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ABSTRACT 

To encourage behavioral changes to reduce car use, understanding about the travel behavior is needed as well 
as interventions in infrastructure. Understanding the route choices of cyclists and their motivation based on their 
preferences regarding their trip attributes is important to improve cycling networks and therefore encourage the 
use of active travel modes such as cycling. This thesis had the aim to understand the influence of streetscape 
design features on cyclists’ route choice, by developing a mixed-method approach to collect objective and 
subjective data. The proposed mixed-method involved the use of a survey using the Maptionnaire platform in 
combination with a VR experiment to simulate a bike ride in the city of Enschede, The Netherlands. Results 
showed the differences between the usual and ideal routes regarding streetscape design features and the 
combined methods allowed to improve understanding about cyclists’ perceptions of such design features. Also 
from the results, the added value of the proposed methodology in terms of learning and usability as combining 
data from the methods seemed to improve understanding about the influence of streetscape design features in 
cyclists’ route choices. Therefore, results from this study may encourage academics to develop and implement 
alternative mixed-methods approaches to increase understanding of cyclists’ travel behaviour regarding route 
choice. Also from a practitioner perspective, implementation of such mixed-methods for data collection may 
increase the efficiency of the process and also help developing contextual data-driven interventions that 
encourage the use of bicycles. 
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1. INTRODUCTION 

1.1. Background 

Worldwide, the transport sector is one of the main sources of 𝐶𝑂  emissions with the private car being the 
second highest contributor (Ritchie & Roser, 2020). Decisions about reducing car use and increase active means 
of transportation such as walking and cycling have been considered in transport-related policies and 
interventions (Banister, 2008). For such decisions, an analysis of the co-benefits of active means of transportation 
are considered; these co-benefits are mainly related to environmental and economic issues such as 𝐶𝑂  
emissions savings, increasing use of infrastructure, increasing property values and supporting long term 
behavioral changes to reduce car use (Mrkajic et al., 2015). 

To encourage behavioral changes to reduce car use, understanding about the travel behavior from people is 
needed as well as interventions in infrastructure. In the case of provision of cycling infrastructure to improve the 
connectivity (and improve the cycling experience),  Li et al., (2017) found out that understanding the route 
choices of cyclists and their motivation based on their preferences regarding their trip attributes and network 
factors is important to establish a better connected cycling network, to improve cycling networks and therefore 
encourage the use of active travel modes such as cycling. 

1.1.1 Travel behavior and route choice 

Studies about travel behavior have been developed to understand human behavior regarding choices such as 
transport mode and route (Ewing & Cervero, 2017). Travel behavior can be defined as “the complicated decision-
making process of travelers during a trip, regarding travel mode choice, route choice, departure time choice, 
destination choice, and so on” (Li et al., 2018, p.113). As part of this complex decision-making process, a multi-
disciplinary approach might help to better understand travel behavior. For example, Van Wee et. al., provide a 
conceptual framework based on the contributions from psychology, economics and geography to understand 
travel behavior, as choices are dependent on the needs, opportunities and abilities of individuals (Van Wee et al., 
2013).  

Understanding cyclists’ behavior is important to allow interventions that encourage the use of non-motorized 
means of transport such as bicycles. In the case of cyclists behavior regarding their route choices, interaction 
with the built environment and attributes such as dedicated bike lanes, number of crossings, surface quality and 
presence of greenery have shown to be desirable and influential when choosing a route to move from one point 
to another (Hardinghaus & Papantoniou, 2020; S. Li et al., 2017). Therefore, identifying the elements of the built 
environment that influence the cycling experiences and understanding how they influence cyclists route choices 
may be beneficial for targeted interventions to improve the quality of bike infrastructure and thus encouraging 
the use of the bicycle.  

1.1.2 Travel behavior and aesthetics of the built environment 

Regarding travel behavior and its relationship with the built environment (BE), Cervero & Kockelman (1997) 
identify the main variables of the built environment that encourage active transportation such as density, 
diversity and design, also known as the 3 D’s. Current research about the built environment and the impact on 
mode and route choice considers the dimensions proposed by Cervero and Kockelman (Liu et al., 2021; Ospina 
et al., 2020; Xiao et al., 2020). However, the majority of studies often focus on the density and diversity 
dimensions while design is relatively less discussed (Eom & Cho, 2015; Wang & Zhou, 2017).  

The design dimension involves design features to reward pedestrians, cyclists or transit riders with amenities 
such as shade trees or civic squares as a way of ‘leveling the playing field’ with motorists (Cervero & Kockelman, 
1997). In the case of cycling, provision of such aesthetical amenities are found to be a top motivator for the 
enjoyment of the cycling experience among different types of cyclists (Winters et al., 2010). In addition, the 
aesthetical attributes are mainly part of the leisure-related factors of the built environment that influence the 
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route choice when cycling but some of those attributes (such as signalized intersections and pavement quality) 
are also related to convenience and safety factors (Chen et al., 2017).  

Research has been conducted about which aesthetic elements of the urban environment - such as trees, 
illumination, window apparels, etc. - affect travel choices for non-motorized means of transport e.g. Cole-Hunter 
et al., 2015; Desjardins, Apatu, et al., 2021; Sun et al., 2017; Verhoeven et al., 2018. Also, studies focusing 
specifically on route choice of cyclists and the relationship with the built environment remark the importance of 
the design dimension (aesthetics); an example is the research of Desjardins et al., (2021), where they found that 
cycling is influenced in a large part by the quality, design and connectivity aspects of the infrastructure as 
participants discussed the perceptions of street-level features more than land use or urban form. However, their 
study did not address what are the specific street-level features that impact the route decision. 

1.1.3 Perception of built environment 

To understand the influence of the built environment in travel choices when cycling, psychological factors such 
as the individual’s perceptions have shown a large influence in these decisions (Willis et al., 2015). Perception 
can be defined as “the way sensory information is organized, interpreted and consciously experienced” (Spielman 
et al., 2020, p.157). To better understand perceptions, considering different data collection methods is required. 
Both, objective and subjective measurements of the built environment must be considered together, as it may 
help explaining some inconsistent findings from studies that link the built environment with cycling behaviour 
based either only on subjective or objective measurements of perception of design attributes (Ma & Dill, 2015). 

1.2. Research problem  

1.2.1 Quantitative and qualitative data collection 

During the last decade, the association between built environment (such as street design, provision of 
infrastructure or, land-use mix) and cycling behaviour has been greatly explored. In their research, Yang et al. 
(2019) reviewed 39 empirical studies between 2007 and 2017 to determine associations between cycling and 
built environment, and found that the most frequent qualitative data collection methods were standardized 
questionnaires and in few other cases collaborative mapping methods were used.  

Quantitative (or objective) attributes of the built environment are often obtained from existing spatial data or 
field audits while qualitative (or perceived) information comes from personal interviews or other alternative 
methods such as simulated photos of proposed changes. One reason to focus on different methods to collect 
quantitative and qualitative information about the built environment is that objective attributes are considered 
more reliable than the perceived, more subjective ones (Yang et al., 2019). Thus, differences in measured 
attributes are expected depending on the methodology and the characteristics of the implemented data 
collection approach.  

In travel behaviour studies that consider the application of qualitative data collection methods, travel surveys 
and personal interviews are dominant and, to a lesser extent, focus groups (Mars et al., 2016). However, a 
combination of qualitative and quantitative methods to collect and analyze data may improve the quality of the 
information. For example, using qualitative methods to complement quantitative findings as in first collecting 
quantitative data from field audits and then creating follow up interviews or focus groups for the qualitative 
aspects (Mars et al., 2016).  

In the case of cycling behaviour, the impact of both objective and perceived built environment has been studied. 
Objective attributes of the built environment such as street design, traffic speeds, volumes, density of businesses, 
etc, have shown a strong influence on travel behaviour as they directly influence the perceptions of the built 
environment (Ma et al., 2014). Data about objective attributes of the built environment can be captured by 
simple field audits however, capturing data about perception of the built environment is often difficult. 
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1.2.2 Capturing perception data 

The difficulty to capture perception lies in the interpretation process of reality. This interpretation of reality can 
be analysed from two main perception approaches, Top-Down and Bottom-Up (Spielman et al., 2020). On one 
hand, a Top-Down approach refers to the direct influence of the physical environment in perception; in other 
words, how design features such as trees, pavement, facades, etc and other sensory information like smell or 
sound influence the perception of the environment. On the other hand, a Bottom-Up approach refers to the 
interpretation of the receiving information based on prior knowledge, experiences and expectations; this means 
that, in a Bottom-Up approach, reality is processed based on individual preferences and backgrounds. Therefore, 
differentiation between these two approaches would allow the development of tools to measure specific types 
of perception; for example, the use of surveys may help to understand perception from the Bottom-Up approach 
while a ride-along interview is more of a Top-Down approach. 

Even though traditional surveys about perception of the built environment help understanding some contextual 
parameters that influence route choices (such as preferences, socioeconomic status or attributes), respondents 
may not report all relevant information due to misinterpretation or survey fatigue (Lee et al., 2016). This 
reporting issues, in combination with the subjective nature of individual perception, have a direct impact of the 
quality of the retrieved information. 

1.3. Research objectives  
The aim of this research is to understand the influence of streetscape design features on cyclists’ route choice, 
by developing a mixed-method approach to collect objective and subjective data. For this, the sub-objectives and 
guiding research questions are the following: 

1. To explore current methods for collecting data regarding streetscape design features influencing 
cyclists’ route choices. 

a. What are the methods that are being used to collect data on streetscape design features 
influencing cyclists’ route choice? 

b. What are the features of the streetscape that affect route choice of cyclists according to 
literature? 

2. To develop a methodology that allows collecting data on cyclists’ perception of streetscape design 
features and its influence on route choice. 

a. How can information about cyclists’ perception (from both top-down and bottom-up 
approaches) of streetscape design features be collected and represented for a given context? 

b. How can the added value of the proposed methods from a user and a developer perspective 
be evaluated? 

c. To what extent does the proposed mixed-method approach helps researchers to increase 
understanding about the impact of streetscape design features on cyclists’ route choices? 

