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ABSTRACT 

 
The cities are urban mosaics. The urban life today is a sequence of temporally inhabited and 
interconnected spaces, movable or fixed. The connections between spaces inspire or inhibit contacts 
and interactions between people. They bend times and continuously shape and reshape spaces, 
sociabilities and situations. The neighborhoods are agglomerations of individuals and buildings, but 
they are also perplexed individuals with own life, countenance and history. They are complex social 
and physical phenomena, products of unique social and technological conditions of its age, entangling 
architectural styles and transport modes. Much research has been done about urban mosaics of 
neighborhoods in urban morphology. How can we apply the conceptualizations in urban morphology 
to refine the research approach and methodology on the interaction between transportation and cities? 
Can we use the historical regularities in physical form and social perceptions on neighborhoods to 
enrich the aggregated approach in transportation research?  
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1. INTRODUCTION 

 
Urban theory is a voluminous body of knowledge. Urban morphology studies processes of emergence 
of urban forms and their transformations. It tries to cover many urban definitions and recognizes 
schools and masters. Within a narrower scope urban morphology puts emphasis on studying physical 
forms. The city is defined as “a mosaic of little worlds that touch, but do not interpenetrate” (Park, 
1925, pp. 40) or complex individuals with distinctive neighborhoods each with particular name, 
character and history (Reclus, 1905, pp. 385). This definition historically dominated architecture, 
geography and urban planning and design. The city is conceived as a static mosaic of urban spaces or 
neighborhoods where each neighborhood is a unique phenomenon that reflects specific historical 
conditions. Each piece of the mosaic is shaped by planning paradigms and architectural styles of the 
age of its development or renewal. Its physical character is continuously socially judged and 
reconsidered. It is compared with other neighborhoods and its reputation changes when other 
neighborhoods emerge or are renewed, when new transportation technologies became widely 
affordable or new architectural styles became fashionable. The physical character of neighborhoods 
links them to different transport modes too. If one neighborhood is designed for cars it is dominated 
by cars. The private mobility does not work well in neighborhoods designed for public transportation.  
 
Within this theoretical kaleidoscope of urban theory the transportation studies embrace a definition of 
the city as “a permanent localization, relatively large and dense, of socially heterogeneous 
individuals” (Castells 1977, pp. 77). The city is conceived as an aggregation of N individuals that 
interact in n-dimensional space as urban system (Chadwick, 1971). There are two established and 
prominent traditions. The tradition of disaggregated studies focuses on heterogeneity of individual 
mobility or travel behavior of individuals. The aggregated studies include analyses of the effect of the 
n-dimensions of the transportation and urban system on aggregated data as numbers of passengers in 
or between neighborhoods and cities. The complexity within the two approaches increases with 
characterizing individuals or dimensions and simulating or analyzing multiple agents or variables. 
 
Much research in urban morphology is done to characterize neighborhoods and differentiate and 
systematize them by their physical form, history and social context. The questions are: Can we use the 
historical regularities in physical form and social perceptions on neighborhoods to enrich the 
aggregated approach in transportation research? How can we apply the conceptualizations and 
empirical findings in urban morphology to refine the research approach and methodology on the 
interaction between mobility and cities?  
 

1.1 The tradition of aggregate studies 

 
The tradition of aggregate studies revolve around characterizing urban form and using comparisons, 
correlations or regression analyses to tests the strength of the relationship between travel patterns and 
aggregated data from the neighborhoods or cities. Many of the studies have shown significant 
relationships between different measures of urban form and trip frequency, average trip lengths, mode 
split, share of public transportation or automobile travel (Handy, 1996). Urban density as number of 
inhabitants and population density emerged as a crucial independent variable that explains the share of 
the public transportation in cities (Pushkarev and Zupan, 1977). The consecutive research refuted this 
statement. There are cases where the people make more journeys by public transportation in 
neighborhoods with low density and use less public transportation in high density areas. The empirical 
evidence of more than 200 studies shows that the elasticity for urban density as population density is 
0.07, whereas the employment density is 0.01 (Ewing & Cervero, 2010). 
 
