vaughan, 2007). In addition,
according to Omer and Goldblatt (2012) and Rocco and van Nes (2005), the number of commercial
activities, affluence of the neighbourhood, and the extent of social cohesion correspond to the level
of integration. After all, the abundance of economic activities attracts visitors and increases the value
of urban areas (Sohn et al., 2012). Thus, more economic activities are occurring in more opportunistic
environments, where accessibility of the location is affected by network integration. Essentially, the
higher the integration level, the more accessible a neighbourhood is, eventually resulting in an
advantageous location where diverse groups of people want to live, and commercial activities occur.
Patterns are visible when analysing the integration of modernistic and traditional urban areas. These
typologies were built under distinct socio-technical contextualities. Contingencies arising from such
complexity contribute to unique configurations of streets. According to De Koning et al. (2017); Ye and
Van Nes (2014b), newly built neighbourhoods are likely to be less spatially integrated into the city
when compared to the more traditional urban fabric. It could be reasoned that large scale,
standardised developments required open spaces. Usually, the location was chosen further away from
the core of urban activities, and then arterial roads were planned to connect such neighbourhoods.
Therefore, the relative location of a neighbourhood is a relevant aspect. For example, the closer the
high-rise housing area is to the city centre, the more likely it will be ethnically and income homogenous
(Andersson & Bråmå, 2018; Kovács et al., 2018). Contrary, traditional neighbourhoods are often
located in urban cores where they are most accessible from other parts of the city. Thus, street
network integration is likely to indicate whether a neighbourhood is advantageous compared to other
urban areas in terms of accessibility.
A trend where higher accessibility of street network, as indicated by integration measures, is linked to
vitality - neighbourhoods where people are present on the streets. Besides such linkage, lack of
integration has implications on the physical components of cities. The permanence of streets and
ideas of integration based on human economic movement theory may affect other parts of the
physical environment. For example, there is evidence that the more street patterns are integrated,
the more buildings there are per specific area (De Koning et al., 2017; Ye & Van Nes, 2012).
Additionally, Ye and Van Nes (2013) found that parameters of modernistic built environments in the
Netherlands and PRC correspond with morphological problems based on poor accessibility of streets
and the scarce, overly spacious built environment.
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2.3 Built and open spaces
The relations between buildings and open spaces build the premise for the figure and ground theory.
By analysing such mass-to-void relationships, interferences about typologies, characteristics and
relations of physical urban structures could be made (Trancik, 1986). For example, the author noticed
the differences between post-war and traditional urban fabrics wherein the latter open spaces are
carved out from the masses. While modern buildings are freestanding objects, as seen in figure 4.

Figure 4. The relationship between built and open spaces in traditional and modernistic fabrics
(respectively) in Vilnius.

There are numerous concepts analysing the relations of plots and built spaces, for example,
compactness, grain texture, coherence, and density (Boeing, 2021; Çalışkan & Mashhoodi, 2017;
Gordon & Richardson, 1997; Whitehand, 2001). While the later concept of density is commonly used
in practice, there are various interpretations of the definition. Density could refer, for example, to the
number of inhabitants of dwellings per area; however, it "poorly reflects the spatial properties of an
urban area" due to varying spatial configurations (Pont & Haupt, 2010, p. 16). In general, the concept
describes several units or objects per defined area (Forsyth, 2003). Considering the complexity and
unique contexts that are part of the research target of this thesis, there is a need for an integral
concept quantifying the properties of buildings and open spaces.

2.3.1 Integral concept of density for the physical environment
Berghauser Pont and Haupt’s (2009) book "Space, Density and Urban Form" proposes a quantitative
methodology to analyse and describe the physical urban environment in terms of built intensity,
compactness, and spaciousness. These concepts are included in the calculation of density as a
multivariable phenomenon. Intensity describes the relation of the amount of built floor area of the
total building sum to the area of a plan. Compactness or coverage represents the distribution of built
spaces (buildings) and open spaces relating directly to the figure and ground theory. Lastly,
spaciousness is the relationship between open spaces and total floor area. In other words, the latter
measure indicates to what extent a specific area of land is non-built or open. The book's primary goal
is to understand spatial and non-spatial features of buildings by incorporating the variables into
quantification. The three indicators do not express urban configuration independently, but they can
be used in combination. Such integration of concepts indicates physical urban density that is often
related to socio-economic aspects in cities.
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2.3.2 Relations between density and socio-economic aspects
Configurations of buildings and open spaces as indicated by density may be associated with the socioeconomic response of the built environment. According to Jacobs (1961) and Lozano-Perez (1990),
physical environments promoting a higher concentration of people are essential to vibrant urban
environments. This goes following Joosten and van Nes's (2005) and Burton’s (2000) empirical
findings, where higher building density correlates with a higher frequency of economic and cultural
activities or a mixture of uses, therefore, more lively and compact neighbourhoods. While in general
compact densities imply short distances meaning more and cheaper opportunities for social and
economic interactions (Rådberg, 2020). It is important to note that higher building densities do not
indicate causality mechanisms with a higher quality of the urban environment in terms of socioeconomic aspects. Nevertheless, multiple studies have empirically correlated higher densities with
more pleasant and vital urban areas. There are also more qualitative observations that could be linked
with the qualities of urban spaces.
Urban environments described as dense, often found in pre-war areas, are often attributed as
satisfactory. According to Coleman et al. (1985), the fact that modernists overlooked the complexity
is the tipping point for the paradigm's failure. The results may be, for example, semi-private areas in
inner yards that residents are afraid of. Insecurity and criminal rates are hosted by grey spaces
(Newman, 1972; Wassenberg, 2004). Contrary, physically dense and complex urban design often
follow traditional typologies that promote human scale and vibrant environments (Gehl, 2013;
Jabareen, 2006; Jacobs, 1961). Such influential urban activists and scholars describe post-war urban
spaces as lacking urban life due to the monofunctional zoning, minimal urban frontages or "eyes on
the street". Large open spaces and buildings are typical causes of an uninviting environment
(Wassenberg, 2004). Therefore, the scarce physical density of modernistic areas is often adversely
associated among the people. All in all, density as a concept to describe the properties of the built
environment seems to be critical for establishing satisfactory socio-economic qualities of urban areas.

2.4 Operationalisation
The urban environment is a complex space, and neighbourhoods designed in a way that does not
simplify the complexity usually are better perceived and more welcoming. Urban morphologists agree
on the essence of streets and relations of plots and buildings for morphological studies. These
components are extensively researched and conceptualised into measurable concepts. In this thesis,
integration parameters of street network configurations representing to and through movements are
chosen to assess the efficiency of street systems. Considering the theories and empirical research on
socio-economic qualities, the higher integration and choice measures, the better an urban area is. At
the same time, relations between buildings and open spaces will be quantified with the concept of
building density. A similar trend is regarded as favourable: higher building densities promote human
activities. Modernistic neighbourhoods are a result of simplified reality based on technocratic
principles. According to the literature review, post-war areas are less integrated and more sparsely
built. On the other hand, pre-war neighbourhoods are likely performing better due to their higher
densities and more accessible locations in the city.
Traditional typologies often found in old-town areas and modernistic, new-town neighbourhoods are
parametrically contrasted by comparing their choice, integration and density measures. These
concepts are applied to the western and post-socialist contexts. Therefore, street network integration
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and density parameters are assessed in four contextual variables: traditional and modernistic
neighbourhoods of western and post-socialist cities. The following conceptual model depicts the
fundamental concepts of this research in a schematic visual representation:

Figure 5. A scheme delineating key concepts for the comparative morphological analysis

2.5 Research questions
Considering the literature review and existing theoretical understanding of the physical urban
environment, the lack of comparative knowledge between the morphology of modern and traditional
urban fabrics of western and post-socialist contexts could be tackled. With the knowledge of the key
concepts making the built environment, the following research questions are proposed:
•
•

•
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To what extent do the street network integration and density of the physical environment
differ in traditional and post-war urban fabrics?
To what extent do the street network integration and density of the physical environment
differ in urban fabrics of post-socialist and western planning cultures as represented by the
case studies?
Given the case studies, which neighbourhoods are underperforming considering their
parameters on network integration and building densities?

3. Methodology
The research project's methodology follows and expands the conceptualisation of theories of the
previous chapter into measurable parameters of the built environment. As guided by the research
questions, the quantitative analysis of the urban environments' morphological components will help
analyse and compare the physical fabrics of traditional and modern origins of post-socialist and
western contexts. This chapter describes how these urban components will be quantified in the
research.

3.1 Selection of cases
The research objective requires specific contexts and built environment typologies based on
construction age. Therefore, neighbourhoods representing traditional and post-war typologies with
post-socialist and western contexts are part of the primary criteria for selecting cases for the analysis.
In addition, according to Al-Sayed et al. (2014), street network characteristics of a neighbourhood or
a smaller-scale urban area depend on global or city-wide street configurations. Consequently, the
scale of the analysis should consider the whole urban system. Therefore, the necessary conditions for
the analysis are cities with sufficient pre-war neighbourhoods representing traditional typologies and
post-war neighbourhoods representing modernistic and post-modern typologies. In this study, the
neighbourhoods of Vilnius in Lithuania and Amsterdam in the Netherlands will be analysed.

Figure 6. Comparison of density in Amsterdam and Vilnius (Muliuolytė, 2013).