3. To evaluate the added value of the proposed methodology. 
a. What are the differences, regarding perception of streetscape design features, between the 

chosen and the ideal routes for cyclists when travelling from home to work? 
b. To what extent does the implementation of the mix-method approach influences participants’  

perception of the streetscape regarding their cycling experiences? 
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1.4. Scientific and societal relevance 
In terms of societal relevance, increased understanding about how the influence of streetscape design features 
on cyclists’ route choices may be beneficial for decision-makers to develop contextualized and data-driven 
interventions and thus encouraging active transportation in urban areas. Regarding the scientific relevance, this 
research emphasizes the integration of alternative tools and technologies to improve data collection regarding 
perception of the streetscape design features. The aim is to increase understanding about the influence of the 
streetscape design features (such as presence of trees or vegetation, diversity in buildings’ facades, quality of 
pavement, etc.) on cyclists’ route choices. 

1.5. Thesis structure 
Chapter 1 of this thesis provides an overview of the background of the study and presents the aim and objectives 
to address the identified research problem. In chapter 2, information about how data about cycling route choices 
is collected and data collection technologies are presented. Chapter 3 presents the methodology from the 
development of the proposed mixed-method approach and the data collection process. In chapter 4, the results 
from the data collection are reported and then discussed in chapter 5. At last, chapter 6 presents the conclusions 
of this thesis, the ethical considerations, and the recommendations for future studies.   
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2. LITERATURE REVIEW  

To answer the question 1a ‘What are the methods that are being used to collect data on streetscape design 
features influencing cyclists’ route choice?’ a systematic literature review was conducted. To constrain the search 
for current tools and methodologies for data collection regarding cyclists’ route choices, the following criteria 
was considered: 

 First, to filter the current methodologies and tools, a time-frame of the latest 10 years was 
contemplated. This means that only studies published in peer-reviewed journals from January 
2011 until December 2021 were considered for analysis. This consideration was done to filter 
out the most recent technologies that are being used regarding data collection however, older 
key studies on the field were also included. 
 

 Second, to search for relevant literature, a search matrix was developed considering the key 
concepts of this research (Streetscape, Cycling & Route choice) and their relationship with 
more narrow and broader terms as well as related synonyms for the key concepts resulting in 
two search queries; one, the ‘complete’, query using Boolean operators and wildcards and 
another, the ‘refined’, without wildcards as some databases do not support such elements of 
the query. 
 

 Third, to ensure consideration of the most amount of information, three different databases 
were considered: Scopus, Web of Science and Science Direct. 

From this criteria, a search query was created where a total of 930 results were retrieved. An example of the 
search log registering the filters regarding publishing dates, database, implemented search query and number of 
results can be found in Annex 1. After scanning the 930 papers, 57 articles were selected for further analysis and 
allowed to choose the methods to be implemented for the proposed methodology on this research. 

Additionally, a review scheme was created to have an overview of the characteristics of the selected literature. 
This scheme consider aspects such as year of publication, country of study, data collection method, sample size, 
unit of analysis and type of trip (recreational or commuting cycling trips). This overview allows further discussion 
in the results section about current data collection tools and common characteristics and settles a starting point 
for comparison with the implemented methods from this research. 

2.1. Cycling route choice data collection 
To better understand the relationship between streetscape design features and cycling route choice behaviour, 
acquisition of geographical data is important. For this purpose, some studies use datasets from GPS-tracking apps 
such as STRAVA (McArthur & Hong, 2019) or Hamilton Bike Share (Scott et al., 2021). The way these data 
collection tools are implemented for research is that participants use the GPS app during the cycling activity to 
record their routes and then, these GPS routes are used in combination with secondary data to find the 
relationships between the built environment and the recorded routes. The use of such apps allows researchers 
to obtain large amounts of data about cycling trips. However, the retrieved data from these apps is potentially 
biased regarding representativeness of the sample as users of such apps are often cyclists that ride more for 
leisure purposes (Garber et al., 2019). 
 
To mitigate biases in Volunteered Geographic Information (VGI) datasets such as STRAVA, Alattar et al., (2021) 
proposed a method based on the data fusion technique which combines multiple datasets to produce a more 
accurate dataset through implementation of Public Participation Geographic Information Systems (PPGIS). The 
sample collected using STRAVA was not representative of the study area so, to compensate for that, data from 
non-users was acquired using a PPGIS application. In this case, implementation of PPGIS demonstrates the 
feasibility to use the tool as rather a primary or complementary data collection method to compensate for 
representativeness in cycling routes datasets. 
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One example of a PPGIS is the digital web-based tool Maptionnaire. As a PPGIS, this tool allows researchers to 
reach out to a broad public to collect place-specific data with a customized survey that is designed to fit the 
specific purposes of the research in a given context and allows participants not to only contribute with the routes 
but also mark and comment on location-based attributes (Maptionnaire, 2020). The possibility of using a tailor-
made survey design allows to compensate for representation biases in the dataset as well as considering other 
possible factors such as gender, age or trip purpose regarding an specific study case to improve the quality of the 
data. 

2.2. Technology and individual’s perception 
2.2.1 Virtual reality 
Development of new technologies generate alternatives for researchers to explore individual’s perception. In the 
case of the built environment, Virtual Reality (VR) has been used to replace physical streetscape audits reducing 
the time taken to complete a visual audit in comparison with a physical audit. This process increases the level of 
agreement between the virtual and the physical formats to measure contextual features of the built environment 
(Badland et al., 2010). Having a high level of agreement between virtual and physical audits means that using 
virtual environments would be a reliable and resource-efficient option to assess streetscape features within a 
controlled environment for a specific purpose. However, in virtual environments, people can experience 
distorted perceptions of the space due to, for instance, estimation of distance or speed and restrictions from the 
field of view in a virtual environment (Wąsowicz, 2021). 
 
VR has been used in travel behaviour studies for instance, to evaluate pedestrians’ behaviour (Bhagavathula et 
al., 2018; Maghelal et al., 2011) or to evaluate cyclists’ perception of safety (Nazemi et al., 2021). In these studies, 
different set-ups such as single or multiple screens, projectors or headsets are used to simulate the virtual 
environment. For example, in the case of Nazemi et al. (2021), a stationary bike and a 360-degree VR headset 
were implemented to explore five different cycling scenarios with different bike path characteristics. Even if they 
do not use the same set-up for the VR experience, these studies highlight the advantages of using VR as a reliable 
tool to capture perception in a safe and controlled environment. This method is found to compensate for 
contextual physical differences such as time of the day, weather conditions, road and traffic characteristics, etc. 
that may introduce variances in the data. 
 
2.2.2 Eye-tracking 
Another technology used to understand perception is eye-tracking. This technology measures the eye(pupil) 
movements to collect information about subjects’ perception by capturing the main movements of the pupil, 
measured by fixations and saccades. A fixation can be defined as “the state when the eye remains still during a 
period of time” (Holmqvist et al., 2011, p.24) and it is used to measure the attention to a particular position. 
Saccades are “the rapid motion of the eye from one fixation to another” (Holmqvist et al., 2011, p.26) and are 
related to exploration of the space. These types of eye movements are reported in milliseconds in the case of 
fixation to determine time of attention in a particular point and in the case of saccades the total count is used to 
measure the degree of exploration in a particular area of interest. 
 
Related to cycling behaviour, some studies use eye-tracking technology to understand cyclists’ perception of risk 
(Kovácsová et al., 2018; von Stülpnagel, 2020) and identification of obstacles during a bike ride (Brazil et al., 2018; 
Mantuano et al., 2017). The use of eye-tracking technology helps increasing understanding about how elements 
of the built environment interact in real time while cycling and the impact that they have in perceptions in a 
controlled environment. Regarding the reliability of eye movements measurements in laboratory-based studies 
in comparison to real-life scenarios when cycling, Zeuwts et al. (2016) identified strong similarities between both 
scenarios (real life and video recordings) under certain constrains such as similar fields of view and sensation of 
speed. 
 
Also in the study, Zeuwts et al. (2016) assume that as cycling in real life is more demanding than in a simulated 
environment since steering and navigating is present, participants in a lab condition could allocate more their 
visual attention towards other attractive regions of their visual fields besides the immediate road. These findings 
suggest that in a lab environment, participants can focus more in the contextual elements during the bike ride 
allowing researchers to measure the attention to, for example, aesthetical elements of the built environment. 
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2.3. Participatory tools for data collection 

Besides the quality of retrieved data, the assessment of data collection tools involving public participation in 
terms of their added value and usability is difficult. To assess the added value of participatory tools, Pelzer et al, 
(2014) developed a framework to evaluate participatory tools on the individual, group and outcome level. The 
individual level focuses on the learning effects for the participants involved, the group level involves exchange of 
information, collaboration and efficiency of the tool and the outcome level considers the extent to which the 
tool influences the decision resulting from a participatory planning process. In the case of tools intended for data 
collection, evaluating certain variables from the individual, group and outcome levels may provide insight about 
the added value of the tool, allowing the identification of potential uses and limitations of such tool for decision-
making processes. An overview of the evaluation of participatory tools based on Peltzer et al, (2014) framework 
is illustrated in Figure 1. 

 

 
Figure 1. Illustration about added value of tools involving public participation based on framework developed by Pelzer et al, (2014). 

 

2.3.1 Evaluation of individual level 

Learning, both as an outcome and as a mean to achieve other goals, is important in tools that encourage public 
participation as it generates awareness about existing perceptions regarding the topic being discussed (Beukers 
et al., 2014). This learning can be discerned in two types such as single or double loop learning; single loop 
learning involves retrieving insights but does not increase insight in the way which other stakeholders perceive 
or address the topic in discussion as the case with double loop learning (Pelzer & Geertman, 2014). For evaluating 
learning from participatory tools, these types of learning can be translated into learning about the planning 
object (in the case of single-loop) and learning from the perspective of others (double-loop). 