The research on urban density was criticized for the difficulty to consistently measure average density 
of a neighborhood or city and because it is a simple characterization of urban form (Handy, 1996). 
Another critique comes from the tradition of disaggregate studies that focuses on travel behavior. 
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Within this tradition traveling is influenced by socioeconomic factors of the individuals. The argument 
that automobile travel and petrol use is dependent on urban density (Newman and Kenworthy, 1989), 
which is an urban form variable, was contested with a diagram showing the petrol price relative to 
income, which is an economical factor (Wegener & Fürst, 1999). Within transportation there is a 
distinction and struggle between urban form and socioeconomic factors (Frank and Pivo, 1994). 
 
As a response to the critique the tradition of aggregate studies focused on urban form and complex 
categorizations of urban form though multivariate analyses. Robert Cervero used factor analysis to 
cluster many variables in four factors: density, size, design and entropy of floor uses (Cervero, 1989). 
These factors became known as “D variables of the built environment”. Originally there were 3D 
variable: Density, Design and Diversity (Cervero & Kockelman, 1996); that expanded to 3+2+2D: 
Density, Design and Diversity plus proximity as Distance to the public transportation and Destination 
accessibility plus Demand and Demographics. The assumption is that the combined effect of urban 
density with other measures of urban form, the combination of several D variables, has considerable 
effect on travel patterns (Ewing & Cervero, 2010).  
 
Another way to increase the complexity of categorizations of urban form is to use methods from 
urban morphology. There are two schools in urban morphology, the Conzenian and Moritorian, one 
from geography and the other from architecture, that traditionally use typological method to make 
distinction between neighborhoods in the urban mosaic. The neighborhood types are composite 
categories that describe urban densities and urban functions/land uses, differences between 
arrangements of buildings, street layouts and architectural styles (Table 1). The research in the city of 
Karlstad (Stojanovski, 2012) and in other cities of Sweden like Västerås (Rådberg, 1997) or 
Stockholm (Rådberg, 2000) shows that neighborhood type as independent variable is a statistical 
significant in explaining urban densities as population and employment density. Certain residential 
neighborhoods also vary within 1000 Swedish crows in their average income (Stojanovski, 2012). 
 

Table 1: An excerpt of the Swedish neighborhood types and their characteristics 
 

Neighborhood type Period Function Building type Street layout Transport mode Daily activity 
Kringbyggd (sluten) 

småstadskvarter (stenstad) 
Traditional Mixed 

Enclosed 
blocks 

Interconnected 
streets 

Walking Perpetual 

Villastad Industrial Residential 
Detached 
buildings 

Interconnected 
streets 

Walking or public 
transport 

Non work 
hours 

Tidigare lamellhus- eller 
punkthusområde 

Early 
modern 

Residential 
Detached 
buildings 

Interconnected 
streets 

Public or private 
transport 

Non work 
hours 

Funktionalistisk stad Modern Mixed Mix Road hierarchy Private transport Perpetual 
Industriområde Modern Industry Complexes Road hierarchy Private transport Work hours 

Institutionsområde Modern Institutions Complexes Road hierarchy Private transport Work hours 
Idrotts-, kultur- eller 
rekreationsområde 

Modern 
Assembly 
and leisure 

Complexes Road hierarchy Private transport Events 

Radhus- eller 
kedjehusområde 

Modern Residential 
Buildings in 

rows 
Road hierarchy Private transport 

Non work 
hours 

Småhusområde Modern Residential 
Detached 
buildings 

Road hierarchy Private transport 
Non work 

hours 
Senare lamellhus- eller 

punkthusområde 
Modern Residential 

Detached 
buildings 

Road hierarchy Private transport 
Non work 

hours 

Kvasi-småstadskvarter 
(stenstad) 