After the second world war, both cities were shaped by similar factors: a need for urban
reconstruction, a growing population and envisioned modern urban solution paradigms. Moreover,
even though the share of the urban population was different, cities of both countries had a relatively
similar urban influx of dwellers due to industrialisation and collectivisation in Lithuania and
immigration in the Netherlands (Hess & Tammaru, 2019; Turkington et al., 2004). However, these
cities' distinct historical and geopolitical contexts represent post-war planning systems led by
authoritarian and democratic principles. Therefore, while homogenous modernistic principles were

applied in mass developments, differences are apparent in post-war neighbourhoods. Such case
choice may allow investigating the parametric differences between these ideologically distinct
planning environments. Lastly, traditional typologies could be found in the urban centres in both cities,
while post-war areas surround the urban core to the city's peripheries. All in all, such physical
similarities allow for comparing similar typologies based on construction date, although shaped by
distinct cultural and ideological factors.

3.2 Data collection
Quantitative data on the urban areas is collected from secondary sources, considering extensive
available data on the physical properties of streets, buildings and plots. The primary data source is
Open Street Map (OSM), a community-based map service where volunteers input data on various built
environment features (Haklay & Weber, 2008). Besides OSM, the data on the street network in
Lithuania, namely polylines, will be downloaded from databases of "GIS centras", Lithuanian state
enterprise on the Remote Sensing. Lastly, building polygons and their height information were
retrieved from the Vilnius 3D model and BAG3D database. Please refer to the table below for a
summary of the data and variables that will be used in this thesis.
Table 1. Summary of data used in the study.
Data

Network analysis

On streets and
their
configurations

Physical density On buildings and
analysis
plots
Building height

Data type

GIS polylines

GIS polygon data
An attribute of
each building
polygons

Characteristics

Line length
attributes and their
geographical
location is needed
for integration
analysis
Polygons and their
properties (area in
m2)
Feature class in
polygon data

Data source

OSM, "GIS
centras"

OSM
Vilnius 3D
model, BAG3D

3.3 Data analysis
The research project involves analysing streets and buildings as opposed to open plots. These
components are regarded as the fundamental target of the study of urban morphology. Spatial data
analysis includes integration analysis using space syntax and density computation as coverage,
intensity and spaciousness. The selection of quantification techniques and arguments behind the
choice is explained further.

3.3.1 Network analysis: Space syntax measures
Pre-processing of the street network data is needed to achieve comparable results. It is necessary to
have all network layers in the same coordinate system and commonly processed. First, inconsistencies
with the polylines of the data will have to be corrected. For example, it could be that some of the
polylines are not fully connected, or there are uneven linkages, additional extensions, or stubs. This
can be done with a verification tool embedded in the "Space Syntax Toolkit" (SST), acting as the
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frontend interface of Depthmap for QGIS (Gil et al., 2015; QGIS Development Team, 2016; Varoudis,
2020). All steps of pre-processing of polylines representing street networks of Amsterdam and Vilnius
are summarised in the table below:
Table 2. Road centre line simplification operations, adapted from Kolovou et al. (2017).

Sequence Operation
1 Filtering street lines that do not represent road centre lines corresponding to any mode of
human movement
2 Removing invalid geometries
3 Removing duplicate geometries
4 Removing overlapping geometries
5 Breaking lines where they share vertices; for example, street intersections, using space
syntax toolkit on QGIS
6 Making unlinks of the crossing lines, which intersect but are not represented. For instance,
tunnels under passing streets
7 Segmenting
8 Snapping geometries
9 Simplifying street lines with Douglas-Peucker algorithm
The space syntax method is chosen to analyse network integration in this thesis. More recent space
syntax methods include metric radiuses in network integration analyses, and it is shown to have a
higher degree of correlation with socio-economic aspects (Hillier et al., 2012). Thus, the polyline data
on road centre lines representing street networks will be converted to segments indicating an angle
at every intersection. Using the Depthmap software, integration and choice measures are computed.
First, integration, or closeness centrality, represents the distance from one segment line to all other
lines in the system. In other words, it is a measure indicating how close one line is to all other lines
(Al-Sayed et al., 2014). The second measure is choice or betweenness centrality, representing how a
street functions as an intermediate location with the network. Finally, choice and integration
measures need to be normalised in order to compare them with distinct urban systems of different
areas and scales (Hillier et al., 2012). According to van Nes and Yamu (2021a), global angular
integration analysis (NAIN) and normalised angular choice (NACH) can be calculated using the
following formula:
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = log(𝐶𝐶ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 (𝑟𝑟) + 2)

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = log (𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝑟𝑟) + 2)

(1)
(2)

Where r = selected metric radius
"Choice" = choice measures computed from Depthmap
"Integration" integration measures computed from Depthmap
The method aims to compute the NAIN variable, which shows destination movement potentials of
various scale levels and normalised angular choice NACH, which shows through-movement potentials.
According to van Nes and Yamu (2021a), different characteristics of angular choice and integration
measures indicate the accessibility potential of a specific urban area. For example, locations indicated
by high NAIN values tend to be situated in areas with high economic potential, while high NACH values
indicate opportunistic locations for taking advantage of through visitors.
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Essential criteria for metric integration or angular choice analysis are the selection of metric radius. It
is a given number of metric distances from each street segment to all others (Gil et al., 2015). The
variation of the metric radius sets the scale of network analysis; for example, a radius of up to 1000
meters is the best used to represent pedestrian movement (Lerman et al., 2014; Sharmin &
Kamruzzaman, 2018). At the same time, 4000 – 8000 meter radius corresponds to the global distances
(Yamu et al., 2021). van Nes and Yamu (2021a) describe a rule of determining the local scale by taking
10% of the global radius. Therefore, in this thesis, an 800-meter radius is chosen to support the local
scale, while 8000 meters represent the global scale, accessible by public transportation or motor
vehicles.
Additionally, an adequate buffer around the global scale radius is needed to prevent an edge effect.
The neighbourhoods within an edge of analysis of the urban system defined by the municipal borders
will have artificially low results compared to areas in an urban core (Hillier, 2007). Therefore, the
municipal street network is buffered with an additional 8 kilometres to account for potential
movements to neighbourhoods within the city's edge. Such distance includes additional movements
from neighbouring towns and districts that may be potential departure points to these edge
neighbourhoods.
Combining local and global NAIN and NACH parameters results in an integrated measure of -to and through movements. According to van Nes and Yamu (2021a), the following formulas could be used
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁800 + 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁8000

𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑁𝑁𝐴𝐴𝐴𝐴𝐴𝐴800 + 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁8000

(3)
(4)

Integration and choice could be combined in one measure. This makes it possible to find the segments
in a network that serves as both a potential destination and route of movement. This measure will
then narrow the focus on fewer and more significant elements within the system that combine the
attributes of being a potentially desired destination and, at the same time, the desired route for
movement. (Al-Sayed et al., 2014) Authors use the following formulas to achieve this:
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁800 × 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁800

3.3.2 Density

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁8000 × 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁8000

(5)
(6)

The Spacematrix method defines density as a multivariable phenomenon, including the following
measures: floor space index (FSI), ground space index (GSI) and open space ratio (OSR). These
indicators correspond to concepts describing properties of the built environment: intensity, coverage
and compactness, respectively (Pont & Haupt, 2010).
Floor space index (FSI) reflects building intensity of defined area 𝑥𝑥 and is calculated as follows:
Where 𝐹𝐹𝑥𝑥 = gross floor area (m )
Where 𝐴𝐴𝑥𝑥 = base land area 𝑥𝑥 (m2)
2

𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐹𝐹𝑥𝑥
𝐴𝐴𝑥𝑥

(7)

Ground space index (GSI) indicates the relationship between built and non-built space (compactness):
(8)
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Where 𝐵𝐵𝑥𝑥 = footprint of built space (m2)
Where 𝐴𝐴𝑥𝑥 = base land area 𝑥𝑥 (m2)

𝐺𝐺𝐺𝐺𝐺𝐺 =

𝐵𝐵𝑥𝑥
𝐴𝐴𝑥𝑥

Open space ratio (OSR) indicates the spaciousness of an area by contrasting the amount of floor space
with the unbuilt area
𝑂𝑂𝑂𝑂𝑂𝑂 =

(1 − 𝐺𝐺𝐺𝐺𝐺𝐺𝑥𝑥 )
𝐹𝐹𝐹𝐹𝐹𝐹𝑥𝑥

(9)

In addition, the bivariate plotting of FSI and GSI indicators allows for the classification of building
typologies (Pont & Haupt, 2010). For example, letters A-I in figure 7 indicate distinct typologies based
on the average number of floors (L), FSI and GSI parameters.

Figure 7. Spacematrix diagram indicating different typologies based on density, adapted from van Nes et al.,
(2012) and Pont & Haupt (2010).