On one hand, learning about the planning object provides insight about what the problem is and what its causes 
may be as well as what possible effects this would contribute to planning interventions (Pelzer et al., 2014). This 
means that evaluating the data collection tool regarding its potential to increase understanding about the 
planning object (i.e. influence of aesthetics in cyclists’ route choice) may be helpful to identify the strengths and 
address the limitations of a given method. Different methods can provide different insights about the planning 
object depending on their characteristics and how participants interact with the tool. 

On the other hand, learning about the perspective of others provides insight into how involved stakeholders act 
and think based on the exchange of experiences (Pelzer et al., 2014). This means that evaluating learning from 
multiple individual perspectives may be helpful to understand the role of the tool and its impact as part of a 
decision-making process i.e. how the implementation of an specific tool influences the decision for targeted 
interventions, in this case, involving streetscape design features of the built environment to improve cyclists’ 
riding experience to encourage the use of the bicycle. 
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2.3.2 Evaluation of group level 

When evaluating the added value of tools involving public participation at the group level, four main potential 
added values can be recognized regarding collaboration, communication, consensus and efficiency (Pelzer et al., 
2014). Regarding the assessment about the added value of tools for data collection, different criteria may be 
considered based on the main four categories as follows: 

I. The collaboration value is about the potential of the implemented tool to promote interaction, sharing 
different perspectives and allow for revising arguments made by all participants involved in the process.  

II. The communication added value is about the characteristics of a given tool to facilitate communication 
and discussion between participants allowing exchange of information. 

III. The added value regarding the consensus category is about the combination of collaboration and 
communication to, depending on the type of problem addressed, reach common agreement about 
identification of problems and the criteria to evaluate them. 

IV. The efficiency added value refers to the potential of the tool to reduce time or money for the data 
collection process through usability features of the tool. 

2.3.3 Evaluation of outcome level 

Measuring the added value of a tool involving public participation at this level is complicated as this level assesses 
weather a plan or decision would have been different without the application of the tool (Pelzer et al., 2014). 
However, for the case of a method intended for data collection, the outcome level can be assessed by reflecting 
on the potential of the collected data for a better-informed decision in comparison with other alternatives. In 
other words, for the case of a data collection tool the outcome level can be used to evaluate the potential of the 
retrieved information, and the way data is collected, to increase understanding of the problem in comparison 
with other methods. 
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3. METHODOLOGY 

The methodology of this research is summarized in Figure 2. The dotted boxes contain the processes of each of 
the three objectives, and specific processes will be further explained in this section. The top box (objective 1) 
follows the process to identify the design features of the streetscape influencing cyclists’ route choice from the 
literature review. The box in the middle (objective 2) involves the data collection process about cyclists’ 
perception from both top-down and bottom-up approaches. Lastly, the bottom box (objective 3) regards the 
process for assessing the added value of the implemented methods and the quality of the output information. 

 

 
Figure 2. Methodological flowchart where highlighted blocks belong to the objectives of the research. 
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3.1. Identification of streetscape design features 
To identify the features of the streetscape that influence cyclists’ route choice from the reviewed 57 articles in 
the literature review section, a feature selection process was carried out. A feature selection process helps to 
analyse data that contains features that are rather redundant or irrelevant, and can thus be removed without 
much information loss (Guyon & Elisseeff, 2003). Therefore for this research, a feature selection process was 
chosen to allow simplification of the retrieved attributes of the built environment to make them easier to 
interpret and use for the research purpose. 
 
The simplification process for the retrieved attributes considered the elements that are related to design features 
(aesthetics) of the built environment such as trees/plants, store fronts, benches, litter bins, bike racks, balconies, 
windows, terraces, etc and characteristics of the infrastructure related to the riding experience such as pavement 
quality, cycling lane width, road intersections, etc. 
 
After selecting these attributes of the built environment, clusters were created. The resulting clusters (table 1) 
help to categorize all the attributes into three main groups of factors that are related to an active cycling 
experience: 

1. Looking to the front. This category considers elements that cyclists look in advance (more than 10 
meters ahead) to anticipate obstacles in the short term and that are more related towards safety. 

2. Looking to the context. In this category, elements related to design features and provision of amenities 
that influence the enjoyability of the cycling experience are clustered. Often, these elements are located 
more to the side of the path rather than to the front. 

3. Looking to the foreground. This category bundles elements that cyclists look in the immediate distance 
(around 1 to 10 meters ahead) for any sudden obstacles that they may face during the ride. 

 
Also, for the identification of attributes of the built environment the type of travel plays a role in perception. 
Cycling for transport or cycling for recreation are associated with different environmental attributes (Heesch et 
al., 2015). Therefore, attributes that influence both behaviours were considered in the clusters as they both are 
part of a cycling experience.  
 

Table 1. Clusters of design elements from literature that influence cyclists' route choices.  

 
 

  



 

17 

3.2. Study area 
Enschede is a medium-size municipality located in the Overijssel region in the eastern part of The Netherlands 
with approximately 160 thousand inhabitants (Central Bureau of Statistics, 2021). In 2012, the city council 
adopted the cycling vision for Enschede 2020 where non-recreational bicycle movements were emphasized in 
the proposed package of measures with a budget of around eight million euros (Enschede, 2012). This 
measurements package involved five main intervention categories:  

I. Disentangling routes. Involves management and design of alternative routes through residential areas 
to make clear that cyclists are dominant in those routes. 

II. Bundling routes.  Involves the improvement in connectivity between shared-traffic main roads lines and 
independent cycling lines. 

III. Bicycle sheds. This category aims to provide more efficient bike stalling throughout the city and to make 
interventions to improve the functionality of current infrastructure.  

IV. Communication. Involves measurements to promote cycling in the city and to encourage residents to 
participate in the decision-making process for interventions. 

V. Bottlenecks & safety. Measures are divided into objective, subjective and social safety. Objective safety 
measurements are meant to reduce accidents in places that registered six or more bike accidents in a 
three-year period. Subjective safety measures relate to interventions to make cyclists feel safer in the 
road. Lastly, social safety measurements such as provision of lights and routes along concurred parts 
are meant to make cyclists feel safe from attacks or harassment.  

 
In 2020, Enschede ranked among the top five bicycle cities in The Netherlands from the Fietsstad awards by 
Fietsersbond (Fietsersbond, 2020). These awards were granted based on objective and subjective factors from a 
national survey conducted by the association with about 45 thousand respondents from 340 different 
municipalities. The objective factors considered in this survey were detour factor (time taken navigating the 
network from a central point to another within a 1km radius in a straight line), urban density, roundabout design 
and number of separate cycling paths along 50km/h roads; in the case of the subjective scores, the survey 
considers a rating system (1 to 5) for riding experience, maintenance of infrastructure, logic of the network and 
provision of infrastructure (Fietsersbond, 2020).  

3.3. Data collection tools for cyclists’ perception 
To analyse how perception of the design elements of the built environment influence cyclists’ route choices from 
a bottom-up approach and to explore differences between the usual and the ideal commuting routes for cyclists, 
a survey was developed. Given the spatial information required for the actual and ideal commuting route and its 
relationship with perception of participants, Maptionnaire software was considered as a good fit for the task as 
it allows to mix survey questions with an interactive map that enables the possibility to collect and visualize 
spatial information with the surveyed subject’s responses. 
 
3.3.1 Selection of participants 
For the survey and experiment phase of this research, participants were convened based on the following criteria: 
 

I. Familiarity. This criterion involves both, familiarity with the activity of using the bicycle as a commuting 
transport mode and familiarity with the study area. Having participants that regularly use the bicycle as 
a common transport mode, allow to focus on the experiences and perceptions of the cyclists regarding 
the scenery (Desjardins, Higgins, et al., 2021). Also related to improving the focus on the scenery while 
cycling, participants that are familiar with the study area are more likely to have more experiences 
(bottom-up perception) which may increase the feedback of information for the aim of this study. 

II. Common destination. As this study intends to reveal differences in usual and ideal commuting routes, 
gathering origin and destination information about random participants from the study area may be 
more difficult and may not reveal as detailed information as having a common destination from diverse 
origins. Therefore for the scope of this study, participants cycling to a common destination were 
considered, i.e. the Faculty of Geo-Information Science and Earth Information (ITC) from the University 
of Twente (Enschede, The Netherlands) which is located within the study area in a relatively central 
location. Also by choosing a common destination among participants, the process to gather participants 
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was more efficient in comparison to reach out to the whole study area by different communication 
channels. 

III. Excluded origin. As the survey aims to reveal preferences regarding a diverse sample of usual and ideal 
commuting routes, variety in these routes was considered to be important. Therefore, an exclusion for 
participants coming the main housing facility of the ITC was considered as having many participants 
from the same origin to the same destination would have not provided enough variances in the 
distribution of the routes within the study area.  

IV. Demographic diversity. Variability among the subjects’ backgrounds was considered positive to have a 
more general overview about perception of cyclists with different ages and education levels. Therefore, 
the call for participants within the ITC considered staff and students from different nationalities and age 
groups. 

V. Language. A diversity of nationalities was considered to select participants for this study, however the 
English language was chosen as the standard language of communication. Thus, participants with a 
proficiency to communicate in English were considered in the final sample.  

VI. Physical conditions. As the experiment phase involves participants to use Virtual Reality (VR) technology, 
people that had a known history regarding suffering from motion sickness were excluded from the 
sample for safety reasons. 

 
To reach out for participants, the institutional e-mail and WhatsApp social network were used among ITC staff 
and students for a period of two weeks resulting in a total of 22 participants for the study. This sample size was 
considered enough to reveal secure variety of information throughout the study area without saturating the 
dataset due to the size of the study area and the common destination. 
 
3.3.2 Content of the survey 
To explore the preferences and perception of participants, a survey was developed. This survey is divided in five 
main question categories which are screening, preferences for commuting route, preferences for ideal route, 
attitudes, and demographics. The survey required participants to answer multi-choice questions about their 
routes and digitize in an interactive map their preferences and comments about what they liked and disliked 
about sections of roads or specific points. The survey was composed of 20 questions and took about 20 to 25 
minutes to complete. A summary of the questions is shown in Table 2 and the complete design with the coding 
for questions and possible answers can be consulted in Annex 2. 
 

