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Introduction 

 

 

 

 

1.1 Background and motivation 

To alleviate urban problems such as air pollution, congestion, noise, increasing energy consumption, 

and suboptimal-health of people, sustainable public transportation systems such as metro, tram, bus, 

and train have been developed (Cheshire & Hay, 2017). In particular, metro lines have been introduced 

in several major cities in the world. Convenient egress/access to metro stations has been recognized as 

a major factor influencing the use of metro lines (Iseki & Taylor, 2009; Morency et al., 2011; Sun et al., 

2017). More than 50% of access-egress trips to metro stations involve walking or cycling (Yang et al., 

2015; Goel & Tiwari, 2016; Wu et al., 2018). As walking (Wu et al., 2018) and biking (Yang et al., 

2015) are the most frequently used transportation modes for egress/access trips to metro stations, it is 

essential to promote walking/cycling around metro stations.  

However, as argued by Winters & Teschke (2010) and Lin et al. (2015), many metro station areas face 

problems such as the inconvenient design of the space connecting stations and their surrounding area, 

and low comfort levels of pedestrian and cyclist facilities. Moreover, due to the dramatic increase in 

automobile traffic, urban space is largely used for automobile infrastructures such as parking and roads, 

while increasingly less space is available for walking and biking. These problems result in a mismatch 

between the features of the designed spaces and pedestrian/cyclist preferences (Yang & Gakenheimer, 

2007; Zhao et al., 2013). The conflict between vehicles and pedestrians/cyclists is serious (Zhao, 2011; 

Day, 2016). To improve pedestrian/cyclist access to metro stations, it is necessary to explore 

pedestrians/cyclists’ preferences for the built environment around metro stations.  

Walking and biking, being healthy physical activities (Brown et al., 2013) and important transportation 

modes (Kemperman & Timmermans, 2009), have been widely studied in transportation (e.g., Cao et al., 

2006; Borgers & Timmermans, 2015; Aziz et al., 2018), public health (e.g., Poortinga, 2006; Alfonzo 

et al., 2014; Saghapour et al., 2019), and urban planning (e.g., Ewing & Cervero, 2010; Degen & Rose, 



Chapter 1 

2 

 

2012). Understanding transportation mode choice and route choice of pedestrians and cyclists is 

important for urban planning and design to develop facilities, improve the accessibility of metro stations, 

and enhance community vitality (Kwan et al., 2003; Sung & Lee, 2015). Evidence has accumulated that 

the built environment influences the choice of walking/biking as a transportation mode and 

pedestrian/cyclist route choice behavior. However, few studies have considered the street-scale built 

environment around metro stations. Moreover, as most studies originate from developed countries 

(Larrañaga et al., 2016; Kim et al., 2017), their findings may not generalize to developing countries 

such as China due to its higher population density (Chen, 2010), and be different features of the built 

environment and design strategies (Zhao et al., 2013; Day, 2016). To the extent that Chinese studies 

addressed this issue, they have been mostly concerned with high-density first-tier cities such as Hong 

Kong, Beijing, and Shanghai, and less with second/third-tier cities (Wang & Zhou, 2017).  

This Ph.D. thesis, therefore, is motivated to fill this gap in the literature by exploring the relationship 

between pedestrians/cyclists’ mode and route choice to/from metro/railway stations and the micro-level 

(street-scale) built environment in a second-tier city in China. More specifically, it investigates how the 

street-scale built environment influences pedestrians/cyclists’ mode choice and route choice behavior 

and examines user preferences for the micro-level built environment around metro stations. The focus 

on a second-tier city is motivated primarily to expand the set of Chinese cities where the effects of the 

built environment on pedestrian/cyclist mode and route choice have been studied. 

 

1.2 Objectives and research questions  

The objective of this thesis is to identify preferences for the street-scale built environment in the context 

of walking/biking access/egress trips to/from metro stations to support design decisions. The study is 

conducted to better understand the relationship between the street-level built environment and 

pedestrians/ cyclists’ transportation mode and street segment/route choice to/from metro stations. The 

thesis attempts to provide an answer to the following research questions: 

1) How does the street-scale built environment influence mode choice around metro stations? 

2) How does the street-scale built environment influence pedestrians/cyclists’ choice of street segment 

for access/egress routes to/from metro stations?  

3) Is there any unobserved heterogeneity in pedestrians/cyclists’ preferences for the built environment 

in their choice of street segment for access/egress routes to/from metro stations?  

4) How does the street-scale built environment influence pedestrians/cyclists’ choice of access/egress 

route to/from the metro station? 

 

1.3 Thesis outline 

Figure 1.1 gives a graphical overview of the structure of the thesis. After this introduction, an overview 

of the relevant literature is provided in Chapter 2. It derives some research gaps and under-researched 

topics. Moreover, it discusses the major modeling approaches to analyze cyclist/pedestrian 

transportation mode and route choice behavior to provide the necessary background for the choice of 

models made in this thesis. 
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Figure 1.1 Structure of the thesis 

 

Next, in Chapter 3, the study area and the various datasets collected for the present study are described. 

Due to budget limitations, all data concern the area surrounding Yingkoudao metro station in Tianjin, 

China. Both stated and revealed choice data were collected.  

The stated choice data reveal traveler preferences for street segments, described in generic attributes. 

Section 3.4.2 of Chapter 3 describes the design of the stated choice experiment. In contrast, revealed 

preference data describe actual transportation and route choice. Both these data sets were collected 

using a face-to-face survey. Sections 3.4.1 and 3.4.3 discuss the design of the survey and its 

administration. It generates the key data used in the analyses. Because the focus is on the built 

environment, in addition, a set of street-level built environment variables was collected. Section 3.3 

details the sources of these data and the operational definitions used. Chapter 3 also provides key 

descriptive statistics of these data sets. Finally, count data about the number of travelers entering/exiting 

the station were collected (Section 8.2).   

The next four chapters report the estimation results of various models of cyclist/pedestrian choice 

behavior that were formulated to better understand transportation mode and route choice behavior 

around metro stations, with particular focus on the relative contribution of street-level built environment 

attributes. Each chapter answers the corresponding questions, as shown in Figure 1.1. In Chapter 4, it 

examines the influence of the street-level built environment on people’s transportation mode choice 

when they travel from the metro station area to outside the study area or in a reverse direction. The 

analysis and results of a transportation mode choice model are presented to answer question 1 “How 

does the street-scale built environment influence mode choice around metro stations?”. As metro transit 



Chapter 1 

4 

 

is an important mode in the study area, transportation mode combination metro-walking was also 

considered. Because biking was hardly observed on access/egress trips, the combination metro-biking 

was not included in the model. 

Chapter 5 exams the impacts of street-scale built environment on pedestrians/cyclists’ choice of street 

segment for access/egress routes to/from metro stations. It reports the results of a multinomial logit 

model that was applied to the stated choice data to elicit pedestrians/cyclists’ preferences for the 

systematically varied street-level built environment attributes. The findings indicate general preferences 

for the attributes varied in the experiment and how these differ with socio-demographic profiles. 

In addition to the socio-demographic profile, preferences may differ due to unobserved heterogeneity. 

To investigate the unobserved heterogeneity in preferences, Chapter 6 examines whether allowing for 

unobserved heterogeneity improves the goodness-of-fit of the stated choice model for bicycle trips 

to/from metro stations using a latent class logit choice model. The results provide an answer to question 

3 “Is there any unobserved heterogeneity in pedestrians/cyclists’ preferences for the built environment 

in their choice of street segment for access/egress routes to/from metro stations?”. A similar analysis 

was conducted based on the stated choice data of pedestrians, but no evidence of multiple latent classes 

was found. The results are, therefore, not included in this thesis.  

Chapter 7 explores the relationship between the micro-scale built environment and pedestrian route 

choice to/from metro stations estimating a path size correction latent class logit model using revealed 

route trajectory data between Yingkoudao metro station and origins/destinations in the study area. The 

results answer research question 4 “How does the street-scale built environment influence 

pedestrians/cyclists’ choice of access/egress route to/from the metro station?”. 

To illustrate the route choice model, its application to a set of limited policy scenarios related to changes 

in street-level attributes of selected streets is described in Chapter 8. It shows how design changes 

trigger shifts in pedestrian trajectories in egress/access trips to the metro station.   

Finally, a summary of the findings, scientific and societal contribution, a discussion of limitations, and 

future research directions are presented in Chapter 9.  
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Literature review 

 

 

 

 

2.1 Introduction 

Before discussing the setup and findings of this study, we will first summarize selected research on 

walking and biking transportation mode and route choice behavior. This literature review chapter serves 

two objectives. First, it allows us to position this Ph.D. study in the larger body of extant knowledge 

and articulate its contribution to the state of the art. Second, it allows readers to understand to what 

extent our operational decisions are based on or deviate from previous research on walking and biking.  

An abundant volume of knowledge has accumulated over the years in different disciplines such as 

architecture and urban planning, transportation research, leisure research, and public health about the 

choice of walking and cycling as transportation modes and the route choice behavior of people using 

these modes. As one would expect, the specific aim and focus of this research differ fundamentally by 

discipline. This literature review will be confined to selected research in urban and transportation 

planning. We do not aim at an exhaustive discussion of this literature, but rather summarize exemplary 

studies to highlight central concepts and key modeling approaches and identify research gaps and under-

researched issues. 

In line with the premise of the activity-based approach that travel choices are derived from activity 

participation (Rasouli & Timmermans, 2014), studies on walking and biking in urban and transportation 

planning research can be classified according to the underlying trip purpose or activity type. Because 

the nature of activity types differs, the derived utility of the various transportation modes and therefore 

choice probabilities also differ, depending on activity context. In addition, biking and particularly 

walking have been studied in the context of access respectively egress to public transportation stations.  

In this chapter, we will first, in section 2.2, summarize studies concerned with walking, focusing on 

walkability, mode choice, and pedestrian route choice behavior. Next, in section 2.3, we will discuss 

examples of studies on bikeability, biking mode choice, and cyclist route choice behavior. Finally, in 



Chapter 2 

6 

 

the conclusions section, we will identify research gaps that will be addressed in subsequent sections and 

motivate the approach of modeling route choice behavior. 

 

2.2 Walking 

2.2.1 Walking mode choice 

Studies that have explored walking in the context of transportation mode choice can be further classified 

into two groups. The first group considers walking as the main transportation mode either for specific 

activities or in general and investigates the impact of the built environment, in addition to functional 

attributes and socio-demographics, on transportation mode choice. For example, Broach & Dill (2016) 

using a discrete choice model found that neighborhood commercial land, missing sidewalks, and 

unsignalized arterial crossings had a negative influence on the choice of walking as a transportation 

mode. Moniruzzaman & Páez (2016) studied the walkable environments of seniors (65+) with a special 

focus on street-scale transportation facilities, land use mix, and commercial facilities. Results showed 

that marked cross-walks, four-way intersections, flat terrain, more pedestrian-oriented lights, higher 

land use mix, fewer public spaces, and more coffee shops have a positive impact on the propensity to 

walk.  

These studies did not distinguish the type of activities for walking. Other studies have been concerned 

with specific activities. For example, using regression models, Zacharias (2005) found block structure 

and road density to influence the choice of non-motorized (walking/biking) and motorized 

transportation modes, but this influence was not significantly different across trip purposes in Shanghai, 

China. Munshi (2016) used a multinomial logit model and found that population density and 

accessibility to jobs positively influence the choice of walking in the context of commuting trips. In a 

similar vein, Aziz et al. (2018), using a mixed logit model, found that improving traffic safety and 

sidewalk width increases the probability of choosing the walking mode for commuting trips. In studying 

mode choice for school trips, Mehdizadeh et al. (2018) used a mixed logit model and found that school-

scale and neighborhood-scale built environment variables, such as accessibility of public transportation, 

sidewalk facilities, neighborhood security, and safety, had a positive influence on the probability of 

choosing walking as the transportation mode to go to school in Rasht, Iran.  

The results of transportation mode choice for shopping trips vary considerably by type of shopping and 

country. Particularly in countries such as the Netherlands, rather strict retail planning has resulted in 

neighborhood shopping centers for daily shopping within a range of 750 m from residences. Due to the 

spatial distribution of these centers, a relatively large share of daily shopping trips is made on foot or 

by bike (Kurose et al., 2001; Arentze & Timmermans, 2005). Europe has many pedestrianized shopping 

areas in the city centers, and consequently, several studies on pedestrian movement have been conducted  

(Dijkstra & Timmermans, 2002; Borgers & Timmermans, 2005; Zhu & Timmermans, 2008; Borgers et 

al., 2009; van Cauwenberg et al., 2012). In contrast, with a lack of neighborhood centers in the United 

States, the consequent larger distance and higher volume purchasing behavior imply that the share of 

walking and biking for daily shopping trips in the USA is much smaller (Cervero, 2003). In China, there 

are various levels of retail development such as small neighborhood stores, large neighborhood farmer 

markets, and supermarkets in urban areas due to the high population density (Chen, 2019). The short 

distances involved allow people in China to walk/cycle to these shopping outlets. They usually travel a 

much shorter distance than residents in western cities, and walking and biking can be used to cross these 



Literature review 

7 

 

distances. Moreover, car ownership is much lower. As for non-daily shopping activities, mode choice 

within pedestrianized areas is a non-issue as by definition pedestrian movement involves walking only.  

In the context of leisure and recreation activities, walking can be viewed as an example of such activities. 

Walking is a form of urban outdoor recreation, such as neighborhood walking (Nordh et al., 2017). In 

contrast to walking as a transportation mode, recreational walking has been found associated with 

pedestrian infrastructure, aesthetics, and safety, and less/not associated with road network, open spaces, 

and distance to non-residential destinations (Saelens & Handy, 2008). The distance to footpath networks 

and perceptions of the walking environment seem significantly related to participation in recreational 

walking (Duncan & Mummery, 2005). Kang et al. (2017) found that recreational walking was more 

popular in the home neighborhood and was not associated with recreational land use. Lower density 

neighborhoods positively influence recreational walking on weekdays (Gao et al., 2020). 

Another group of studies investigated walking as an access respectively egress mode to public 

transportation stations. For example, Tilahun & Li (2015) used a logit model to estimate the propensity 

of walking as an access mode to transit stations and found that access time, safety from crime, and 

presence of sidewalks have a positive influence on peoples’ propensity to walk to transit stations. Ma 

et al. (2018), using a cross-nested logit model, found that building more bus stops near commuters’ 

home locations promotes walking in the context of access/egress trips to/from these bus stops due to 

the shorter distances. Luan et al. (2020) used mixed logit models and found that residents in the 

catchment areas of metro stations were more likely to walk or cycle to the station. Townsend & 

Zacharias (2010) found that types of destination and land use were related to the length of walking 

egress trips to/from metro stations. A proper land use distribution could increase the propensity to walk. 

Cao & Duncan (2019) found that a pedestrian-friendly environment such as safe intersections, good 

pedestrian infrastructure with sidewalks, and attractive building appearance enlarge the catchment area 

of the transit station, and promote walking to/from the stations. 

Besides exploring the impact of the built environment, previous studies have also examined the 

relationship between socio-demographic variables and transportation mode choice. They showed that 

individual characteristics such as young age and low car ownership are correlated with the propensity 

to walk (e.g., Moniruzzaman & Páez, 2016; Buehler et al., 2020). Older people, especially those aged 

above 65, tend to walk less (Saneinejad et al., 2012; Moniruzzaman & Páez, 2016; Munshi, 2016; Aziz 

et al., 2018). Women are more likely to walk than men do (Chaix et al., 2016; Munshi, 2016; Ma et al., 

2018). A higher education level (Tilahun & Li, 2015; Buehler et al., 2020) and low income (Tilahun & 

Li, 2015; Chaix et al., 2016; Aziz et al., 2018) have a positive effect on choosing walking as the 

transportation mode.  

Trip characteristics such as walking time/distance also influence mode choice decisions. In particular, 

time/distance has been shown to negatively influence the choice of walking as a transportation mode 

(Saneinejad et al., 2012; Chaix et al., 2016; Munshi, 2016; Aziz et al., 2018). Transit waiting time was 

also found to negatively affect the choice of walking as a transportation mode (Saneinejad et al., 2012). 

Except for the factors discussed above, other factors were also found to influence the choice of walking. 

For example, cold weather has a negative effect on walking, especially for younger individuals 

(Saneinejad et al., 2012). Psycho-social variables such as attitudes have also shown to be strongly 

associated with the propensity to walk (Arroyo et al., 2020).  

2.2.2 Pedestrian route choice 

Modeling approaches 
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Generally, models of pedestrian route choice have followed similar lines of development as route choice 

model for other transportation modes. Seminal work is based on static or dynamic equilibrium models 

based on shortest/fastest route algorithms. However, route choice goes beyond the physics that affect 

movement. Therefore, since the 1980s many route choice models based on random utility theory have 

been formulated, estimated, and applied. In the case of shopping pedestrians, who often make multiple 

stops and engage in comparison shopping, the assumption of the shortest/fastest route may not be 

realistic. Consequently, route choice in this context has also been addressed as a traveler salesman 

problem and as a manifestation of different temporal and spatial route choice heuristics (Van Der Hagen 

et al., 1991). Another interesting stream of research stems from architecture. The space syntax approach 

argues that the morphology of a place strongly influences movement patterns. Topological measures of 

network centrality are used to predict pedestrian volumes and flows. In addition, there is literature on 

the dynamics of pedestrian flows. Macroscopic models are based on the fundamental diagrams of 

physics. These have gradually been complemented by microscopic, cellular automata models in which 

a set of rules is used to simulate pedestrian movement across a set of adjacent cells, and speeds are 

endogenously simulated as a function of the density of pedestrians. 

A special branch of studies of pedestrian movement is the so-called walkability studies. Akin to the 

New Urbanism Movement, these studies are closely linked to an international network of academics 

and practitioners who advocate the design of environments that stimulate people to switch to walking 

from the use of other transportation modes. Research mainly aims at identifying attributes of the 

environment, sometimes very detailed or even idiosyncratic, that prevent people from walking and vice 

versa attributes that induce walking. For example, Clifton et al. (2007) and Sun et al. (2017) audited 

the built environment and asked experts to subjectively evaluate the walkability of streets. The built 

environment attributes included building density and height, land use diversity, sidewalks (e.g. barriers, 

width, completeness, material and connectivity), tree shadow, road characteristics (e.g. maintenance, 

lanes, fence, greenery, parking, and crossings), non-motorized parking facilities, bus stops (e.g. canopy 

and benches), metro stations, lighting, etc. Shatu & Yigitcanlar (2018) developed a virtual audit tool of 

the street environment for pedestrian route choice analysis. In their research, respondents were asked to 

subjectively score the environment attributes (sidewalk situations and street furniture, land use and 

buildings, and traffic environment). Gu et al. (2018) used Open Street Map and calculated a walkability 

score for each street based on a set of the normatively defined guideline.  

Returning to modeling approaches, early studies followed the four-step approach. Regression analysis 

is used to predict the number of walking trips emanating from a set of traffic zones as a function of 

household characteristics and land use distribution. Next, destinations of the walking trips are predicted 

using gravity models, i.e. a trade-off between the attractiveness of the zones and a distance decay 

function. Finally, the shortest path algorithm is typically used to simulate the route between the zone of 

origin and the destination. In principle, to elaborate this approach a generalized cost function can be 

used. Borgers & Timmermans (1986) extended this approach by differentiating between planned and 

impulse buying. Using the simulated route, impulse buying is predicted for each link of the route. 

The aggregate nature and lack of behavioral mechanism of the four-step approach have been criticized. 

The development of categorical analysis in statistics and the popularity of random utility theory led in 

the 1980s to the development and application of discrete choice models in travel behavior research, 

replacing aggregate data with individual level data. Random utility theory assumes that pedestrians 

derive a stochastic utility from the possible routes that make up their choice set. Under the further 

assumption of utility-maximizing behavior, choice probabilities then depend on the assumptions of the 

distribution of the error terms. If it is assumed that the error terms are independently and identically 
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Gumbel distributed, the well-known multinomial logit model can be derived. Although this assumption 

may not be realistic, alternate model specifications based on relaxations of this assumption did not 

improve the predictive performance of the choice model much in many destination choice studies. 

However, a fundamental problem in route choice studies is that routes overlap, and hence by definition 

the IIA property is incorrect. It led to the formulation of models that addressed the issue of overlap by 

adding a correction term to the utility function. Three different specifications have been suggested, C-

logit model, Path Size Logit model, and Path Size Correction Logit model. As Prato (2009) indicated, 

the C-logit model (Cascetta et al., 1996) was the first modification of multinomial logit model. The 

overlap degree of each route in the choice set was quantified and called the commonality factor. The 

simplest definition of the communality factor uses the ratio of overlapping routes and route length. 

Several, rather ad hoc, more complex factors have been suggested. Whereas the C-logit uses the 

commonality factor directly, the path size logit model (Frejinger & Bierlaire, 2007) is based on the ln-

transformation of the commonality factor. The path size correction logit model suggested a further 

correction factor (Bovy et al., 2008).  

All three specifications have been used in route choice studies. For example, Lue & Miller (2019) 

applied the path size logit model and found that pedestrians prefer a shorter distance, fewer turns, more 

signalized intersections, high sidewalk presence, and less commercial land use along their routes to the 

metro stations. Rodriguez et al. (2005) estimated a Path Size Correction Logit model for the route choice 

of adolescent girls. 

A highly interesting discrete choice model was suggested by Borgers & Timmermans (2005) While all 

discrete route choice models predict the probability of choosing a priori defined alternative routes 

between origins and destinations, they viewed route choice as a series of successive node choice 

decisions. Hence, routes are endogenously simulated. At each node, the model predicts the choice of 

link as a function of the attributes of the links and possible future choices and the accumulated past 

decisions, including total distance. The model performed very well for the pedestrianized areas in 

Maastricht and Eindhoven, the Netherlands. Application to planning scenarios, however, indicated that 

the simulated routes tend to be longer than observed routes. 

While these models were all based on the principle of utility-maximizing behavior, other models 

explored different choice mechanisms. Zhu & Timmermans (2011) suggested models of bounded 

rationality including. Jang et al. (2020) explored reference dependent effects of route overlap based on 

the concepts of regret and rejoice. They found that the effects of route overlap differ between regret and 

rejoice affected by travel distance.  

While all the choice models are concerned with the choice of discrete alternatives (routes), the traffic 

flow models dynamically simulate the flow of pedestrians. Some studies have applied macroscopic 

models (Lam & Cheung, 2000; Lerman & Omer, 2016; Kim et al., 2017), but microscopic cellular 

automata models have found more application in studies of pedestrian movement. The social force 

model is probably the most popular of these. Helbing et al. (2005) and Helbing & Johansson (2010) 

explored self-organization in crowd dynamics. They found that pedestrian facilities and geometric 

boundary conditions affect pedestrian flows and egress routes generated. The model considers 

interactions between individual pedestrians in crowds and generates self-organized patterns of motion 

in panic and evacuation situations.  

Hoogendoorn & Bovy (2004) studied pedestrian route choice and activity schedules on station 

platforms under uncertainty based on utility maximization theory. They found that besides the spaces 

and obstacles on the platform and walking time, instantaneous information such as the crowd conditions 



Chapter 2 

10 

 

influence pedestrian route choice and speed. Hoogendoorn et al. (2015) considered a density-gradient 

dependent term reflecting local adaptations based on prevailing pedestrian flow conditions in a multi-

class model. Results indicate that pedestrians tend to move from crowded to less crowded areas and that 

patterns of self-organization emerge. Similar studies include Daamen & Hoogendoorn (2003), Ukkusuri 

et al. (2012), Chen et al. (2017), and Daamen & Hoogendoorn (2019). Zacharias (2009) defined 

pedestrian movement choices heuristically and dynamic interactions of agents in crowds.  