The classification discerns the built environment into low (up to 3 floors), mid (up to 7 floors), and
high-rise (more than 7 floors) categories based on point, strip or block building types. Building type or
form is categorised according to the GSI value, where point type is up to 0.2, stripe ranges from 0.2
up to 0.3 and block type is more than 0.3. For example, low-density urban areas, typical of detached
suburban neighbourhoods, often fall under the A category, as they are low rise and point type
developments. On the other hand, modernistic neighbourhoods should contain more free-standing
buildings. Therefore, higher proportions of categories D or G may be expected.
Lastly, three separate parameters are required to calculate three density indicators:
•
•
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The footprint of the built space shown includes all the floor space at ground level, see figure
8.
The gross floor area consists of the sum of floor space per number of floors. The calculation
of this parameter requires the data on the number of floors per building. This is derived from

•

Vilnius and Amsterdam's 3D model data on building height. The number of floors is calculated
by taking an average floor height of 3 meters.
The base land area refers to the boundaries of the total plan area. The choice of base land
area affects the computed density measure significantly. A larger area implies lower density
values. According to Berghauser Pont and Haupt (2009), three types of boundaries may be
distinguished: administrative projected and generated boundaries. Since the study's goal is to
compare the morphological characteristics of Amsterdam and Vilnius, and considering that
the scales and areas of these cities differ, a standardised measurement unit is needed to
enable the comparison. The choice of an area is discussed in the next section as it is relevant
for integrating other measurements into the analysis.

Figure 8. Illustrations of footprint, gross floor area and base land area, respectively (Pont & Haupt, 2010, p.
95).

3.3.3 Aggregating spatial data
The raster method will be used to aggregate the data into comparable cells. Thus, the grid of 150 x
150 meters will be imposed on the urban fabrics of the study. According to van Nes and Yamu (2021b),
such scale allows catching the building and street patterns into one cell, including the fine-grained
typologies of traditional cities and more block type modern structures. The base land variable for the
calculation of density parameters corresponds to the area of one cell of the raster grid. Further
analysis requires integrating density measures with space syntax indicators.
Considering that differing geometric features represent computed variables, for example, vector lines
represent integration indicators while the density of the built environment is polygon data, there is a
need for standardisation of these features to have comparable indicators. The GIS platform and its
software packages allow aggregating data from various analyses, and it will be used to integrate space
syntax and density indicators. The purpose of the integration is to compute a variable that will indicate
the overall characteristics of the physical environment in terms of integration and density. Using
ArcGIS Pro, previously described indicators will be further interpolated and integrated.
The NAIN and NACH variables are represented using the space syntax analysis method in vector
polyline data. In order to compare space syntax measures with other indicators of the built
environment, the network data must be converted into a comparable unit. According to Batty (2004),
space syntax integration data could be represented in point data, and these points could be further
interpreted or interpolated. Essentially, interpolation uses available data to estimate values at other
points or geometric forms (Sárközy, 1999). Therefore, integration polyline and building polygons with
their height attributes are converted from vector files to raster points. Using the zonal statistics
function on ArcGIS, these raster points are further aggregated to the 150 m2 cell grid. The highest
integration values are used for integration parameters, while building rasters representing 1m2 are
further calculated using the beforementioned density indicator formulas.

25

The last step is to merge separate raster grid cells representing density and integration parameters.
To do so, raster cells are converted to vector polygons of the same cell area, and then all vector
indicator cells are joined by the location. This way, 150 m2 vector cells have all the required parameters
for the comparative analysis.
Raster aggregation aims to integrate the density and integration indicators into comparable cells.
These cells are fundamental units that allow comparing urban fabrics. Again, NAIN and NACH variables
and derived -to, -through, global and local integration parameters represent the extent of street
network integration based on their maximum value in a particular location. While FSI, GSI and OSR
indicators calculated from rasterised building area and building height data represent the density of
the built environment by their mean and medium values. The parametrically integrated analytic cells
are the fundamental unit of how urban areas of traditional or modernistic typologies from postsocialist or western contexts will be compared and juxtaposed.

3.3.4 Selection criteria for traditional or modernistic cells
Construction date information of building polygons from BAG 3D and Vilnius 3D model datasets will
be used to define the neighbourhood type that analytic cells represent. To approximate the cell's
value, the medium value of all building polygons within 150 m2 cells will be calculated. This way, all
buildings' most common construction age will be determined. These cells will then be categorised into
three categories representing different planning and design contexts. The first category is pre-war
(traditional), including all buildings built up to 1945. At the same time, other categories represent
different time scales in Vilnius and Amsterdam. The second category entails building typologies typical
of modernistic, functional developments. In Vilnius, modernistic typologies were built until the
collapse of the soviet union in the 1990s, while in Amsterdam up to the late 1970s (Dekker & Van
Kempen, 2004; Monclús & Díez Medina, 2016; Tammaru et al., 2015; Van Beckhoven et al., 2009)
Thus, buildings up to 1990s in Vilnius and up to 1980s in Amsterdam represent the second, modernistic
category. The last one represents post-modern developments built after the second category until
2022. All in all, information on the type of typologies based on date, space syntax integration
indicators corresponding to -to and -through human movements and coverage, intensity and
compactness measurements describing the built environment make fundamental analytical cells for
comparing post-socialist and western neighbourhoods.

3.3.5 Statistical analysis
The aim of statistical analysis in the research project is to assess whether the differences between
traditional and modern urban fabrics are significant. First, it is necessary to verify whether the
collected data could represent the actual urban phenomena not based on a random chance.
Depending on the data distributions, an appropriate test will be chosen whether differences between
traditional and modernistic neighbourhood cells are significant by comparing their mean and medium
value distributions. Statistically significant morphological differences between types of typologies and
their contexts will then be interpreted by analysing the data.

3.4 Societal and academic relevance
The methods backed by morphological theories and empirical findings are established to seek
comparative knowledge between pre- and post-war neighbourhoods of Vilnius and Amsterdam. These
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cities and the urban context they represent were never explored parametrically. Therefore, it is hoped
to fill this research gap. It is yet unknown to what extent modernistic developments are similar in
these contexts, and it may be ideologically opposing planning systems were developing similar
neighbourhoods as inspired by CIAM principles. Additionally, such parametric analysis contributes to
the validation of space syntax and space matrix methods, further testing their applicability in more
diverse contexts.
It is well described that traditional areas are better perceived than post-war or modernistic
developments. As well, some linkages between socio-economic parameters, such as urban vitality and
extent of integration or density, are established in academia. Therefore, a comparative analysis may
lead to parameters that could be part of the detrimental factors behind unsatisfactory urban
environments. Furthermore, the combination of density and integration methods may also give a basis
for argumentation on which areas in Vilnius or Amsterdam could be improved. Ultimately, spatial
policy recommendations where to invest in infrastructure or urban (re)development could be
suggested.

3.5 Ethical issues and data management
The data taken from secondary open sources do not contain any personal information. The spatial
information is freely distributed and can be accessed from the listed data sources. Therefore, there
are few concerns regarding personal privacy or disclosure of private data. Nevertheless, geodatabases
are stored privately, and only generalised results are presented in this thesis.
Comparative research aims to maximise the objectivity and transparency of the analysis, its results,
and its interpretation. First, the data is accessible freely to everyone inquired from referenced sources
as well as software used in the analysis. A comprehensive explanation of methods is provided to guide
the reader through the steps taken to get the results. The protocol of methods assures the
repeatability of the analysis. Lastly, the most crucial step is to ensure analytical transparency between
the data, analysis, and conclusions. The line of thought of the research, from the problem statement
to theories and methods, allows a reader to follow methodological decisions and the researcher's
arguments. Nevertheless, inconsistencies and limitations of the research and its results will be
presented, noticing the probable domains for errors. It is hoped that a clear explanation of theories
and methods will ensure the transparency of the research. Please refer to figure 9 for the
methodological framework summarising methods used in the thesis.
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Figure 9. The methodological framework of the master thesis.
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4. Results
In this chapter, the physical urban environments of Amsterdam and Vilnius are going to be explored
by analysing street network configurations and building densities. Parameters and typologies are
described in each of the cities. Furthermore, findings from both cities are discussed to determine
significant differences between target variables: traditional and modernistic neighbourhoods of postsocialist and western contexts. Statistical differences are first explored to see whether the results are
meaningful.

4.1 Statistical verification

To know whether parametric tests could be used in the analysis, normality tests on neighbourhood
data from Amsterdam and Vilnius were conducted. The data of neighbourhood cases from Amsterdam
and Vilnius is not normally distributed. In addition, there is a homogeneity of variances. Therefore,
non-parametric options comparing means and mediums of variables are used. The goal is to see
whether the results between variables apply to the population and are meaningful. In the table below,
descriptive statistics on the data can be seen.
Table 3. Descriptive statistics of all calculated indicators of neighbourhood cases from Vilnius and Amsterdam.

A Kruskal-Wallis test showed statistically significant differences in means and mediums of space syntax
parameters and density indicators between pre-war and post-war neighbourhoods in Vilnius or
Amsterdam (all p < 0,05). Please find x2 statistics for each indicator's mean and medium test in the
tables below.
Tables 3 & 4. Kruskal-Wallis H test results of parameters of neighbourhood cells in Amsterdam and Vilnius.

Considering the results of Kruskall-Wallis H test on means and mediums of density and street network
configuration parameters of Vilnius and Amsterdam, it could be stated that there are statistically
significant differences between parameters of pre-war and post-war neighbourhoods. Therefore,
these meaningful results are presented further on each of the case cities.
29
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4.2 Vilnius

Figure 10. Vilnius as displayed in 150 m2 cells of three building age categories.