 
The questions in the screening section are intended to identify the degree of familiarity of participants of both 
cycling as an activity and cycling around the study area that allows to explore the possible influence of familiarity 
in cyclists’ perceptions. The questions for the preferences of both usual and ideal commuting routes are the same 
and are intended to reveal the differences in perception and patterns among both types of routes while the 
stated preference questions are based on the design elements identified in the literature review. The digitizing 
part allow participants to also comment on specific sections and places they like or dislike, to gain additional 
insight about the reasoning to choose a specific route to reach the destination.  
 

Table 2. Summary of survey instrument questions. 
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The question regarding the cycling attitudes is based on the study carried out by Dill & McNeil, (2013) where they 
examined Roger Geller’s cyclist typologies (Geller, 2006) to better understand cycling behaviour and the potential 
of considering these typologies for interventions aimed at improving cycling infrastructure. They found significant 
differences between perceptions of the physical environment among the different types of cyclists regarding 
their safety (confidence) when cycling in an urban environment. Therefore, considering such categories the study 
aims to identify differences and similarities of perception of aesthetical elements to better understand how it 
may influence cyclists’ route choices. Also, to compliment the insight from different types of cyclists, the last 
section about demographics has questions to explore variability in perceptions regarding age groups and 
education levels. 
 
3.3.3 Survey implementation 
Before the final version of the survey, a pilot version was tested by a couple of voluntaries on the functionality 
of the mapping tasks and to receive feedback about the clarity of the questions and possible usability 
complications. One of the main limitations of the Maptionnaire software was that for the mapping sections, the 
platform just works on desktop devices (Laptop/PC) and not on mobile phones. Therefore, to compensate for 
possible complications during the survey process regarding usability and to clarify some concepts (because of 
language) the set-up of the survey was carried out in face-to-face group sessions with some participants and one-
on-one meetings for those who could not join the group sessions. Snapshots of the user interface for the survey 
can be found in figure 3. 
 

Figure 3. Snapshots of the survey's sections in Maptionnaire. 
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3.4. VR Experiment design 
A complementary experiment was developed after the Maptionnaire survey with all participants, to assess 
perception of the aesthetical elements during cycling. This experiment used a combination of Virtual Reality (VR) 
and Eye-tracking technology to simulate a bike ride, to retrieve information about the cycling experience within 
the study area, and how participants interact with the environment in real time in the routes indicated in the 
survey phase. Combining the results from the survey phase allowed comparison between stated preferences of 
participants from a bottom-up approach (Maptionnaire survey) against their reactions to a real-time cycling 
experience using a top-down approach (VR experiment).  
 
3.4.1 Hardware and software 
To retrieve more consistent data from participants regarding their perceptions while cycling, a simulated bike 
ride was carried out using a Tobii VIVE Pro Eye headset, which is a 360-degree visualization hardware with 
integrated eye-tracking technology. Also, in order to run the simulation of the bike ride, the software used to run 
the experiment was the TobiiProLab (Tobii Pro AB, 2014) in combination with the STEAMVR plugin. Regarding 
the scenario of the simulations, the camera used for the recordings was a INSTA360 ONE X2 mounted in a helmet 
to make the recordings while riding a bicycle. 
 
This set-up was considered as a good alternative to avoid external factors such as variability in weather, 
motorized traffic volume, and speed conditions that may affect the comparison of the eye-tracking 
measurements among participants. Also, to provide an immersive experience for participants for a simulated 
bike ride, several technical factors were taken into consideration. These considerations can be divided into two 
overall groups: 

I. Processing capabilities. Due to the resource demand for VR to run stimuli a laptop running Windows 10 
Home edition with a 11th generation Intel Core i9 processor, 32GB of RAM and a dedicated NVIDIA 
GeForce RTX 3070 graphics card was used. Regarding the quality of the recorded videos, a trade-off 
between resolution and bitrate had to be considered for improved stability of the recordings; the 
recorded videos had a 5.7K resolution with a set bit-rate of 45Bits per second. Also, as the TobiiProLab 
software showed some stability issues, the stimuli had to be partitioned into four separated stages 
resulting in four stimuli iterations instead of a single one. However, these iterations only affected the 
duration of the experiment as a calibration process for the eye-tracking had to be executed for each of 
the stimuli. 

II. Perspective and riding experience. To provide participants with an immersive experience that resembles 
the most to a real life cycling experience several mounting positions were tested being the helmet 
mount which provided the most natural point of view while wearing the VR headset. The choice of 
recording a 360-degree video over a wide-angle one was to provide users the option to turn their heads 
around to explore the full environment as they would to in a real life situation. Also, for the several 
recordings presented to participants an average speed of 12Km/h was considered while recording the 
videoclips; this speed gives users enough time to be able to focus on different elements of their 
surroundings without feeling they go very fast. Additionally, to avoid participants getting motion 
sickness as they did not have control over the bike nor the directions of turns, verbal indications before 
turning were involved during the experiment so they would expect the turn and be prepared for the 
sudden changes. 

 
3.4.2 Stimuli selection  
In the survey phase, participants were asked to digitize their usual and ideal routes as well as to state the specific 
sections of their journey that they liked and disliked and the aesthetical features they considered for making 
those choices from. From this input, the most common sections that participants mentioned in the survey within 
the study area were considered for the simulated bike ride experiment resulting in four different route segments. 
Each of these resulting segments represent a different scenario related to the bike ride experience and the 
aesthetical elements present on each of these segments that made most participants rate these sections as Good, 
Bad, Scenic or Average regarding their preferences during their cycling experiences. These categories were 
chosen from the secondary dataset by Fietsersbond. Description of the categories can be found in section 3.5. 
 
Having four different scenarios that have a different perception in quality according to participants allow to 
compare their responses with their eye movements during those specific sections, to explore how their behavior 
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changes and where do participants place their attention. The analysis of the different sections of road they focus 
the attention was useful to understand how the design of the built environment influences their reasoning to 
rate a section of road as Good, bad, Scenic or Average in this case.  
 
3.4.3 Experiment set-up 
To measure participant’s perceptions by tracking their eye movements, four main Areas of Interest (AOIs) were 
created to have an overall understanding about where participants focus their attention. This AOIs are based on 
the clusters of design elements from literature that influence cyclists' route choices (Table 1) that, translated to 
a virtual environment, cover the frontal and side field of view of people. Even though the recording allows 
participants to explore a 360-degree environment, for the purpose of cycling the part that involves looking behind 
is less likely to be explored in reality. Therefore, for the measurements of the eye movements a 190-degree field 
of view is considered as would measure the focus from participants to the front, the foreground and to the 
context in both sides (left & right). Figure 4 exemplifies the AOIs and the considered field of view used in the 
measurements. 
 
 

 
 

3.5. Secondary data on attributes of the cycling network 
As complementary data regarding perception of cyclists about the built environment features and their influence 
in the riding experience within the study area, data from the Fietsersbond Route planner was used (Fietsersbond, 
2021). The route planer dataset 2021 contains the vector layer of the bike infrastructure for the whole 
Netherlands with attributes such as road type, length, name of road, province and also other descriptive 
attributes for every section such as surface material, inclination, obstacles, illumination and, beauty collected by 
around 1,800 cyclist volunteers from the Fietsersbond.  
 
For this research, the ‘beauty’ (from ‘Schoonheid’ in Dutch) attribute of the dataset was the main focus. This 
attribute provides a subjective evaluation of each section of road of the study area divided on five categories: 
picturesque, beautiful, average, ugly/boring and very ugly. These categories are assigned to every segment of 
road based on existing aesthetical elements such as monumental buildings, presence of picturesque nature, 
specific architectonical modern design or a clear horizon without obstructions. For the evaluation of this attribute 
volunteers were encouraged to base their grading in the aesthetical factors neglecting personal preferences or 
particular feelings during their ride regarding the infrastructure itself (even surfaces or lane wideness). 

Figure 4. Virtual Reality environment with AOIs and field of view. 
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The beauty assessment from the dataset was used to complement the findings from both the survey and the 
experiment as comparing the perceptions and evaluation of trained volunteers (Fietsersbond) against regular 
cyclists (participants of the survey and experiment) allowed the identification of discrepancies between 
perceptions and behaviours among cyclists. 

3.6. Added value from a user and developer pespectives 
To answer question 2b ‘How can the added value of the proposed methods from a user and a developer 
perspective be evaluated?’, the evaluation criteria for each of the methods considered the three levels from 
Pelzer et al. (2014) framework where the group level was evaluated by a comparative analysis and the individual 
and outcome levels were evaluated by a survey design. 

3.6.1 Evaluation of group level 

In order to estimate the added value from a developer perspective of the proposed mixed-method to collect 
information, a comparative analysis between individual components was carried out. This comparative analysis 
was meant to reflect on the added value of the tools in terms of potential for learning about the object (single-
loop), collaboration, communication, consensus and efficiency. For this purpose, a matrix (Table 3) was created 
to compare the survey, the VR experiment and the secondary dataset where they were ranked in terms of 
potential per category in comparison with the other tools from the methodology. As the type of perception 
approach (top-down and bottom-up) is important to consider when it comes to collect data about perceptions, 
for the case of learning and efficiency two different rankings were considered.  

 
Table 3. Comparison of added value of data collection tools based on Pelzer et al (2014) framework. Blue symbols belong to bottom-up 

approach and orange symbols belong to top-down approach. 

 

This comparison was intended to highlight the individual strengths of each of the data collection tools to address 
the importance of combining different methods to improve collection of data regarding route choices and 
perception of the built environment of cyclists.  
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3.6.2 Evaluation of individual and outcome levels 

As part of the identification of added values of the methods from a user perspective, a complementary survey 
was carried out among a random subset of participants (10 respondents) to get insight regarding learning about 
the perspective of others (double-loop) and about the usability of the implemented tools using a Likert scale of 
1 to 5 to allow comparison between tools. A summary of the survey is presented in Table 4, and the same 
questions were asked for both the survey and the VR experiment. The content of the survey is divided in two 
main categories: learning and usability. The questions in the learning category are intended to gain insight about 
the degree of reflection and awareness that participants gained after participating in both the survey and the 
experiment and how this experience may have influenced their route choices or what they focus their attention 
while cycling. 