A very elaborate model has been developed by Dijkstra et al. (2011). For applications in shopping areas, 

the agent-based model predicts destination choice, time spent, and route choice. They simulated the 

movements of shopping pedestrians, considering a variety of shops, number of stores, road network 

characteristics, using the agent-based model.  

Recent studies in the space syntax literature assess the impact of the morphology of the area on 

pedestrian movement (Barton et al., 2012; Lee et al., 2013; Koohsari et al., 2016; Lerman & Omer, 

2016). Turner & Penn (2007) used line-of-sight based rules to simulate pedestrian movement in a 

building and found that sight-line lengths influence pedestrian movement. Ozbil et al. (2011) found a 

positive relationship between pedestrian volumes and high street connectivity/various land use. Lerman 

et al. (2014) used a regression method to predict pedestrian volume on streets. They found that the 

distribution of pedestrians has a positive relationship with spatial variables such as road network 

intensity, connectivity, integration, and other built environment characteristics such as residential 

density, commercial frontage, proximity to the public stations, and road facilities. 

 
Choice of explanatory variables 

The choice of explanatory variables depends on the specific decision context. Having said that, all 

applications of these route choice models include distance or travel time to reflect the notion that the 

probability of choosing a route decreases with increasing travel time/distance. It is also quite common 

to add/control for socio-demographic characteristics of the traveler. The findings are mixed. In some 

contexts, route choice seems to differ for different socio-economic segments of the population, in other 

contexts route choice seems independent of socio-economic characteristics. Interestingly, Borgers et al. 

(2005) found that a distinction between hedonistic and utilitarian shoppers is more insightful. The latter 

tend to be more efficient in terms of duration of the trip and distance minimization behavior. 

As to the inclusion of built environment attributes, the majority of studies tends to include land use and 

functional characteristic. Studies differ, however, in regard to the consideration of street-scale built 

environment characteristics. Pedestrians with different trip purposes or in different contexts have a 

different focus on the street-level built environment characteristics. Shopping pedestrians cared more 

about the shops' variety, the number of stores, and road network characteristics on the route (Dijkstra et 

al., 2011; Borgers & Timmermans, 2015). Road network characteristics were also studied in the context 

of daily trips (Moran et al., 2018; Shatu et al., 2019). Commuters pay more attention to dwelling density 

and building maintenance, and especially outdoor lighting on night trips (Tribby et al., 2017). 

Pedestrians to the school considered safety, presence of sidewalks, traffic signals, and greenery 

(Rodriguez et al., 2015; Ozbil et al., 2016). Crossing facilities and traffic flows are important factors 

for walking (Broach & Dill, 2016; Bivina et al., 2020). In summary, for the street-scale built 

environment variables studied in past pedestrian route choice studies, sidewalk width/presence and 

intersections with traffic lights/signals have been demonstrated to be highly important in pedestrian 

route choice for most trip purposes. Other characteristics which are important in urban planning have 

not been studied (much) in pedestrian route choice models yet, such as floor area ratio, building height 

and building frontage/retail frontage, especially in the context of egress trips to/from metro stations. 



Literature review 

11 

 

Road width and fence presence which were shown to have a positive influence on walking in the audit 

studies have not been considered in the context of egress trips to/from the metro stations. 

 

2.3 Biking 

Previous studies have estimated the relationship between socio-demographic variables, trip 

characteristics, built environment, and biking mode choice. As to socio-demographic variables, it has 

been found that men are more likely to cycle than women (Cervero & Duncan, 2003; Moudon et al., 

2005; Heinen & Bohte, 2014; Broach & Dill, 2016; Buehler et al., 2020). Women prefer to ride a private 

bike than a public bike (Ji et al., 2017). Cycling is more popular among younger adults (Moudon et al., 

2005; Puello & Geurs, 2015), although the opposite has also been found (Srinivasan et al., 2020). 

Younger people are more likely to ride a public bike than older people do (Ji et al., 2017). Owning a 

bike increases the probability of cycling (Lin et al., 2018). Low-income households are more likely to 

cycle than high-income households (Dill & Carr, 2003; Lin et al., 2018; Srinivasan et al., 2020). People 

with higher incomes are also more likely to ride a public bike than a private bike (Ji et al., 2017). Low 

education is positively correlated with the choice of biking (Heinen & Bohte, 2014). Commuters with 

a more positive attitude toward cycling and a less favorable attitude toward public transportation are 

more likely to cycle than use public transportation (Heinen & Bohte, 2014).  

Trip characteristics such as biking distance and trip purpose have been well explored. People traveling 

for social or recreational purposes were found more likely to cycle compared to other purposes (Cervero 

& Duncan, 2003). People are more likely to cycle than walk to/from the metro stations with increasing 

distance to the metro station (Heinen & Bohte, 2014; Zhao & Li, 2017). People traveling for 

work/school prefer to use a public bike than a private bike (Ji et al., 2017). People have a lower 

probability to choose biking during weekends (Broach & Dill, 2016).  

Regarding the impact of the built environment on biking, studies can be classified into two sub-groups. 

The first group considers biking as the main transportation mode for activities and investigated the 

impact of the built environment on biking mode choice. For example, Winters et al. (2010) explored 

the choice of biking versus driving using multilevel logistic regression models. They discovered that 

less hilliness, higher intersection density, less highways/arterials, presence of bicycle signage, presence 

of traffic calming, presence of cyclist-activated traffic lights, more neighborhood 

commercial/educational/industrial land use, greater land use mix, and higher population density 

increase the odds of biking. Ramezani et al. (2018) found high street network integration, high 

population density, high land use diversity, and high design quality to increase the choice of biking 

using a multinomial logit model and the space syntax method. Buehler et al. (2020) used a logistic 

regression method to study cycling for daily travel and found that people are more likely to cycle in 

blocks with high population density and in urban areas than in rural areas. Moudon et al. (2005) using 

binary logit models concluded that the presence of amenities for cycling and bicycle lanes/trails and 

grocery stores and schools increase the likelihood of cycling.  

Another group of studies investigated biking in the context of access respectively egress mode choice 

to public transportation. For example, Puello & Geurs (2015) and Geurs et al. (2016) used a multi-

modal transportation network model and found that improving the quality of bicycles route including 

social/public safety, bicycle lane conditions, route directness, and parking increases the choice of biking 

for assess/egress trips to/from train stations in the Netherlands. Lin et al. (2018), studying public bike 

usage for metro access in Beijing, Taipei, and Tokyo, found that population density, employment density, 
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and arterial intersections have a positive influence on the choice of public bikes, while the directness of 

a commuter’s travel route between the metro station and trip endpoint has a negative influence on the 

choice of public bike. A route with high directness had a shorter distance. As observed in the study, the 

probability of taking a public bike declined with decreasing route length. Land use variables (population 

density and number of leisure, shopping, and food-related places) were found largely insignificant to 

increase biking trips to metro stations generated from multinomial and nested logit models in Nanjing, 

China (Ji et al., 2017). People living in residential zones were found more likely to take the bike-train 

mode than people living in non-residential zones in the Netherlands (Heinen & Bohte, 2014). Zhao & 

Li (2017) explored the determinants of cycling as a transfer mode at metro stations using a multilevel 

logistic model in Beijing and found that the presence of green parks, the presence of bike lanes, less 

shopping malls, and higher land use mix cyclists had a positive impact on cycling rates to/from metro 

stations. Sun & Zacharias (2017) used binary logistic regression analysis and found that a separated 

cycle lane connected with the metro station had a positive influence on biking mode choice in Beijing. 

 

2.4 Conclusions and implications for the design of the research project 

This chapter reviewed selected literature on walking, biking, and their correlation with the built 

environment. Both the research on transportation mode choice and route choice were considered. 

Considering the focus of this Ph.D. study on access/egress trips to metro stations, particular attention 

was given to studies at that time. The review chapter served to position the Ph.D. study and motivate 

the choice of modeling approach and selection of street-level built environment attributes. 

The review of the literature demonstrated that although walking and biking have received 

overwhelming attention, the focus on access and egress trips to metro stations is less impressive. In part, 

this may be explained that metro systems are quite old in the USA/Canada, and European countries. 

The topic has received renewed interest in reaction to the rapidly expanding new systems in China and 

other Asian countries. In parallel with these developments, most relevant studies have either been 

concerned with European and American cities and on first-tier Chinese cities. Thus, the contribution of 

this Ph.D. study concerns adding empirical knowledge on the influence of street-level built environment 

attributes on walking and biking mode and route choice in a second-tier Chinese city with special 

reference to access/egress trips to metro stations. 

As for the approach of modeling route choice behavior, the richest models are the agent-based, cellular 

automata model of movement patterns, combined with an activity-program of the agents. However, for 

answering the research questions of the current study, these complex models are “overkill” in the sense 

that the detailed simulation of space-time trajectories and the emerging modeling of the duration and 

speed of pedestrian flows is not needed for the addressed problem. Although space syntax model focuses 

on the morphology of the study area, their use of topological rather than empirical spaces makes the 

models useless for simulating route choice behavior. In addition, questionable data collection and 

manipulation of data limit the approach for the behavioral analysis of transportation mode and route 

choice behavior. The criticism on the classic aggregate analyses and modeling of walking and biking 

behavior remains valid and therefore this approach is not chosen in this Ph.D. project. Walkability 

analysis is a very useful tool for the planning and design of pedestrian-friendly built environments, but 

the approach does not deliver a sound behavioral basis to understand walking and biking decisions and 

predict/assess the impact of new designs. 
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Thus, based on these considerations, we decided to adopt a discrete choice framework. Because we 

assume that access/egress trip show a high degree of rationality, a utility-maximizing theoretical 

orientation seems adequate. For the same reasons, Borgers and Timmermans’ model, which primarily 

focuses on shopping behavior, seems overdone. Thus, a Path Size Correction Logit model was chosen 

to predict route choice behavior in the context of access and egress trips to metro stations as it reflect 

the latest specification of this modelling approach.  

As for the inclusion of built environment variables, in line with prior research, we will include route 

distance, land use mix, traffic lights presence, crossing facilities, traffic volume, and sidewalk width as 

important street-level built environment attributes. In addition, we will consider fence presence, 

building frontage/retail frontage, building height, floor area ratio, street greenery, road width, and street 

lighting, a set of attributes which to the best of our knowledge have not been considered in prior research 

on walking and biking mode and route choice behavior in the context of access and egress trip to metro 

stations in particular. 
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Data collection 

 

 

 

 

3.1 Introduction 

This study aims to explore the relationship between the micro-level built environment around a metro 

station and cyclists/pedestrians’ biking transportation mode and route choice behavior to/from the metro 

station. Both revealed choice data and stated choice data are commonly used to analyze transportation 

mode and route choice behavior (e.g., Dissanayake & Morikawa, 2010; Haghani et al., 2014; Rodriguez 

et al., 2015). Revealed choice data reflect actual decisions made in the real world. Revealed choice 

variables sometimes exhibit little or no variability, and/or maybe highly collinear (Train, 2009). 

Consequently, estimated parameters of choice models using revealed preference data may be (strongly) 

biased and estimated utility function do not purely reflect underlying preferences.  

In contrast, stated choice data are based on hypothetical situations, systematically varied according to 

the principles of a particular experimental design. Such data allow researchers control over the 

distribution of data points, and therefore estimated preference functions may be less biased. However, 

stated choices under experimental conditions may be different from actual choices in the real world. 

Therefore, acknowledging the pros and cons of these different data collection methods, both were used 

in this study. Corresponding to the revealed choice data, built environment data need to be collected in 

the study area.  

The structure of this chapter is organized as follows. First, the study area is introduced in Section 3.2. 

The collection of the built environment data in the study area is outlined in Section 3.3. Section 3.4 

discusses the questionnaire designs and administrations of the three surveys including the revealed 

transportation mode choice survey, the stated street segment choice survey, and the revealed pedestrian 

route choice survey respectively, and results of descriptive analysis of the survey data. Finally, 

conclusions are drawn in Section 3.5. 
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3.2 Study area 

A “typical” metro station in a second-tier Chinese city was selected as the study area: Yingkoudao 

station in the city center of Tianjin. Figure 3.1 shows some images of the built environment around the 

metro station. The study area shown in Figure 3.2 is an area of 2000*2000 squared meters around 

Yingkoudao metro station, which is the transfer station of lines No.1 and 3, and one of the busiest metro 

stations in Tianjin. It is located in the biggest commercial and business district in Tianjin and generates 

a large daily pedestrian flow. The area includes a variety of land use (e.g., shopping malls, high business 

buildings, residences, schools, restaurants, entertainment, and park). It attracts pedestrians of diverse 

socio-demographic background. The built environment is representative of Chinese second-tier cities 

with not only large modern blocks with wide roads, high buildings, wide sidewalks, traffic lights, and 

other facilities, but also older and smaller blocks with narrow roads, low buildings, narrow sidewalks, 

and fewer crosswalks. The diverse blocks represent sufficient diversity in built environment 

characteristics to investigate their influence on pedestrian route choice.  

 

3.3 Data about the built environment 

The data about buildings and roads were collected from Baidu online map, Baidu street view map, and 

through a supplementary field survey. For each building, its size, number of floors, function, and 

location in the study area were collected. For each link of the road network, the location, width, and 

facilities (such as lamps and fences) were collected. The satellite map was used to collect data about 

green space. More specifically, in the summer of 2019, the street greenery data were extracted from the 

Baidu online satellite map with a scale of 1:1500. The resolution of the Baidu online satellite map is 

0.54 meters. Green areas not belonging to street greenery such as parks, green roofs, and private gardens, 

were deleted manually. Street greenery was recorded in squared meters. Based on the scant research on 

the influence of street-scale built environment attributes on pedestrian movement (e.g., Guo & Loo, 

2013; Borgers & Timmermans, 2015; Rodriguez et al., 2015; Tilahun & Li, 2015), data on ten different 

 

 

Figure 3.1 Images of the built environment in the study area (Source: Yanan Liu, March 2016) 
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attributes were collected, as shown in Table 3.1. Note that nine of these variables commonly appear in 

design manuals. In addition, vertical land use mix measure was included in the description of the street-

scale built environment. Following Lau et al. (2005) and Cerin et al. (2007), vertical land use mix 

(VLUM) was calculated as  

VLUM =  −1 ∗ [∑ (
𝐹𝑗

𝐹
) ∗ ln (

𝐹𝑗

𝐹
)]𝐽

𝑗=1 /ln (𝐽)          j = 1, 2, 3, …, 10                 (3.1) 

where j is land use type, J is the total number of different land use types, 𝐹𝑗 is the floor area of land 

use type j in km2, and F is the total floor area of all land use types in the study area in km2. Land use 

was categorized into 10 types according to the “Code for classification of urban land use and planning 

standards of development land” (GB50137–2011): shopping mall, service (government/mail/others), 

residential, office, restaurant, entertainment, retail, school, open space (park) and other. The value of 

VLUM varies from zero to one. When there is only one type of land use on the link, VLUM equals zero. 

If land use is uniformly distributed across all land use types, VLUM is equal to 1. All these built 

environment variables were matched to a link of the road network. The description, levels, and units 

are shown in Table 3.1. The descriptive statistics of these variables are shown in Table 3.2.  

 

3.4 Survey design and descriptive analysis of the survey data 

In order to address the research questions, three surveys were designed. Survey-1 was implemented to 

collect revealed transportation mode choice data for chapter 4; survey-2 was administered to collect the 

stated choice data for chapters 5 and 6, while survey-3 was designed to collect the revealed route choice 

data for chapter 7. All three surveys used paper-and-pencil questionnaires to collect the data. All 

questionnaires started with a short introduction to the research project and the motivation behind it. The 

questionnaires were first designed in English, pilot-tested, and then translated into Chinese for better 

communication with respondents.  

 

Table 3.1 Selected attributes of the built environment 

Attributes Description  Levels and units at link level 

Link length The total length of the link  A continuous number in meters  

Fence  A metal fence of 0.5 meters to 1.5 meters high physically 

separating pedestrians and vehicles/cyclists 

Categorical variable 

1, has a fence. 

0, no fence on this link. 

Sidewalk width The average width of sidewalks on both sides. A continuous number, in meters 

Vertical land use 

mix 

The mix of land-use types with gross floor area at vertical and 

horizontal dimensions  

A continuous number between 0 to 

1 

Building frontage Building front length A continuous number in m 

Floor area ratio The total gross floor area of buildings divided by the block area  A ratio 

Street greenery The covered area of all street greenery  A continuous number in m2 

Traffic lights  Presence of traffic lights at one or both endpoints of a link 2, both endpoints have traffic lights 

1, one endpoint has traffic lights 

0, endpoints have no traffic lights 

Number of lamps The total number of lamps on a link  A continuous number 

Road width The total width of sidewalks, vehicle lanes, and related 

separation facilities 

A continuous number in meters  

Table 3.2 Descriptive statistics of the built environment attributes in the study area 
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Attributes Input data  Mean Standard 

deviation 

Min Max 

Link length (m) Sum of the link lengths in the study area, 

divided by the total number of links 

112 64 25 499 

Fence presence  

 

 

Sum of the variable, weighted by the length of 

each link 

0.28 0.35 0 1 

Sidewalk width (m) 2.7 2.6 0 20 

Street greenery area (m2) 892 755 0 3510 

Number of traffic lights 

at intersections 

0.9 0.3 0 2 

Number of lamps  5 4 0 35 

Road width (m) 12 7 6 49 

Vertical land use mix Equation (3.1) 0.356 0.289 0.233 0.801 

Building frontage Total “building front length” of each link 

divided by the length of the corresponding link  

1.15 0.33 0.40 1.82 

Floor area ratio Total “building area” of each link, divided by 

total “Block area” on the link 

1.01 0.88 0.18 5.33 

 

 

Figure 3.2 The area around Yingkoudao metro station (Source: Drawing by author, November 15, 2019) 
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3.4.1 Survey-1: Transportation mode choice data 

3.4.1.1 Questionnaire design 

The questionnaire of survey-1 included two parts: socio-demographic information and information 

about trip characteristics and transportation mode choice. The socio-demographic information 

concerned age, gender, car ownership, whether the respondent can drive a car, education level (high 

school/technical school or lower, college/university Bachelor degree, and university Master degree and 

above), household composition (total number of household members, number of children under 18 

years old and their age, and the number of household members older than 65), how many years the 

respondent works in the study area, and how many years the respondent lives in the study area. 

Respondents were also invited to express the strength of their motivations for biking/walking on a 5 

point Likert scale, ranging from “strongly motivated” to “not motivated at all”. The second part of the 

questionnaire collected details of trips either originating from the study area to outside the study area 

or in a reverse direction. Collected details included departure time, arrival time, origin, destination, trip 

purpose, carry luggage, travel party, and transportation mode. Trip purposes were distinguished into 

going to work, going home, non-daily shopping, going to school/university, visit others, pick up 

children, going to the grocery store/supermarket, recreation (catering, entertainment, park, public 

facilities, etc.), and going to official service (bank, government, post, etc.). Travel party included alone, 

partner, children (under 18 years old), friends or relatives (18 to 65 years old or older than 65 years of 

age), and other. The transportation mode options were metro, bus, walk, car, personal bike, shared bike, 

e-bike, taxi, motorbike, and other.  

If a respondent did not use public transportation, the routes for walking, biking, car, and taxi were not 

collected but calculated as the shortest route. If a respondent took the metro/bus as their main 

transportation mode, some extra trip characteristics were collected: transportation mode to/from the 

station, travel time from the origin to the station, waiting time for metro/bus, transportation mode to the 

destination from the station, and travel time from the station to the destination. 

3.4.1.2 Administration  

The survey was administered in the whole study area, not only in the blocks immediately surrounding 

the metro station. Twelve university students were recruited and trained to conduct the face-to-face 

interviews that took place in September 2018 over a total period of 25 days and for a maximum of 8 

hours per day. A stratified spatial sample was used based on the population and employment density in 

each block. Respondents were randomly selected in each block. Those who completed the questionnaire 

were given a small gift. The completed questionnaires were checked daily by the person who was in 

charge of the survey. The response rate was about 91%. A total of 401 respondents, who reported 1059 

trips, completed the questionnaire. After screening each reported trip, 754 trips stemming from 309 

respondents with full trip information were used for model estimation. The deleted trips were either 

trips with missing information or trips that did not originate or end in the study area.  

3.4.1.3 Descriptive analysis of the survey data 

The distribution of the socio-demographics of the respondents is shown in Table 3.3. The age of the 

sample is younger compared to the city data from the Tianjin Statistical Bureau, which may be explained 

because the city center attracts more young people who live and/or work there.  

Table 3.3 Distribution of socio-demographics of survey-1 



Chapter 3 

20 

 

 Variables Category Distribution 

Age  10 to 17 28 9.1% 

18 to 29 160 51.8% 

30 to 39 46 14.9% 

40 to 49 40 12.9% 

50 to 59 16 5.2% 

60 to 73 19 6.1% 

Gender Male 141 45.6% 

Female 168 54.4% 

Education  High school, technical school, and lower 85 27.5% 

College/ University Bachelor degree 185 59.9% 

University Master degree and higher 39 12.6% 

Car ownership Owns car 172 55.7% 

Does not own a car 137 44.3% 

Driving skills Can drive 150 48.5% 

Cannot drive 159 51.5% 

Number of family members  1 73 23.6% 

2 40 12.9% 

3 112 36.2% 

4 64 20.7% 

More than 5 20 6.5% 

Number of children under 18  0 202 65.4% 

1 94 30.4% 

2 13 4.2% 

3 0 0.0% 

Number of household members older 

than 65  

0 262 84.8% 

1 20 6.5% 

2 26 8.4% 

3 1 0.3% 

Number of years working in the study 

area 

0 242 78.3% 

>0, and ≤1 25 8.1% 

>1, and ≤5 22 7.1% 

>5, and ≤10 11 3.6% 

>10 9 2.9% 

Number of years living in the study 

area 

0 239 77.3% 

>0, and ≤1 12 3.9% 

>1, and ≤5 10 3.2% 

>5, and ≤10 15 4.9% 

>10 33 10.7% 

Motivated to walk Strongly motivated 44 14.2% 

Somewhat motivated 138 44.7% 

Neutral 82 26.5% 

Not really motivated 35 11.3% 

Not motivated at all 10 3.2% 

Motivated to use private bike  Strongly motivated 34 11.0% 

Somewhat motivated 97 31.4% 
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Neutral 108 35.0% 

Not really motivated 45 14.6% 

Not motivated at all 25 8.1% 

Motivated to use shared bike  Strongly motivated 52 16.8% 

Somewhat motivated 133 43.0% 

Neutral 94 30.4% 

Not really motivated 15 4.9% 

Not motivated at all 15 4.9% 

 

Table 3.4 Distribution of transportation mode in survey-1 

Transportation mode  Number of trips Percentage 

Metro+walk 202 26.8% 

Bus 115 15.3% 

Walk 99 13.1% 

Bike 144 19.1% 

Car 90 11.9% 

Taxi 104 13.8% 

Total 754 100% 

 

Table 3.5 Distribution of trip purpose in survey-1  

Trip purpose  Number of trips Percentage 

Work  143 19.0% 

Home  301 39.9% 

Shopping  258 34.2% 

Other  52 6.9% 

Total 754 100% 

 

The sample has slightly more females than males. Respondents have a higher education level than the 

general population of Tianjin which may be caused by the universities located in or close to the study 

area. More than half of the respondents have one or more cars in their family. About half of the 

respondents can drive. There are 1 to 4 family members in respondents’ families. More than half of the 

respondents have no children. Most respondents have no elderly living with them. The majority of the 

respondents do not work or live in the study area. As for the motivation questions, most respondents 

indicated to be “somewhat motivated” or “neutral” about walking/private biking/shared biking. As 

shown in Table 3.4, metro+walk is the most frequently chosen transportation mode. The distribution of 

trip purposes, shown in Table 3.5, suggests that more than half of the trips are for going home or 

shopping.  