As seen in the map, most of the urban area in Vilnius is
developed after the Second World War. Even in the city centre,
post-war construction ages dominate due to the scale of
destruction during the war period. Post-war developments are
intercepting the traditional buildings to fill the destroyed
stock. At the same time, newer buildings are found around the
peripheries of the municipality. The pie chart indicates the
division of 150m2 cases according to their medium
construction age. More than half of neighbourhoods’ cells
30were built after the 1990s.
Figure 11. Pie chart of neighbourhood type distribution.
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4.2.1 Vilnius: street network – global integration

2
3
1

Figure 12. Global integration of Vilnius street network system.

Normalised angular integration (NAIN) and normalised angular choice (NACH) measures on 8
kilometres combined into a global integration indicator illustrate the most accessible locations
being the most desired destinations and route choices by vehicular transportation (Turner, 2007).
As seen, the urban core consisting of mixed-age developments is the most accessible location in
the city (1). Modernistic developments in the north of the city are well integrated into the system
by the arterial roadways (2). However, further away from the city centre, post-war developments
are described with global integration values of lower than the median (3). It could be stated that
these developments are weakly integrated in the system.
31
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4.2.2 Vilnius: street network – local integration
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1
1

1
2

Figure 13. Local integration of Vilnius street network.

Integrated local NACH and NAIN measures indicate the most accessible locations based on
pedestrian movement. With warmer colours, local centres in Vilnius are visible. The most
pedestrian-friendly area is the city centre. Most of the modernistic neighbourhoods further away
from the city centre are rather walkable. It is evident that modernistic urban fabrics are poorly
interconnected with walkable street systems, indicating the dependency on transportation (1).
Suburban areas on the fringes of the municipality have less complex street patterns and, according
to the local integration analysis, are inaccessible as a destination or do not have desirable walking
routes (2).
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4.2.3 Vilnius: street network – through movement
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Figure 14. Through movements of Vilnius street network.

A combination of local and global normalised angular choice (NACH) measures indicate the most
preferred streets or routes in Vilnius. Similar patterns as in the previous analyses are visible; the
city centre is likely to be crossed as the route from all other parts of the city. As well as proximate
modernistic neighbourhoods are connected with a variety of neighbourhood and arterial roads. It
seems that arterial road (1) sustains a high frequency of movements from the northern
neighbourhoods, which corresponds to busy traffic in that street (Volujevič, 2013). Lastly, post-war
urban fabrics in the peripheries of the city (2) are unlikely to be desirable through routes in the city.
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4.2.4 Vilnius: street network – to-movement
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Figure 15. To-movements of Vilnius street network.

A combination of local and global normalised angular integration (NAIN) measures indicate the
most preferred destinations in Vilnius. The city centre is indicated as a most probable destination,
while close modernistic neighbourhoods are in advantageous locations as well (1). Neighbourhoods
are in the periphery are poorly integrated and unlikely to be a destination. Especially post-war areas
at the fringes of the city (2).
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4.2.5 Vilnius: built environment – intensity

Figure 16. FSI map of Vilnius and histograms depicting its distribution in pre-war and post-war areas.
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4.2.6 Vilnius: built environment – coverage

Figure 17. GSI map of Vilnius and histograms depicting its distribution in pre-war and post-war areas.
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4.2.7 Vilnius: built environment – spaciousness

Figure 18. OSR map of Vilnius and histograms depicting its distribution in pre-war and post-war areas.
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The previous pages illustrated the spatial differentiation of Vilnius’ built environment in terms of
building intensity, coverage, and spaciousness in maps and histograms representing the data.
Different patterns are visible in the analysis of the built environment of Vilnius. In this section, the
summaries of different typologies of Vilnius are described.
Traditional typologies in the city centre are visible in all three measured indicators. Compared to other
neighbourhoods, the old town area’s FSI, GSI values are the highest, while OSR is the lowest.
Therefore, it could be said that the city centre of Vilnius is the most densely built area of the city. The
difference is apparent when looking at the most distinguished GSI values of the city centre. A common
feature of pre-war neighbourhoods is diverse and compact building configurations, corresponding to
higher coverage values as indicated in the map.

Figure 19. Traditional typologies in Vilnius (Kandrotas, 2019).

Modernistic typologies in the proximity of the urban core share similar FSI values as in the city centre
while regarding GSI and OSR indicators, and the differences are not as apparent. It may be expected
that modernistic neighbourhoods should have high FSI values. However, such similarities could be
attributed to the lower number of building units, resulting in similar floor counts. Post-war modernistic
environments in Vilnius could be described as intensely built, spaciously built, although sparsely
covered.

Figure 20. Lazdynai modernist district in Vilnius (Balčiūnas, 2018).
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Post-war neighbourhoods further away in the south and east of the city are slightly less spaciously
developed. In addition, the physical built environment in the peripheries of Vilnius is dominated by
single-detached housing. Low FSI and GSI values or high OSR indicators suggest this. Therefore,
patterns of suburbanisation are visible. The figures below illustrate the typologies representing the
numbers on the map.

Figure 21. An example of sprawling post-war neighbourhoods (Google, 2022)
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4.3 Amsterdam

Figure 22. Amsterdam’s neighbourhood type distribution.

Approximately a quarter of 150 m2 analytic cells are
represented by traditional, pre-war typologies in Amsterdam.
Further away, modernistic neighbourhoods (built up to the
1980s) follow, while in peripheries, there are areas built after
the latter period. It seems that chronological urban
development in Amsterdam follows a sequential pattern with
newer neighbourhoods built in the city's outskirts.
38
Figure 23. Pie chart of neighbourhood type distribution.

4.3.1 Amsterdam: street network – global integration
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Figure 24. Global integration of street network system in Amsterdam.

According to the combination of global choice and integration measures, the urban core is the most
accessible within 8 kilometres radius (1). From all the other streets in the municipality, it could be
implied that the city centre is the most likely to be passed through or the most directly reached
destination. Besides arterial roads, post-war areas, such as Bijmermeer (2), are less integrated. It
could be argued that these neighbourhoods are less accessible in the system. Sharp contrasts are
visible between urban and peri-urban areas outside Amsterdam's municipal borders and industrial
districts (3). These locations seem to be disintegrated from the global street network fabric.
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4.3.2 Amsterdam: street network – local integration
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Figure 25. Local integration street network in Amsterdam.

Integrated local NACH and NAIN measures indicate the most accessible locations based on 800meter distance. With warmer colours, local neighbourhood centres in Amsterdam are visible. The
city centre of Amsterdam could be described as a locally integrated area. Smaller neighbourhood
centres interconnect, forming walkable network corresponding to the city centre area (1). It could
be described as a walkable area based on angular deviations of street configurations. Post-war
areas (2) contrast in Amsterdam’s network system as detached islands. Therefore, while
neighbourhoods are walkable, they are relatively inaccessible to the rest of the network on foot.
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4.3.3 Amsterdam: street network – through-movement
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Figure 26. Through movements in Amsterdam.

A combination of local and global normalised angular choice measures (NACH) indicates
Amsterdam's most preferred streets or routes. Arterial streets across the city are visible, indicating
that most neighbourhoods are interconnected in the system. These areas likely are the busiest in
traffic and pedestrian movement. Similar to Vilnius' analysis, industrial sites or neighbourhoods
without a dense street network are unlikely to be part of the journey partaken in the system (1).
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4.3.4 Amsterdam: street network – to-movement
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Figure 27. To-movements in Amsterdam.

A combination of local and global normalised angular integration (NAIN) measures indicate the
most preferred destinations in Vilnius. The urban core and post-war neighbourhoods close to it
seem to be the most integrated locations in the city (1). While developments further away from
the city centre (2) are less likely to be a potential destination considering the relation of streets of
these neighbourhoods to all the other streets in the system based on 800- and 8000-meter
distances. The worst integrated locations in Amsterdam are areas outside the municipal borders
and industrial sites in the north (3).
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4.3.5 Amsterdam: built environment – intensity

Figure 28. FSI map of Amsterdam and histograms depicting its distribution in pre-war and post-war areas.
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4.3.6 Amsterdam: built environment – coverage

Figure 29. GSI map of Amsterdam and histograms depicting its distribution in pre-war and post-war areas.
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4.3.7 Amsterdam: built environment – spaciousness

Figure 30. OSR map of Amsterdam and histograms depicting its distribution in pre-war and post-war areas.
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There are visible and distinguishable morphological contrasts between pre-war and post-war
developments based on intensity, coverage, and spaciousness indicators in Amsterdam. Traditional
typologies are primarily found in the urban core, while developments built up to the 1980s and since
then follow towards the city's borders.
Amsterdam’s city centre is dominated by traditional uniform typologies. Besides Amsterdam-Zuid and
industrial sites in the north of the city, the urban core is the most intensely built. In addition, coverage
and spaciousness indicate high building density as well. In general, compact and concealed spaces
dominate the city centre due to a higher built space ratio when compared to open areas – streets or
squares. Higher spaciousness values are attributed to larger public spaces, such as parks or squares in
the city centre.

Figure 31. The city centre of Amsterdam.