In the case of the questions in the usability category, the interrogates are based in Pelzer et al., (2016) usability 
variables to assess tools involving public participation. For the case of data collection tools, the considered 
variables are transparency, communicative value, user friendliness, level of detail, and integrality as these can be 
assessed by users’ experiences. Definition of these categories can be found in Table 5. 

 

Table 4. Learning and usability survey for assessment of added value of tools. 

 

 

 

Table 5. Definition of usability variables based on Pelzer et al (2016) framework to evaluate tools involving 
public participation. 
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4. RESULTS  

To summarize the findings of the research, this chapter is divided in three main sections that belong to the 
principal blocks from the methodology flowchart (Figure 2). The first section (4.1) presents the findings from the 
systematic literature review about the current methods for collecting data about cyclists’ perception of 
streetscape design features when choosing a route. The second section (4.2, 4.3) displays the outputs of the data 
collection phase from both the Maptionnaire survey and the VR experiment. Lastly, the third section (4.4 and 
4.5) shows the findings regarding the evaluation of the added value of the proposed methodology and from the 
comparative analysis of results from different methods. 

4.1. Current methods for data collection about perception of streetscape design features 
From the systematic literature review two main outputs were retrieved. First to answer the question 1b ‘What 
are the features of the streetscape that affect route choice of cyclists according to literature?’, the feature 
selection process (section 3.1) allowed the identification of such attributes and the classification in three main 
clusters (Table 1). These clusters may be used in future research to improve the way information about 
perception of design features is collected. Also, the use of clusters of streetscape design features may be an asset 
for decision-makers to use these categories to address specific interventions regarding the design features of the 
streetscape to encourage the use of bicycles. 
 
Second, the review of the 57 articles  that collect information about cyclists’ perception of streetscape design 
features and their route choices allowed to answer the question 1a ‘What are the methods that are being used 
to collect data on streetscape design features influencing cyclists’ route choice?’. A vast majority of these studies 
(42) were published within the last five years. This increasing tendency in the number of published articles every 
year suggests a growing interest regarding understanding the influence of the built environment in cyclists’ route 
choices. From the implemented methodologies in these studies, four categories could be identified: analytical 
models, literature review, surveys, and interviews. 
 
From the studies that used analytical models (15), data from existing literature, secondary datasets, and GPS 
routes were used to identify the degree of influence that certain features of the streetscape design have over 
the route choices of cyclists from a sample size that was on average superior to 800 data points. In the case of 
the studies using a literature review methodology (7), the identification of meaningful design features of the 
streetscape that influence cyclists’ route choices was based on the use of statistical analysis (i.e. principal 
component analysis) to find which were the most common elements of the built environment and the extend 
that such elements influenced route choices. What these two methodological approaches (analytical models and 
literature review) have in common is that they identify cyclists’ perception of streetscape design features from a 
theoretical point of view. 
 
Regarding the studies that implemented surveys (30) three main types of surveys were implemented: Remote 
surveys, field surveys, and photo surveys. In the case of studies implementing remote surveys (14), the average 
sample size was 2500 with a median of 1100, which allowed more insights about the preferences from a more 
diverse set of participants in comparison with the other type of surveys and for a larger (country/region/city) 
spatial extent. Regarding studies using field surveys (10), the average sample size was 16 and, even though is 
much smaller in comparison with the remote survey sample size, it allowed researchers to collect high-level detail 
information from a small (neighbourhood/street) spatial extent about specific design features of streetscape and 
their influence in cyclists’ route choices. In the case of studies using photo surveys (6), the average sample size 
was 1700 with a median of 950; this method combined the reach in terms of sample size of the remote survey 
for a small spatial extent (as in field surveys) due to the use of pictures of a given study area, allowing researchers 
to identify specific elements of the built environment with a high-level of confidence. What these studies have 
in common is that they collect information about the revealed preferences and cyclists’ perceptions of design 
features of the streetscape from a bottom-up point of view meaning that they are helpful to explore the 
perception of cyclists based on previous experiences. 
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From studies that used a methodological approach based on interviews (5), the average sample size was 30 and 
the set up was rather a bike-along or video interview. These set-ups allowed researchers to gain a deeper insight 
about the perceptions of cyclists’ regarding the influence of design features of the streetscape in their route 
choices. As these perceptions were based on in-situ or video stimuli of participants, information regarding their 
perceptions from a top-down approach was collected. In contrast to the surveys, these approaches are effective 
to reveal information regarding how the design features of the streetscape influence perceptions in real time 
while cycling. 

4.2. Maptionnaire survey: Revealed behavior and streetscape design features in usual and 
ideal commuting routes 

The survey developed on Maptionnaire retrieved information about participants’ perceptions regarding the 
influence of streetscape design features for both their usual and ideal commuting routes. The retrieved 
information from this tool provided insight from a bottom-up approach about different cycling behaviours, 
perceptions of the streetscape design features along their route, as well as their stated preferences for different 
types of routes as responses were based on participants’ previous experiences. Additional to the insight gained 
about participants’ perception from a bottom-up approach, reporting their routes in a map allowed the selection 
of four different scenarios for the Virtual Reality (VR) experiment, which allowed further comparison with 
perceptions from a top-down approach. 
 
4.2.1 Participants revealed behaviour 
A summary of the responses regarding participants’ demographics and characteristics is found in Figure 5. 
Regarding demographics, half of participants were students and from the other half a few participants were staff 
members that are also studying. About the behavioural characteristics of the sample (n=22), 14 participants 
reported to commute by bicycle more than four days a week, six participants cycle to work two to three times a 
week and only two participants commuted only once a week by bike. This suggests that most participants show 
a strong preference to use the bicycle as a commuting transport mode. Also, from participants that stated living 
for a year in the city (n=9), more than half of them (5) use the bicycle more than four times a week in comparison 
with participants that have been living for more than four years (n=6) in the city where five people reported to 
use the bike more than four times a week with none of them reporting commuting once a week by bike. However, 
these findings are strongly affected by the sample size, context and the recruitment strategy.  

 Figure 5. Summary of participants' characteristics and demographics. 
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4.2.2 Preferences in usual and ideal commuting routes 
Regarding the research question 3a ‘What are the differences, regarding perception of streetscape design 
features, between the chosen and the ideal routes for cyclists when travelling from home to work?’, the retrieved 
data provided insight about such differences, which are summarized in figure 6. For both routes, around 60% of 
participants reported preference for a good pavement quality, adequate surface materials and wide cycle lanes. 
Only about 20% of the participants indicated that parking availability along the way for bicycles, and presence of 
street-level windows or tall buildings influenced their route choices. These common preferences regarding the 
infrastructure quality are in line with the findings from other authors (Cole-Hunter et al., 2015; Desjardins, Apatu, 
et al., 2021; Verhoeven et al., 2018) that suggest that even though aesthetical elements have an impact on the 
enjoyability of the ride, the provision of infrastructure and its quality are preferred when cyclists choose a route. 
 

 
The main differences between the usual and the ideal route were found regarding the presence of road 
intersections, vegetation or water bodies and avoidance of stop lights. From the usual commuting route 14 
participants reported ‘stop lights avoidance’ as an influencing factor to choose their route against nine 
respondents that considered the same factor for choosing their ideal commuting route. A similar result was found 
for the consideration of ‘least amount of road intersections’ where 10 participants reported this factor to be 
influential for their usual commute in comparison with eight respondents considering the amount of 
intersections for their ideal commuting route. These results suggest that participants tend to be more time-
efficient when it comes to choosing their usual commuting route. This tendency is also supported by the stated 
preference in the survey, showing that 17 participants considered the ‘fastest route’ factor on their usual 
commuting route against three respondents considering the ‘fastest route’ factor on their ideal route. 
 
Regarding the presence of aesthetic features such as vegetation and trees, participants considered the presence 
of trees (6) and vegetation (3) as an influential factor for their usual commute whereas in their ideal route choice, 
participants reported a higher consideration for both trees (12) and vegetation (8). Also, the consideration of the 
‘diversity of land use’ factor was higher in the case of the ideal route (7 respondents) than for the usual 
commuting route (3). These findings suggest that participants are more likely to reflect on the value aesthetical 
factors when certain constraints (such as time or distance to destination) are not present meaning that even 
though aesthetical factors are not the highest priority, in a scenario where the time and distance to the 
destination are the same within two routes the one that provides the most vegetation and diversity is more likely 
to be chosen. This result is in line with Winters et al., (2010) who found aesthetical amenities to be a top 
motivator for the enjoyment of the cycling experience. 
 
 
 

Figure 6. Tabulation of preferences for both usual (dark gray) and ideal (light gray) commuting routes. 
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4.2.3 Route sections’ preferences and stated criteria 
The comments from respondents when digitizing their usual and ideal routes regarding what they liked and 
disliked about sections of their routes helped to gain more insight from a more qualitative perspective about the 
influential aspects on route choices. From a spatial perspective, Figure 7 illustrates all routes combined (usual 
and ideal) in magenta, the sections that were reported as ‘liked’ in green, and the ones reported as ‘disliked’ in 
red; also, the number in the bubble represents the amount of respondents that reported the same section. 
 
 

 
 
From the sections of their routes that participants reported to like in both the usual and the ideal commutes, 
similar comments such as “buildings look neat, trees on the way”, “I love the newly built neighbourhood!”, “Bike 
priority, road low traffic and to skip traffic lights” and “the view of buildings in the surrounding, the air quality 
from the trees and the park, low traffic noise” suggest that the criteria they use to report a section of their route 
as ‘liked’ involves more aesthetical features of the built environment as well as characteristics of the 
infrastructure regarding traffic nuisance and safety. 
 