3.4.2 Survey-2: Stated choice experiment  

3.4.2.1 Questionnaire design 

The questionnaire in survey-2 also included two parts. The first part collected socio-demographic 
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information and motivations for walking/biking, while the second part concerned the stated choice 

experiment. The first part was the same as in survey-1. Because pedestrians and cyclists may have 

different preferences for different attributes of the built environment, two stated choice experiments 

(one design for pedestrians and one for cyclists) were designed. Each respondent was asked to complete 

both stated choice experiments.  

3.4.2.1.1 Attribute selection  

The attribute selection was based on an extensive literature review. The literature shows that not only 

link-related attributes (e.g., sidewalk presence, sidewalk width, presence of traffic lights, presence of 

zebras), but also buildings height, presence of public lighting, and functional aspects such as retail 

frontage and greenery have been used in explaining mode choice and pedestrian/cyclist route choice 

behavior (Kemperman & Timmermans, 2009; Guo & Loo, 2013; Borgers & Timmermans, 2015; 

González et al., 2016; Moniruzzaman & Páez, 2016; Sun et al., 2016). Sidewalk width/bike lane width, 

number of lamps, traffic lights presence, and vehicle traffic volume have been found important factors 

that significantly influence pedestrian/cyclist route choice (e.g., Sener et al., 2009; Guo & Loo, 2013; 

Moniruzzaman & Páez, 2016; Ferster et al., 2019). These four attributes were, therefore, included in 

this study.  

The attributes street segment length, retail frontage, greenery, and building height. which were not 

studied that widely, were also included. Note that the attributes varied in the stated choice experiment 

only partly overlap with the attributes collected for the revealed preference analysis (Table 3.1). Abstract, 

calculated variables such as vertical land use mix, building frontage, and floor area ratio are not easy to 

comprehend. Therefore, attributes retail frontage and building height were used instead in the stated 

choice experiment. Thus, a total of eight attributes were selected to represent the street-scale built 

environment in the experiment for respectively walking and biking. The two designs have five attributes 

in common: street segment length, retail frontage, greenery, lamps, and building height. The other three 

attributes: pedestrian crossing facilities, pedestrian traffic volume, and width of the sidewalk are specific 

for walking. Cyclist crossing facilities, cyclist/vehicle traffic volume, and width of bike lanes are 

specific for biking. Note that although some attributes are the same, they have different definitions or 

different levels for walking and biking.  

All attributes were described in terms of 4 attribute levels as shown in Table 3.6 (for pedestrians) and 

Table 3.7 (for cyclists). The related literature is listed in the second column of these tables. The average 

number of building floors is based on China’s national standard “Code for Design of Civil Buildings” 

(GB50352-2005). Retail street frontage was varied at 0%, 25%, 50%, and 100%. The number of street 

lamps was based on the Chinese national standard “Standard for Lighting Design of Urban Roads” (CJJ 

45-2015).  

For pedestrians, crossing facilities involve traffic lights and zebras which are the basic safety facilities. 

Zebras usually give pedestrians more rights than traffic lights. For cyclists, the crossing facilities are 

traffic lights and separation facilities. The separation facilities are usually a fence to separate vehicles 

and cyclists. For pedestrians, traffic volume means pedestrian flow size on the sidewalk. The influence 

of vehicles was not considered as almost all sidewalks have a clear boundary or are separated from 

vehicle lanes. However, there is no clear boundary or separation for cyclists and vehicles in most streets 

in China. The vehicle and cyclist volumes may have a joint influence on cyclists. Width of the sidewalk 

and width of bicycle paths were both based on the Chinese national standard “Code for transportation 

planning on urban roads” (GB50220-95).
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Table 3.6 Selected attributes and levels for pedestrians 

Attributes  Related literature Explanation  Levels 

Street segment length Dijkstra & Timmermans (2002);  

Zhu & Timmermans (2011) 

The length of one street segment, from 

one crossing to the next crossing 

Shorter than 100 meters 

Between100 meters and 200 meters 

Between 200 meters and 300 meters 

More than 300 meters 

 

The average number of 

building floors on both 

sides of the street 

Alfonzo et al. (2014);  

Sun et al. (2017)  

The average number of building floors 

on the street segment. 

1 to 3 floors 

4 to 6 floors 

7 to 12 floors 

13 or more floors 

 

Retail frontage  Dijkstra & Timmermans (2002);  

Kurose et al. (2009); 

Zhu & Timmermans (2011);  

Guo & Loo (2013);  

Borgers & Timmermans (2015) 

The percentage of the street front 

occupied by retail shops 

100% retail shops 

50% retail shops 

25% retail shops 

No retail shops 

Crossing facilities  Dijkstra & Timmermans (2002);  

Zhu & Timmermans (2011);  

Guo & Loo (2013); Kim et al. (2014);  

Sun et al. (2017); Mehdizadeh et al. 

(2018) 

The facilities at a street crossing, 

including zebras and traffic lights. 

Lights and zebras 

Only zebras   

Only lights 

No pedestrian crossing facilities 

 

Width of the sidewalk  Clifton et al. (2007); Guo & Loo (2013);  

Kim et al. (2014); Sun et al. (2017) 

The real width of the useable 

pedestrian sidewalk  

Wider than 3.5 meters (more than four persons in parallel) 

Between 1.5 and 3.5 meters (three to four persons in parallel) 

Less than 1.5 meters (two persons in parallel at most) 

No sidewalk 

 

Street greenery Clifton et al. (2007); Clifton et al. (2007); 

Rodriguez et al. (2015); Sun et al. (2017) 

The plants along the street, including 

trees and green hedges 

Higher than the average greenery with trees and green hedges 

Higher than the average greenery with either trees or green hedges 

Lower than the average greenery with trees 

No greenery 

 

Crowdedness  Koh & Wong (2013); Cerin et al. (2014) The pedestrian flow on the sidewalks  Almost no one in the streets 

Not crowded 

Somewhat crowded 

Very crowded 

Distance between street 

lamps 

Kelly et al. (2011);  

Gase et al. (2015); Moniruzzaman & 

Páez (2016); Sun et al. (2017) 

The (average) distance between two 

lamps in a street segment  

Less than 15 meters 

Between 15 and 30 meters 

More than 30 meters 

No lamps 
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Table 3.7 Selected attributes and levels for cyclists 

Attributes  Related literature Explanation  Levels 

Street segment length - The length of one street segment, from one crossing to 

the next crossing 

Shorter than 100 meters 

Between100 meters and 200 meters 

Between 200 meters and 300 meters 

More than 300 meters 

 

The average number of 

building floors on both 

sides of the street 

- The average number of building floors on the street 

segment 

1 to 3 floors 

4 to 6 floors 

7 to 12 floors 

13 or more floors 

 

Retail frontage  Kemperman & 

Timmermans (2009)  

The percentage of the street front occupied by retail 

shops 

100% retail shops 

50% retail shops 

25% retail shops 

No retail shops 

 

Crossing facilities  Dill & Gliebe (2008); 

Broach et al. (2012); 

Winters et al. (2013);  

The facilities at a street crossing, including traffic 

lights and separation fences 

Traffic lights and separation fences 

Only traffic lights  

Only separation fences 

No bicycle crossing facilities 

 

Width of the bicycle 

paths  

Clifton et al. (2007); 

Sener et al. (2009); 

González et al. (2016) 

The real width of the usable bicycle paths  Wider than 2.5 meters (more than three cyclists in parallel) 

Between 1.5 and 2.5 meters (two to three cyclists in parallel) 

Below 1.5 meters (one to two cyclists in parallel at most) 

No cyclist path 

 

Street greenery Sener et al. (2009); 

González et al. (2016) 

The plants along the street, including trees and green 

hedges 

Higher than the average greenery with trees and green hedges 

Higher than the average greenery with either trees or green hedges 

Lower than the average greenery with trees 

No greenery 

 

Crowdedness  Sener et al. (2009);  

Dill & Gliebe (2008); 

Broach et al. (2012);  

Koh & Wong (2013); 

González et al. (2016)  

The vehicle and cyclist flows on the street  Almost no cars or bikes in the street 

Not crowded 

Somewhat crowded 

Very crowded 

Distance between street 

lamps 

Gase et al. (2015) The (average) distance between two lamps in a street 

segment  

Less than 15 meters 

Between 15 and 30 meters 

More than 30 meters 

No lamps 
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Table 3.8 An example of a stated choice set for pedestrians 

 Street profile A Street profile B None of these 

Street segment length Between 100 meters and 200 

meters 

Between 100 meters and 200 

meters 

 

The average number of building 

floors on both sides of the street 

4 to 6 floors 1 to 3 floors  

Retail frontage  25% retail shops 100% retail shops  

Crossing facilities  Only traffic lights Only traffic lights  

Width of the sidewalk  Between 1.5 and 3.5 meters  

(three to four persons parallel) 

No sidewalk  

Street greenery Higher than the average with 

either trees or green hedges 

No greenery  

Crowdedness  Somewhat crowded Not crowded  

Distance between street lamps No lamps Between 15m to 30m 

 

 

Your Choice           [  ]         [  ] [  ] 

 

Table 3.9 An example of a stated choice set for cyclists 

 Street profile A Street profile B None of these 

Street segment length More than 300 meters Less than 100 meters  

The average number of building 

floors on both sides of the streets  

13 or more floors 13 or more floors  

Retail frontage  25% retail shops No retail shops  

Crossing facilities for cyclists Traffic lights and separation 

fences 

Only separation fences 

 

 

Width of the bicycle path Less than 1.5 m (one to two 

cyclists in parallel at most) 

No bicycle path 

 

 

Street greenery No greenery Higher than the average with 

either trees or green hedges 

 

 

Crowdedness (cars and bikes) Almost no cars or bikes in the 

streets 

Almost no cars or bikes in 

the streets 

 

Distance between street lamps More than 30 meters Less than 15 meters  

Your Choice         [  ]         [  ] [  ] 

 

3.4.2.1.2 Experimental design 

The application of stated choice experiments involves the creation of a design that combines the 

attribute levels in a particular manner. In this study, the eight attributes with four levels would result in 

48 different profiles in a full factorial experimental design that involves all possible combinations of 

attribute levels. To reduce this number, an orthogonal fractional factorial involving a subset of 64 

attribute profiles was selected. Choice sets were created by randomly combining these 64 attribute 

profiles, thereby creating choice sets of 2 unlabeled alternatives. The “none of these” option was added 

to each choice set to allow for the possibility that both alternatives fall below some choice threshold. 

The 64 choice sets were organized into sixteen blocks of four sets of choice sets. Each respondent 

received a randomly selected block to reduce their burden. Respondents were requested to choose from 

each choice set the street profile they like best for walking respectively cycling or to indicate they do 
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not like either one by choosing the “none of these” option. An example of a choice set for pedestrians 

is shown in Table 3.8, while Table 3.9 provides an example of a choice set for cyclists. 

3.4.2.2 Administration  

The survey was administered throughout the study area. Twenty-three university students were recruited 

and trained to conduct the face-to-face interviews that took place in September 2018 over a total period 

of 25 days and during 3 hours to 8 hours per day. Class schedules meant that interviews did not take 

place every day. It was made sure, however, that all days of the week and times of the days were covered. 

Note that survey-1 and survey-2 were part of the same data collection effort but involved a different 

team of interviewers. Respondents were selected randomly on the streets in the study area and 

introduced to the project. The respondents who completed the questionnaire were given a small gift. 

The completed questionnaires were checked daily by the person who was in charge of the survey. A 

total of 806 respondents started the questionnaire, but three quitted halfway because of privacy concerns. 

Thus, 803 respondents completed the stated choice experiment.  

3.4.2.3 Descriptive analysis of the survey-2 data 

The distributions of respondents’ socio-demographic characteristics are shown in Table 3.10. The 

sample seems representative of the age distribution of metro passengers in Tianjin, based on the 

statistics reported in Wang & Li (2016). The sample has slightly more females than males. The observed 

education level is much higher than the average of Tianjin as there are 5 universities/colleges within 3 

km of the metro station. Half of the respondents have at least one car in their family. Considering the 

study area is located in the city center, the sample has a large share of higher-income households and 

therefore car ownership is also high. Half of the respondents cannot drive, implying another household 

member is driving the family if needed. Most respondents belong to families with less than three 

members. As for the motivation question, most respondents indicated to be “somewhat motivated” or 

“neutral” about walking/using private bike/using shared bike. 

3.4.3 Survey-3: Pedestrian route choice data 

3.4.3.1 Questionnaire design 

The questionnaire of survey-3 also consists of two parts. The first part includes questions about socio-

demographics and motivations for walking/biking. The second part prompts respondents to provide 

details of their access and egress trips to/from the metro station and their route choice behavior, if they 

walked. The set of socio-demographics and their categorization is identical to the set and definitions 

used in the other two surveys. Collected access/egress trip attributes included departure time, arrival 

time, origin, destination, trip purpose, luggage, and the route. Respondents were invited to draw the 

route on a paper map. The classification of trip purposes and travel party was the same as survey-1.  

3.4.3.2 Administration  

Different from survey-1 and survey-2, this survey was administered only in the direct vicinity of the 

Yingkoudao metro station to increase the probability of inviting respondents who made access/egress 

trips to/from the metro station. Eleven university students were recruited and trained to conduct the 

face-to-face street interviews that took place within a total of 25 days for a maximum of 8 hours per 

day in September 2018. Respondents were selected randomly on the selected streets and introduced to 
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the project before being invited to complete the questionnaire. As in the other surveys, participating 

respondents received a small gift.  

A total of 402 respondents completed the survey. They reported 724 routes. Of these, 35 did not include 

the metro station as an origin or destination, and were therefore removed. Another 174 routes concerned 

trips to buildings directly connected to the metro station. These routes were also discarded. Thus, a total 

of 515 routes, stemming from 302 respondents, remained for analysis.  

3.4.3.3 Descriptive analysis of the survey data 

The characteristics of the respondents are shown in Table 3.11. The respondents’ age varies from 15 to 

73 years old. Only one respondent is 73 years old. Other respondents are between 15 and 58 years of 

age. The distribution of gender, education level, car ownership, driveability, and family member 

situations of the route choice samples are similar to the distributions derived from survey-1 and survey-

2.  

The distribution of trip purposes is shown in Table 3.12. More than half of the trips are for going home 

and shopping. As Figure 3.3 shows, 80% of the 515 observed routes are less than 800 meters long. 268 

of the 515 observed routes are the shortest routes. The longest observed route is 1990 meters, and the 

shortest observed route is 220 meters. The majority of routes are between 300 to 400 meters.  

 

Table 3.10 Distribution of socio-demographics of survey-2 

 Variables Category Distribution 

Age  10 to 17 67 8.30% 

18 to 29 451 56.20% 

30 to 39 130 16.20% 

40 to 49 90 11.20% 

50 to 59 45 5.60% 

60 to 73 20 2.50% 

Gender Male 356 44.30% 

Female 447 55.70% 

Education  High school, technical school and below 186 23.20% 

College/ University 526 65.50% 

Master and more 91 11.30% 

Car ownership Owns car 403 50.20% 

Does not own a car 400 49.80% 

Driving skills Can drive 402 50.10% 

Cannot drive 401 49.90% 

Number of family members  1 185 23.00% 

2 120 14.90% 

3 309 38.50% 

4 137 17.10% 

More than 5 52 6.50% 

Number of children under 18  0 554 69.00% 

1 211 26.30% 

2 36 4.50% 

3 1 0.10% 

4 1 0.10% 

Number of household members older than 65  0 673 83.80% 

1 64 8.00% 

2 60 7.50% 

3 4 0.50% 

4 2 0.20% 
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Number of years working in the study area 0 565 70.40% 

>0, and ≤1 68 8.50% 

>1, and ≤5 109 13.60% 

>5, and ≤10 34 4.20% 

>10 27 3.40% 

Number of years living in the study area 0 575 71.60% 

>0, and ≤1 37 4.60% 

>1, and ≤5 71 8.80% 

>5, and ≤10 58 7.20% 

>10 62 7.70% 

Motivated to walk  Strongly motivated 92 11.50% 

Somewhat motivated 342 42.60% 

Normal 264 32.90% 

Not really motivated 83 10.30% 

Not motivated at all 22 2.70% 

Motivated to use private bike  Strongly motivated 64 8.00% 

Somewhat motivated 223 27.80% 

Normal 274 34.10% 

Not really motivated 171 21.30% 

Not motivated at all 71 8.80% 

Motivated to use shared bike  Strongly motivated 103 12.80% 

Somewhat motivated 365 45.50% 

Normal 239 29.80% 

Not really motivated 60 7.50% 

Not motivated at all 36 4.50% 

Total number of respondents 
 

803 100.00% 

 

 

Figure 3.3 Route length distribution of access/egress trips in survey-3 

 

Table 3.11 Distribution of socio-demographics of survey-3 

 Category  Number (percentage) 

Age  15 to 19 years 35 (11.6%) 

20 to 29 years 151 (50.0%) 

30 to 39 years 58 (19.2%) 

40 to 73 years 58 (19.2%) 

Gender Female 182 (60.3%) 

Male 120 (39.7%) 

Education  High school, technical school and below 77 (25.5%) 

College/ University 184 (60.9%) 
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Master and more 41 (13.6%) 

Car ownership Owns car 172 (57.0%) 

Does not own a car 130 (43.0%) 

Driving skills Can drive 146 (48.3%) 

Cannot drive 156 (51.7%) 

Number of family members  1 74 (24.5%) 

2 42 (13.9%) 

3 105 (34.8%) 

4 62 (20.5%) 

More than 5 19 (6.3%) 

Number of children under 18  0 195 (64.6%) 

1 93 (30.8%) 

2 14 (4.6%) 

3 0 (0.0%) 

Number of household members older than 65 0 251 (83.1%) 

1 27 (8.9%) 

2 23 (7.6%) 

3 1 (0.3%) 

Number of years living in the study area 0 year 215 (71.2%) 

0 to 1 year 13 (4.3%) 

More than one year 74 (24.5%) 

Number of years working in the study area 0 year 219 (72.5%) 

0 to 1 year 21 (7.0%) 

More than one year 62 (20.5%) 

Motivated to walk  Strongly motivated 41 (13.6%) 

Somewhat motivated 147 (48.7%) 

Normal 73 (24.2%) 

Not really motivated 33 (10.9%) 

Not motivated at all 8 (2.6%) 

Motivated to use a private bike  Strongly motivated 30 (9.9%) 

Somewhat motivated 101 (33.4%) 

Normal 106 (35.1%) 

Not really motivated 40 (13.2%) 

Not motivated at all 25 (8.3%) 

Motivated to use a shared bike  Strongly motivated 52 (17.2%) 

Somewhat motivated 139 (46.0%) 

Normal 91 (30.1%) 

Not really motivated 9 (3.0%) 

Not motivated at all 11 (3.6%) 

 

 

Table 3.12 Distribution of trip purpose in survey-3  

Trip purpose  Number of trips Percentage 

Work/school  107 20.8% 

Home  165 32.0% 

Shopping  203 39.4% 

Other  40 7.8% 

Total 515 100% 

 

3.5 Conclusions 

This chapter has presented the data collection effort to capture the relationships between the street-scale 

built environment and pedestrians’/cyclists’ transportation mode and street segment choice/route choice 
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to/from metro stations. The data collection instruments consist of GIS data about the built environment 

and three face-to-face interviewer-administered questionnaires on revealed transportation mode choice, 

revealed route choice, and stated road segment choice.  

To the extent possible, the samples seem of metro users. In general, relatively high percentages can be 

explained by the local or transient population of the study area. Quality control of the stated choice 

experiment data suggests that tasks were completed with care and there was no evidence of routinized 

response patterns. The next chapters report the specification and estimation of a set of models to 

examine these relationships between street-scale built environment and respectively transportation 

mode, street segment choice, and route choice behavior. 
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Transportation mode choice 

 

 

 

 

4.1 Introduction 

To enhance metro use, it is important to understand transportation mode choice (Chan & Miranda-

Moreno, 2013). Various factors affect metro use. Besides attributes of the railway system itself (e.g., 

station spacing, service, etc.) (e.g., Brown et al., 2001; Kuby et al., 2004), employment, residential 

density, and distance to metro stations are commonly used predictors of ridership (e.g., Giuliano, 2003; 

Cristaldi, 2005; Gutiérrez et al., 2011; Cardozo et al., 2012). In addition, several studies provided 

evidence of the impact of the built environment around the transit station on metro use, including land 

use mix, floor area of buildings, feeder bus lines, bicycle park-and-ride spaces (Filion, 2001; Gutiérrez 

et al., 2011; Zhao et al., 2013; Gan et al., 2020; Shao et al., 2020), and road network characteristics 

(connectivity between the station and the destinations around the station, intersection density, and 

vehicle lane number) (Ozbil & Peponis, 2012; Jun et al., 2015). Most studies on the influence of the 

built environment on the choice of metro focused on meso-level transportation-related facilities and 

land use patterns using regression models, except for Jun et al. (2015) who used a discrete choice model 

with the sum of boarding and alighting as the dependent variable. However, other street-scale built 

environment variables may influence metro use (Li et al., 2020). To study their effect, individual-level 

trips and advanced quantitative methods are needed rather than the aggregate models that have been 

employed in the above direct ridership analyses.  

This chapter will explore the impact of the street-scale built environment around the metro station on 

transportation mode choice. A discrete choice model based on individual-level trip data will be 

estimated to analyze the quantitative relationship between street-scale built environment attributes and 

transportation mode choice in the metro station area. The data used for analysis are summarized in 

Section 4.2. The generation of choice sets and model specification are discussed in Section 4.3. Results 

are reported and interpreted in Section 4.4. Finally, conclusions are drawn in Section 4.5. 
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Table 4.1 Built environment attributes at the route level 

Estimated variables  Input data from Table 3.1 Units at route-level 

Distance to the metro station Sum of the variable across all links of the route A continuous number in meters  

Street greenery area  

 

 

Sum of the variable across all links, divided by the 

total length of all links 

A continuous number in m2 

Number of lamps  A continuous number 

Sidewalk width A continuous number in meters 

 

Number of traffic lights  

 

A continuous number between 0 and 2 

 

Road width 

 

A continuous number in meters 

Vertical land use mix Equation (3.1) A continuous number between 0 and 1 

Building frontage Total “building front length” across links divided 

by route length 

A continuous number between 0 and 2 

The floorage ratio (FAR) 

on each route 

Total “building area” across links divided by total 

“Block area” of each link 

A continuous number 

 

4.2 Data  

The model of transportation mode choice is based on the trip data derived from survey-1, described in 

Chapter 3. A stratified spatial sample of respondents in the study area was asked to report their trips 

from the study area to outside the study area and in reverse order. For each trip, the transportation mode 

was reported. This survey also documented respondents’ socio-demographic characteristics. The built 

environment data used in this model are listed in Table 3.1. The built environment variables used in the 

mode choice model include land use mix, FAR, road width, distance to the metro station, sidewalk 

width, number of lamps, greenery area, presence of traffic lights, and building frontage.  

 

4.3 Model formulation  

The analysis focused on the influence of street-scale built environment around the metro station on 

transportation mode choice of people who travel in/out the study area. Metro+walk, bus, car, walk, bike, 

and taxi are included in the set of available transportation modes. The street-scale built environment 

attributes are only considered in the specification of the utility of the metro+walk choice alternative. 

More specifically, the street-scale built environment data were generated for the shortest route between 

Yingkoudao metro station and the origin/destination in the study area. The link-level data were 

converted into route-level data and are listed in Table 4.1. A multinomial logit model was estimated, 

using maximum likelihood, to predict transportation mode choice. The probability that individual n 

chooses mode k equals: 

𝑃𝑘𝑛 =
exp ( 𝑉𝑘𝑛)

∑ exp (𝑉𝑙𝑛)𝑙∈𝐶
             n = 1,…, N                                          (4.1) 

where, Vkn is the utility of transportation mode k of individual n, Vln is the utility of transportation mode 

l in choice set C of individual n.  