Modernistic urban areas in Amsterdam are less dense compared to pre-war developments. Lower
coverage and intensity with higher spaciousness values suggest scarcely built areas. In such areas of
Amsterdam, buildings are often freestanding or built-in detached rows. There are many open spaces
as indicated by lower GSI and higher OSR values.
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Figure 32. Modernistic neighbourhood in Amsterdam

Areas built after the 1980s are either high-rise commercial developments or industrial sites, although
medium densely built family housing dominated the construction period. Commercial areas such as
Amstedam-Zuid or Bijlmer-Centrum are intensely built. However, they are more spacious compared
to the city centre. On the other hand, low-rise, stripe family housing areas built in this period were not
as intensely built, as well as there were more open spaces, considering higher OSR and lower GSI
values.

Figure 33. Neighbourhoods built after 1980’s in Amsterdam (Google, 2022).
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4.4 Comparison of traditional and post-war neighbourhoods
Sample data of traditional and post-war neighbourhoods gathered from Vilnius and Amsterdam is
statistically significant. In addition, the exact method was used to analyse the built environment and
streets of these cities using the same density and integration indicators. Therefore, it is suitable to
make general interferences about tendencies on differences between neighbourhoods built up to
1945 and afterwards based on street network configuration and density parameters. The table below
shows all neighbourhood cases' mean and medium values.
Table 5. Descriptive statistics of pre-war and post-war neighbourhoods of Amsterdam and Vilnius combined.

4.4.1 Street network configuration
According to the morphological sample study and statistical verification, it could be interfered that
traditional neighbourhoods are more integrated when compared to post-war developments. It is
evident due to higher global and local integration values of pre-war neighbourhoods, as seen in table
5. Space syntax integration parameters are going to be discussed further.
Considering higher differences of angular choice indicators and their combined through-movement
parameter than angular integration measures, it may be implied that post-war neighbourhoods are
less likely to be part of the chosen route than a destination on a global scale. Even though smaller
differences of to-movements indicate less weak integration of post-war areas regarded as a
destination in the city. Traditional areas perform better, and they are advantageous in attracting
passing through movements and being more accessible destinations from other streets in the city. The
central location of traditional neighbourhoods plays a significant role in determining an advantageous
relative distance to all other places in the system. For example, post-war areas that are closer to the
urban core tend to be better integrated on a global scale.
Local choice and integration values are higher in traditional neighbourhoods, although slight
differences in mean and medium values indicate that the walkability potentials of post-war areas are
worse to a small extent. Street network configurations of old town areas are more complex and were
built incrementally over time, while new mass-scale streets are often top-down planned. In both
settings, locations are easily reachable, although the walking distances may be longer, and it is needed
to change directions more often due to the grid-like street patterns of post-war neighbourhoods. It
could be reasoned that it may be slightly easier to orientate in traditional areas as a pedestrian.

4.4.2 Built environment
Indicators of building intensity, coverage and spaciousness indicate that pre-war neighbourhoods are
more densely built than post-war areas. In traditional neighbourhoods, the FSI or the ratio of the gross
floor area of buildings to the 150 m2 cells is higher than in post-war neighbourhoods. With higher GSI
values, traditional areas are expected to be more compact, with more floor area per neighbourhood.
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Contrary, the higher OSR of post-war areas suggests more open spaces in these areas. There are more
freestanding buildings in such developments and more open, green spaces envisioned to be used by
the community. That is also evident by looking at the typology distributions in figure 34. Generally,
post-war areas contain more point type areas, while traditional developments are more diverse in
typologies other than point type.

Figure 34. Typology classification of pre- and post-war neighbourhoods.

Post-war neighbourhoods are more sparsely built, considering lower GSI values than traditional
neighbourhoods, indicating more open spaces. However, besides higher GSI values, traditional
neighbourhoods also have significantly higher FSI values. It is a somewhat surprising result as postwar buildings have more floors per building, but the result may be explained by the GSI index and the
area of the plots. Considering that there are fewer buildings per area, with an identical denominator,
the higher floor number could be diminished by higher total gross area, as it is in the traditional
neighbourhoods. Overall, it could be suggested that modernistic neighbourhoods are more sparsely
built than old town urban areas, and coverage attributes the most in the density analysis.
Overall, pre-war neighbourhoods are more compact in building densities and are more integrated than
post-war urban areas as well as they are in advantageous relative locations as suggested by the central
location in the city and higher integration values. The combination of higher accessibility and higher
densities may indicate that traditional neighbourhoods are preferable in the cities. Relations between
density and integration indicators are further elaborated in the discussion.
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4.5 Comparison of post-socialist and western neighbourhoods
The second objective of the master thesis is to investigate whether there are significant differences
between neighbourhoods developed in Vilnius and Amsterdam. Data on street networks and the
building taken from Vilnius represent soviet authoritarian planning, while Amsterdam’s cases
represent western typologies of first top-down design and then market-based developments. The
focus is on modernistic and post-modern neighbourhoods developed during the occupation and after
regaining the independence of Lithuania. Therefore, post-war areas are differentiated into
modernistic and post-modern. Kruskal-Wallis test is used to see whether there are differences in
morphological parameters for Vilnius or Amsterdam cases. The differences to the population were
confirmed for all space syntax and density parameters of Vilnius or Amsterdam (p < 0,05). Considering
statistically significant differences of morphological parameters between two case cities,
interferences to the population are likely to be meaningful.
Tables 6 - 8. Kruskal-Wallis H test on means and medium of Amsterdam’s and Vilnius case samples and
descriptive statistics of measured indicators.

52

Vilnius is less densely built and has lower street network integration values. As represented by the
city, post-socialist neighbourhoods are less densely built and are more spacious than western
neighbourhoods, as indicated by computed density indicators. In addition, Amsterdam is better
integrated, especially on the global scale, with minimal differences in local, walkable distances. That
is under the assumption that traditional typologies also are regarded as post-socialist in the Vilnius
case study. Each typology group is explored further.
Modernistic neighbourhoods, built from 1945 up to 1980 in Amsterdam and in 1990 in Vilnius, have
similar tendencies as compared to other typologies. Similar values of local integration, including
angular choice and angular integration parameters of 800 meters scale, suggest that street network
configurations are somewhat homogenous in both contexts. However, western modernistic
typologies seem to be better integrated into the system on a global scale. The difference is slightly
higher on choice measures, indicating that western modernistic typologies have a higher chance to be
passed through from all other streets in the system.
There are significant differences in terms of built environment between the two contexts. First, similar
coverage indicates that buildings are built as freestanding objects of stripe type typologies. Building
intensity is higher in a western context, indicating a higher gross floor area ratio per area of 150 m2
cells. Lastly, post-socialist modernistic neighbourhoods are more spacious and have more open areas
when compared to their western counterparts.
In general, modernistic areas in both cities share more similarities than traditional ones. Thus, it could
be reasoned that modernistic developments were built in a homogenous, standardised manner in
post-socialist and western contexts. It is evident considering the minimal differences in integration
parameters of all modernistic areas and similar tendencies of density indicators. The similarities of
street configurations are more apparent than building configurations. In addition, the built
environment is more morphological and homogenous in Vilnius. The reason may be that most of the
city was destroyed during the second world war, and even in old town areas, many buildings were
rebuilt in a modern manner.

51
53

4.6 Bivariate integration and density analysis
The methodological choices of integrating density and integration parameters into analytic 150 m2
neighbourhood cells allow mapping these variables against each other. Therefore, by allocating
integration and density indicators to these cells, urban patterns indicating types of neighbourhoods
are visible. According to de Koning et al. (2017) and van Nes et al. (2012), higher density and
integration values represent well-urbanised areas, while low density and integration values indicate
suburban areas. Areas with either one measure higher and another low may indicate areas in which
infrastructure improvements or densification measures should be taken. The following logic was
applied in the case study cities to see whether spatial recommendations could be provided.

4.6.1 Vilnius
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Figure 33. Building intensity as opposed to global integration in Vilnius.

3

3
6

1

5

4

2
1

3

Figure 35. Building intensity as opposed to global integration in Vilnius.

52
54

In figure 35, locations lacking in integration or density in Vilnius can be seen. Most of the urban area
is occupied by a rather homogenous urban fabric in terms of street density and density parameters.
The city core and proximate post-war neighbourhoods are well balanced (1), while modernistic
neighbourhoods in the east of the city centre are relative urban (2). Around the peripheries, lowdensity suburban developments are located (3). Therefore, the bivariate categorisation of cells
according to their integration and density parameters indicates the type of a neighbourhood.
Nevertheless, local policy recommendations could be advised for Vilnius. For example, an arterial road
that connects the northern neighbourhoods with the city centre (4) is indicated with high global
integration, see figure 36. That is one of the few streets connecting these large urban islands located
in the north of the city. Thus, it could be a strong argument why this area is overly crowded during
peak commuting times. Therefore, solutions how to relieve the pressure from this area are needed by
distributing the traffic flows.

4

Figure 36. Traffic in Ukmergė street (LRT.lt, 2020)

Similarly, high integration low-density scenarios may be suitable locations to accommodate the new
developments. Considering that, in general, there is a growing population in Vilnius, instead of lowdensity residential developments that are currently constructed around the peripheries in the city,
low-density spaces along highly integrated areas could be advantageously used. 5th point on the map
indicates such an area, represented in figure 35.
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Figure 35. Low-density, unused space in highly integrated areas in the centre of Vilnius.