Regarding the disliked sections, as part of their usual or ideal commuting routes, comments such as “somewhat 
lifeless main road, architecture not interesting”, ”this is a 30 Km/h area where cars frequently drive faster than 
that. It is also a straight line with few features”, or “boring straight line through housing area” suggest that 
participants disregard sections that are not aesthetically pleasing for them. Monotonous sections of road were 
considered as “boring” or “not interesting”, which may suggest that participants prefer contexts with more 
design variety when cycling. Also, comments regarding traffic safety such as “busy, presence of cars, and 
crossings”, “blind exits from the neighbourhood alarm the bikers” prevailed. 
 
 
 

Figure 7. Registered usual and ideal routes and section counts from Maptionnaire survey. 
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4.2.4 Study case: usual vs Ideal route 
To further analyse the differences between the usual and ideal routes, one example from the dataset was chosen 
and it is illustrated in figure 8. This example was chosen as it represents a large amount of differences in the 
streetscape design features preferences between the usual (blue) and the ideal (orange) route of one of the 
participants. The first difference is in the distance, where the registered  usual route had a length of 4.68 km in 
comparison with the ideal route of 7.66 km. This difference in distance is in line with the findings from other 
studies that reported an average of 7 to 13 percent differences between the shortest and the usual cycling routes 
where the main motivators for cyclists to travel a longer distance were related to streetscape design features 
such as avoidance of busy road intersections, presence of vegetation and the slope (Krenn et al., 2014; Sarjala, 
2019; Winters et al., 2010). In the example, these preferences were also revealed by the responses of the 
participant which indicated a preference for the shortest and fastest route for its usual route. In the case of the 
ideal route, the difference in distance (3 km) is supported by the stated preferences for presence of trees and 
vegetation and low motorized volumes as the route avoids main roads and goes through parks. However, the 
preference for an adequate surface material may not have been as important as some sections of the route are 
gravel or dirt paths (dashed line). 
 
 

 
 

Figure 8. Case study: Usual vs Ideal routes 
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4.3. VR experiment: Influence in cyclists’ perception of design features  
The results from the VR experiment, which simulates a bicycle ride and recorded the eye movements of 
participants in different scenarios (section 3.4) allowed collecting perception data from a top-down approach to 
understand how streetscape design features influence cyclists’ perception while cycling. Four different scenarios 
were considered, which relates to the categories from the responses of participants in the Maptionnaire survey 
(bad, average, good and scenic) and will be discussed in this section. Also, to allow comparison within AOIs (Figure 
4) and between different scenarios, the measurements for both fixation times and number of saccades were 
standardized (𝑈 ) ranging from 0 to 1 using a min-max interval formula. This resulting score follows a benefit 
criterion, meaning that the highest the value (closer to 1) the highest the time of fixation or number of saccades 
were registered. The formula is as follows: 
 

 
A summary of the resulting values is found in tables 6 and 7. Table 6 values allowed for an horizontal comparison 
between AOIs to reveal where the attention of participants within each scenario was whereas the values from 
Table 7 allowed comparison between AOIs across different scenarios to reveal the differences in behaviour of 
participants. 
 
 

 
  

𝑈𝑣 =  
𝑉𝑎𝑙𝑢𝑒 −  𝑙𝑜𝑤𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒

𝐻𝑖𝑔ℎ𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒 −  𝑙𝑜𝑤𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒
 

Table 6. Standardized values for fixations and saccades where the min and max values for each of the scenarios are in brackets. Note: 
Standardized values are based in the average value for each of the measurements registered by participants (n=22) 

Table 7. Standardized values for fixations and saccades based on the min (0/0) and max (77,608/169) values across scenarios. Note: 
Standardized values are based in the average value for each of the measurements registered by participants (n=22) 
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4.3.1 Results within scenarios 
This section reports on the differences between AOIs for each of the four scenarios presented to participants 
based on the resulting scores from Table 6. First from results across all four scenarios, similar scores for fixation 
times and number of saccades revealed a very low interaction from participants with the foreground. This means 
that regardless of the type of scenario, participants barely focused their attention looking for immediate features 
of the infrastructure such as bumps or pavement type while riding. These low scores may suggest that 
participants place their attention much more on aesthetical and safety-related elements such as crossings, 
greenery or buildings (front and context AOIs) but also may indicate that the provision of well-maintained 
infrastructure allows cyclists to focus in other areas rather than the foreground. These findings are also in line 
with results from Mantuano et al., (2017) where attention to intersections, crosswalks, and other pedestrians 
were the elements reporting the most fixations in comparison to the infrastructure characteristics such as type 
of terrain during a bicycle ride. 
 
Regarding the scenario rated as ‘bad or boring’ (figure 9) in the Maptionnaire survey, participants registered the 
most part of their attention looking to the foreground (0.62) and in a lesser extent to the context (0.38 and 0.46). 
However, according to the scores related to saccades, participants had the tendency to explore the context than 
looking to the front. These findings suggest that, in this scenario, even though participants place their attention 
looking to a few specific points to the front, they still explore the contextual elements (i.e. buildings and 
pedestrians) in a similar extent. A similar behaviour from participants was revealed for the ‘average’ scenario 
(figure 10), where participants also focused the most of their attention looking to the front (0.70). However 
different from the ‘bad or boring scenario’, participants in this scenario also registered the highest saccades 
factor when looking to the front (0.55) meaning that they found things such as other cyclists, crossings, and 
possible obstacles located to the front more important than looking to the sides in this section. 
 
 

 
 
 
 
 
 
 
 
 

Figure 9. Snapshot of the 'bad/boring' scenario. 
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From the ‘good’ scenario (figure 11), scores suggest that even though participants place most of their attention 
to the front (as in the ‘bad or boring’ scenario), similar scores regarding the saccades from the context suggest 
that participants evenly explore the features of the built environment in an ‘horizontal’ way. In other words, 
similar saccade scores between the context and looking to the front may suggest that participants transition their 
point of focus from the front to the context by spotting features ahead and then keeping their attention as they 
get closer while cycling. This transition may be explained in the scenario of spotting a landmark ahead and look 
for more details as cycling closer by (turning head to the side). 
 
 

Figure 10. Snapshot of the 'Average' scenario. 

Figure 11. Snapshot of the 'good' scenario. 
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Regarding the ‘scenic or picturesque’ scenario (figure 12), fixation scores from contextual AOIs and the front 
were high. However, saccades scores regarding the context (0.67 and 0.56) compared against the one from the 
front side (0.24) are considerably higher. This difference in saccade scores suggest that participants spend a vast 
majority of the bike ride looking and exploring the context. These discrepancies in saccade scores between AOIs 
may be explained due to the presence of constantly changing vegetation to both sides of the path in the scenario, 
which encouraged participants to focus their attention to the context and explore the details. This behaviour is 
consistent with findings from B. Chen et al. (2022), where they found a higher positive correlation value of people 
looking at trees in comparison to other built environment elements such as buildings. 
 

  
Figure 12. Snapshot of the 'scenic/picturesque' scenario. 
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4.3.2 Comparison between scenarios 
To complement the results from table 7 and enhance the comparison between scenarios, Figure 13 illustrates 
the heat maps regarding fixations of each of the scenarios. These heat maps represent the concentration, in time 
length, of fixations for each of the scenarios where the red areas mean fixations of more than five seconds along 
the whole bike ride (two minutes per scenario). 
 

 
The shape of the heat maps reveal the patterns of participants’ behaviour during the whole simulation for each 
scenario. Similarities between the ‘bad’ and the ‘scenic’ shapes suggest that participants focused their attention 
to the front most of the time but also explored the context to both sides as the horizontal shape of the heat map 
suggests. However, differences are spotted in the fixation scores where in the case of the ‘bad’ scenario fixations 
to the front scored 0.55 against 0.37 in the ‘scenic’, meaning that participants placed more attention to the front 
in the ‘bad’ than the ‘scenic’ scenario. Also in both bad and scenic scenarios, participants spent about the same 
amount of number of saccades. This similarities in behaviour between a ‘bad’ and an ‘scenic’ scenario suggest 
that diversity of the scenery is not as influential as the specific features that a route has for specific sections to 
be categorized as boring or picturesque. This may happen as an environment with multiple buildings can be 
categorized as “boring” while a diverse path with different trees along the way may be categorized as 
“picturesque” even though both scenarios provide diversity. 
 
Regarding the distribution of fixations represented for the ‘average’ scenario, the compact shape suggests that 
participants spent most time looking to the front in comparison with other scenarios. This is also supported by 
the fixation score of the ‘good’ scenario as it was the one scoring the highest (0.70) in comparison with the other 
scenarios. This focus in the centre suggests that participants were not as interested in the context on average 
scenarios. Even though the ‘average’ scenario results regarding the context AOIs are very similar to the ‘good’ 
scenario regarding fixation (0.38, 0.25/0.34, 0.25) and saccades (0.27, 0.17/0.28, 0.19), differences are more 
understandable when comparing the fixation scores to the front AOI as the fixation score of the ‘good’ scenario 
(0.48) was smaller. This suggests that the motivation to rate between an average and good scenario for 
participants may be presence of ephemeral distractors such as presence of pedestrians along the way. 

Figure 13. Heatmaps of the bike ride scenarios with respective AOIs. 
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4.4. The added value of the proposed methods 
Regarding the research question 2b ‘How can the added value of the proposed methods from a user and a 
developer perspective be evaluated?’, results from the post-data collection survey give insight about the 
evaluation of the added value of both the Maptionnaire survey and the VR experiment in terms of learning and 
usability. Results from these two main categories are presented in figures 14 and 15, where the top bar belongs 
to the Maptionnaire tool (MP) and the lower one to the VR experiment, to allow for comparison. 
 