The utility function of each transportation mode is a linear additive function of mode attributes, trip 

purpose and socio-demographic variables. As indicated, built environment attributes were added to the 

metro+walk option. All socio-demographic attributes and trip purpose were effect-coded. Age was 

categorized into three levels, 10 to 30 years old, 31 to 50 years old, and 51 to 65 years old. 
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Table 4.2 Estimation results of transportation mode choice model 

Transportation mode Metro+walk Bus Walk Bike Car Taxi 

 Parameter Parameter Parameter Parameter Parameter Parameter 

Constant  2.237 

(1.23) 

1.390*** 

(2.64) 

3.658*** 

(9.24) 

1.895*** 

(5.40) 

-1.352** 

(-2.29) 

0 

Travel time -0.053*** 

(-3.84) 

0.005 

(0.68) 

-0.077*** 

(-8.26) 

-0.076*** 

(-5.68) 

0.006 

(0.21) 

0 

Cost  0.127 

(0.87) 

-0.358 

(-1.63) 

- - 0.094 

(0.98) 

0 

Female  0.138 

(0.98) 

-0.125 

(-0.88) 

-0.188 

(-1.15) 

-0.364** 

(-2.57) 

-0.519*** 

(-3.01) 

0 

Male  -0.138 0.125 0.188 0.362 0.519 0 

Have a car -0.390*** 

(-2.73) 

-0.458*** 

(-3.10) 

0.066 

(0.38) 

-0.110 

(-0.76) 

0.790*** 

(3.21) 

0 

Don’t have a car 0.390 0.458 -0.066 0.110 -0.790 0 

10 to 30 years old -0.250 

(-0.94) 

-0.504** 

(-2.18) 

-1.192*** 

(-4.60) 

-0.294 

(-1.17) 

-0.889*** 

(-3.13) 

0 

31 to 50 years old 0.308 -0.197 -0.050 0.553 1.217 0 

51 to 65 years old -0.058 

(-0.13) 

0.701** 

(2.03) 

1.242*** 

(3.25) 

-0.259 

(-0.63) 

-0.328 

(-0.71) 

0 

Trip purpose: home -0.713*** 

(-2.99) 

-0.727*** 

(-2.95) 

-0.320 

(-1.14) 

-0.019 

(-0.08) 

-0.321 

(-1.20) 

0 

Trip purpose: shopping -0.575** 

(-2.38) 

-0.823*** 

(-3.26) 

-0.405 

(-1.45) 

-0.675*** 

(-2.63) 

-1.040*** 

(-3.27) 

0 

Trip purpose: other 0.212 

(0.58) 

0.316 

(0.91) 

-0.043 

(-0.1) 

-0.718 

(-1.73) 

0.071 

(0.17) 

0 

Trip purpose: work 1.076 1.234 0.768 1.413 1.290 0 

Land use mix 3.793** 

(2.39) 

     

FAR 0.085 

(0.63) 

     

Road width -0.025 

(-0.82) 

     

Distance to the station -0.002*** 

(-2.91) 

     

Sidewalk width 0.231 

(1.15) 

     

Number of lamps  0.011 

(0.89) 

     

Street greenery/1000  -0.584 

(-1.57) 

     

Traffic lights presence -0.065 

(-0.17) 

     

Building frontage 2.232*** 

(5.75) 

     

Note: t-value in parentheses. *** indicates significant values at the 1% level. ** indicates significant values at the 5% level. 

 

4.4 Results 

The estimation results are shown in Table 4.2. McFadden’s pseudo-rho-squared is 0.524, and the 

adjusted rho-squared is 0.464, which suggests a good model fit. Table 4.2 shows that for metro+walk, 

the estimated effects for travel time, having a car, trip purposes going home and shopping, land use mix, 

distance to station and building frontage are significant. It indicates that respondents who choose 

metro+walk are influenced by not only travel but also street-scale built environment attributes. The 
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negative sign of time indicates that a trip with a longer time will decrease the probability of choosing 

metro+walk. The negative sign of the variable having a car suggests that respondents who have a car 

have a lower probability of choosing metro+walk. The positive signs of land use mix and building 

frontage imply that more land use mix and building frontage increase the probability of choosing 

transportation mode metro+walk. The negative sign of distance to the metro station indicates that the 

probability of choosing transportation mode metro+walk decreases with increasing distance to the metro 

station.  

As for bus, the estimated effects for having a car, 10 to 30 years old, going home trip purpose, and 

shopping are negative and significant, while the age category 51 to 65 years is positive and significant. 

It indicates that the elderly prefer the bus. Respondents who are going home or shopping do not prefer 

the bus. In the case of walking, the estimated effects for travel time and an age between10 and 30 years 

old are negative and significant, while the effect for age between 51 and 65 is positive and significant. 

It indicates that older respondents prefer walking more than younger respondents do. Walking is less 

likely if the route takes longer. For bike, the estimated effects are significant and negative for travel 

time, female, and trip purpose shopping. Finally, the estimated effects for car are significantly negative 

for females, 10 to 30 years old, and shopping, but positive and significant for having a car.   

  

4.5 Conclusions and discussion 

This chapter reported the results of an analysis of the impact of street-scale built environment attributes 

on metro use in the Yingkoudao metro station area, Tianjin, China. Revealed transportation mode choice 

data of respondents around this metro station were used to quantify the effects of selected factors on 

people’s transportation mode choice. Results indicate that built environment attributes only seem to 

have a modest effect; only land use mix and building frontage have a significant positive effect. 

Transportation mode choice is primarily influenced by travel time, gender, age, car ownership, and trip 

purpose. The results of gender and trip purpose are consistent with Buehler (2011) in the USA, who 

also concluded that males prefer biking more than females do, and that shopping has a negative effect 

on the probability of choosing public transport, walking, and biking. The finding that younger people 

(10 to 30 years old) do not prefer to travel by bus is inconsistent with Verhoeven et al. (2007). These 

inconsistencies may reflect differential ownership in combination with potential problems of revealed 

preference data in eliciting true underlying preferences.  
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5.1 Introduction                                                                        

As an efficient means of public transportation, the number of metro lines in China has increased rapidly. 

In that process, the integrated design of the micro-scale built environment has not received much 

attention. In suburban areas, the wide roads and big city blocks tend to make metro stations hard to 

reach. In central areas, there tends to be a lack of biking lanes for the increasing number of cyclists. 

Moreover, pedestrians and cyclists often need to share the same space in high-density areas (Yang & 

Gakenheimer, 2007; Lin et al., 2015), creating conflicts and unsafe situations. Furthermore, 

infrastructure such as crossing facilities, greenery, and street lamps are either absent or not well designed 

on some streets around metro stations.  

To create user-friendly walking and biking environments, an understanding of pedestrian and cyclist 

preferences is critically relevant. Although there have been many studies about the relationship between 

the built environment and user preferences at different spatial scales, as reviewed in Saelens & Handy 

(2008), Ewing & Cervero (2010), McCormack & Shiell (2011), and Day (2016), there still is a paucity 

of studies quantifying the nature and strength of the relationships at the micro-scale. There are many 

walkability studies, but these do not address user preferences. Rather, these studies can be better viewed 

as audits of the built environment to identify elements that are supposed, based on expert judgment, to 

negatively impact the propensity to walk/bike (Clifton et al., 2007; Winters et al., 2013; Day, 2016; Sun 

et al., 2017). Thus, the focus is more concerned with bad and good practices (Sun et al., 2017) rather 

 

 This chapter is based on Liu, Yang, Timmermans & de Vries (2020), Analysis of the impact of street-scale built 

environment design near metro stations on pedestrian and cyclist road segment choice: a stated choice experiment. 

Journal of Transport Geography, 82, 102570. 
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than with eliciting user preferences. It is a hands-on approach that has led to long checklists of elements 

in the built environment that refrain people from walking/biking. The second stream consists of studies 

that attempt to explain or predict walking/biking preferences/choice behavior as a function of attributes 

of the built environment (and a set of covariates) (Broach et al., 2012; Guo & Loo, 2013; Borgers & 

Timmermans, 2015; Wang & Akar, 2018; Lue & Miller, 2019; Rossetti et al., 2019). Relative to the first 

stream of research, it allows designers and planners to predict and assess the impact of design features 

on different aspects of pedestrian and cycling behavior. Although these studies are relevant in principle, 

very few have examined the impact of micro-level attributes. Further research on the contribution of 

street-level built environment variables to the formation of user route preferences should thus be 

welcomed.  

This study contributes to reducing this gap in the literature by investigating user preferences about 

street-level infrastructure design. Pedestrian/cyclist preferences for the micro built environment at the 

street-level will be studied quantitatively. A stated choice experiment is developed to elicit 

pedestrian/cyclist preferences, while a discrete choice model is used to estimate the quantitative 

relationship between attributes of the micro-scale built environment and pedestrian/cyclist overall 

preferences. Moreover, as most studies originate from developed countries, and different culture and 

built environment may not generalize the results of these studies to developing countries such as China, 

our project complements this earlier work. To the extent that Chinese studies do address the issue, they 

are mostly concerned with high-density first-tier cities such as Hong Kong, Beijing and Shanghai, while 

few focus on second/third-tier cities (Wang & Zhou, 2017).  

The remainder of this paper is organized as follows. In Section 5.2, the stated choice experiment design 

and data collection are discussed. Section 5.3 presents the model estimation and results, followed by 

the discussion in Section 5.4. Finally, conclusions and policy recommendations are given in Section 5.5. 

 

5.2 Data collection 

The data used in this study is extracted from survey-2, described in Chapter 3. The collected stated 

choice data are analyzed. As discussed, respondents were invited to express their preference for two 

non-labeled choice street segment profiles. In addition, they could choose a “none of these” option. The 

estimated model expresses the effect of the selected attribute levels and respondents’ socio-demographic 

characteristics on their choice probabilities. 

 

5.3 Analysis and results 

The design of the experiment was based on the assumption that the stated choices and underlying user 

preferences can be captured in terms of a linear-additive utility function and a multinomial logit model. 

The multinomial choice model can be derived from random utility theory assuming that the error terms 

of the utility function are independently and identically Gumbel distributed (Hausman & McFadden, 

1984). Maximum Likelihood was used for model estimation (Hensher et al., 2005). Because the choice 

alternatives are unlabeled, often researchers decide not to estimate an alternative specific constant 

(Hensher et al., 2005). In contrast to this practice, we decide to estimate the constants because it allows 

testing the existence of experimental artifacts, such as the tendency to prefer the alternative listed on 
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the left. Thus, alternative-specific constants and effects for the attribute levels of the built environment, 

socio-demographics and motivation to walk/use private/shared bikes were estimated.  

The socio-demographic variables were entered into the indirect utility functions in two ways. First, they 

were entered as main effects, which allows the estimation of general effects of the covariates on choice 

probabilities. Second, they were entered as interaction terms with the eight designed attributes. It 

indicates whether the utility of a particular attribute differs between categories of the socio-demographic 

variable. The model estimation started with all socio-demographic variables and their interactions with 

the built environment attribute levels. Only the interactions of age and gender with built environment 

attribute levels turned out to be significant. After removing insignificant variables, only age and gender 

were kept in the final model. The motivation variables were estimated in terms of main effects only.  

Effect coding was used for the micro-scale built environment attributes and the socio-demographic 

variables. This means that for each attribute with four levels, three indicator variables are constructed. 

Each indicator variable corresponds with one of the categories and is coded as 1. The remaining 

category is coded as -1 on all three indicator variables. Consequently, the effects of the attribute levels 

of a single attribute sum to zero, and the estimated effects can be interpreted as differences from the 

mean. The significance test implies testing whether an estimated effect differs from the mean utility for 

that attribute by more than random chance. The motivation variables were treated as continuous 

variables. Because a single respondent completed more than one task, it cannot be assumed that all 

measurements are fully independent.  

The results of the model estimation are listed in Tables 5.1 and 5.2. The estimation results of the 

attributes common for pedestrians and cyclists are listed in Table 5.1. The results of the attributes that 

differ between pedestrians and cyclists (crossing facilities, the width of paths and crowdedness) are 

listed in Table 5.2. For pedestrians, McFadden’s pseudo-rho-squared is 0.200, and the adjusted rho-

squared is 0.179. For cyclists, McFadden’s pseudo-rho-squared is 0.205, and the adjusted rho-squared 

is 0.183. These measures suggest a good model fit. The constants for the two alternative street profiles 

for pedestrians are both significant, 1.918 (left side in Table 5.1) and 1.926 (right side in Table 5.1) 

respectively. The constants for the two alternative street profiles for cyclists are also both significant, 

0.858 (left side in Table 5.1) and 0.897 (right side in Table 5.1) respectively. The small difference 

between the left and right constants suggests that the bias in preference estimates due to experimental 

artifacts is small. The estimated main effects represent respondents’ part-worth utilities for the 32 

attribute levels of the micro-scale built environment. Results indicate that the selected socio-

demographic and motivation variables do not have a significant effect on the utility of the micro built 

environment when walking/biking at the conventional 5% confidence level.   

5.3.1 Interpretation of the common attributes 

As demonstrated in Table 5.1, the part-worth utilities for the street segment length attribute level for 

pedestrians show a zig-zag pattern. The part-worth utility first increases until it reaches its highest utility 

for a street segment length of 100 to 200 meters. Then, the part-worth utility rapidly decreases until it 

increases again but stays negative. Only the effect for the second level is significant at the conventional 

confidence level, indicating that the utility for this level is significantly higher than the average utility 

across all street segment length values. The estimated part-worth utilities for the number of building 

floors show that pedestrians prefer moderately high buildings (4 to 6 floors) to low rise buildings (1 to 

3 floors). The estimated part-worth utilities for the lowest two attribute levels are both significantly 

higher than the average utility across all four levels of building height. The estimated part-worth utilities 
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for the percentage retail shops show that pedestrians prefer the situation that retail shops occupy 25% 

to 50% of the street front. The estimated part-worth utilities for the second and third attribute levels are 

both significantly higher than the average utility across all four levels of retail frontage. The estimated 

part-worth utilities for two attribute levels of street greenery (higher than average density with trees and 

green hedges and higher than average density with either tree or green hedge) are both significantly 

higher than the average utility across all street greenery levels. It indicates that pedestrians prefer more 

greenery in the street segments. The estimated part-worth utilities for the number of lamps show that 

pedestrians prefer spatial intervals between 15 and 30 meters and more than 30 meters. The estimated 

part-worth utility for the attribute level “lamps between 15 and 30 meters” is significantly higher than 

the average utility across all four levels.  

As indicated, to examine whether these estimated part-worth utilities differ between categories of the 

selected socio-demographic variables, we estimated the interaction effects between each of the socio-

demographic variables and each attribute level. The main effects of the socio-demographic variables 

are not significant, implying that the average utility does not differ between men and women and 

between age groups beyond sampling error. Only a few interactions are significant. One is the 

interaction between 50% of retail shops and 10 to 22 years old. The negative sign of the estimated 

interaction effect suggests that the utility for this combination of variables is significantly lower. The 

estimated interaction between trees and green hedges for the 10 to 22 years old is also significant. 

Finally, the estimated interaction between attribute level “lower than the average greenery with trees” 

and the 23 to 45 years old is significant and positive.  

For cyclists, Table 5.1 shows that only the effect of the third level of the street segment length attribute 

is significant and negative at the conventional level, which indicates that cyclists do not prefer street 

segment lengths from 200 meters to 300 meters. The estimated part-worth utility for the second attribute 

level of the number of building floors is significantly higher than the average utility across all four 

levels of building height, which indicates that cyclists prefer moderately high buildings (4 to 6 floors). 

The part-worth utilities for the shop frontage show that cyclists prefer 25% to 50% of retail shops in 

frontage. The estimated part-worth utility for 50% of retail shops is significantly higher than the average 

utility across all four levels of retail frontages. The part-worth utilities for street greenery show that 

cyclists prefer more greenery in streets. The estimated part-worth utilities for the first two attribute 

levels are significantly higher than the average utility across all four levels of street greenery. The part-

worth utility for the third attribute level is significantly lower than the average utility. The estimated 

part-worth utilities for the number of lamps show that cyclists do not prefer streets without lamps, 

probably for safety reasons. And they have a significant preference for “lamps between 15 and 30 

meters”. 

As in the analysis of pedestrian preferences, we also estimated the main effects of the socio-

demographic variables and the interaction effects between each of the socio-demographic variables and 

each attribute level for cyclists.  

Table 5.1 shows that the main effects of the socio-demographic variables are not significant, implying 

that the average utility of street profiles does not differ between the categories of the selected socio-

demographic variables. Only four interaction effects are significant at conventional confidence levels. 

The estimated interaction between 4 to 6 floors and 10 to 22 years old is significant and negative. The 

same holds for the interaction between buildings with 7 to 12 floors and females, which indicates that 

female cyclists derive a lower utility for street segments with buildings from 7 to 12 floors than men. 

The estimated interaction between 25% of retail shops and 23 to 45 years old is significant and positive. 
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The estimated interaction between a lamp interval of between 15 and 30 meters and females is also 

significant and positive.  

5.3.2 Interpretation of the specific attributes 

Table 5.2 displays the model estimation results for the attributes that differ between pedestrians and 

cyclists. For pedestrians, the estimated part-worth utilities for crossing facilities show that pedestrians 

prefer more crossing facilities. Only the effect for the first level is significant at the conventional level, 

indicating that the utility for the first attribute level is significantly higher than the average utility across 

all crossing facilities levels. The estimated part-worth utilities for sidewalk width show that pedestrians 

prefer wider sidewalks. The estimated part-worth utilities for the first two attribute levels are both 

significant, which suggests that utilities for these two attribute levels are significantly higher than the 

average utility across all sidewalk width values. The estimated part-worth utilities for crowdedness 

show that pedestrians prefer street segments that are not crowded. The estimated part-worth utilities for 

the second level is significantly higher than the average utility.  

As for the estimated interaction effects, only a few are significant as shown in Table 5.2. The interaction 

between sidewalks wider than 3.5 meters and 23 to 45 years old is significant. The negative sign of the 

estimated interaction effect suggests that the utility of sidewalks wider than 3.5 meters for this age group 

is significantly lower. The estimated interaction between sidewalks below 1.5 meters and 23 to 45 years 

old is significant and positive. 

For cyclists, only the effect for the first level of crossing facilities is significant at the conventional level, 

indicating that the utility for the first attribute level is significantly higher than the average utility across 

all crossing facilities levels. It indicates that cyclists prefer more crossing facilities. The estimated part-

worth utilities for bicycle paths show that cyclists prefer wider paths. The estimated part-worth utility 

for the first attribute level is significant at the conventional level. For crowdedness, the estimated part-

worth utilities for the first two levels are significant at the conventional level. Table 5.2 shows that none 

of the estimated interaction effects for cyclists are significant at conventional confidence levels.  

 

5.4 Conclusions and discussion  

The results show that not only the road-related variables (sidewalk width/bike lane width, crossing 

facilities, public lighting and traffic volume) have a significant influence on pedestrian/cyclist choices, 

but also building height, greenery, retail frontage and street segment length significantly affect 

pedestrian/cyclist street segment choice behavior. For the road-related variables, the results show that 

both pedestrians and cyclists prefer wider sidewalks/bike lanes, more crossing facilities, less 

pedestrian/cyclist/vehicle traffic volume and proper street lamp density. 

Comparing the preference differences between pedestrians and cyclists, similar preferences but of 

varying significance are observed for most built environment attribute levels. Pedestrian preferences 

for street segment length from 100 meters to 200 meters suggests that pedestrians tend to avoid too 

many street crossings. However, cyclists have a significant negative preference for a longer street 

segment length from 200 
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Table 5.1 Estimation results for the common attributes of pedestrians and cyclists  
Pedestrians Cyclists 

 Main effects Interaction effects Main effects Interaction effects 
 

Parameter 

(t-value) 

Female male 10 to 22 

years old 

23 to 45 

years old 

46 to 65 

years old 

Parameter 

(t-value) 

female male 10 to 22 

years old 

23 to 45 

years old 

46 to 65 

years old 

Constant1 1.918** 

(7.540) 

     
0.902** 

(3.710) 

     

Constant2 1.926** 

(7.580) 

     
0.919** 

(3.780) 

     

Street segment length: shorter than 

100 meters 

-0.025 

(-0.470) 

0.001 

(-0.010) 

-0.001 -0.029 

(-0.410) 

0.058 

(0.890) 

-0.029 0.099 

(1.800) 

-0.079 

(-1.640) 

0.079 -0.058 

(-0.800) 

-0.017 

(-0.260) 

0.075 

Street segment length: between 100 

meters and 200 meters 

0.158** 

(2.880) 

0.026 

(0.530) 

-0.026 -0.091 

(-1.260) 

-0.010 

(-0.150) 

0.101 0.072 

(1.310) 

0.065 

(1.340) 

-0.065 -0.066 

(-0.900) 

-0.029 

(-0.440) 

0.095 

Street segment length: between 200 

meters and 300 meters 

-0.110 

(-1.920) 

-0.071 

(-1.510) 

0.071 0.101 

(1.380) 

-0.018 

(-0.260) 

-0.084 -0.147* 

(-2.500) 

-0.016 

(-0.330) 

0.016 0.107 

(1.430) 

0.048 

(0.690) 

-0.155 

Street segment length: more than 

300 meters 

-0.023 
     

-0.024 
     

Buildings : 1 to 3 floors 0.120*  

(2.030) 

0.021 

(0.440) 

-0.021 -0.007 

(-0.090) 

-0.005 

(-0.070) 

0.011 0.074 

(1.220) 

-0.073 

(-1.510) 

0.073 0.105 

(1.370) 

0.062 

(0.870) 

-0.166 

Buildings : 4 to 6 floors 0.238** 

(4.380) 

0.028 

(0.610) 

-0.028 -0.077 

(-1.070) 

-0.117 

(-1.770) 

0.193 0.127* 

(2.320) 

0.073 

(1.560) 

-0.073 -0.199** 

(-2.750) 

0.016 

(0.250) 

0.182 

Buildings : 7 to 12 floors -0.103 

(-1.760) 

-0.014 

(-0.300) 

0.014 0.056 

(0.750) 

-0.033 

(-0.480) 

-0.023 -0.092 

(-1.550) 

-0.119* 

(-2.500) 

0.119 0.029 

(0.390) 

-0.08 

(-1.160) 

0.051 

Buildings: 13 and more floors -0.256 
     

-0.11 
     

Retail frontage about 100%   -0.058 

(-1.010) 

-0.048 

(-1.020) 

0.048 0.133 

(1.790) 

0.099 

(1.450) 

-0.232 -0.04 

(-0.710) 

0.088 

(1.850) 

-0.088 0.123 

(1.670) 

-0.105 

(-1.540) 

-0.019 

Retail frontage about 50% 0.112*  

(2.010) 

0.002 

(0.040) 

-0.002 -0.166*  

(-2.260) 

-0.119 

(-1.780) 

0.285 0.174** 

(3.120) 

-0.059 

(-1.240) 

0.059 -0.12 

(-1.640) 

-0.116 

(-1.730) 

0.236 

Retail frontage about 25% 0.136*  

(2.400) 

0.054 

(1.170) 

-0.054 -0.038 

(-0.530) 

0.056 

(0.830) 

-0.018 0.092 

(1.610) 

-0.035 

(-0.740) 

0.035 -0.008 

(-0.100) 

0.184** 

(2.700) 

-0.176 

No retail shops -0.190 
     

-0.226 
     

Higher than average greenery with 

trees and green hedges 

0.323** 

(5.390) 

0.038 

(0.810) 

-0.038 -0.154*  

(-2.040) 

0.042 

(0.600) 

0.112 0.246** 

(3.990) 

0.008 

(0.170) 

-0.008 -0.087 

(-1.120) 

-0.023 

(-0.320) 

0.110 

Higher than average greenery with 

either trees or green hedges 

0.238** 

(4.280) 