Postmodern Mixed 
Quasi 

enclosed 
blocks 

Quasi 
interconnected 

streets 
Multimodal Perpetual 

 
The neighborhood type as a factor is multifaceted and in one case, the city of Karlstad, includes one 
very important socioeconomic variable as income. It inspired a new perspective and new hypothesis 
about mobility and habitation on aggregated neighborhood scale. Each neighborhood, indirectly or 
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spontaneously or as part of a planning process, is entangled with the transport mode that is 
fashionable in the period when the neighborhood is born and inhabited. Some neighborhoods emerged 
or renewed in periods of flâneurs, coaches and carts, some in the ages of public buses, trams and 
trains or private cars. The people not only develop taste towards neighborhood types, but also towards 
transport modes. Different mobilities produce distinctive habitation patterns and sociabilities (Urry, 
2007). The categorization of neighborhoods by their orientation towards transport modes is inspired 
by the Conzenian School of urban morphology (Whitehand, 2001), John Urry’s mobilities and 
sociabilities and Pierre Bourdieu’s social groups. Bourdieu (1979/1984; 1994/1997; 2005/2012) 
argues that taste determines the distinction between social groups. A social group consists of 
individuals with similar tastes, preferences or lifestyles. 

1.2 New hypothesis about mobility and habitation 

This historical development and orientation towards transport modes of the neighborhoods 
(Whitehand, 2001) reveals a research hypothesis about the interrelationship between transportation 
and urban form where urban form and social mobility have indirect, but profound effect on physical 
mobility and transportation by producing, reproducing and revising neighborhood types and social 
stereotypes. An urban form inhabited by a certain social group produces neighborhood type, which 
transforms social group in stereotype. Social stereotype is ultimately a group of individuals with 
similar lifestyles and socioeconomics that ends in typical neighborhood. Within cities there is social 
mobility that revolves around economic, social and cultural capital and people develop tastes and 
preferences, earn or lose money and adopt, change or shape lifestyles and cultures. This social 
mobility creates and recreates patterns of neighborhood types and social stereotypes. As one social 
group inhabits one urban form it turns into social stereotype and neighborhood type (Figure 1).  
 
 

 
 

Figure 1: Habitation and mobility system. The illustration shows the emergence of neighborhood type 
through social mobility.  

 
SL, the public authority in Stockholm makes a distinction between bilister or car users that never use 
public transport or SL (35%), växlare or users that shift between car and public transport or SL (26%) 
and vardagsresenärer or everyday SL users (39%). The customer segment of everyday public 
transport or SL users is further divided on hänvisade or persons that do not have other transport 
option (16%) and loyal public transport or SL users (12%) that own car, but prefer SL (SL, 2011). 
Another study (Prillwitz och Barr, 2011) clustered persistent car users, (33%) frequent car users 
(45%), constrained public transport users (11%) and consistent green travelers (9%) as customers or 
social groups with taste for public transportation or private cars. These social groups are found in 
distinctive neighborhoods. The predisposition for choosing residential location is called self-selection 
(Cervero & Duncan, 2002; Cervero, 2007). If someone has preference to use public transportation the 
choice would be to move to a neighborhood with an easy walk to a public transportation station or 
stop. Similarly the motorists prefer neighborhoods where it is easy to drive and to find parking place. 
Each neighborhood as physical form is either oriented to the private car, to public transportation, to 
walking or its multimodal. Through self-selection there is grouping of residents that prefer public 
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transportation in neighborhoods that are oriented to public transportation, but there are also residents 
that prefer public transportation, but live in modern neighborhoods that are oriented to the private car. 
Very few neighborhoods in the Swedish typology are oriented to public transportation. Most of them 
originate from the period of industrialization in the 19th century (Table 1). 
 

2. ANALYZING THE AGGREGATED INTERRELATIONSHIP BETWEEN URBAN 
FORM AND PUBLIC TRANSPORTATION IN THE CITY OF KARLSTAD 

 

2.1 The effect of urban density on bus transportation  

 
Karlstad is a Swedish city with around 60000 inhabitants. It is the capital and largest city in Värmland, 
a county on a border with Norway, a vibrant business hub of its region with over 40000 work places. 
As many smaller cities in Sweden Karlstad developed rapidly in the 20th century, in years of rapid 
motorization and decentralization. It was designed and today it dominated by the private car and 
individual mobility. The car is dominating transport mode even on distances under 1 kilometer. 
Almost 90% of the journeys between 10 and 50 kilometers are by automobile and the share of public 
transportation is under 10 % (Trivector, 2005, pp. 42-7). 
 