 

 
In terms of learning, participants reported similar evaluations for both the Maptionnaire survey and the VR 
experiment, suggesting that both tools have a similar potential to increase awareness of its users about the 
understanding of the learning object. Even though the distribution of responses for both tools suggest a tendency 
for participants to be more aware of their reasons for choosing their commuting routes after using the tool, the 
use of the tool does not seem to have influenced as much the behaviour of participants while cycling. This means 
that after using any of the implemented tools, participants may present an increased awareness about how the 
design features of the streetscape influence their route choices but, according to the responses regarding the 
change in their attention while cycling, it would probably not change the aspects they focus their attention while 
cycling.  
 
Results regarding the change in criteria when choosing their commuting routes suggest that even though they 
may be more aware about how the streetscape design features play a role, there is a high chance for participants 
to keep their usual routes, which suggest that other factors such as distance or travel times may have a larger 
influence in their route choices. For example, this higher hierarchy in the influence of distance or travel time over 
the streetscape design features is supported by studies that assessed the influence of travel distances in cyclists’ 

Figure 14. Distribution of responses about learning of participants after the use of the data collection tools. 

Figure 15. Distribution of responses about usability of the data collection tools. 
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route choice (Lu et al., 2018; Ospina et al., 2020). Despite this fact, increasing awareness and understanding of 
the influence of streetscape design features on cyclists’ routes may be helpful to increase the feedback quality 
for future interventions as participants that are more aware of how these design features influence their cycling 
routes may be more encouraged to share more specific information regarding the topic. 
 
As to the usability of the implemented data collection tools, the majority of participants reported very positive 
feedback about the easiness to use both tools. This positive feedback suggests that both tools may increase the 
efficiency for collecting data considering larger samples. The representation of information for both tools was 
perceived positively, with a slight difference in the degree of understanding of variables involved where the 
Maptionnaire tool seems to have been more successful to represent the variables over the VR environment, even 
though both tools were reported to have the same level of detail. However, the VR tool seems to be better at 
capturing the opinions about what participants find interesting about a route when cycling. This output may be 
due to the eye-tracking capabilities involved in the VR experiment, that allow to answer the question ‘what I find 
interesting while cycling?’ in a more dynamic way for participants and without much effort. 
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4.5. Similarities and discrepancies in perception 
To answer the question 2c ‘To what extent does the proposed mixed-method approach helps researchers to 
increase understanding about the impact of streetscape design on cyclists’ route choices?’, a comparison between 
the results from the Maptionnaire survey, the VR experiment, and the Fietsersbond dataset allowed to identify 
the differences regarding cyclists’ perceptions of the streetscape design features. Also, this comparison allowed 
reflection on how the combination of the proposed methods could be used to explain the reason for such 
discrepancies and similarities in cyclists’ perception. 
 
Figure 16 illustrates the differences in perception of the same sections of road from a bottom-up approach from 
the Fiertsersbond dataset (left) and the stated preferences from participants in this study (right). The four 
sections of road that were presented to participants in the VR experiment are indicated with comparison 
markers. 
 

 
The main difference between the Fietsersbond dataset and the reported sections from participants in the 
Maptionnaire survey is that most of the road sections that were reported by the volunteers for the study area 
are categorized as ‘average’ (yellow), with the exception of a few sections rated as ‘good or beautiful’ (green), 
which match with the stated ranking from participants in the survey. Even though participants from the 
Maptionnaire survey did not state their evaluation for each of the road sections as in the Fietsersbond dataset, 
the discrepancies in areas that were rated as ‘average’ on the dataset but as ‘good’ in the other may be due to 
generalization and differences in scale as the dataset from Fietsersbond is a subset from the whole country, 
whereas the results showed in the dataset from the Maptionnaire survey are from a very specific sector within 
the study area. Therefore, considering data collection from participants that are more ‘local’ to the study area 
may increase the variation in the rating of the sections and thus reveal a deeper insight about the study area for 
further analysis. 
 

Figure 16. Comparison between Fietsersbond (2021) dataset and responses from survey. 
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Also, discrepancies and similarities between the Fietsersbond ratings and the survey responses can be explained 
with further analysis from the retrieved participants’ comments and complementary data from the eye-tracking 
measurements from the VR experiment. For example, in the case of comparison markers 1 and 4, the similar 
ranking in both datasets is supported by the retrieved participants’ eye movements measurements as in both 
scenarios (‘scenic’ and ‘good’) participants registered high saccades values when looking to the AOIs located in 
the context (table 6). This relation suggests that in both cases (Fietsersbond and Maptionnaire) participants and 
volunteers may have been encouraged to explore more diverse surroundings while cycling, leading them to rate 
the road sections as more ‘scenic’ or ‘beautiful’ than others. 
 
Regarding the mismatch in categorization from ‘average’ to ‘bad’ in comparison marker 3, the additional 
information collected from the VR experiment and participants’ comments from the survey suggests that the 
reason for participants to rate the section as ‘bad’ was due to the presence of a stop light and the lack of diverse 
surroundings (as stated in comments from participants). These statements were also supported by participants’ 
fixation time as in this section of road they reported a larger fixation value looking to the front in comparison 
with looking to the context. These differences may explain why in the Fietsersbond dataset the section is rated 
as ‘average’ as volunteers may have relied just in aesthetical features of the section without contemplating 
additional factors as the ones from the Maptionnaire survey. A similar case can be also found in the mismatch in 
comparison marker 2 as participants from the survey categorized both as ‘good’ and ‘bad’ depending on personal 
preferences, even though their fixation measurements were very high as well as their saccades when looking to 
the front in that section. 
 
Chapter summary 
 
Different methods to collect information about the influence of streetscape design features in cyclists’ route 
choices allow researchers to gain insight about the topic from different approaches. On the one hand, methods 
such as literature review, analytical models, and surveys allow understanding of individuals’ perceptions from a 
bottom-up approach, revealing preferences based on prior experiences. On the other hand, interview methods 
such as bike-along and video interviews reveal information about perception from a top-down approach, which 
means that information about the interaction of cyclists’ senses with the context influences perception. 
 
From the results of the proposed mixed-method, participants reported differences regarding the influence of 
design elements in their usual and ideal commuting routes as well as different behavior (fixations and saccades) 
when interacting with their surroundings in multiple scenarios which are also discussed in the following chapter. 
Extrapolation of results from different methods also allowed to identify discrepancies in perception of cyclists 
along their routes suggesting the importance of mixing different tools to collect information that may be more 
accurately represented for a given context. 
 
Regarding the comparison of the added value of the proposed methods, results suggest that participants 
increased their understanding about how streetscape design features may influence their route choices but this 
did not seem to have influenced their choices when choosing their usual commuting routes. In terms of usability, 
feedback from participants allowed to identify the strengths (such as efficiency to collect data and better 
understanding of variables from the Maptionnaire survey or the easiness to capture attention from the VR 
experiment) and flaws (i.e. the level of detail in the VR experiment or limitations to report the attention to the 
context on the Maptionnaire survey) of each of the implemented tools to collect data about perceptions of 
streetscape design features regarding to cyclists’ route choices.  
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5. DISCUSSION 

The aim of this study was to understand the influence of streetscape design features on cyclists’ route choice, by 
developing a mixed-method approach to collect objective and subjective data. This study explored the influence 
of  streetscape design features in cyclists’ route choices using two different approaches regarding perception: 
bottom-up and top-down. Also, an evaluation of the mixed-method’s added value provided insight about the 
strengths of each of the methods to retrieve information about perception regarding learning, usability, and 
output of information. 

5.1. Influence of streetscape design on cyclists’ route choices 
After the identification of the streetscape design features that influenced cyclists’ route choices (3.1), a mixed-
method data collection process was carried out to explore how such elements influence cyclists’ choices in the 
form of a survey (3.3) and a VR experiment (3.4). From the results, participants reported considerable differences 
between their usual and ideal commuting routes (4.2.2) where preferences towards avoidance of stop lights and 
good pavement quality were predominant in the usual routes against the preference for the presence of trees, 
vegetation, water bodies, and diversity of land uses in the ideal commuting routes. These preferences were also 
supported by the results from the eye-tracking measurements (4.3). For example, participants reported larger 
fixation times and saccades looking at the context in the ‘scenic’ scenario, meaning that they spent most of their 
time looking and exploring their surroundings that involved vegetation and trees along the way. In contrast, for 
the average scenario participants registered a larger fixation time looking to the front to elements such as 
crossings and stop lights.  
 
These findings are in line with Winters et al. (2010), who also found that aesthetical amenities were influential 
for the enjoyment of the cycling experience. However, when it comes to the degree of influence that these 
elements may have when choosing a route, avoidance of stop lights and the quality of pavement may have the 
largest impact. This influence is supported by the findings of Lu et al., (2018) or Ospina et al., (2020) where despite 
the fact that cyclists consider factors such as vegetation and water bodies as a positive attribute, more weight is 
given to distance and travel times when choosing their commuting routes. 

5.2. Perception of streetscape design features using two approaches 
Comparison between results from different methodological approaches (4.5) allows to reflect on the question 
2a ‘How can information about cyclists’ perception (from both top-down and bottom-up approaches) of 
streetscape design features be collected and represented for a given context?’. Due to the different nature of 
these two approaches, using a mixed-method approach was considered appropriate as the combination of 
results from both perspectives allowed to further understand how the streetscape design features influence the 
cycling experience.  
 
On the one hand, the survey allowed to explore the reasoning of participants to choose their routes and explore 
the rationale to consider sections of their routes as ‘bad or boring’ or ‘beautiful’ (4.2.3). This type of comments 
provide subjective data on perception from a bottom-up approach and allows to understand the influence of the 
design features based on their personal experiences, which may be useful to further understand the reasoning 
behind route selection. On the other hand, a simulated bike ride and the measurement of participants’ eye 
movements allow to understand how streetscape design features influence the perception in real time (top-
down approach) when cycling. These measurements allow to analyse the attention of participants to design 
features and how these may influence the overall riding experience in a given context (4.3.2). 
 