0.006 

(0.130) 

-0.006 0.083 

(1.150) 

-0.136 

(-2.050) 

0.053 0.218** 

(3.870) 

-0.017 

(-0.360) 

0.017 -0.053 

(-0.730) 

-0.022 

(-0.330) 

0.075 
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Lower than average greenery of 

trees 

-0.043 

(-0.770) 

-0.079 (-

1.670) 

0.079 -0.03 

(-0.400) 

0.169* 

(2.520) 

-0.139 -0.149** 

(-2.590) 

-0.040 

(-0.840) 

0.040 0.041 

(0.540) 

0.081 

(1.190) 

-0.122 

No greenery -0.518 
     

-0.315 
     

Lamps: less than 15 meters apart -0.036 

(-0.620) 

0.004 

(0.080) 

-0.004 0.078 

(1.060) 

-0.103 

(-1.490) 

0.025 -0.079 

(-1.330) 

0.069 

(1.480) 

-0.069 -0.067 

(-0.900) 

0.120 

(1.730) 

-0.053 

Lamps: between 15 and 30 meters 

apart 

0.135*  

(2.370) 

0.103* 

(2.180) 

-0.103 -0.123 

(-1.680) 

-0.027 

(-0.400) 

0.150 0.197** 

(3.370) 

-0.093* 

(-1.970) 

0.093 -0.136 

(-1.820) 

-0.119 

(-1.720) 

0.254 

Lamps: more than 30 meters apart 0.087  

(1.560) 

-0.046 

(-0.980) 

0.046 0.048 

(0.670) 

0.069 

(1.030) 

-0.117 0.091 

(1.620) 

-0.033 

(-0.710) 

0.033 0.099 

(1.36) 

0.064 

(0.950) 

-0.163 

No lamps -0.186 
     

-0.210 
     

Motivation to walk -0.118 

(-1.770) 

     
- 

     

Motivation to use a private bicycle - 
     

0.101 

(1.80) 

     

Motivation to use a shared bicycle - 
     

0.087 

(1.390) 

     

 Main effects of socio-demographics   Main effects of socio-demographics   

Female -0.081 

(-1.350) 

     
-0.116 

(-1.920) 

     

Male 0.081 
     

0.116 
     

10 to 22 years old -0.036 

(-0.390) 

     
0.119 

(1.270) 

     

23 to 45 years old -0.034 

(-0.410) 

     
-0.159 

(-1.920) 

     

46 to 65 years old 0.070 
     

0.040 
     

Note: t-value in parentheses. ** indicates significant at the 1% level. * indicates significant at the 5% level. 
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Table 5.2 Estimation results for the attributes that differ between pedestrians and cyclists 

 Main effects Interaction effects 

Pedestrians Parameter 

(t-value) 

female Male 10 to 22 

years old 

23 to 45 

years old 

46 to 65 

years old 

Lights and zebras 0.321** 

(5.470) 

0.024 

(0.510) 

-0.024 0.018 

(0.240) 

0.026 

(0.370) 

-0.044 

Only zebras   0.013 

(0.210) 

-0.031 

(-0.660) 

0.031 -0.002 

(-0.030) 

-0.053 

(-0.770) 

0.055 

Only lights -0.085 

(-1.560) 

-0.042 

(-0.880) 

0.042 -0.087 

(-1.200) 

-0.022 

(-0.330) 

0.109 

No pedestrian crossing facilities -0.248 
     

Sidewalk wider than 3.5 meters 0.252** 

(4.520) 

0.090 

(1.910) 

-0.090 -0.043 

(-0.590) 

-0.136* (-

2.030) 

0.178 

Sidewalk width from 1.5 to 3.5 meters 0.117* 

(2.110) 

-0.016 

(-0.350) 

0.016 0.101 

(1.390) 

-0.011 

(-0.160) 

-0.090 

Sidewalk width less than 1.5 meters -0.065 

(-1.110) 

-0.051 

(-1.090) 

0.051 -0.109 

(-1.460) 

0.188** 

(2.720) 

-0.079 

No sidewalk -0.304 
     

Almost no one in the streets 0.021 

(0.400) 

-0.029 

(-0.620) 

0.029 0.110 

(1.570) 

-0.064 

(-1.000) 

-0.045 

Not crowded 0.231** 

(4.03) 

0.036 

(0.770) 

-0.036 0.084 

(1.130) 

0.075 

(1.110) 

-0.159 

Somewhat crowded 0.073 

(1.280) 

-0.014 

(-0.310) 

0.014 -0.129 

(-1.750) 

0.106 

(1.580) 

0.023 

Very crowded -0.324 
     

       

Cyclists 
      

Traffic lights and separation fences 0.42** 

(7.000) 

-0.006 

(-0.120) 

0.006 -0.071 

(-0.94) 

-0.063 

(-0.90) 

0.134 

Only traffic lights  -0.028 

(-0.470) 

0.008 

(0.170) 

-0.008 0.113 

(1.53) 

0.012 

(0.18) 

-0.126 

Only separation fences -0.104 

(-1.890) 

-0.007 

(-0.150) 

0.007 -0.054 

(-0.74) 

0.892 -0.838 

No bicycle crossing facilities -0.288 
     

Bike lanes wider than 2.5 meters 0.349** 

(6.220) 

0.016 

(0.340) 

-0.016 0.062 

(0.85) 

-0.061 

(-0.93) 

-0.001 

Bike lane width from 1.5 to 2.5 meters 0.105 

(1.870) 

-0.061 

(-1.280) 

0.061 -0.003 

(-0.04) 

0.048 

(0.71) 

-0.045 

Bike lane width less than 1.5 meters -0.076 

(-1.280) 

-0.011 

(-0.220) 

0.011 -0.03 

(-0.41) 

0.007 

(0.10) 

0.024 

No bike lanes -0.378 
     

Almost no cars and bikes 0.316** 

(5.890) 

-0.059 

(-1.270) 

0.059 0.03 (0.42) -0.099 

(-1.53) 

0.069 

Not crowded with some cars and/or 

cyclists 

0.219** 

(3.830) 

0.001 

(0.010) 

-0.001 0.104 

(1.39) 

0.078 

(1.15) 

-0.182 

Somewhat crowded with more cars 

and/or cyclists 

-0.025 

(-0.430) 

0.031 

(0.670) 

-0.031 -0.052 

(-0.7) 

0.007 

(0.10) 

0.045 

Very crowded with many cars and 

cyclists 

-0.510 
     

Note: t-value in parentheses. ** indicates significant at the 1% level. * indicates significant at the 5% level. 

meters to 300 meters. Pedestrians are more sensitive to building height and retail frontage. Cyclists are 

more sensitive to greenery. Lower buildings are preferred by both pedestrians/cyclists. This may be 

because lower buildings provide a broader vision. Pedestrians prefer buildings with less than 6 floors. 

Cyclists have a preference for buildings with 4 to 6 floors. The results of retail frontage show that 
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pedestrians prefer a 25% to 50% frontage. Too many shops may attract too many pedestrians and make 

the street crowded. Moreover, shops often illegally occupy the sidewalk space. Cyclists prefer 50% 

retail frontage, maybe because shops bring vitality to the streets, which attracts more cyclists. Cyclists 

have a preference for a higher than average density with either trees and/or green hedges and a 

significant negative preference for lower than average greenery with trees. Pedestrians only have a 

significant positive preference for a higher than average density with either trees and/or green hedges. 

Pedestrians are more sensitive to greenery compared to cyclists. It might be because cyclists get shadow 

mostly from trees, while pedestrians may get shadow not only from greenery but also from buildings. 

This might be the reason why pedestrians do not have a significant negative preference for a lower than 

average greenery with trees.  

Some of these results are consistent with the literature. For example, many other studies also found that 

pedestrians and cyclists prefer more greenery, more crossing facilities, and wider sidewalks/wider bike 

lanes (e.g., Dill & Gliebe, 2008; Rodriguez et al., 2015; Lue & Miller, 2019; Rossetti et al., 2019). 

Similarly, the effect of traffic lights as one of crossing facilities has been found before in past studies 

(e.g., Dill & Gliebe, 2008; Sener et al., 2009; González et al., 2016).  

Other results are inconsistent with the literature. For example, the literature showed that more shop 

(retail) frontage has a positive influence on pedestrians in both New York and Hong Kong (Guo & Loo, 

2013). In this study, we found that too many shops are not the most preferred attribute level. 25% or 

50% retail frontage are the most preferred levels for pedestrians. Their results for street lamp density 

(15 meters to 30 meters) also differs from past research that concluded more public lighting is better 

(Gase et al., 2015). Pedestrians’ preference for too lengthy streets is lower, which is inconsistent with 

results of some pedestrian route choice models, which indicate that less crossings are preferred in route 

choice (Guo & Loo, 2013). 

 

5.5 Conclusions and policy recommendations  

The aim of this analysis was to provide more insights into the relationships between the micro-scale 

built environment and pedestrian/cyclist preferences. To that end, a stated choice experiment was 

designed and administered in a downtown area in Tianjin, China. This experiment systematically varied 

the levels of a set of micro-scale attributes of the built environment. Pedestrians and cyclists were 

invited to judge the resulting street profiles and indicate which one they would choose assuming they 

were to walk/bike to/from a metro station to their final destination. The advantage of using a stated 

choice experiment relative to judgments of specific street segments is that we had control over the 

covariance of the attribute levels and thus ceteris paribus the results reflect a more fundamental 

measurement of consumer preferences. 

Results indicate that on average both pedestrians and cyclists prefer functional environments and 

facilities around the metro station. A street segment length from 100 meters to 200 meters is suggested 

for street design around the metro stations. Buildings lower than six floors are strongly recommended. 

In normal streets (except for shopping streets), 25% to 50% retail frontage could be planned for 

pedestrians/cyclists passing by. The greenery enhances the functionality of the environment. Trees and 

green hedges are highly recommended in all streets. Street lamps for pedestrians and cyclists are 

recommended at 15 to 30 meters intervals. These findings can be used in urban design projects of new 

districts to describe a walking/biking built environment around a metro station. For urban renewal 

design projects, these findings can be inspirations for the built-up area. Street segment length and 
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building height are not easy to restructure. Retail frontage, greenery and lamp density may be 

constructed based on these findings. Interestingly, the main effects of the selected socio-demographic 

variables and most interactions (few exceptions) of built environment attribute levels and socio-

demographics are not significant at the current sample size. It indicates that the overall preferences and 

the preferences for specific attribute levels do not significantly differ between pedestrians respectively 

cyclists of different gender and age. 
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Preference heterogeneity of cyclists’ street 

segment choice 
 

 

 

 

6.1 Introduction                                                                        

In China, biking once was the most popular transportation mode for short trips. Road facilities for biking 

were well planned and maintained. However, with the dramatic increase in automobile traffic, the cities 

have been transformed to better serve motor vehicles. For example, small urban blocks have been 

replaced by larger urban blocks to provide longer roads for vehicles. A massive number of roads have 

been widened for automobile traffic at the cost of narrowing or completely removing cyclist/pedestrian 

paths. Urban spaces have become dominated by automobile infrastructure. Consequently, less space has 

been reserved for cyclists and pedestrians (Yang & Gakenheimer, 2007). These automobile-dependent 

urban development patterns have come at a high cost, consuming more urban space; increasing noise 

and global warming; and a decreasing healthy environment for people. Yet, congestion levels continue 

to increase. Some cities experience many hours of continuous congestion and matters seem to rapidly 

deteriorate in many cities.  

Prospects look daunting. The expansion of megacities in China makes traveling within a city impossible 

using only non-motorized transportation. Safe, efficient, and accessible public transportation is regarded 

as one of the important interventions for mobilizing citizens in cities and reducing these problems 

(Cheshire & Hay, 2017). However, public transportation such as metro/train/bus normally does not take 

people to their final destination. The last mile is an issue for most public transportation. Biking as an 

important access/egress mode to public transportation stations has gained increasing attention in the 

planning and design of Chinese cities. However, the built environment around public transportation 

stations generates many problems for cyclists. The most critical issues are a general lack of bike lanes, 

the mixing of cyclists and vehicles/pedestrians, low connectivity due to large blocks, hard to reach 
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stations, facilities occupying bike lanes, and less cycling facilities at intersections (Winters & Teschke, 

2010; Lin et al., 2015). These issues make the roads/streets less appealing to cyclists.  

To rebuild the roads/streets for cyclists, the influence of street-scale (micro) built environment variables 

on cyclist preferences needs to be explored. Therefore, this study will examine cyclists’ choice of street 

segment in the context of trips to/from metro stations. Meanwhile, this study will verify whether 

preference heterogeneity exists in route segment preference for bicycle trips to/from the metro station.  

This chapter is structured as follows. In section 6.2, a literature review about biking preferences for the 

built environment is conducted. To measure cyclists' preferences for all built environment attributes, a 

latent class model is described in section 6.3. Data collection is discussed in section 6.4. A latent class 

model is estimated to find subgroups with different micro-environmental preferences. Model estimation 

results are discussed in section 6.5. The chapter is completed with conclusions and a discussion in 

section 6.6. 

 

6.2 Literature review 

Biking behavior and preferences have been widely studied in transportation, public health, and urban 

planning (e.g., Cervero et al., 2009; Kemperman & Timmermans, 2009; Ewing & Cervero, 2010; 

Pucher et al., 2010; Winters et al., 2013; van der Waerden et al., 2017; Eren & Uz, 2020). Besides trip 

characteristics (e.g., travel time and travel distance), studies have explored the impact of the built 

environment on biking at the macro-scale (e.g., Kemperman & Timmermans, 2009; Zhang et al., 2017; 

Nielsen & Skov-Petersen, 2018) and micro-scale (e.g., Sener et al., 2009; Zhang et al., 2017; Abadi & 

Hurwitz, 2018). Results indicate that macro (city block) level built environment factors such as land 

use characteristics, road network connectivity (Ding et al., 2017), and accessibility of facilities (Liu et 

al., 2020b) are closely related to biking frequency. Kager et al. (2016) studied macro built environment 

factors such as high urban density and urban proximity, which can influence the synergy of bicycles 

and trains. Characteristics of land use were found related to the demand for biking trips (Zhang et al., 

2017).  

For the micro-level built environment, there is a stream of studies auditing the built environment in 

terms of how well it supports biking (Moudon & Lee, 2003; Winters et al., 2013; Galanis et al., 2014). 

The audited aspects of the built environment include the amount and conditions of road-related facilities, 

building frontage and features, street-side greenery, aesthetics, and presence of amenities (e.g., garbage 

cans, signs, and curb cuts). This hands-on approach led to the identification of bad and good practices 

for bikeability (Winters et al., 2013). The quantitative impact of the built environment on specific biking 

behavior is not examined in these studies.  

Another stream of research at the micro-level explained or predicted specific biking behavior or 

preferences using various micro-level built environment attributes (and covariates) as explanatory 

variables (Chen & Chen, 2013; Guo & Loo, 2013; Kelarestaghi et al., 2019). These studies usually 

estimated logit models or structural equation models to identify the influence of particular attributes of 

the micro built environment on user preference and choice behavior. The results show the quantitative 

relationship between these attributes of the built environment and specific biking behavior/preferences. 

Biking facilities such as on-street parking, off-road bicycle paths, wider bicycle lanes, and safety-related 

facilities (traffic lights/stop signs/crossings) can encourage biking frequency and demand (Tilahun et 

al., 2007; Menghini et al., 2010; Winters et al., 2010; Zegras et al., 2012; Liu et al., 2020b). Cyclists 

with different trip purposes may pay attention to different built environment factors. For example, 
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cyclists in the context of leisure or recreation activities were significantly influenced by the presence of 

specific biking maintenance facilities, presence of biking paths, tourism information centers, and other 

facilities for recreation (Chen & Chen, 2013). It was found that, in the case of commute trips, cyclists 

were more influenced by traffic volume and travel time than in case of non-commute trips (Sener et al., 

2009). Besides, the number of stop signs, speed limits, parking types, number of red lights, and number 

of crossings had a high impact on cyclists for both commute and non-commute trips (Sener et al., 2009). 

For utilitarian trips, Broach et al. (2012) studied the influence of micro built environment attributes 

(including road turn frequency, traffic control device at intersection crossings) on cyclists’ route choice 

using a path size logit model. The results showed that road turn frequency, types of slope terrain, 

presence of traffic control, vehicle traffic volume at intersections, off-street bike path, presence of traffic 

calming features, and bridge facilities have an impact on cyclists’ route choice for both commute and 

non-commute trips. Cyclists are more sensitive to the whole route distance in commute trips than in 

non-commute trips (Broach et al., 2012). There are also some papers that used a latent class model to 

reveal different preferences regarding the attributes of built environment across different subgroups 

(Chen & Chen, 2013; Motoaki & Daziano, 2015). Motoaki & Daziano (2015) studied the influence of 

cycling cost of time, slope types, presence of bike lanes, and vehicle traffic volume on cycling demand 

using a hybrid-latent class model. Cyclists can be separated into two classes. The two classes with 

different age, gender, and cycling skills showed different sensitivities to the studied built environment 

attributes.  

To motivate biking as an access/egress mode to/from metro stations, it is relevant to understand the 

antecedents and determinants of biking behavior/preference around public transportation station areas. 

Accordingly, cyclists transferring to public stations seem to have different preferences regarding 

attributes of the built environment compared with cyclists who are engaged in daily trips. Most studies 

about the integration of biking and train focus on bicycle-related transportation facilities at the stations 

such as parking infrastructures (Puello & Geurs, 2015; Halldórsdóttir et al., 2017), social/public safety, 

bicycle lane conditions, route directness, etc. (Geurs et al., 2016). Zhao & Li (2017) found that not only 

biking-related transportation facilities such as the presence of parks and the presence of bike lanes had 

a positive impact on greater rates of commuter cycling transfer, but also built environment factors such 

as less shopping malls, presence of parks and higher land use mix were preferred by cyclists to/from 

metro stations. Land use variables (population density and number of leisure, shopping, and food-

related places) were found largely insignificant to promote biking trips to the public stations (Ji et al., 

2017). Cyclists living in residential zones were found more likely to take the bike-train mode than 

cyclists living in non-residential zones (Chen & He, 2012; Heinen & Bohte, 2014).  

Biking preferences for the micro-level built environment to/from public metro stations have been 

relatively under-researched. The literature also suggests that cyclists may have different preferences. 

The understanding of subgroup preferences may increase the knowledge about heterogeneity in biking 

preferences at the micro-level built environment. Additionally, most studies focused on developing 

countries, therefore it is relevant to complement these studies with studies from emerging countries 

(Day, 2016; Wang & Zhou, 2017).  

 

6.3 Latent class logit model 

The Latent Class Logit model (LCM) is often used to analyze the heterogeneity of preferences. It is 
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assumed that individual behavior is not only determined by observable attributes but also by latent 

factors that cannot be observed. Heterogeneity preferences are analyzed by assuming that individuals 

can be categorized into S latent classes (Heckman & Singer, 1984; Greene & Hensher, 2003). Each class 

has a different vector of parameters.  

To investigate cyclists’ preferences for built environment attributes and analyze to what extent 

preferences differ for different latent classes, we assume that biking behavior depends on the observed 

attribute levels and the latent heterogeneity which varies with variables such as age, gender, education 

level, car ownership, driving ability, and education level. The probability of choosing alternative j from 

choice set consisting J alternatives of respondent n, conditional on belonging to class s is expressed as: 

𝑃𝑛𝑗|𝑠 =
𝑒

𝜷𝑠
′   𝑿𝑛𝑗

∑ 𝑒
𝜷𝑠

′   𝑿𝑛𝑗′𝐽
𝑗′=1

   s = 1, …, S   n=1,…, N                                       (6.1)         

where 𝜷𝑠
′  is the set of parameters of the built environment attribute levels to be estimated. Xnj denotes 

the set of built environment attribute levels. N is the sample size.  

Individual characteristics (including age, gender, car ownership, driving ability, and education level) 

are used to explain class membership. The probability of individual n belonging to class s equals: 

𝑃𝑛𝑠 =
𝑒𝜽𝑠

′   𝒁𝑛

∑ 𝑒𝜽𝑠
′   𝒁𝑛𝑆

𝑠=1

                                                                 (6.2) 

where   𝒁𝑛 is a vector of individual characteristics, and 𝜽𝑠
′ is the corresponding vector of parameters 

to be estimated.  

Finally, the probability of choosing the alternative j in LCM is shown as: 

𝑃𝑛𝑗 = ∑ 𝑃𝑛𝑗|𝑠
𝑆
𝑠=1 𝑃𝑛𝑠                                                             (6.3) 

Note that the number of classes cannot be estimated directly. Normally, a few rounds of tests with 

different S are performed using the Akaike Information Criterion (AIC) and/or Consistent AIC (CAIC) 

statistic. The smaller AIC and CAIC, the better the choice of S (Louviere et al., 2000).  

 

6.4 Data collection 

Face to face field interviews near Yingkoudao metro station constitutes the data used for the analysis. 

It is a popular biking environment. As the two main roads around the station, Nanjing Road has on 

average 3400 cyclists per day, Yingkoudao road 2300 cyclists per day (Tianjin Municipal Institute of 

City Planning and Design, 2018). However, around the entrance/exit of the metro station, there are 

relatively few biking facilities. As shown in Figure 6.1, there are no continued bicycle paths and specific 

bicycle parking. Similar to many other Chinese cities, the built environment around Yingkoudao metro 

station serves mainly vehicles.  

This study focuses on utilitarian biking trips to/from metro stations. Respondents were selected 

randomly on streets around Yingkoudao metro station. They were invited to complete the stated choice 

experiment described in Chapter 3. Each respondent was given four choice sets consisting of two street 

segment profiles varying 8 attributes. Respondents were asked to choose the street segment they 

preferred. Before the start of the stated choice questions, an example choice set was given with a detailed 

explanation. 
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Figure 6.1 Streets around Yingkoudao station (Source: Photos by author, March 20, 2016) 

 

6.5 Model estimation results 

To estimate cyclists’ preferences for micro built environment attributes, it was assumed that the choices 

were driven by a discrete choice logit model and that preferences could be described in terms of a linear 

additive utility function. The alternative-specific constants, attributes of the built environment, age, 

gender, education, driving ability, and car ownership were included for analysis. Panel effects were 

considered in the model estimation. Attributes of the built environment were entered as main effects. 

Individual characteristics were entered in the class membership functions. Effect coding was used for 

the designed 32 levels of the built environment attributes and individual characteristics such as “age”, 

“gender”, “education”, and “driving ability and car ownership”. The model was estimated using Nlogit 

5.  

The latent class model with two classes was found to provide a better fit than the 3-classes and 4-classes 

solutions, based on the AIC and CAIC statistics, as shown in Table 6.1. Age, gender, education, driving 

ability, and car ownership were used to distinguish the classes. The estimation results are shown in 

Table 6.2. The adjusted McFadden’s Rho2 is 0.216. The results show that 78% of respondents belong to 

class 1, while 22% of respondents belong to class 2.  