The data for the aggregate study is from Karlstadsbuss, the public transportation authority, and 
Statistics Sweden (Statistiska centralbyrån or SCB). The database for the neighborhoods in the city of 
Karlstad includes over 200 variables. The dependant variable is the aggregated number of passengers 
boarding on all the bus stops in one neighborhood. To analyze the effect on urban density on the 
number of passengers boarding the bus transportation in the neighborhoods in the city of Karlstad I 
use regression analysis. The numbers of inhabitants and work places as independent variable in the 
regression analysis significantly explains roughly one third of the number of passengers boarding as 
dependent variable (Table 2). More inhabitants and work places mean more passengers boarding on 
the bus stops, but there are residuals and the values are scattered (Figure 2). 
 

Table 2: Regression analysis of number of passengers boarding on bus stops in regard to number of 
inhabitants and work places in the neighborhoods in the city of Karlstad 

 Coefficient Std. Error t Sig. 
Inhabitants  0.125 0.037 3.347 0.002 
Constant 73.781 46.339 1.592 0.732 
F (Sig.) = 11.204 (0.002) 
R Square = 0.175 
Number of neighborhoods = 55 
 Coefficient Std. Error t Sig. 
Inhabitants and work places 0.140 0.028 5.077 0.000 
Constant 14.906 43.258 0.345 0.732 
F (Sig.) = 24.398 (0.000) 
R Square = 0.315 
Number of neighborhoods = 55 
 Coefficient Std. Error t Sig. 
Inhabitants 0.131 0.034 3.816 0.000 
Work places 0.167 0.050 3.338 0.002 
Constant 16.885 45.750 0.369 0.714 
F (Sig.) = 12.243 (0.000) 
R Square = 0.320 
Number of neighborhoods = 55 
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Figure 2: The effect of urban density on the number of passengers  

 

2.2 From analyzing urban density, through urban function to concepts of urban form 

 
The number of passengers boarding as variable can be analyzed if the values in the scatter plots are 
characterized in respect to urban functions/land uses or neighborhood types (Figure 3).  
 

 
Figure 3: The effect of function/land use and neighborhood types on the number of passengers  
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3. DISCUSSIONS 

 

3.1 The student bias and designing better typologies 

 
The distinction by urban functions/land uses makes visible the higher use of public transportation in 
some specific functions/land uses, but the values of many residential neighborhoods are still scattered. 
Different urban functions especially retail and professional services and community services as 
education and healthcare generate more passengers than residential. Some urban functions as 
community services like educational facilities generate up to ten times more boardings per inhabitant 
and work place than urban areas with predominantly residential functions.  
 
The stepwise method in SPSS reveals number of students and study places as a single independent 
variable with highest explanation coefficients in a regression model where the number of passengers 
is dependant variable (Table 3). Number of students and study places is a variable that describes a 
specific social group in Europe that is loyal to public transportation. There are also other social groups 
that prefer public transportation before private cars and they are found in distinctive neighborhoods 
that are oriented towards public transportation. A better social mapping and neighborhood typology 
that captures these differences in work places and residences can improve the analyses.  
 

Table 3: Regression analysis in regard to number of inhabitants and students, work and study places 
 Coefficient Std. Error t Sig. 
Students and study places 0.101 0.015 6.494 0.000 
Constant 158.427 25.015 6.333 0.000 
F (Sig.) = 42.171 (0.000) 
R Square = 0.433 
Number of neighborhoods = 55 
 Coefficient Std. Error t Sig. 
Students -0.409 0.254 -1.607 0.114 
Study places 0.097 0.014 7.024 0.000 
Inhabitants 0.170 0.035 4.869 0.000 
Work places 0.081 0.038 2.101 0.041 
Constant 17.254 33.141 0.521 0.605 
F (Sig.) = 24.064 (0.000) 
R Square = 0.631 
Number of neighborhoods = 55 