The combination of these two methods that collected data about perception of streetscape design features 
allowed to contextualize the retrieved information as data from sections within the study area was collected 
from participants that were familiar with the environment. This familiarity aspect also allowed to focus the 
attention to the enjoyability of ride when participating in the VR experiment and consequently, after mixing 
results from both methods, gain detailed information about how participants perceive streetscape design 
features and how they interact with them when cycling. This information may be valuable for decision-makers 
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to address targeted interventions or to receive feedback from participants about a specific context from both 
their previous experiences and their interaction in real time with the environment. 

5.3. Added value of the mixed-method approach 
Regarding the added value of the implemented mixed-method approach, Pelzer et al (2014)’s framework for the 
individual, group and outcome level was used. From the evaluation of the individual level, results from the survey 
allowed to reflect on the question 3b ‘To what extent does the implementation of the mix-method approach 
influences participants’  perception of the streetscape regarding their cycling experiences?’ as participants 
showed an increase in the level of awareness about the reasons to choose their commuting routes. However, 
this increased awareness seemed not to influence the preferences and criteria of the participants to change their 
commuting routes after being involved in the study. These results suggest that, after participating in the study 
participants reflected on their responses and the way they interact with their surroundings when cycling. This 
can be translated as a single-loop learning about the study object, as they increased the understanding about the 
learning object. Therefore, this potential for increasing understanding may be useful for decision-makers and 
researchers when implementing this mixed-method approach to gain insight about specific interventions 
regarding streetscape design features or to improve the cycling infrastructure from a data-driven perspective.  
 
From the group level, the main advantage of using a mixed-method approach is that combination of different 
methods allows for compensation in performance from each other in terms of learning, collaboration, 
communication, consensus and efficiency. This can be better visualized in table 3 where even though the 
Maptionnaire survey seems to be the most useful method as seems to have the most potential when it comes to 
collaboration, communication and consensus. As for efficiency and learning potential, the VR experiment 
provided more insightful results from a top-down approach. This means that using these two methods together 
may improve the efficiency to capture data about cyclists’ perceptions of streetscape design features, without 
missing the capabilities for communication or consensus that the VR experiment misses. 
 
Regarding the added value from the output level, the advantages of the proposed mixed-method approach can 
be explained in terms of the potential of the collected data for an improved understanding about the influence 
of streetscape design features in cyclists’ route choices. For this, comparing the results from each of the 
developed methods (4.5) allowed to support the added value of complementing information. The combination 
of eye-tracking measurements from certain sections with the responses from the survey allowed to reflect upon 
the reason for the differences in rating from the Fietsersbond dataset, like liked/disliked sections from the 
Maptionnaire survey. This means that, by merging the results from different tools, there is an increasing chance 
to better understand how cyclists interact with the streetscape design features and how these influence their 
perception and choices when cycling. 
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5.4. Limitations  
The limitations of this research can be categorized in terms of theoretical, technical capabilities, and 
methodological considerations. First, in the case of the theoretical limitations for this study the main constraint 
was how the notion of perception is applied in different studies as studies often explore perceptions from rather 
a bottom-up or a top-down approach. This differences are expected as the concept of perception may have 
different meanings depending on the field of study. For example, to improve data collection of perception from 
a bottom-up approach, consideration of more variables regarding the background preferences from participants 
such as country of origin, or the assessment of cognitive functions related to way-finding (when reading maps), 
and other ethnographic characteristics would potentially improve the reliability of the collected data as this 
additional information may reveal participants’ biases that influence their preferences.  
 
Second, regarding technical limitations in this study several trade-offs had to be considered when developing the 
VR experiment that may have influenced the behaviour and eye movements of participants. Considerations 
about processing power, a more stable software and quality of videoclips (higher resolution, frames per second 
and bit rates) would impact the experience of participants as the stimuli would feel more natural and immersive, 
allowing for better measurements of their attention to AOIs during the simulation of a bike ride. 
 
Lastly, the limitations in the case of the methodology involve consideration of a larger and more diverse sample 
size for both the survey and the experiment. This diversity may be introduced by not considering a single common 
destination but an area such as the city centre to retrieve more information about the bicycle infrastructure of 
the whole study area from inhabitants and visitors. Another methodological consideration would be to assess 
the usability of the tools in an iterative manner, to address problems regarding understanding of concepts and 
variables. Also, introducing more possibilities to comment on specific streetscape design features that may have 
been left out from the literature that were used in this study, as these missing elements may have and influence 
when choosing a route. 
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6. CONCLUSION AND RECOMMENDATIONS  

6.1. Conclusions  

To encourage behavioral changes to reduce car use, understanding travel behavior is needed. Understanding the 
route choices of cyclists and their motivation based on their preferences is important to improve cycling networks 
and therefore encourage the use of active travel modes such as cycling. In this study, a mixed-method approach 
was developed to understand the influence of streetscape design features on cyclists’ route choices and for this, 
three sub-objectives were identified. 
 
The first sub-objective was to explore current methods for collecting data regarding streetscape design features 
influencing cyclists’ route choices. Even though several studies address perceptions using similar tools to identify 
the design elements, they often focus on one type of perception rather bottom-up or top-down with the use of 
surveys, interviews, or analytical models. However, findings from this study suggest that the combination of 
different methods may improve the understating about how cyclists interact and are influenced by the already 
identified streetscape design features.  
 
The second sub-objective was to develop a methodology that allows collecting data on cyclists’ perception of 
streetscape design features and its influence on route choice. From the results of the data collection, information 
regarding the perception from two different approaches was retrieved and the findings suggest cyclists have the 
tendency to focus their attention to diverse and changing environments while cycling. This means that 
participants reported a preference for design features that enhanced the aesthetics of their routes such as trees, 
diverse facades, presence of vegetation and water bodies. However, these preferences may just influence the 
enjoyability of the ride but would not have more importance over shorter travel times when it comes to 
commuting. These revealed preferences may be useful for decision-makers to develop interventions of 
infrastructure to reward cyclists and therefore encouraging more the use of the bicycle in specific urban 
environments. 
 
Lastly, the third sub-objective was to evaluate the added value of the proposed methodology to understand the 
impact in the perception of streetscape design features in cyclists’ route choice behaviour. From the findings, 
combination of the results from the implemented data collection methods revealed the advantages that mixing 
different types of tools to collect data about perception can provide as these tools complement each other. As 
part of the added value, based on results from the post-study survey, participants showed learning from the 
study object, meaning that there was an increase in awareness about the influence of the streetscape design 
features in their commuting cycling routes. 
 
This research addressed the identified research gaps regarding the influence of streetscape design features in 
cyclists’ route choices. The proposed mixed-method approach addressed the need to combine collection of 
quantitative and qualitative data to improve the understanding of the influence that streetscape design features 
have on cyclists’ route choices and also addresses the difficulty to capture perceptions by considering both the 
bottom-up and top-down approaches to improve interpretation of the retrieved information. Therefore, results 
from this study may encourage academics to develop and implement alternative mixed-methods approaches to 
increase understanding of cyclists’ travel behaviour regarding route choice. Also from a practitioner perspective, 
implementation of such mixed-methods for data collection may increase the efficiency of the process and also 
help to develop contextual data-driven interventions that aim to encourage the use of bicycles. 
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6.2. Recommendations for further studies 
The main focus of this study was to showcase the importance of a mixed-method approach for collecting data 
about perception of streetscape design features and its influence on cyclists’ route choices. From the findings of 
this study, some recommendations for future research can be considered: 
 

 From the collected data in this study, the possibility for further analysis could be comparing the 
individual preferences of participants and their eye movements, which may give insight about the 
discrepancies between the stated preferences from a bottom-up approach (Maptionnaire survey) the 
results from the VR experiment (top-down approach). These possible discrepancies may be used to 
improve collection of data regarding perception of streetscape design features influencing route 
choices. 
 
 

 The implementation of this mixed-method approach may be helpful if embedded in a participatory 
process for targeted interventions as participants (stakeholders) may address sections of roads that they 
would like to intervene and, with the use of a simulated VR environment with the changes, give feedback 
about different alternatives for intervention. This way, public participation may be positively increased 
as well as the quality and feasibility of the interventions to existing cycling infrastructure. 

6.3. Ethical considerations 
 
For the development of this study, personal information about participants was collected in the Maptionnaire 
survey. To address possible concerns, participants were made aware of the aim of the research, the implications 
of taking part in the study and informed about the possible risks involved in an information sheet . Also, on the 
back of this information sheet, a consent form was also shared and signed by each of the participants. An example 
of both the consent form and the information sheet that was handed in to participants can be found in Annexes 
3 and 4. 
 
To protect the identity of each of the participants and to keep the responses anonymous, a participant ID was 
assigned to every consent form and participants used their IDs for the whole process. Also, to maintain anonymity 
from the shared location of their homes when digitizing their commuting route, the reported lines were used to 
compute a spatial overlay selection using the Fietsersbond network in a GIS environment. This selection 
considered a buffer of 100m around the original lines so the exact starting point of the lines would be disguised. 
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8. APPENDIX 

Annex 1: Search matrix & search log 

 

 

 

 

Key concept Narrower term
Street scape Aesthetics

Cycling Cycling

Route Choice Route choice

Complete

Refined

Date Database Query Setting # Results Notes

Scopus
Complete 
version

Limit from 
2011-2021

528
26 

selected 
results.

Web of Science
Complete 
version

Limit from 
2011-2021

10
3 selected 

results

Science direct Refined
Limit from 
2011-2021

366
32 

Selected

Web of science Refined
Limit from 
2011-2021

28 9 selected

12-Jan-21

13-Jan-21

Street design

Non-motorized

Travel behavior

Search queries

(“Aesthetic*” OR “Street design” OR “Street scap*”) AND (“Cycl*” OR 
“Non-motor*” OR “Active transport*”) AND (“Route choice*” OR 

“Travel behav*” OR “Path choice*”)

(“Aesthetics” OR “Built environment” OR “Street scape”) AND 
(“Cycling”) AND (“Route choice” OR “Path choice”)

Search log

Search matrix 
Related term

Street scape

Active transport
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Broader term
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Annex 2: Survey instrument and coding of answers 
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Annex 3: Information sheet 
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Annex 4: Consent form 

 