The constant for the class membership is shown in Table 6.2. The constant of class 1 is positive, while 

the constant is zero for class 2. This indicates that cyclists have a higher probability to belong to class 

1 than class 2. The differences between the two constants in each class are small. It indicates that cyclists 

almost have no bias between the left-side option (street A) and the right- side option (street B). The 

estimated parameters of the built environment show the part-worth utilities of the respondents. Selected 

individual characteristics have a significant effect on the utility of road segments when biking to/from 

a metro station from/to the activity location. Females and cyclists with a master's degree and higher 

have a higher probability to belong to class 2. 
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Table 6.1 Model results comparison 

 CAIC AIC Log-likelihood 

2-classes 5533.8 1.723 -2706.89 

3-classes 5542.8 1.726 -2677.40 

4-classes 5754.3 1.732 -2637.17 

 

Table 6.2 Results of the Latent Class Logit Model with Panel Effects 

 Class 1  Class 2   

Main attribute effects Parameter t-value Parameter  t-value 

Constant 1 3.183*** 10.910 -0.675***  -3.400 

Constant 2 3.179*** 10.970 -0.494** -2.510 

Street segment length: shorter than 100 meters 0.030 0.54 0.242 1.69 

Street segment length: between 100 meters and 200 meters 0.065 1.17 0.108 0.73 

Street segment length: between 200 meters and 300 meters -0.106 -1.94 -0.007 -0.05 

Street segment length: more than 300 meters 0.011  -0.343  

Buildings : 1 to 3 floors 0.132** 2.3 0.033 0.23 

Buildings : 4 to 6 floors 0.047 0.85 0.532*** 3.57 

Buildings : 7 to 12 floors -0.111** -1.99 -0.298 -1.96 

Buildings: 13 and more floors -0.068  -0.267  

Retail frontage about 100%   -0.084 -1.55 0.156 1.1 

Retail frontage about 50% 0.158*** 2.86 -0.068 -0.44 

Retail frontage about 25% 0.158*** 2.9 0.178 1.16 

No retail shops -0.232  -0.266  

Traffic lights and separation fences 0.415*** 7.35 0.304** 2.29 

Only traffic lights -0.012 -0.22 0.118 0.82 

Only separation fences -0.162*** -2.91 0.062 0.43 

No cycling facilities at intersections -0.241  -0.483  

Bike lanes wider than 2.5 meters 0.275*** 5.06 0.630*** 4.23 

Bike lane width from 1.5 to 2.5 meters 0.097 1.78 0.127 0.87 

Bike lane width less than 1.5 meters -0.028 -0.5 -0.108 -0.71 

No bike lanes -0.344  -0.649  

Higher than average greenery with trees and green hedges 0.233*** 4.02 0.173 1 

Higher than average greenery with either trees or green 

hedges 

0.113** 2.1 0.637*** 4.26 

Lower than the average greenery with trees -0.078 -1.43 -0.173 -1.04 

No greenery -0.269  -0.637  

Almost no cars and bikes 0.253*** 4.57 0.587*** 3.55 

Not crowded with some cars and/or cyclists 0.182*** 3.25 0.813*** 4.95 

Somewhat crowded with more cars and/or cyclists -0.021 -0.4 0.010 0.06 

Very crowded with many cars and cyclists -0.413  -1.410  

Lamps: less than 15 meters apart -0.081 -1.44 0.197 1.36 

Lamps: between 15 and 30 meters apart 0.141** 2.57 -0.014 -0.09 

Lamps: more than 30 meters apart 0.095 1.76 0.436** 2.55 

No lamps -0.155  -0.620 
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Class membership     

Constant 1.239*** 5.32 0  

Female -0.185** -1.99 0  

Male 0.185  0  

Age: 10 to 22 years old 0.150 0.71 0  

Age: 23 to 45 years old 0.056 0.32 0  

Age: 46 to 65 years old -0.206  0  

Education: master degree and above -0.449** -1.9 0  

Education: university/college -0.251 -1.31 0  

Education: (vocational) secondary school and below 0.700  0  

Can drive and owns a car -0.021 -0.12 0  

Can drive, but does not own a car -0.301 -1.62 0  

Cannot drive  0.358  0  

Note: *** indicates significant at the 1% level. ** indicates significant at the 5% level. 

 

Table 6.2 shows the significant differences between the two classes for some attributes. In class 1, 

cyclists have only a significantly higher preference for buildings with one to three floors, while cyclists 

in class 2 have a significantly higher preference for four to six building floors and a significantly reduced 

preference for seven to twelve building floors. Cyclists in class 1 prefer a retail frontage between 25 

and 50%, while cyclists belonging to class 2 seem indifferent for varying retail frontage. For crossing 

and separation facilities, cyclists in class 1 have a significantly lower preference for only separation 

fences. Cyclists in class 2 prefer the least street lamps (one by more than 30 meters), while cyclists 

belonging to class 1 have a significant preference for lamps 15 to 30 meters apart.  

For other attributes such as bike lane width, crowdedness, and street-side greenery, cyclists in the two 

classes have similar preferences. Cyclists prefer bike lane widths of more than 2.5 meters in both classes. 

Regardless of class, cyclists prefer more street-side greenery and less crowdedness.  

 

6.6 Conclusions and discussion  

This chapter reported the results of the application of a latent class logit model on stated choice 

experiment data to explore bikers’ preferences for street-level built environment attributes on utilitarian 

trips, especially around metro stations. An orthogonal fractional factorial design was used to 

systematically vary the levels of a series of micro-level built environment attributes. A latent class logit 

model was used to estimate class-specific utility functions, which characterize unobserved 

heterogeneity. The two-classes solution provided the best results. 

The results show that cyclists in the two classes have different preferences for some attributes but do 

not differ on others. A preference for lower buildings, more facilities at intersections, wider bike lanes, 

more street-side greenery, and a proper number of lamps is observed for both classes. Estimation results 

show that females and respondents with a master's degree or higher tend to belong to class 2. Some 

results are in line with findings of earlier, similar studies, but there are also differences. For example, 

estimation results suggest that males and cyclists with a lower education level prefer a 25-50% retail 

frontage. This finding is at variance with Ji et al. (2017) who concluded that the number of leisure, 
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shopping, and food-related places was largely insignificant in promoting biking trips to public metro 

stations.  

As a limitation of the experiment design, this study has focused on functional and morphological aspects 

of the built environment attributes. Other potentially relevant aspects such as safety were not included 

and in general, are of lesser concern around metro stations in Chinese cities than in some other countries. 
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Pedestrian route choice model 

 

 

 

 

7.1 Introduction  

Metro lines, being one of the most convenient and sustainable public transportation systems, have 

recently been built in several major cities in China, to alleviate traffic congestion, air pollution, and 

insufficient parking opportunities (e.g., Gu et al., 2018). Convenient egress/access opportunities to 

metro stations are a major factor impacting the success of metro lines (Sun et al., 2016). It is therefore 

essential to design environments in the surroundings of metro stations that are convenient for 

pedestrians to walk to the station. Ideally, the design of these environments should be congruent with 

individual preferences regarding the micro-scale urban environment to the extent these affect their route 

choice. 

While there is a large body of accumulated evidence suggesting that macro-scale land use characteristics 

of the built environment significantly influence the propensity to walk (e.g., Saelens & Handy, 2008; 

Sallis et al., 2012; Alfonzo et al., 2014; Day, 2016) and pedestrian route choice behavior in different 

travel contexts and purposes (Borgers & Timmermans, 2015; Rodriguez et al., 2015; Tilahun & Li, 

2015; Lue & Miller, 2019), studies on the influence of street-scale features of the built environment are 

relatively scarce. For example, many studies found that residential density, employment density, and 

area-scale land-use mix influence the choice of walking as a transportation mode (e.g., Cao, 2015; 

Hendrigan & Newman, 2017; Saghapour et al., 2019). Transit availability and job accessibility also 

have a significant influence (e.g., Tilahun et al., 2016). Similarly, several studies found that structural 

 

 This chapter is based on Liu, Yang, Timmermans & de Vries (2020). The impact of the street-scale built 

environment on pedestrian metro station access/egress route choice. Transportation Research Part D: Transport 

and Environment, 87. 
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and functional attributes of road links, such as store type, retail frontage, and scale of streets influence 

the route choice of shopping pedestrians (e.g., Zhu & Timmermans, 2011; Borgers & Timmermans, 

2015; Yamamoto et al., 2018). 

Although the number of studies on the influence of street-scale built environment attributes is much 

smaller, it has been found that density and number of walkway crossings, sidewalk width, presence of 

traffic lights, and road width influence shopping pedestrian route choice behavior (e.g., Zhu & 

Timmermans, 2011; Borgers & Timmermans, 2015; Rodriguez et al., 2015; Tilahun & Li, 2015; Moran 

et al., 2018). High levels of outdoor lighting, well-maintained buildings, and high dwelling density 

increase the probability of choosing a route for commuting and night trips (Tribby et al., 2017). There 

is also evidence that public buildings, retail, and parks significantly influence the route choice of 

children on trips to/from school (e.g., Moran et al., 2018).  

The limited evidence of the determinants of pedestrian route choice in the context of access/egress trips 

to public stations is mixed. Guo & Loo (2013) found evidence on the effect of the number of street 

crossings, sidewalk width, retail frontage, and open space on pedestrian route choice for non-

commuting trips to metro stations. In contrast, Lue & Miller (2019) found that pedestrians prefer less 

commercial land use along their routes.   

This study contributes to the scant literature on the effect of street-scale built environment variables on 

pedestrian route choice in the context of access/egress trip to metro stations by focusing on 

heterogeneity in route choice behavior. To that end, a latent class path size correction route choice model 

is estimated on revealed route choice data, collected in Tianjin, China. Although the study primarily 

aims at better understanding the effects of street scale variables, it should be mentioned that we are not 

aware of any previous studies on route choice in an access/egress setting adopting this specific choice 

model.  

The chapter is organized into 5 parts. Section 7.2 discusses the model specification and estimation. The 

data collection is described in Section 7.3. Then, the results are interpreted in Section 7.4. Finally, 

Section 7.5 draws conclusions and discusses the implications of the research findings. 

 

7.2 Methodology 

7.2.1 Modeling framework  

This study applies a combination of the Path Size Correction Logit model (PSCL) and the Latent Class 

Logit Model (LCM) to examine pedestrian route choice behavior in the context of access/egress trips. 

The PSCL model was developed as an alternative for the multinomial logit model for predicting route 

choice behavior. It accounts for the fact that many routes show overlap and consequently the assumption 

of identically and independently distributed error terms underlying the MNL model is violated. The 

standard model assumes that the utility function is the same for all travelers (with the same socio-

demographic profile). To capture heterogeneity in route choice behavior, the latent class version of the 

model assumes the existence of different latent classes, each with its own utility function. 
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Figure 7. 1 Modelling process 

 

Observed route choice data are used to estimate the model. These data are collected through a field 

survey. Choice set generation is necessary to define the alternative routes in the modeling process. In 

this study, the K-shortest path algorithm is used to generate the choice sets. To capture the street-scale 

built environment variables, a field survey was administered. The modeling process is shown in Figure 

7.1.  

7.2.2 Path size correction latent class logit model 

The most commonly used discrete choice model, the multinomial logit model, cannot be used to predict 

route choice behavior because the physical overlap in routes violates the fundamental assumption 

underlying this model that the error terms are identically and independently distributed. Consequently, 

several alternative models, such as the C-logit model (Cascetta et al., 1996), the Path Size Logit model 

(PSL) (Ben-Akiva & Bierlaire, 1999), and the Path Size Correction Logit model (PSCL) (Prato, 2009) 

have been suggested in the literature. These models include a correction term, which measures the 

overlap in routes in the choice sets as shown in Equation (7.1). The model can be expressed as 

𝑃𝑛𝑘 =
exp ( 𝑉𝑛𝑘+𝛽𝑃𝑆𝐶∙𝑃𝑆𝐶𝑘)

∑ exp (𝑉𝑛𝑙+𝛽𝑃𝑆𝐶∙𝑃𝑆𝐶𝑙)𝑙∈𝐶
                                                     (7.1) 

where, Pnk is the probability of individual n choosing route k in choice set C, Vnk is the utility of 

individual n derived from the observed attributes of route k, Vnl is the utility of individual n derived 

from the observed attributes of route l, l represents any alternative route in choice set C, βPSC is the 

parameter for the Path Size Correction factor, PSCk is the Path Size Correction factor for route k, PSCl 

is the Path Size Correction factor for route l in choice set C. 

𝑃𝑆𝐶𝑘 = − ∑  [ 
𝐿𝑎

𝐿𝑘
𝑎𝜖Гk

 ∙ ln ∑ 𝛿𝑎𝑙𝑙∈𝐶  ]                                               (7.2) 

where a is a link of route k, Γk is the set of links belonging to route k, La is the length of link a, Lk is the 
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length of route k, and δal is a link-path incidence dummy, equal to one if route l includes link a and zero 

otherwise.  

The Path Size Correction PSCk expresses the similarity of route k and all other routes in a choice set. 

When route k overlaps with more other routes in a choice set, δal increases, and therefore PSCk decreases. 

If a route has more overlap with other routes, the probability of choosing that route will decrease. 

Consequently, it is expected that βPSC is positive.  

The PSCL model assumes that the estimated utility function is characteristic of all travelers (with a 

particular socio-demographic profile). In reality, however, utility functions may differ among travelers. 

One way of capturing such heterogeneity is to estimate a latent class version of the model. It assumes 

that a set of latent classes can be identified, each described by a different utility function. Travelers in 

different classes have different preferences. A membership function captures the probability that a 

traveler with a particular profile belongs to a latent class. It can be specified as  

𝑃𝑛𝑠 =
𝑒𝑿𝒏   𝜷𝒔  

∑ 𝑒𝑿𝒏   𝜷𝒔𝑆
𝑠=1

                                                                  (7.3) 

where Pns denotes the probability for individual n belonging to class s, 𝑿𝑛  denotes a set of observable 

characteristics that influence class membership. βs is a vector of parameters to be estimated.  

Applying this concept to the PSCL model, we obtain Equation (7.4).  

𝑃𝑛𝑘|𝑠 =
exp ( 𝑉𝑛𝑘|𝑠+𝛽𝑃𝑆𝐶∙𝑃𝑆𝐶𝑘)

∑ exp (𝑉𝑛𝑙|𝑠+𝛽𝑃𝑆𝐶∙𝑃𝑆𝐶𝑙)𝑙∈𝐶
                  s = 1,…, S        n = 1,…, N     (7.4) 

where Pnk|s is the probability individual n of class s chooses route k in choice set C, Vnk|s is the utility of 

route k in class s, Vnl|s is the utility of route l in class s. 

Multiplying the probability of individual n of class s choosing alternative k and the probability of 

individual n belonging to class s, the final probability of individual n choosing alternative k is obtained 

as shown in Equation (7.5): 

𝑃𝑛𝑘 = ∑ 𝑃𝑛𝑘|𝑠
𝑆
𝑠=1 • 𝑃𝑛𝑠                                                          (7.5) 

The number of latent classes can be decided based on the smallest value of Akaike Information Criterion 

(AIC) and the Consistent AIC (CAIC). These statistics are shown in Equations (7.6) and (7.7).  

AIC= -2[LL – S • Qs – (S – 1)Qc]                                                    (7.6) 

CAIC= -2LL – [S • Qs + (S – 1) Qc – 1][ln(2N) + 1]                                      (7.7) 

where LL is the log-likelihood of the estimated parameters β, N is the number of observations, Qs is the 

number of elements in the utility function of the class-specific choice model. Qc is the total number of 

parameters in the class membership model. 

7.2.3 Choice set generation 

To generate choice sets, the deterministic shortest path-based method - Breadth First Search Link 

Elimination (BFS LE) algorithm (Rieser-Schüssler et al., 2013) was used. First, the K-shortest path 

algorithm was applied, which is based on the repeated calculation of the acyclic first K-shortest paths 

for a given origin-destination (OD) pair. The size of the choice set cannot be too large as otherwise, it 
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will produce too many unrealistic routes that are many times longer than the observed route. A 

reasonable size of the choice set is required for robust model estimation (Prato, 2009).  

To determine K, we first tested K = 10, 15, 20, 25, 30 separately. Estimation results for different choice 

set sizes indicated that the Path Size Correction factor increased with increasing K. As Prato (2009) 

argued, the K-shortest paths produce over circuitous and extremely overlapping routes. Increasing K 

does not solve this problem (Bekhor et al., 2006). Moreover, the overlapping routes will increase the 

value of the PSC factor which may bias the estimation of other variables in the model. Therefore, 

ultimately K = 10 was chosen to generate the choice set. To further reduce the number of overlapping 

routes, several options were considered. Prato & Bekhor (2006) randomly selected a few routes from 

the generated choice set. Ton et al. (2018) selected different observed trajectories for the same OD pair. 

Routes included in the generated choice set but not chosen by anyone were not included in the final 

choice set. Ghanayim & Bekhor (2018) removed all routes overlapping other routes in the choice set by 

more than 80%. We followed the latter option. Alternative routes with an overlap higher than 80% were 

deleted from the choice set. Moreover, the longest routes were deleted from the choice. 

 

7.3 Data collection 

The data used in this analysis stem from survey-3 described in Chapter 3. The collected revealed trips 

with the route choice information are used in the model estimation. These trips either originated from 

the selected metro station or ended at this station. In addition, respondents’ socio-demographic 

characteristics and motivations for walking/biking were included in this model. Descriptive statistics of 

these built environment attributes are listed in Table 7.1.  

 

7.4 Results 

After estimating the latent class models with 2, 3, 4 classes separately, we found that the model with 

two latent classes has the lowest AIC and CAIC values, as shown in Table 7.2. The results of the model 

estimation with 2 classes are shown in Tables 7.3 and 7.4. Because of the statistics and the fact that the 

results of the 2 class solution are easy to interpret, this solution was chosen for further discussion. 

McFadden’s pseudo-rho-squared is 0.651, and the adjusted rho-squared is 0.624, which suggests a very 

good model fit. The average class probability for class 1 is 0.69, for class 2 it is 0.31.  

Table 7.3 shows that the estimated coefficient of the PSC factor is positive and significant, as expected. 

The estimated part-worth utilities of route length, fence presence, floor area ratio, and road width are 

significant for both classes. The estimated part-worth utilities of sidewalk width, frontage, street 

greenery, and the number of traffic lights differ in significance for the two classes. The estimated 

coefficient for total route length is negative for latent class 1, and positive for latent class 2. It suggests 

that the probability of choosing a route decreases with increasing route length for latent class 1, whereas 

for latent class 2 it increases with increasing route length. It reflects that some respondents tend to take 

the shorter routes to their destination, whereas others tend to take a longer route or seem indifferent. 

This may be related to the significant result of the variable “work or not in the study area”. 

Table 7.1 Descriptive statistics of the built environment attributes at the route level 
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Attributes Mean Standard 

deviation 

Min Max 

Total route length (m) 592 301 220 1990 

Fence presence 0.47 0.25 0 1 

Sidewalk width (m) 4.75 2.82 1.87 14.34 

Vertical land use mix 0.53 0.23 0.35 0.91 

Building frontage 0.88 0.34 0.56 1.70 

Floor area ratio 1.35 0.76 0.20 5.25 

Street greenery area (m2) 3430.20 4341.52 121.50 26390.30 

Number of traffic lights at intersections 1.33 0.40 0.38 2.00 

Number of lamps  56.57 42.37 5 210 

Road width (m) 18.83 7.60 11 39 

 

Respondents who work in the study area may know the area better and may easily find the shortest and 

fastest route. However, shoppers and tourists are likely attracted by other built environment elements 

on a longer route, such as shopping malls or historical buildings. The estimated coefficients for the 

presence of a fence are positive for both latent classes but differ in magnitude between the two classes. 

Pedestrians in both latent classes prefer routes with more fences that protect them against vehicles, 

pedestrians belonging to class 1 have a much higher preference for a fence. The estimated coefficient 

of sidewalk width is significant and negative for class 1, while positive but insignificant for class 2. It 

suggests that pedestrians belonging to class 1 prefer smaller sidewalks.  

Vertical land use mix is not significant for both classes, suggesting it is not an important variable for 

pedestrian route choice in the context of access/egress trip to metro stations. The effect of building 

frontage is positive for both classes, but only significant for latent class 2. Thus, utility and route choice 

probabilities increase with increasing building frontage. The estimated coefficient for floor area ratio is 

negative for both classes and does not differ much, indicating that pedestrians prefer a lower floor area 

ratio. The negative parameter of floor area ratio is inconsistent with Moran et al. (2018) who concluded 

that children prefer a compact urban form with a high floor area ratio.  

The estimated coefficient of street greenery area is significant and negative for latent class 1, indicating 

that this class prefer routes with less green. However, this interpretation may be incorrect in the sense 

that the model is based on revealed preference data and a well-known limitation of such data is that 

strongly correlated attributes and extreme distributions of data points may lead to strongly biased 

estimates, even of the wrong sign. Rodriguez et al. (2015) found evidence of a positive influence of 

street greenery on pedestrians’ route choice in the context of daily activity trips. Similarly, using stated 

choice data, Liu et al. (2020a) concluded that pedestrians prefer more trees and green hedges.  

The estimated coefficient of the number of traffic lights is significant and negative for class 1. It reflects 

that class 1 prefers less traffic lights. It contrasts the results of other studies which indicated that 

pedestrians prefer more traffic lights at intersections (e.g., Southworth, 2005; Moniruzzaman & Páez, 

2016). On the other hand, Tanaboriboon & Jing (1994) found that 25% of the respondents did not prefer 

signalized crossings because of the time loss. Thus, clear heterogeneity in pedestrians’ preferences for 

traffic lights seems to exist.  

 

Table 7.2 Model results comparison 
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 AIC CAIC Log-likelihood 

2-classes 1.362 701.3 -349.3 

3-classes 1.468 755.8 -309.9 

4-classes 1.718 884.6 -307.6 

 

Table 7.3 Results of the path size correction latent class model  

Class 1 Class 2  

Parameter St err t-value Parameter St err t-value 

Total route length -0.065*** 0.014 -4.630 0.008** 0.004 2.130 

Fence presence 12.105** 5.174 2.340 5.805** 2.785 2.080 

Sidewalk width -1.277*** 0.442 -2.890 0.315 0.207 1.520 

Vertical land use mix 5.470 5.870 0.930 -0.093 4.133 -0.020 

Building frontage 5.614 3.623 1.550 12.927*** 7.983 3.240 

Floor area ratio -4.860*** 1.868 -2.600 -3.010** 1.454 -2.070 

Street greenery area/1000 -0.947*** 0.297 -3.190 -0.116 0.125 -0.930 

Number of traffic lights  -7.762*** 2.765 -2.810 1.480 1.025 1.440 

Number of lamps  0.073 0.076 0.950 0.050 0.046 1.090 

Road width -0.251*** 0.080 -3.140 0.139*** 0.035 4.020 

PSC 1.555*** 0.501 3.110 1.555*** 0.501 3.110 

Note: *** indicates significant values at the 1% level. ** indicates significant values at the 5% level. 

 

Table 7.4 Results of the class membership model in the path size correction latent class model 

 Class 1 

 Parameter St err t-value 

Constant 0.549** 0.273 2.010 

Female  0.069 0.180 0.380 

Male  -0.069     

Age less than 23 years old 0.038 0.204 0.180 

Age more than 23 years old -0.038     

Work in this study area 0.868*** 0.304 2.860 

Not work in this study area -0.868     

Live in this study area 0.060 0.153 0.390 

Not live in this study area -0.060     

Trip purpose: go to work/school 0.131 0.276 0.470 

Trip purpose: go home -0.030 0.237 -0.130 

Trip purpose: go shopping and others -0.101     

Note: *** indicates significant values at the 1% level. ** indicates significant values at the 5% level. 

The estimated coefficient of road width is negative for latent class 1, and positive for latent class 2, 

suggesting clear differences in the utility that pedestrians attach to road width. Pedestrians in class 1 are 

more likely to choose a route with a smaller road width, whereas pedestrians in class 2 are more likely 

to choose a wider road. The negative parameter for road width in class 1 is inconsistent with Rodriguez 

et al. (2015) who found that pedestrians prefer routes with a larger than average road width, where it 

should be noted that Rodriguez et al. included only vehicle lanes in their measurement of road width. 
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The estimated effects of the class membership variables age, gender, work in study area or not, live in 

study area or not, and trip purpose are shown in Table 7.4. Note these variables were effect-coded. The 

results indicate that pedestrians who work in the study area have a significantly higher probability of 

belonging to class 1. This is the only significant variable, indicating that route choice is not as strongly 

related to socio-demographic variables as some may expect. 