 
The design of typologies is a gradual process of from urban density to urban function and from urban 
function to neighborhood types, while considering factors as neighborhoods oriented to different 
transport modes and social groups loyal to public transportation. With neighborhood types it is easier 
to distinct between different urban areas dominated by same urban function, but the higher detail 
increases the number of categories and decreases the sample size of neighborhoods in one city: then 
the statistical analysis that demand large samples are not applicable. The large sample however helps 
in capturing unique social conditions and characteristics of the physical form of the neighborhoods.  
The use of typologies is retrograde and has conservative tendency to preserve them. It is awkward to 
discuss social groups, while mapping and characterizing social groups is regarded as unethical in the 
social sciences (Sayer, 2010). The postmodern definition is that the cities are “extraordinary an 
agglomeration of flows” (Ash and Thrift 2002, pp. 42), not only as people on the move, but as other 
forms of mobility like flows of information, capital, values, norms, habits and lifestyles. The central 
element of postmodernity is character of knowledge (Lyotard, 1984), its sources, contexts and 
ultimately the actuation of multifaceted truths (Friedmann, 1987). The postmodern individual is 
multilayered and understood as an agent in networks: social, technological, economical, political that 
creates knowledge and trigger random actions. The postmodern actors are mediators and propose their 
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own theories of actions. They are something between their “authentic selves” and “their social roles”, 
“actors on a stage never alone in acting”, “constantly engaged by others in group formation and 
destruction, providing controversial accounts for their actions and actions for other” (Latour, 2005, pp. 
46-7). The typologies have to capture this continuous “group formation and destruction” with new 
concepts and perpetual revisions of the neighborhood types and with critical awareness of their 
temporality.  
 

3.2 Visibility of multiple factors on two axes 

 
The research on public transportation within a tradition of aggregate studies is conceived through an 
interrelationship triangle that includes service area or neighborhood characteristics, public 
transportation service characteristics and public transportation demand or performance measures 
(TRB, 2006, pp. 16). The neighborhoods generate travel demand that affects the public transportation 
service and its operations. When the travel demand for public transportation increases or decreases in 
the neighborhoods, it influences the public transportation service. Any adjustment of the quality of 
service potentially causes a change in the travel demand. Increasing the quality of service sometimes 
triggers urban redevelopment or transformations or new development in the neighborhoods within the 
service area. The neighborhoods decay or develop, people can move out or in, buildings can change 
function or land use, for example from housing to retail, industry or office, shops can cluster. 

 

 
Figure 4: The interrelationship triangle of neighborhood characteristics, public transportation service 

and performance where the urban form is represented by a composite neighborhood type factor.  
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Neighborhood type can be used to exchange urban density and other variables of urban form on the 
scatter plots that consider the relationship between factors from the public transportation service and 
performance. That makes visible more than two factors on two axes (Figure 4). The introduction of 
neighborhood types in the scatter plots that show the relation between bus service and performance 
improves the visibility in the interrelationship triangle by emphasizing neighborhoods that are 
inhabited by social groups that are loyal to public transportation like students.  
 

4. CONCLUSION 

 
This analyses of a single variable, urban density, or factors as urban function or neighborhood type 
shows that there is much uncertainty in using both urban density and typology of urban forms, 
because of the randomness and scattered pattern of variables. There are fields or intervals of values 
instead of trendlines as linear functions for different neighborhood type. This is better captured by 
descriptive statistics, deviations of the mean, maximums and minimums. It is important to further 
research the interrelationship between urban density and urban form of typological neighborhoods and 
bus infrastructures in other cities and compare them. The database of neighborhoods has to be larger. 
The sample of neighborhoods has to be higher to better understand regularities and randomness. 
 
The use of the methods from urban morphology in characterizing urban form is a promising approach. 
It enriches the tradition of aggregate studies, especially in visualizing more factors on the scatter plots. 
There should be however awareness of the retrograde tendency of the neighborhood typologies and 
the unethical aspect of discussing, characterizing and mapping neighborhood types and social 
stereotypes. The typologies have to capture these continuous changes in tastes and group formation 
and destruction with new concepts and perpetual revisions and with critical awareness of their 
temporality 
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