High integration developments in the east of the city are mainly industrial sites. Considering such
circumstances, high density does not imply that integrated urban areas are underdeveloped as it is
not residential. Nevertheless, the area marked by 6 is a post-war modernistic neighbourhood that is
economically dependent on Vilnius but connected with a single highway. That could be one of the
reasons why the neighbourhood is car-dependent.
The application of bivariate mapping of integration and density parameters in Vilnius has successfully
indicated several areas that could be either better integrated or more densely built. Considering the
latter example, it could be suggested that additional value for this tool is added when such mapping
is combined with baseline assessments of zoning or socio-economic settings of case studies. For
example, Vilnius is a green city that was built in a forest. Therefore, it makes sense to have detached
highways or streets going through the natural areas, reaching neighbourhoods further away from the
city. Although underdeveloped areas in the city centre are effectively mapped, it may be beneficial to
consider the developments there. Vilnius is a rather suburbanised city, where private owners choose
to build detached houses in the peripheries (Varpučanskis, 2017). Densification opportunities could
be an effective strategy to increase the efficiency of transport systems and the socio-economic
coherence of neighbourhoods.
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4.6.2 Amsterdam
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Figure 36. Building intensity as opposed to global integration in Amsterdam.
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The same method of bivariate integration versus density mapping is applied in Amsterdam.
Considering differing values of morphological parameters in the city, the patterns that were found in
Vilnius highly differ. While the urban core is densely built and highly integrated (1), the differences are
sharper when looking at the areas further away from the city centre. Modernistic neighbourhoods,
such as Buitenveldert or Geuzenveld (2), are not developed to their most potential according to the
global integration parameter.

Figures 37. Buitenveldert and Geuzenveld neighbourhoods in Amsterdam (Google, 2022).

There are dense areas with low integration on the other side of the bivariate spectrum. According to
the analysis, these areas lack accessibility when compared to all the other streets in the city. It could
be implied that people living there may have difficulties reaching the city compared to more central
areas. Additionally, the economic potential of these areas is likely to be lower than in more integrated
areas. An example could be the Gaasperdam neighbourhood (3) in the south of Amsterdam. It is
important to note that industrial complexes are often attributed to high density but low integration
areas. Again, it is essential to consider other factors besides morphological parameters.

Figure 38. Gaasperdam neighbourhood in Amsterdam (Google, 2022).
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5. Discussion
The previous chapter presented the morphological differences in street network configurations and
building densities of traditional and post-war neighbourhoods from post-socialist and western
planning contexts. This chapter aims to juxtapose these findings with the existing literature described
in the related works section. This way, the significance of the research could be evaluated in terms of
knowledge generation towards tackling the societal problem of depreciating post-war urban
environments. This chapter is structured according to the research questions inquired before. Thus,
first, contrasts between traditional and post-war neighbourhoods and post-socialist and western
contexts will be discussed. The morphological differences will be linked with academic knowledge of
the socio-economic qualities of urban places. As a result, connections between street integration and
building densities with issues like spatial segregation or lack of vitality in post-war neighbourhoods
will be made. Lastly, this research's theoretical and methodological limitations will be elaborated as
well.

5.1 Morphological comparison between traditional and post-war neighbourhoods
The initial premise contrasting traditional and modernistic typologies is anecdotal and empirical
knowledge on the outperformance of traditional areas over post-war, modernistic neighbourhoods.
Pre-war areas in many European cities are regarded as more liveable, vibrant, and pleasing
aesthetically (Araldi & Fusco, 2019; Evans & Unsworth, 2012). Although many socio-economic scaledependent factors influence the quality of urban places, configurations of the built environment are
regarded to be a part of the causal relationship. Through density and space syntax analyses and
statistical verification on post and pre-war neighbourhood cases, the research findings are likely to
confirm such a premise. Firstly, there are significant empirical differences between these typologies,
and these contrasts could be linked with urban vitality or lack of in post-war developments.

5.1.1 Street network configurations
In accordance with findings of De Koning et al. (2017) and Ye and Van Nes (2014b), street patterns of
modernistic neighbourhoods compared to pre-war urban areas, in general, are less integrated into all
measured space syntax parameters. Considering integration based on global to-movement potentials
indicate that post-war neighbourhoods are more difficult to be reached from all other parts of the
urban network system (van Nes & Yamu, 2021a). In other words, more direction changes need to be
undertaken to reach such areas in the city. Furthermore, it has a connection with a relative location
compared to other neighbourhoods, signalling that the post-war area may be more isolated and
detached from the rest of the city (Andersson & Bråmå, 2018; Kovács et al., 2018). In addition, global
through-movement potential indicates that post-war streets are reached by the highest number of
angular deviations than the rest of the city network, or they have the least potential to catch the flow
of transport.
The lack of integration of post-war developments could be linked to the fact that most post-war
developments were built around the city's peripheries. According to Monclús and Díez Medina (2016),
large-scale standardised developments required a significant amount of space that was unavailable in
urban cores. In many cities, the central locations were already fully or partially occupied by traditional
urban fabrics. In addition, it was believed that public transportation and personal vehicles would
compensate for the longer commuting distances from new residential areas. Such disadvantageous
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relative location in the urban system inhibits the accessibility of post-war developments, especially if
public transportation systems are not as efficient (Dekker & Van Kempen, 2004).
On the other hand, considering the case studies, traditional neighbourhoods are located in the urban
cores of the city. The organic growth of traditional typologies leads to incremental development that
is continuously adapting according to the city's needs (Frankhauser, 1998). Over time, new urban
developments were built on surrounding open land areas and connected with designed streets leading
to the city's core. Space syntax values of higher global angular integration and angular choices values
of traditional neighbourhoods provide a basis for argumentation of well-accessible locations of such
neighbourhoods, which means that they could be reached more easily either as an end destination or
by accidental through movements. Overall, it puts traditional neighbourhoods at a comparative
advantage over modernistic areas that have implications on an urban area's overall economic and
social value.
As it was mentioned, post-war developments are less integrated on the local level as well. According
to Sharmin and Kamruzzaman (2018), -to and -through movement potentials on a local scale highly
correlate with walkability patterns. While Hillier et al. (1993) explained that incrementally developed
street structure is more likely to be more intuitive to navigate around. For example, less used streets
are often directed towards the main arterial roads with more central locations in traditional areas.
Such configuration represents fractal-like structures often found in nature, for example, branches of
trees (Marshall, 2004). Therefore, traditional neighbourhoods are more pedestrian-friendly in terms
of actual navigation to get to the places and random exploration without having a particular
destination.
A high rate of walkability could be associated with better liveability and the overall attractiveness of
the urban place. Traditional urban areas are easier to navigate as a pedestrian when compared to
post-war developments. Thus, it could be one of the reasons why walkable neighbourhoods increase
the social capital of the area and are more advantageous than transport-oriented developments
(Leyden, 2003; Sohn et al., 2012). As well as Li et al. (2016) found positive correlations between tourist
visitor rates and the extent of integration. Coming back to Hillier and Hanson’s (1984) theory on
natural economic movement, flows of people could be associated with higher frequencies of
economic activities. As an illustration, walkability patterns and the latter theory could be illustrated
by imagining city centre locations instead of developments in the city's outskirts. It is hard to deny
that more shops and people could be found in the centre of Amsterdam than in Bijlmermeer.
Higher spatial accessibility can be associated with the higher economic performance of
neighbourhoods. Economic activities tend to cluster in those locations where there is more human
movement potential based on through movements along the most spatially integrated streets (van
Nes, 2021). Thus, relatively lower integration parameters of post-war areas as compared to old towns
could explain why modernistic neighbourhoods attract fewer visitors and capital. There is simply a
worse economic benefit for commercial activities to agglomerate in spatially disadvantageous
locations. While commercial activities attract visitors and more people to neighbourhoods,
consequently leading to more vibrant urban settings.
Vitality in a neighbourhood could also be associated with higher accessibility. Garau & Annunziata
(2022) parametrically assed urban vitality based on space syntax measures and other environmental
parameters, confirming that traditional typologies are likely to be more liveable, outperforming postwar developments. Additionally, it is logical to assume that previously described economic and
walkability tendencies could be associated with more people present on the streets. Human
movement could also be linked with better social coherence in neighbourhoods as more people make
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the overall perception of the environment as liveable. For example, according to Vaughan (2007) and
Rismanchian and Bell (2011), more spatially segregated neighbourhoods are likely to have lower
integration values. While spatial segregation is a complex socio-spatial issue, significant identification
of linkages between such a problem and street network integration provides an aspect that could be
considered when analysing social problems of urban areas. After all, the residential preference of
traditional neighbourhoods over modernistic ones may be explained by higher global and local
integration.