 

7.5 Conclusions and discussion  

This analysis aimed at exploring the impact of the street-scale built environment on pedestrian route 

choice to/from a metro station in Tianjin, China. Revealed route choice data to/from a metro station 

were used to quantify the effects of street-scale attributes of the built environment on pedestrian route 

choice behavior during access/egress trips to the metro station. The study adds to the still limited number 

of studies on the topic by examining a wider selection of attributes and focusing on heterogeneity. 

Except for the widely studied effects of variables such as total route length, sidewalk width, and traffic 

lights, other variables such as fence presence, building frontage, floor area ratio, street greenery, and 

road width were shown to influence pedestrian route choice. The latent class route choice model shows 

that pedestrians in different classes derive different utilities from the built environment that affect their 

route choice decisions.  

The effects of some built environment variables are similar across the two latent classes. Pedestrians in 

both classes both prefer routes with a fence and lower floor area ratio. However, they have different 

preferences for route length, sidewalk width, building frontage, street greenery, traffic lights, and road 

width. Class membership probability turned out related to whether they work in the area. In any case, 

considering heterogeneity in route choice behavior improves the predictive success of the model used 

in demand forecasting or impact assessments. 
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Simulation of pedestrian flows 
 

 

 

 

 

8.1 Introduction 

To satisfy the increasing travel demand caused by fast urbanization, Chinese cities have resorted to new 

metro systems and large scale urban redevelopment in mega-cities. Metro stations generate large 

pedestrian flows in the streets surrounding the stations (Zacharias, 2001). However, roads in 

metropolitan regions were designed mainly to serve vehicles rather than pedestrians. Therefore, the 

metro stations often led to a conflict between the original built environment and the large number of 

pedestrians generated by the new metro stations. The inconvenience for pedestrians is caused by larger 

block sizes, narrow sidewalks, lower land use mix (Clifton et al., 2007), fewer crossing facilities at 

intersections, larger width of vehicle roads associated with unsafe crossings (Li & Tsukaguchi, 2005; 

Lin et al., 2015). It has triggered urban renewal processes in these areas aimed at improving the 

streetscape. 

To improve the street-level built environment around metro stations for pedestrians who travel to/from 

the metro station, it is necessary to understand the relationship between street-level built environment 

characteristics and pedestrian route choice. Unfortunately, only a few studies examined the quantitative 

relationship between the street-scale built environment around metro stations and pedestrian route 

choice decisions (e.g., Guo & Loo, 2013; Nuworsoo & Cooper, 2013; Lue & Miller, 2019; Liu et al., 

2020b). They found a significant impact of built environment characteristics on pedestrian route choice. 

On average, pedestrians tend to prefer wide sidewalks, low FAR, more retail frontage, fence appearance, 

and signalized intersections. Moreover, there is evidence that density, number of walkway crossings, 

and road width influence shopping pedestrian route choice behavior (e.g., Zhu & Timmermans, 2011; 

Borgers & Timmermans, 2014, 2015; Tilahun & Li, 2015). As the relationship between the built 

environment and pedestrian route choice varies by context (e.g., Rodriguez et al., 2015; Tribby et al., 

 

 This chapter is based on Liu, Yang, Timmermans & de Vries (2021), Simulating the effects of redesigned street-

scale built environments on access/egress pedestrian flows to metro stations. Computational Urban Science, to 

appear. 
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2017; Moran et al., 2018), it is necessary to allow for heterogenous, context-dependent preferences of 

pedestrians. 

Different pedestrian route choice models have been applied. Several researchers have used macroscopic 

models to investigate the impact of different built environment design scenarios on the distribution of 

pedestrian flows. For example, Schelhorn et al. (1999) applied an agent-based simulation model to 

predict pedestrian movements in urban centers considering road configuration and the spatial location 

of the attractions. Dijkstra et al. (2011) simulated the movements of shopping pedestrians, considering 

a variety of shops, number of stores, road network characteristics, and pedestrianized streets. Rose et 

al. (2014) included retail, drinking and dining facilities, and cultural attractions. Examples of 

microscopic pedestrian flow models include Daamen & Hoogendoorn (2003), Daamen (2004), 

Ukkusuri et al. (2012), and Chen et al. (2017). The latter built a simulation model of pedestrian 

movement in a subway station.  

This paper concentrates on the simulation of pedestrian flows to/from a metro station. It aims to provide 

feedback to urban planners about the consequences of different renewal scenarios on the distribution of 

pedestrian flows. Simulated flows can be used to elaborate on particular scenarios or combined different 

scenarios in light of a set of different and possibly conflicting objectives. It contributes to the knowledge 

of pedestrian-friendly street-scale (micro) built environment design surrounding metro stations.  

The chapter is organized as follows. First, we will discuss the data collected for this study. It is followed 

by an outline of the simulation approach. Next, we discuss the results of the simulations, which include 

the results of uncertainty analysis and sensitivity analysis. The paper is concluded with a discussion of 

the main results. 

 

8.2 Study area and data  

This study is conducted in the area surrounding Yingkoudao (YKD) metro station, located in the city 

center of Tianjin, China, with a size of 2000*2000 meter squared. YKD station has a large passenger 

flow and is the transit station of metro lines No.1 and No.3. The area is the biggest commercial and 

business center in Tianjin. It includes various land uses (e.g., shopping malls, business, residential, 

primary and middle schools, restaurants, entertainment, and open spaces). The case study area includes 

not only streets with wide sidewalks, wide roads, very high-rise buildings, and well-maintained crossing 

facilities, but also streets with narrow sidewalks, low buildings, and few crossing facilities. 

The core of the simulation is a pedestrian route choice model. It requires data on observed pedestrian 

flows and street-level characteristics of the built environment. Data on pedestrian volume at the metro 

station were collected in March 2016 by five trained Bachelor students from Tianjin University. They 

collected data on the number of pedestrians who entered respectively exited the Yingkoudao metro 

station during three different time periods: morning (8:00-9:00), noon (12:00-13:00), and afternoon 

(17:00-18:00). Phone cameras were used to capture pedestrian volumes at every exit/entrance of the 

station. Observations were made on two randomly selected weekdays and two randomly selected 

weekend days (excluding national holidays). Observations were made for 2 minutes in each time period 

that includes arrivals/departures of subway trains. 

The number of pedestrians who entered/exited the metro station in each video was counted by the 

investigators. To avoid significant error, each video was processed twice by two different investigators. 

If the difference in the number of counted pedestrians was bigger than 2, the video was processed again; 
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otherwise, the average was used as the final count. Based on the counted number of pedestrians in the 

2-minutes videos, the total number of pedestrians for each exit/entrance for each time period was 

extrapolated. The peak count was observed between 17:00 and 18:00. The lowest number of passengers 

was observed for the 8:00-9:00 time period. Estimated counts suggest that 5040 pedestrians/hour 

enter/exit the station in the morning (8:00-9:00), 6810 at noon (12:00-13:00), and 11220 in the afternoon 

(17:00-18:00).  

The second data collection is about the pedestrian trips to/from the Yingkouidao metro station described 

in survey-3. These data are used to generate pedestrians for the simulation in Section 7.3.2. The third 

data collection, conducted in November 2018, concerned the street-level built environment and road 

network. The street-level built environment data were mainly collected from topographic maps from 

the Tianjin Government, the 2018 Baidu satellite map, and the 2018 Baidu street view map. The data 

included building area, land use, length of building frontage, block area, sidewalk length, sidewalk 

width, number of lamps, road width, and the number of vehicle lanes on each road. Fence presence 

(physical separation between pedestrians and vehicles/cyclists) and traffic lights at intersections were 

collected from the 2018 Baidu street view map. Street greenery areas were collected from the 2018 

Baidu satellite map. The selection of these variables is based on the literature and the main considered 

street-level elements in the practice of urban planning and design. The details of these data are described 

in Section 3.3.  

 

8.3 Simulation approach 

To explore the impact of the street-scale built environment on the distribution of pedestrian flows, a 

Netlogo simulation was developed and applied. The simulation concentrated on pedestrian 

access/egress trips to the metro station. The route choice of each pedestrian was simulated using a latent 

class route choice model.  

The simulation involves five steps: 1) setting up the road network and associated built environment 

attributes in the study area; 2) generating the simulated pedestrians and OD pairs for each pedestrian; 

3) defining scenarios to explore their effect on pedestrian flows; 4) predicting the route choice of each 

pedestrian based on the latent class route choice model; 5) conducting uncertainty analysis and 

sensitivity analysis. Figure 8.1 shows these steps. 

8.3.1 Setting up the road network and built environment attributes 

The pedestrian road network was drawn manually in an ArcGIS shapefile using a sidewalk and vehicle 

road layer. Two-sided sidewalks on roads with more than two vehicle lanes were drawn as two separate 

links, while two-sided sidewalks on roads with two or less than two vehicle lanes were drawn as a single 

link. For these roads, we assume that pedestrians are influenced by the built environment on both sides, 

as pedestrians can easily cross the roads. The links were spatially attached to four shapefile layers 

(building layer, block layer, sidewalk layer, and vehicle road layer). For the two-sided sidewalks 

presented by a single link, the properties of the building and block layer on both sides of the link were 

summed as properties of the link. The properties number of lamps respectively street greenery area in 

the sidewalk layer were also summed as single properties of the link. The properties sidewalk length, 

sidewalk width, fence presence, and traffic lights at intersections in the sidewalk layer and road width 

in the vehicle road layer on both sides of the sidewalks were averaged. 
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Figure 8.1 Simulation framework 

 

Table 8.1 Built environment attributes at the route level 

Estimated variables  Input data from Table 3.1, Chapter 3 Units at route-level 

Length of the route Sum of the variable across all links of the route. 

 

A continuous number in meters.  

Street greenery area/1000 A continuous number in m2. 

Number of lamps  A continuous number. 

Presence of fence Sum of the variable, weighted by the length of 

each link. 

 

A continuous number between 0 and 1. 

Width of sidewalk A continuous number in meters. 

Number of traffic lights  A continuous number between 0 and 2. 

Width of the road A continuous number in meters. 

Land use mix Equation (3.1), Chapter 3 A continuous number between 0 and 1. 

Building frontage Total “building front length” of each link divided 

by route length 

A continuous number between 0 and 2. 

The floorage ratio (FAR) 

on each route 

Total “building area” of each link, divided by total 

“Block area” of each link. 

A continuous number. 

PSC Equation (7.2), Chapter 7 A continuous number. 

The built environment attributes of each link are shown in Table 3.1, Chapter 3. The link-level data 

were converted to route-level data for pedestrian road choice modeling. The road-level built 

environment attributes are listed in Table 8.1. The Path Size Correction factor (PSC) is a specific factor 
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in the Path Size Correction (PSC) model that represents the influence of overlapping routes on route 

choice probabilities (Prato, 2009). In this study, it is calculated as defined in Equation (7.2). 

8.3.2 Generating simulated pedestrians  

The number of simulated pedestrians is based on the video data collected in 2016. Thus, the route choice 

of 5040 pedestrians was simulated in the morning (8:00-9:00), 6810 pedestrians were simulated for the 

noon period (12:00-13:00), while the simulation involved 11220 pedestrians for the afternoon period 

(17:00-18:00). Each simulated pedestrian needs to be characterized in terms of the selected socio-

demographic characteristics, while in addition trip purpose, and OD pair need to be imputed from the 

travel survey data collected in 2018. Age, gender, working years close to the station, living years close 

to the station, OD pair, and trip purpose of the simulated pedestrians were generated using Monte Carlo 

draws from the observed profiles of the sampled pedestrians. This approach guarantees that any 

correlations between socio-demographics, OD pairs, and travel purposes are retained in the simulations. 

The distribution of age, gender, if they work nearby the station and how many working years, and if 

they live nearby the station and how many living years is from the collected revealed route choice data 

in Table 3.11. Seven trip purposes were distinguished in the data collection, but to simplify the 

simulation only three were used: work/school, going home, and going shopping (which includes the 

other categories). The revealed data showed that different trip purposes are distributed quite differently 

at different times of the day. There were more work/school trips in the morning than in the afternoon, 

and more shopping trips at noon compared to the morning. The distributions are presented in Table 8.2.  

8.3.3 Defining the scenarios 

In 2019, the Tianjin government planned a series of projects to improve the built environment of the 

study area, especially for the roads highlighted in Figure 8.2 (Tianjin Bureau of Commerce, 2019). 

Based on these projects, we developed 4 new design scenarios by changing the street-level built 

environment of 6 links. Three links are named Chifeng Road-1 (C-1), Chifeng Road-2 (C-2), and 

Chifeng Road-3 (C-3). Three links named Harbin Road-1 (H-1), Harbin Road-2 (H-2), and Harbin 

Road-3 (H-3) are on Harbin Road. Chifeng Road which is directly connected with the metro station is 

the main road. Harbin Road does not directly connect with the metro station. The 4 scenarios are shown 

in Table 8.3. A baseline scenario without any changes to the built environment serves as a benchmark. 

The detailed new designs add fences between sidewalks and vehicle lanes, crossing facilities, and 

increase sidewalk width. Besides these changes, links C-1, C-2, and C-3 in the Chifeng Road with land 

use mix change scenario additionally increase land use mix by about 10% with more restaurants and 

entertainment shops reflecting Tianjin government's intentions. As shown in Table 8.4, all 6 links will 

have a fence between sidewalks and vehicle lanes. All 6 links will have traffic lights at both endpoints. 

The “baseline” column in Table 8.4 is the current situation of each link in the study area.  

8.3.4 Simulating route choice  

The core of the simulation is the route choice model. The actual simulation involved the following steps 

Table 8.2 Distribution of trip purpose by time of day  

 Trip purpose: go to work/school Trip purpose: go home Trip purpose: go shopping and other 

Morning 73% 10% 17% 
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Noon 11% 20% 69% 

Afternoon 6% 54% 40% 

 

Table 8.3 Scenarios 

Scenario Harbin Road Chifeng Road  

Baseline scenario Baseline Baseline 

Harbin Road scenario New design Baseline 

Chifeng Road without land use mix change scenario Baseline New design 

Chifeng Road with land use mix change scenario Baseline New design 

Harbin Road & Chifeng Road without land use mix change scenario New design New design 

 

for each simulated pedestrian and each trip: 

(1) The membership probability was calculated as a function of gender, age, work location, residential 

location, and trip purpose. 

(2) A Monte Carlo drawn was made from these membership probabilities to simulate the latent class of 

that pedestrian. 

(3) Given the simulated latent class, the route choice probabilities were calculated using the route choice 

model for each route in the pedestrian’s choice set. 

(4) A Monte Carlo drawn was made to simulate the chosen route. 

8.3.5 Uncertainty analysis  

Because the route choice model is a probabilistic model, every set of Monte Carlo draws may lead to a 

different simulated route. Thus, the results of the simulation are prone to simulation error. In order to 

quantify the resulting uncertainty, in this study, an uncertainty analysis was conducted at the link level 

by time of day. Coefficients of variation (CV) of the pedestrian flows on each link and time of day, 

based on n runs were calculated as shown in Equation (8.1). The CV was calculated after respectively 

50, 100, 150, 200, 250, and 300 runs.  

CVkt|n = σkt|n  / µkt|n                              n= 50, 100, 150, 200, 250, 300       (8.1) 

where CVkt|n is the coefficient of variation based on n runs of link k at time of day t, σkt|n is the standard 

deviation of the pedestrian flows based on n runs of link k at time of day t, µkt|n is mean value pedestrian 

flow based on n runs of link k at time of day t.  

In addition, based on Miller (1992), 95% confidence levels were calculated as   

𝐶𝐼𝑘𝑡|𝑛 =
𝑠

�̅�
 ±  𝑧𝛼/2√(𝑛 − 1)−1 (

𝑠

�̅�
)

2
(0.5 + (

𝑠

�̅�
)

2
)      n= 50, 100, 150, 200, 250, 300       (8.2) 

where 𝐶𝐼𝑛𝑡|𝑘 is the confidence interval on n runs of link k at time of day t, 
𝑠

�̅�
 is equal to σkt|n  / µkt|n 

when the sample x is an asymptotic normal distribution with mean µ and variance σkt|n
2, s is the sample 

variance, 𝑧𝛼/2 is the 95% percentile of the standard normal distribution, n is the number of runs, and 

α is 0.05 for the common 95% probability level. 
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Table 8.4 Built environment changes on each link  

Road Links Fence Sidewalk width 

(m) 

Traffic lights Land use mix 

  Base 

line 

New 

design 

Base 

line 

New 

design 

Base 

line 

New 

design 

Base line New 

design 

Harbin Road  H-1 0 1 1.5 1.8 0 2 0.70 0.70 

H-2 0 1 3 3.6 1 2 0.66 0.66 

H-3 0 1 1.5 1.8 1 2 0.65 0.65 

Chifeng Road 

without land use mix 

change  

C-1 0 1 2 2.4 1 2 0.69 0.69 

C-2 0 1 2 2.4 1 2 0.71 0.71 

C-3 0 1 2 2.4 2 2 0.74 0.74 

Chifeng Road with 

land use mix change  

C-1 0 1 2 2.4 1 2 0.69 0.76 

C-2 0 1 2 2.4 1 2 0.71 0.78 

C-3 0 1 2 2.4 2 2 0.74 0.81 

 

 

Figure 8.2 Scenarios in the study area  
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8.3.6 Sensitivity analysis 

To assess the sensitivity of the pedestrian flows to changes in the choice set, a sensitivity analysis is 

performed. The choice set was based on the K=10 shortest paths minus the routes with a > 80% overlap 

was replaced with a new choice set with all observed routes between an OD pair plus the K=3 shortest 

paths. The observed routes between an OD pair in the revealed route choice data collection is usually 1 

to 3 different routes. Thus, most of the choice set have 3 to 5 alternatives finally.  

 

8.4 Scenario analysis  

8.4.1 Simulation results  

8.4.1.1 Results of the Baseline scenario 

First, the pedestrian flows for the Baseline scenario were simulated. The simulation was run separately 

for the three different time periods (morning, noon, and afternoon). For each time period, the simulation 

was repeated 200 times. The simulated pedestrian flows are partly shown in Figure 8.3 (top part) and 

the absolute number of pedestrians on the 6 links are shown in Table 8.5. The width of the red links 

represents the magnitude of the simulated pedestrian flows. The thicker the red link, the more 

pedestrians were simulated to pass that link. The distribution of pedestrian flows across the different 

time periods shows the higher accumulation of pedestrians near the metro station and less pedestrians 

further away from the metro station. The number of pedestrian flows is calculated based on the average 

number of 200 runs. Table 8.5 only shows the pedestrian flows on the 6 links. Links H-2 and H-3 have 

more pedestrians compared to links C-1, C-2, C-3, and H-1. The results for the other links in Figure 8.3 

(bottom part) in the whole study area are not shown. The destinations/origins of each trip that have the 

station either as origin or destination are shown in Figure 8.3 as green circles. Bigger circles reflect a 

higher number of pedestrians who have this link as their destination/origin. As expected, the biggest 

circle is observed for the metro station.   

8.4.1.2 Results of the 4 scenarios 

The simulated pedestrian flows for each time period (morning, noon, and afternoon) under the three 

hypothetical scenarios are shown in respectively Figures 8.4, 8.5, 8.6, and 8.7. The horizontal axis is 

the link. The vertical axis is the absolute number of simulated pedestrians. The numbers on the bars 

represent the difference between the simulated pedestrian flow on each link under the considered 

scenario compared and the baseline scenario.  

Figure 8.4 indicates that for the Harbin Road Scenario in the morning (green color) the differences in 

pedestrian flows with the baseline are very small (from -0.2 to +4) for all 6 links. It indicates that at this 

time of day the pedestrian flows on the 6 links are hardly affected by Harbin Road scenario. The same 

applies to the noon period. In the afternoon (grey color), all reported links attract more pedestrians (from 

+21.3 to +276) compared to the baseline scenario. The increase in the number of pedestrians is much 

higher for links H-1, H-2, and H-3 than for C-1, C-2, and C-3. Thus, the simulated impact of this 

scenario is higher for Harbin Road than for Chifeng Road. 
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Table 8.5 Absolute number of pedestrians on the 6 links by time of day for the baseline scenario    

Morning Noon Afternoon 

C-1 33.8 58.0 120.7 

C-2 31.0 55.4 116.0 

C-3 29.0 78.6 122.7 

H-1 43.2 122.8 190.7 

H-2 113.2 333.4 542.3 

H-3 170.0 497.4 776.3 

 

In the Chifeng Road without land use mix change Scenario (Figure 8.5), the number of pedestrians is 

simulated to increase for links C-1, C-2, and C-3, but to decrease for links H-1, H-2, and H-3 compared 

to baseline scenario. The increase is slightly higher on C-3 than C-1 and C-2. Thus, the improvements 

on the built environment of Chifeng Road negatively affect the pedestrian flows on the Harbin Road 

especially for H-1 and H-2 links. The increase in the number of pedestrians on Chifeng Road exceeds 

the decrease in the number of pedestrians on Harbin Road. It suggests that pedestrians from other links 

would be attracted to Chifeng Road should the scenario be realized. The impact has a similar pattern 

for all times of day, but changes are bigger in the afternoon than in the morning and noon.    

In the Chifeng Road with land use mix change Scenario (Figure 8.6), the changes in pedestrian flows 

are very similar to the simulated changes under the Chifeng Road without land use mix change Scenario 

(Figure 8.5). Upon reflection, this negligible difference can be explained by the very small parameter 

estimates for land use mix, while the latent class membership probabilities are the same for the two 

Chifeng scenarios.  

In the Harbin Road & Chifeng Road without land use mix change scenario (Figure 8.7), the number of 

pedestrians is simulated to increase for links C-1, C-2, C-3 in the three time periods. The increase for 

links H-1, H-2, H-3 only happens in the afternoon period. The number of pedestrians decreases on links 

H-1, H-2, in the morning and H-1, H-2, H-3 at noon compared to the baseline scenario. The increase is 

much higher on links C-1, C-2, and C-3 than on links H-1, H-2, and H-3 in each time period. The results 

indicate that the improvement of the built environment of both Chifeng Road and Harbin Road is 

simulated to positively affect the pedestrian flows on Chifeng Road all day and the pedestrian flows on 

Harbin Road mainly in the afternoon. The improvement has negative effects on pedestrian volumes of 

Harbin Road in the morning and noon. Based on the changing number of pedestrians, the simulated 

impact is higher for Chifeng Road than for Harbin Road. 

8.4.2 Uncertainty analysis 

To quantify the uncertainty in the simulated pedestrian flows due to simulation error, coefficients of 

variation (CV) were calculated for each link and time of day after respectively 50, 100, 150, 200, 250, 

and 300 runs. Table 8.6 and Figure 8.8 present the results for the morning time period for each link 

under the Baseline scenario. Results for other time periods and the other scenarios are in the same order 

of magnitude. As seen in Table 8.6, the CVs for each link do not change much beyond 150 runs and 

become stable after 200 runs. The CVs on all links are smaller than 9.3%. Link C-3 has higher CVs 

than the other links. At the maximum number of 300 runs, the confidence intervals are around 3%. Thus, 

overall, uncertainty due to simulation error is small.  
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Figure 8.3 Pedestrian flow on each link by time period and the distribution of destinations/origins 
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Figure 8.4 Results of the Harbin Road scenario 

 

 

Figure 8.5 Results of the Chifeng Road without land use mix change Scenario 
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Figure 8.6 Results of the Chifeng Road with land use mix change Scenario 

 

 

 
Figure 8.7 Results of the Harbin Road & Chifeng Road without land use mix change scenario 
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Table 8.6 Coefficients of variation and confidence intervals of each link in the morning period by number 

of runs for the Baseline scenario  

Link 50 runs 100 runs 150 runs 200 runs 250 runs 300 runs 

C-1 2.27% 1.89% 1.87% 1.81% 1.77% 1.86% 

(0.0182~0.0271) (0.0163~0.0215) (0.0166~0.0208) (0.0163~0.0199) (0.0162~0.0193) (0.0171~0.0201) 

C-2 4.67% 3.99% 3.79% 3.78% 3.76% 3.96% 

(0.0376~0.0559) (0.0343~0.0454) (0.0336~0.0421) (0.0341~0.0415) (0.0343~0.0409) (0.0365~0.0428) 

C-3 9.32% 8.24% 7.70% 7.82% 7.86% 8.15% 

(0.0749~0.1114) (0.0710~0.0939) (0.0683~0.0857) (0.0705~0.0859) (0.0717~0.0854) (0.0750~0.0880) 

H-1 0.64% 0.70% 0.70% 0.79% 0.86% 0.83% 

(0.0051~0.0076) (0.0060~0.0080) (0.0062~0.0078) (0.0072~0.0087) (0.0078~0.0093) (0.0076~0.0089) 

H-2 0.87% 0.86% 0.82% 0.87% 0.86% 0.87% 

(0.0070~0.0104) (0.0074~0.0098) (0.0073~0.0091) (0.0078~0.0095) (0.0079~0.0094) (0.0080~0.0094) 

H-3 1.53% 1.72% 1.77% 1.78% 1.75% 1.71% 

(0.0123~0.0183) (0.0148~0.0196) (0.0157~0.0197) (0.0161~0.0196) (0.0160~0.0191) (0.0157~0.0185) 

Note: confidence intervals in parentheses. 