5.1.2 Built environment
The relations of buildings as opposed to open spaces of traditional and post-war neighbourhoods were
analysed using integral density measures as Pont and Haupt (2009) proposed. Building intensity and
coverage measures were found to be higher, while spaciousness is lower in traditional
neighbourhoods. According to these indicators, city centres are more compact, while modernistic and
other post-war areas are more spaciously developed. Such density differences could be linked with
historical factors that shaped these neighbourhoods. One example could be the mode of transport
that was relevant during those times. Historical areas were pedestrian or horse carriage accessible,
while the automotive industry enabled urban enlargement and expansion to the peripheries (Knowles
et al., 2020). Alternatively, Amsterdam was also limited by the lack of space and the need to reclaim
the land from wetlands (Dekker et al., 2012). That is in accordance with Berghauser Pont and Haupt’s
(2009) observations of decreased coverage from 75% in the 17th century to less than 30% in the 1960s.
Density characteristics and their implications on urban quality will be discussed further.
Higher densities of the physical environment are generally associated with positive perceptions of
neighbourhoods. There are many concepts linked to the extent of building density and performance
or the way a location is going to be perceived. For example, vibrancy, vitality, or urbanity could be
given as an example of terms describing pleasant old-town neighbourhood that is densely built. In
order for a place to be described by one of the notions, the common condition is the user intensity in
that particular location (Jacobs, 1961; Montgomery, 1998). According to Lozano-Perez (1990), specific
densities in a given area are sufficient to generate interactions among people. The author described
these thresholds per dwellings per hectare, but in terms of density characteristics, they roughly
correspond to semi-detached housing neighbourhoods as being minimal typology to support
communities. However, higher coverage is associated with a higher frequency of urban activities and
good accessibility. Even though contexts of higher density developments must be considered, for
example, whether the dense area is industrial or residential, such observations describe tendencies
between higher physical densities and more people on the streets, resulting in better perceived urban
environments.
The empirical evidence also backs such density characteristics on the performance of urban areas. The
trend in density and socio-economic qualities of urban places is similar to street configurations. The
higher density measures or, the more compact physical environment is associated with better
performing and busier neighbourhoods (De Koning et al., 2017; Pont & Haupt, 2010; Van Nes et al.,
2012). As well as, more dense areas are likely to accommodate more economic and cultural activities
(Burton, 2000; Joosten & van Nes, 2005). Therefore, the number of people interacting in the streets
correlates with the number of buildings per area. Hence, there are more opportunities for activities
to occur in such areas. While comparing traditional and modernistic typologies, it is not too difficult
to imagine the contrasts and feelings one might get when immersing in such an environment. Thus,
more covered traditional typologies are intensely used, and these settings are associated with more
liveable urban environments.
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Contrary, modernistic and post-war developments are more spacious and less intensely built when
compared to traditional neighbourhoods. When linked to social cohesion, such configurations
generally have negative connotations. Open spaces as semi-private areas between streets and
buildings found in post-war areas could be linked with higher criminality rates or feelings of insecurity
(Costa & Valk, 2018; Krantz et al., 1999; Newman, 1972). As Newman (1996, p. 72) described these
areas as “functionless no man’s land”. Even though the initial idea for open spaces was to host
community gatherings, the result is rather unfortunate as people became avoidant of these locations.
All in all, the spaciousness of modernistic neighbourhoods is regarded as a negative aspect in terms of
social homogeneity and perceptions of the living environment.
Besides socio-economic aspects, there are many debates on the externalities of density on diverse
topics such as energy efficiency or psychological well-being. For example, open spaces allow more
daylight to reach the facades of the buildings. This has a positive psychological effect and contributes
to energy saving (Berghauser Pont & Haupt, 2009). On the flip side, the closeness of buildings and
shorter travelling times also outweigh the benefits. Furthermore, the attached housing minimises the
exterior walls exposed to the outside, this way increasing heat retention in the buildings (Ko, 2013).
Generally, such relations follow debates on the compact city idea that planning should promote
densely built environments, together with proximate activities and efficient transport systems
(Ahfeldt & Pietrostefani, 2017; Burton, 2000). While aspects of compact city on density are relevant
to the quality of the urban environment, every case is different, and these concepts must be evaluated
having the local context considered.
In this thesis, morphological differences in streets and building densities distinguished traditional and
post-war neighbourhoods. Traditional typologies are more intensely, spaciously built with higher
integration parameters and generally regarded as “better” urban environments. These parameters
are highly associated with frequencies of people on the streets and patterns of human movement.
The more people an environment attracts or sustains, the more pleasant it is. Studies combining street
network integration parameters with building density measures and the degree of urban activity
mixture provide empirical evidence confirming the idea that more dense and integrated spaces have
more activities occurring in them (De Koning et al., 2017; Van Den Hoek, 2008; Van Nes et al., 2012;
Ye & Van Nes, 2012). All in all, the problems of lack of social cohesion or devaluating modernistic
neighbourhoods, besides other internal and external factors, could be associated with poor
integration and overly spacious built environments.

5.2 Morphological comparison between post-socialist and western planning contexts
Morphological parameters on the integration of streets and building densities of Amsterdam and
Vilnius confirm evident differences between these cities. Moreover, non-parametric statistical
analysis indicated that such empirical findings are likely to be meaningful and representative.
Therefore, it could be stated that the post-socialist and western urban environments that these cities
represent are likely to be morphologically different in general, but also by their neighbourhoods built
in pre-war, modernistic and post-modern development periods.
Without any doubt, morphological differences are expected as cities in western and eastern Europe
were developed under distinct societal, economic, historical, and cultural factors. Beyond the
dichotomy of post-socialist, eastern as compared to democratic, western; post-socialist cities differ
due to the distinct developmental needs of the people they serve. Due to these localities, it is not easy
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to compare these contextual backgrounds morphologically. Nevertheless, according to the study, it is
possible to state that modernistic neighbourhoods of post-socialist and western contexts are more
homogenous than contemporary and pre-war developments of the same regions.
The homogeneity of the physical environment of modernistic neighbourhoods could be attributed to
historical origins arising from the CIAM movement. As introduced, egalitarian design principles in
building and street settings were used across European countries after the war. It is known that soviet
architects were collecting knowledge from the west on good planning practices at the time (Bosma,
2014). While actual building variety is different and was adapted to the local settings (thus the
differences in density parameters), the similarities are visible when looking at the local integration
parameters. The differences are minimal, and it could be that street patterns are relatively
homogenous in both contexts. On the other hand, the differences are sharper when comparing
traditional typologies of these contexts. Thus, according to the local integration parameters,
walkability patterns and neighbourhood street structure is relatively homogenous in modernistic
neighbourhoods.
Other than that, the data does not provide enough evidence to draw rigid statements on the
differences between these contexts. While, according to the data, there are apparent differences
between these contexts, and it may seem that western environments are better integrated and more
densely built, many historical and local factors may influence the results. For example, according to
Tammaru et al. (2015), post-socialist modernistic neighbourhoods are often located closer to the city
core and visible on the Vilnius map, implying that global integration values should be at least
comparable to the western cities. However, the data does not back up this, considering the differences
in integration parameters.
On the other hand, moving beyond contextual definitions, these results clearly indicate differences
between the urban morphology of Vilnius and Amsterdam. All measured parameters indicate that
Amsterdam is more densely built and more accessible either locally or globally. Considering that
Vilnius is almost twice as large in terms of area, it is evident that land use is not as efficient as in
Amsterdam. Historical contingencies play a role here: space was never a problem for urban
developments in Vilnius. Additionally, the municipal and national planning systems of Vilnius do not
have active policies against suburbanisation. There are no incentives for densification, and most
people would rather have a detached house along the city's peripheries if they can afford it
(Muliuolytė, 2013). Suburbanisation is also evident in the mappings of Vilnius; low-density
neighbourhoods were identified by most of the indicators.
The empirical data analysis reinforces the uncertainty and complexity of urban planning and its
contexts. While it was possible to provide evidence that modernistic typologies are homogenous to a
small extent, other characteristics of urban components are more attributed to other reasons than
urban morphology. That is in accordance with the conclusions of Monclus and Diez Medina (2016),
who, in their study, conducted a comparative study of design codes and actual appearances of built
environments of modernistic neighbourhoods in many western and eastern cities. Authors argue that
local contexts and external socio-economic factors play a more prominent role in determining the
differences in the built environment. Therefore, a dichotomy of post-socialist or eastern with western
planning should be reconsidered when trying to generalise the morphological patterns of these
contexts.
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5.3 Limitations of the research
The urban environment is a complex space of human interactions that shape the physical environment
of human behaviour and physical environment (Alberti et al., 2018; Wohl, 2018). According to the
authors, these elements shape each other, and it is rather difficult to determine causal relationships
between socio-economic factors and the physical environment. As introduced, there are many
problems in post-war neighbourhoods, for example, lack of urban vitality. These issues are linked to
institutional, historical contingencies. However, the academic research conducted on urban qualities
and morphological parameters shows that there are mutual causalities between the two. However,
this thesis considered no socio-economic parameters while doing comparative analysis. For this
reason, linkages between qualities of modernistic neighbourhoods and social response to them can
only be a discussion point considering the existing research.
The thesis's primary goal was to establish morphological differences between four variables:
traditional and post-war neighbourhoods of post-socialist and western contexts. Amsterdam and
Vilnius were the case study cities representing and including these variables. While there are evident
differences in street network configurations and building densities between these two cities, the
concerns on whether results are representative must be discussed. Firstly, while Amsterdam
represents western and Vilnius represents post-socialist planning systems, these cities were shaped
by other contexts that are not contained within these two descriptions. Therefore, there could be
many interpretations of definitions of post-socialist or western typologies. Likewise, many sources
define built environments as a specific area based on the medium construction age of all buildings.
The boundary is especially vague in western contexts as the change from modernistic to other types
of developments was gradual. For example, in some western countries, modernistic neighbourhoods
were not perceived as negatively as in the Netherlands (Van Beckhoven et al., 2009).
The number of analysed cases imposes the other side of limitations, complicating the
representativeness. It cannot be denied that this thesis's findings may change if more neighbourhood
cases were analysed. In general, the more cases for variables, the more reliable results may be.
However, there were no time resources for the duration of this project on adding more case study
cities or automating the analysis process. Nevertheless, successful statistical verification to the
population provides a basis for reasoning that there is a high chance for these morphological trends
to be applicable to the population or other case cities from such contexts.
Lastly, there are many concepts and theories for describing and comparing urban environments. The
choice of concepts in this thesis is backed by urban morphologists' ideas and empirical research
correlating parameters of streets and buildings with socio-economic impacts. By selecting a
conceptual framework, researchers’ epistemology is limited to these concepts, and other ideas are
not as considered. Nevertheless, considering the lack of vitality of modernistic neighbourhoods,
theories on human movement and their relations to the qualities of urban places were selected
according to the literature review on the implications of these parameters to these societal issues. On
the other hand, there could be more probable and valid argumentation for selecting other concepts
that could be part of urban morphological analysis.
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6. Conclusions
In this thesis, morphological parameters describing properties of streets and building relations as
opposed to open spaces were used to examine urban environments of different contexts. Street
integration describing -to and -through pedestrian or automobile human movements and intensity,
coverage and spaciousness of building parameters were applied to analyse pre-war and post-war
neighbourhoods of post-socialist and western contexts. According to empirical research, higher
integration values promote a higher frequency of human movement. Similarly, the more built urban
spaces are – the higher chance for more urban activities. The principal reasoning applied in this thesis
is that the more people are using the streets, the more vibrant, liveable, economically opportunistic
urban locations are. Data from Vilnius and Amsterdam was used to test such logic using space syntax
and FSI, GSI and OSR parameters. Findings on each of the research questions are summarised further.