 

 

 

Figure 8.8 Uncertainty analysis of the Baseline scenario in the morning period 

 

8.4.3 Sensitivity analysis 

The estimated results of pedestrian flows on the 6 links based on the new choice set are shown in Table 

8.7. Compared to the results in Table 8.5, most of the pedestrian flows on the 6 links by three time 

periods based on the new choice set is a bit smaller. The pattern of the pedestrian flows is similar 
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between Tables 8.6 and 8.8. The values of CVs in Table 8.8 present the results for the morning time 

period for each link under the Baseline scenario. The CVs for each link become stable after 200 runs. 

The CVs on all links are smaller than 5.11%. Link C-2 has higher CVs than the other links. Uncertainty 

due to simulation error is small in the context of the new choice set. The model estimation in this study 

is stable. Different choice sets in the route choice model have a small influence on the pedestrian flow 

estimation.  

8.4.4 Interpretation 

The simulated results suggest that pedestrian flows on the main roads near the metro station are affected 

by the simulated changes in the built environment. The Harbin Road & Chifeng Road without land use 

mix change scenario suggests that the simulated impact is higher for the main road which is directly 

connected with the metro station. The simulated Harbin Road scenario has a very limited impact on the 

distribution of pedestrian flows in both the morning and noon time period. This can be explained by 

differences in trip purpose and socio-demographics of the pedestrians for the different time periods. In 

the morning, the largest share of pedestrians concerns working/school pedestrians. They have a higher 

probability to belong to class 1, for which the increased utility of the presence of a fence is canceled out 

 

Table 8.7 Absolute number of pedestrians on the 6 links by time of day based on the new choice set 

  Morning Noon Afternoon 

C-1 28.6 52.4 110 

C-2 28.4 49.8 104.7 

C-3 26 69 123.3 

H-1 25 72 119.7 

H-2 116 297 508 

H-3 160 443 708 

 

 

Table 8.8 Coefficients of variation and confidence intervals of each link in the morning period by number 

of runs for the Baseline scenario based on the new choice set 

Link 50 runs 100 runs 150 runs 200 runs 250 runs 300 runs 

C-1 4.12% 3.93% 3.96% 3.86% 3.75% 3.72% 

(0.037~0.0453) (0.0365~0.0421) (0.0373~0.0419) (0.0367~0.0406) (0.0358~0.0392) (0.0357~0.0387) 

C-2 5.11% 5.05% 5.08% 4.99% 5.02% 4.98% 

(0.046~0.0563) (0.0469~0.054) (0.0478~0.0537) (0.0474~0.0524) (0.048~0.0525) (0.0478~0.0518) 

C-3 2.56% 2.51% 2.43% 2.36% 2.40% 2.34% 

(0.023~0.0281) (0.0234~0.0269) (0.0229~0.0257) (0.0224~0.0248) (0.0229~0.0251) (0.0224~0.0243) 

H-1 0.06% 0.06% 0.06% 0.02% 0.01% 0.01% 

(0.0006~0.0007) (0.0005~0.0006) (0.0006~0.0007) (0.0002~0.0002) (0.0001~0.0001) (0.0001~0.0001) 

H-2 0.09% 0.08% 0.09% 0.07% 0.02% 0.01% 

(0.0008~0.0009) (0.0007~0.0008) (0.0008~0.0009) (0.0007~0.0007) (0.0002~0.0002) (0.0001~0.0001) 

H-3 0.40% 0.36% 0.40% 0.33% 0.11% 0.10% 

(0.0036~0.0044) (0.0033~0.0038) (0.0038~0.0042) (0.0031~0.0034) (0.0011~0.0011) (0.001~0.001) 

Note: confidence intervals in parentheses. 

by the decreased utility of increasing sidewalk width and adding more traffic lights. At noon, there were 

more pedestrians for the purpose of shopping and other, who have a higher probability to belong to class 
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2. This class more likely shops at the large shopping malls on the west side of Harbin Road. The shortest 

path to reach the west side of Harbin road is from the main road next to the metro station or via Chifeng 

Road to the north part of the shopping street.  

In the afternoon, the Harbin Road scenario has a positive influence on pedestrian flows on all 3 links of 

Harbin Road and the 3 links of Chifeng Road. Thus, the improvement of the streetscape Harbin Road 

has synergistic effects on Chifeng Road. The increased attraction of Harbin Road seems to lead to more 

pedestrians traveling through the links of Chifeng Road. Especially, there are more pedestrians going 

home (54%) and “shopping and other” pedestrians (40%) in the afternoon. These pedestrians have a 

higher probability of belonging to class 2.  

The Chifeng Road with land use mix change scenario and Chifeng Road without land use mix change 

scenario were predicted to have a positive influence on pedestrian flows of Chifeng Road in the three 

time periods although the difference varies across time periods. Moreover, the changes in the Chifeng 

Road built environment decreased the pedestrian flow in Harbin Road which indicates a competitive 

relationship between these two roads. The most important reason might be the spatial location of the 

two roads. Links H-1, H-2, H-3 of Harbin Road are not directly linked to the metro station; pedestrians 

need to pass through the links of Chifeng Road. The routes passing the links of Harbin Road, especially 

H-1 and H-2, have to pass at least C-2 or C-3. However, the routes to/from the northern part of Chifeng 

Road do not necessarily include Harbin Road.  

The small differences between the two scenarios can be interpreted directly from the relatively small 

parameter for land use mix and the small differences in land use mix. It should be realized, however, 

that in this simulation we only capture the influence of varied land use on route choice and that the 

change in land use mix is very small. Past studies only found that walking trip frequency and 

destinations have a positive relationship with the higher land use mix (Saelens & Handy, 2008; Day, 

2016) but have less evidence on land use mix and pedestrian route choice. 

 

8.5 Discussion 

In completing this paper, a number of limitations should be mentioned. First, the simulation only 

concerned changing the route choice of pedestrian to/from the metro station. It did not consider 

pedestrians that enter or leave the study area from other locations. Of course, the route choice behavior 

of these other pedestrians may also be affected by the changes in the built environment. Thus, the 

simulated number of pedestrians for each link and their shares of the pedestrian volume is not 

representative of the area. This is also the reason why the simulations in the baseline scenario cannot 

be validated against pedestrian counts. If the interest would be in the total pedestrian system in the study 

area, the data should be collected at every entry/exit point in the study area. 

Second, we only considered access and egress trips. In reality, however, a pedestrian may be involved 

in multi-stop (and multi-purpose) trips. This will influence the distribution of pedestrian flows in the 

study area. The inclusion of multi-stop, multi-purpose trips means that appropriate data on such trips 

need to be selected and that the current simple route choice model should be replaced with a much more 

complex model of route choice behavior under multi-stop, multi-purpose trips.  

Third, we did not consider the possible effect of changing land use and street characteristics on 

destination choice, not at the city level, not within the study area. It means that the results only depict 
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the changing route choice behavior of a selected group of pedestrians conditional on invariant 

destination choice.  

Fourth, it should be realized that simulation error is only one source of error. An error may also be 

introduced by model specification. Assessing its impact requires the comparison of different model 

specifications, based on different assumptions underlying pedestrian route choice behavior. Another 

source of error is the demarcation of the choice sets. Future research should examine the effect of 

different specifications of choice set on simulated pedestrian flows. 

Finally, the estimated results of the route choice model emphasize the relative importance of the 

presence of a fence. Consequently, some distinctive simulation results are the direct consequence of this 

parameter. However, when we look into the data, it became clear that most links directly surrounding 

the metro station where we observed most pedestrians had a fence. Hence, the distribution of data points 

in the space spanned by the presence of fence and the number of observed pedestrians on a route not 

far from uniformly distributed. Consequently, the estimated parameter for the presence of fence is likely 

biased. This is a clear limitation of revealed preference models. 
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9.1 Summary 

Metro systems as an efficient means of public transportation have increased dramatically in high-density 

cities. The first/last mile trips have been paid increasing attention because of the important role in 

promoting good public transportation connections with origins/destinations (Saelens & Handy, 2008). 

However, the integrated design of the micro-scale built environment has not received much attention. 

Especially in central areas, the metro stations normally generate a large number of pedestrians/cyclists. 

Pedestrians and cyclists often need to share the same space in high-density areas (Yang & Gakenheimer, 

2007; Lin et al., 2015), creating conflicts, and unsafe situations. Furthermore, infrastructure such as 

crossing facilities, greenery, and street lamps are often either absent or not well designed on streets 

around metro stations.  

This study aims to reduce the gap in our understanding of the quantitative relationship between the 

micro-level built environment and pedestrians/cyclists’ transportation mode and route choice around 

the metro station. Both stated choice data and revealed choice data were used. An extended set of micro-

level built environment attributes was developed. Besides the widely studied transportation-related 

factors, street-level built environment factors were studied using quantitative methods. These methods 

not only help to understand the quantitative relationship between built environment design and travel 

behavior but also support the evaluation and assessment of built environment design in urban planning 

projects.   

The objective of this thesis is to identify preferences for the street-scale built environment in the context 

of walking/biking access/egress trips to/from metro stations to support design decisions. The research 

questions can be answered by the research results. The answers to the questions can be summarized as 

follows: 
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Question (1) How does the street-scale built environment influence mode choice around metro 

stations? 

To answer the research question (1), a discrete transportation mode choice model was estimated. 

Revealed transportation preference mode data were collected. It has been found that time, gender, age, 

car ownership, and trip purposes influence the choice of transportation mode. Not only travel and 

individual characteristics but also street-scale built environment attributes have a significant influence 

on the metro+walk mode. However, built environment attributes only seem to have a modest effect. 

Only building frontage and land use mix around the metro station have a positive influence on the choice 

of metro+walk. The distance to the station has a negative influence on the choice of this transportation 

mode.  

Question (2) How does the street-scale built environment influence pedestrians/cyclists’ choice of 

street segment for access/egress routes to/from metro stations? 

To answer the research question (2), a stated choice experiment was designed. Eight built environment 

attributes were systematically varied: street segment length, the average number of building floors on 

both sides of the street, retail shops in frontage of streets, street crossing facilities for pedestrians/cyclists, 

the width of sidewalks/bicycle paths, greenery, number of street lamps and crowdedness of 

pedestrian/cyclists to understand their influence on a street segment preferences. A multinomial logit 

model was estimated to unravel pedestrian/cyclist preferences using the stated choice data. The results 

indicate that pedestrians and cyclists have similar preferences for street segments with buildings lower 

than 6 floors, 50% retail shop frontage, more greenery, lamps between 15 and 30 meters, more crossing 

facilities, and wider not crowded sidewalks/bike lanes.  

Question (3) Is there any unobserved heterogeneity in pedestrians/cyclists’ preferences for the built 

environment in their choice of street segment for access/egress routes to/from metro stations? 

To answer the research question (3), a latent class model was estimated. Two latent classes were 

identified. Results indicate that cyclists in the two classes have different preferences for the street-scale 

built environment. In class 1, cyclists prefer lower buildings, proper retail frontage, more crossing 

facilities, wider bike lanes, more greenery, not crowded environments, and a proper number of lamps. 

In class 2, cyclists prefer lower buildings, proper street side greenery, and especially fewer lamps. A 

latent class model for pedestrians was also estimated, but it led to very few significant results.  

Question (4) How does the street-scale built environment influence pedestrians/cyclists’ choice of 

access/egress route to/from the metro station? 

To answer the research question (4), revealed pedestrian route choice data were collected. A path size 

correction latent class logit model was estimated. Results suggest that pedestrians can be classified into 

two latent classes. Pedestrians in both classes prefer routes with a fence and lower floor area ratio. 

Pedestrians in class 1, who work in the area, derive a higher utility from shorter routes, smaller width 

of the sidewalks, less street greenery, less traffic lights, and smaller width of the road. Pedestrians in 

class 2, who do not work in the area, derive a higher utility from longer routes, higher buildings, and 

larger width of the road.  

The findings of this Ph.D. project are expected to support the design of preferred walking/biking built 

environments around a metro station. To illustrate this contention, a simulation model, based on the 

estimated route choice model, was used to assess the impact of three different street designs on 

pedestrian flow distributions in the area. Results demonstrate the effects of the street-scale built 
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environment on pedestrian flows. The effects are higher for the main road, which is directly connected 

with the metro station.  

 

9.2 Scientific contributions 

This thesis identifies walking/biking preferences for the street-scale built environment in the context of 

access/egress trips to/from metro stations. It aims to better understand the relationship between the 

street-level built environment and pedestrians/ cyclists’ transportation mode and street segment/route 

choice to/from metro stations. In the following, the scientific contributions of this research to urban 

modeling and design are placed in context and discussed in more detail. In general, the projects add to 

a relatively limited number of studies on the effects of street-level built environment attributes. A wider 

set of attributes is examined. Moreover, the project is one of the first studies focusing on second-tier 

cities in China. 

Land use mix and building frontage turned out to have a significant positive effect on the choice of 

transportation mode of people around metro stations. Particularly, younger people (10 to 30 years old) 

prefer to travel by metro. This finding is useful to target new passengers of metro lines. 

In addition to the widely studied effects of variables such as total route length, sidewalk width, and 

presence of traffic lights, other variables such as the presence of a fence, building frontage, floor area 

ratio, street greenery, and road width were shown to influence pedestrian route choice. Interestingly, 

results indicate that preferences do not always monotonically increase with increasing attribute levels. 

For example, the most preferred attribute levels for retail frontage are 25% or 50%. This finding is in 

contrast with the results of prior studies which showed that shop (retail) frontage has a positive influence 

on pedestrians’ route choice in both New York and Hong Kong (Guo & Loo, 2013). This difference 

may be caused by differences in pedestrian segments. This is further evidenced by our finding that 

pedestrians’ preference for too lengthy streets is lower compared with the findings of (Guo & Loo, 

2013).  

Cyclists prefer 25-50% retail frontage, which is at variance with Ji et al. (2017), who concluded that 

the number of leisure, shopping, and food-related places was insignificant in promoting biking trips to 

public metro stations. 

Evidence of preference heterogeneity was found in the latent class models which showed that 

pedestrians/cyclists in different classes derive different utilities from the built environment. Pedestrians 

in different classes have different preferences for route length, sidewalk width, building frontage, street 

greenery, traffic lights, and road width. Class membership is primarily driven by whether they work in 

the area. Considering heterogeneity in route choice behavior improves the predictive power of the route 

choice model.  

9.3 Societal contributions 

The estimated relationships between the street-level built environment and walking/cycling around 

metro stations can be used to provide guidelines to urban designers and policymakers. The significant 

results provide inspiration for the design of the built environment. Results of the stated choice 

experiment indicate that on average both pedestrians and cyclists prefer functional environments and 

facilities around the metro station, with a street segment length from 100 to 200 meters, 25% to 50% 

retail frontage, street lamps with 15 to 30 meters intervals, and more greenery.  
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The estimated stated preference heterogeneity in the latent class models gives inspiration to the design 

of built environment. For example, the pedestrian route choice model shows that pedestrians who work 

in the study area have a higher probability to prefer short routes, more fences, lower width of the 

sidewalks, a lower floor area ratio, less greenery, less traffic lights, and smaller width of the road. Thus, 

dependent on the actual inhabitants of the area (e.g. commuters), the built environment can be adjusted 

to support a better pedestrian flow around the metro station.    

Similarly, female cyclists with higher education are more likely to prefer buildings from 4 to 6 floors, 

more crossing facilities, wider sidewalks, proper greenery, less crowdedness, and less lamps. Areas with 

more female cyclists with a higher education level can adapt the built environment according to these 

findings to improve cyclist flows around metro stations. 

 

9.4 Discussions and limitations  

The main aim of this thesis is to improve our understanding of the impact of street-scale built 

environment on walking/cycling to/from metro stations. The models estimated in this thesis show 

empirical evidence that street-scale built environment attributes influence pedestrians/cyclists street 

segment choice/route choice and the metro+walk mode choice. However, the operational decisions 

made through this study may have affected the findings.  

First, limitations in available data allowed us to include built environment attributes only for the choice 

of metro+walk. The built environment characteristics may also influence metro+bike, walk, and bike in 

this transportation mode choice model. Consequently, the estimated influence of the built environment 

attributes in this model may be biased.  

Second, although a wider set of built environment attributes was considered than in previous studies, 

In the stated choice experiment, the number was limited to 8 attributes to keep the experimental task 

feasible. Thus, there is still a potential risk that we missed factors related to the built environment that 

should have been included. 

Third, the data pertain to a single metro station only. To examine the generalizability of the results future 

studies should include a comparison of different cities and metro environments.  

In this research project, we used different data collection methods that sometimes led to inconsistent 

results. For example, our stated choice experiment showed that pedestrians prefer more greener. 

However, pedestrians were found to prefer routes with less green in the revealed route choice model. 

This interpretation may be incorrect in the sense that the model is based on revealed preference data 

and a well-known limitation of such data is that strongly correlated attributes and extreme distributions 

of data points may lead to strongly biased estimates, even of the wrong sign. The different results may 

reflect this disadvantage of revealed preference data.  

Finally, it should be emphasized that the simulation had strong limitations. We set the pedestrian 

demand of the metro station as fixed. We only considered the access/egress trips and did not consider 

pedestrians with other origins or destinations.  

9.5 Future work 

To conclude this thesis, in this section, we will highlight some possible avenues of future research. In 

part, alternative modeling approaches can be developed and applied to understand the sensitivity of the 
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current conclusions to the choice of models. In addition, future research should embark on some 

possible extensions of the current models. 

In this research project, discrete choice models based on the principle of utility maximization have been 

used. We could adopt an econometric approach capturing non-compensatory or semi-compensatory 

choice behavior, for example, non-compensatory decision rules (Louviere et al., 2000) and regret-

rejoice models (Chorus et al., 2008; Chorus, 2012; Rasouli & Timmermans, 2019; Jang et al., 2020). 

The performance of these alternative decision rules can be examined in future work.  

To extend the developed transportation mode choice model beyond metro+walk, observations of 

metro+bike choice are necessary to estimate cyclists’ preferences for the built environment.   

More studies in areas with quite different built environments are needed to examine the generalizability 

of the estimated models and develop a more generic model. Attributes such as terrain in mountain cities, 

building connection in high-density cities, etc. should be considered in a generic model. 

As the simulation in this thesis only accounts for the access/egress trips to/from the metro station, 

activities that are not connected with the metro station but also conducted in the study area are not 

considered. Depending on the purpose of the model applications, data on such trips need to be collected 

in future research and the model should be expanded. Advanced sensor technologies and data collection 

tools (such as Virtual reality or Augmented reality) may be combined with a questionnaire to generate 

richer semantic datasets for analysis.  

Finally, the current models could be further expanded by including additional factors such as attitudes 

and other psychological factors, and crowdedness/speed of vehicles.  
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Summary 

 

Impact of Street-Scale Built Environment on Walking/Cycling around Metro Stations 

 

The mismatch between the design of the street-scale built environment around metro stations and 

pedestrian/cyclist preferences causes inconvenience and dissatisfaction. Convenient egress/access trips 

to metro stations have been recognized as a major factor impacting the use of metro. Therefore, the 

relationship between street-scale built environment and walking/biking needs further exploration. This 

Ph.D. research projects investigates how the street-scale built environment influences people’s 

transportation mode choice and cyclists and pedestrians’ route choice to/from the metro station. The 

study fills the relative void of the limited number of studies about the relationship between the street-

scale built environment and pedestrian route choice in the context of egress/access trips to public 

transportation stations. While a substantial amount of empirical evidence has accumulated documenting 

that macro-scale built environment attributes (e.g., accessibility, land use) and trip characteristics 

significantly influence walking/biking, only few studies focused on the relationship between the micro-

level (street-scale) built environment and walking/biking to/from the metro stations. 

The data for the analyses are collected around Yingkoudao metro station in Tianjin, China. Several 

models were estimated to address the general research issue. First, a multinomial logit model was 

estimated to predict transportation mode choice to/from the study area as a function of socio-

demographic information, trip characteristics, and street-scale built environment attributes (including 

land use mix, road width, the shortest distance to the station, sidewalk width, number of lamps, greenery 

area, and traffic light presence) along the shortest route between the Yingkoudao metro station and the 

origin/destination around the station for the choice of metro+walk. The results show that not only the 

socio-demographic characteristics, but also the distance to the station, land use mix, and number of 

lamps significantly influence the choice of metro+walk.  

Second, to identify which generic attributes of the street-scale built environment affect 

pedestrians/cyclists’ preferences for street segments, a stated choice experiment systematically varying 

street segment length, average number of building floors on both sides of the street, retail frontage, 

street crossing facilities for pedestrians/cyclists, width of sidewalks/bicycle paths, greenery, distance 

between street lamps and crowdedness of pedestrian/cyclists was designed. A multinomial logit model 

was estimated to unravel pedestrian/cyclist preferences using the stated choice data. The results indicate 

that pedestrians and cyclists have similar preferences for street segments, preferring buildings with less 

than 6 floors, 50% retail frontage, more greenery, lamps between 15 meters and 30 meters apart, more 

crossing facilities, wider sidewalks/bike lanes and not crowded streets.  

Third, to verify whether unobserved preference heterogeneity exists in preferences of bikers, a latent 

class model using the same stated choice data was estimated. Preference heterogeneity for building 

height, crossing facilities, greenery, and street lamps was observed.  

Fourth, to explore the impact of the street-scale built environment on pedestrian access/egress route 

choice to/from the metro stations, a path size correction latent class logit data was estimated using 
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observed route trajectories between the metro station and an origin/destination located within an 800 

meters radius from the metro station. Two latent classes were identified. Pedestrians in both classes 

prefer routes with a fence and a lower floor area ratio. Pedestrians who work in the study area are more 

likely to belong to class 1, while pedestrians who do not work in the study area are more likely to belong 

to class 2. Apart for the common significant results for both classes, pedestrians in class 1 attach a higher 

utility to shorter routes, lower width of the sidewalks, less street greenery, less traffic lights, and lower 

width of the road, whereas pedestrians in class 2 attach a higher utility to longer routes, higher building 

frontage, and higher width of the road. 

Finally, to assess the effects of urban design on pedestrian flows, a simulation model of pedestrian route 

choice behavior was developed in a case study of the Yingkoudao metro station. Simulated pedestrian 

flows based on three scenarios of changes in street-scale built environment characteristics were 

compared. Results indicate that the main streets are disproportionally more affected than smaller streets. 

The promotion of an intensified land use mix does not lead to a high increase in the number of 

pedestrians who choose the involved route when traveling to/from the metro station, assuming fixed 

destination choice.  
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