6.1 Main findings
6.1.1 Post-war areas as compared to traditional neighbourhoods
There is a common belief that traditional, old town like neighbourhoods are perceived as more inviting
than modernistic housing neighbourhoods. Empirical data analysis of cases representing these
typologies confirms morphological differences between these cases. Academic literature and
empirical research suggest that pre-war areas with higher integration and density ratings attract more
visitors and, consequently, more economic activities. Therefore, it could be argued that characteristics
that traditional urban areas have, but modernistic lack, could be shortcomings of the physical urban
environment. The lack of integration of modernistic areas into the whole system suggests that, most
likely, these areas are situated in disadvantageous locations as compared to the traditional ones. In
addition, post-war areas are more open and less densely built, and these features are often attributed
to feelings of unsafety and insecurity.
The modernistic planning principles were initially believed to solve housing problems and mould the
society that they would be hosting. Post-war housing indeed resolved the housing crisis by
accommodating the growing population. However, it was fallible to believe that physical design can
fully dictate people’s behaviour and perception. In other words, modernism overlooked the
complexity of cities and the people living in them. At the same time, traditional typologies welcomed
the complexity and were continuously adapted through the times according to the needs of the
people. Therefore, considering the parametrically better performing traditional areas, people must
be asked to tackle the spatial segregation problems in post-war urban neighbourhoods. A dichotomy
between top-down and bottom-up planning approaches is visible, concluding that it was fallible to
assume a universal standardised approach as a solution for complex urban settings.

6.1.2 The dichotomy of post-socialist and western planning systems
The apparent differences between planning cultures of historical Eastern Bloc and western cities are
the distinct nature of land policies, the centrally planned economy, ownership provision and many
more. However, the modernistic housing developments of Vilnius and Amsterdam reflect similar
urban design and planning concepts led by rigid modernistic principles. The result is spacious, isolated
buildings or building rows and transport-oriented streets. Such morphological differences were
confirmed by contrasting modernistic neighbourhoods with traditional counterparts. Relatively
homogenous morphological indicators prove that modernism principles were standardised despite
the cultural and ideological differences.
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Nevertheless, there is a lack of empirical evidence suggesting that the physical differences between
the case cities representing post-socialist and western contexts are based on physical morphology. As
indicated by the research, other societal and local factors are more significant in shaping the physical
environment of cities. It could be concluded that, besides specific design principles, arguments are
rather weak to generalise urban environments based on historical definitions and contexts. It cannot
be denied that the historical, ideological division left a significant mark in European cities;
nevertheless, dynamic and continuously developing contemporary cities are shaped by even more
complex factors. Therefore, the purpose of contrasting such historical factors may eventually become
obsolete, and dichotomies categorising European cities should be reconsidered.

6.1.3 Case study analyses
Throughout the thesis, the significance of contingencies caused by the fact that urban space is complex
and uncertain was emphasised. Furthermore, many possible socio-economic factors affecting the
qualities of the environment and human perception make it difficult to establish causal relationships
between morphological and quality or performance factors. Therefore, the only sensible scale for such
analysis and recommendations could be based on local, in this case, city-wide contexts. For example,
it is evident that Amsterdam’s street network is more integrated, and the built environment is denser
when compared to Vilnius. Furthermore, considering the previously reviewed articles analysing
relations between integration and density characteristics to the socio-economic qualities, such as
social coherence, function mixture or likelihood for economic activities to happen, suggestions could
be given on how to improve particular areas. The premise is that neighbourhoods lacking in either
integration or density parameters could be improved by investing in either infrastructure or realestate developments.
All in all, space syntax and density indicators allow to analyse and understand the urban fabrics
morphologically. Bivariate mapping could be a helpful tool to identify problematic urban areas,
considering the significance of morphological parameters on the socio-economic response in the
urban environment. For example, the extent of street network integration on the distribution of
economic activities. By applying such methods for the analysis and combining them with local context
studies, morphological mapping could be an effective tool for developers or municipalities to use in
order to allocate investments or propose spatial planning strategies. It is worth noting that parametric
mapping shows only a small part of the picture behind the complex urban environment, and more
thorough studies are needed to understand urban problems. Nevertheless, morphological mapping
based on integration and density may be an appropriate method for authorities or spatial planners to
use while working on their urban analytic assignments.

6.2 Societal recommendations
Deterioration of post-war neighbourhoods is a complex problem that must be tackled by analysing
local contexts and factors. That is also applicable to spatial segregation based on ethnicity or income.
Methods proposed in this thesis build a case that the urban environment could be understood by
parametrically analysing it. By knowing linkages between these parameters and targeted societal
problems, integration and density analysis help to examine whether specific neighbourhoods are
performing well in terms of these indicators. This thesis found clear evidence that post-war
neighbourhoods perform worse than other urban areas regarding integration and urban density.
Therefore, it could be suggested that policymakers and spatial planners should consider these
parameters when analysing the specific post-war urban areas and socio-economic problems that could
be prevalent there. However, it is necessary to consider the actual target groups, residents of these
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neighbourhoods, and public participation based on involvement in decision-making processes should
be welcomed to tackle the societal problems in depreciating post-war areas.
Post-war neighbourhoods are generally less integrated into the urban fabric than more central
districts. While the significant factor for integration is the relative distance of a neighbourhood, the
other side is highly dependent on the configurations of the street networks. For example, the
accessibility of a detached modernistic neighbourhood could be improved by re-routing the arterial
streets through the neighbourhood itself but not surrounding it. Planning and design interventions
tackling and improving the integration of post-war neighbourhoods should significantly improve their
accessibility. Consequently, further advancements in societal response could be expected if the built
environment allows it.

6.3 Scientific recommendations
This thesis's comprehensive morphological analysis adds additional empirical research establishing
differences between post-war and traditional typologies. Similar trends of more dense and more
integrated traditional neighbourhoods were observed. In addition, the usability of space syntax and
space matrix methods proved to be successful in understanding critical morphological differences in
the physical urban environment. Therefore, more case studies researching urban environments with
these methods would further improve the representativeness of such methodologies. Additionally, to
understand the socio-economic problems of post-war areas, more empirical studies correlating socioeconomic aspects, such as residential satisfaction with morphological parameters, are advised. This
way, a comprehensive library could be created linking parameters of urban components with the
likelihood of a social response towards them.
Automatisation methods proposed in this thesis or similar would increase the generality and
verifiability of the comparative analysis of distinct urban typologies and contexts. The availability of
spatial data on streets and buildings on the national scale hypothetically allows comparing all urban
systems of the chosen country. Additional attributes featured in the spatial information also enable
the differentiation of polygons according to targeted typologies; for example, as in this thesis, the
medium construction age indicates the planning approaches of that time. The main problem is that a
significant amount of time was spent processing the street network and building polygon data either
by processing algorithms or manually editing vector data. This process is the primary barrier that
hinders the automatization of the analysis of many urban systems. Therefore, there is an opportunity
to comprehensively analyse desired contexts when the pre-and processing protocols are
programmed. GIS software packages allow scripting, and it could be used for larger-scale
morphological analyses.
Additionally, the choice of analytic cell area affects the results of morphological parameters. For
density analysis, the cell area is a variable that was used for the calculations of indicators. The actual
extent of deviations when altering the size of a cell could be further experimented with. For example,
the cell size of 150 m2 is tailored to the standards of western cities. While Vilnius is a more spacious
and sprawling city, fewer buildings are within the analytic cell, and overall results tend to skew to less
spacious developments. Methodological research establishing differences in density parameters when
changing a cell's area could generate knowledge of the most appropriate size of the comparative
analyses.
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