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Executive Summary
Most agencies and decision-makers rely on crash and crash severity (property damage only, injury or
fatality) data to assess transportation safety. But, as are rare and random events; often times, the rare and
random nature of collisions/crashes require researchers to gather several years of data to produce
statistically significant estimates that discard the stochastic variations. Moreover, collision or crash data
may be biased and underrepresent actual issues of safety that exist. However, in the context of public
health where perceptions of safety may influence the willingness to adopt active transportation modes
(e.g. bicycling and walking), pedestrian-vehicle and other similar conflicts may represent a better
performance measure for safety assessment. According to the definition of traffic conflict from
Amundson and Hayden (1977), a conflict is “an observable situation in which two or more road users
approach each other in space and time for such an extent that there is a risk of collision if their
movements remain unchanged.” More importantly, because of the frequency of occurrence, conflict data
can be coupled with crash data for better understanding the conflict patterns and the failure mechanism
that leads to a collision, which can assist municipalities, transportation agencies and decision makers in
making strategic responses to potential concerns. At the same time, conflict measures can act as a sketch
level planning performance measure (surrogate safety measure) to understand potential safety issues
related to transportation facilities.
Traffic conflicts have received more attention since their first introduction. The U.S. Department of
Transportation Conflict Technique (USDOTCT) from the Federal Highway Admiration (FHWA)
categorizes various elements that induce conflicts; identifies the severity levels of each element and finds
the overall grade of the severity of the conflict. Like the USDOTCT, the Swedish Traffic Conflicts
Technique (STCT), and the Institute of Highways and Transportation Conflicts Technique (IHTCT) were
developed for vehicle to vehicle conflict analysis. However, some vehicle-vehicle conflict based methods
also may be adopted to consider vehicle-pedestrian conflict analysis; these include, modelling the
interaction between left-turning vehicles and pedestrians at signalized intersections, assessing the
efficiency of safety regulations for vulnerable road users at intersections, and qualitative categorization of
conflict types and severity. Also, a modified version of the IHTCT method was used to develop a vehiclepedestrian conflict analysis method. However, few studies have considered conflict analysis as a
performance measure of safety for active transportation modes. More recently, a Transportation Research
Center for Livable Communities (TRCLC) study (Casey et al., 2016) developed conflict analysis
performance measures as a surrogate safety measure for both pedestrians and bicyclists. This study
identified three key conflict factors (i.e., separation distance, vehicle or bicycle speed, and time to take
any evasive action) that influence the conflict seriousness. Unfortunately, the availability of conflict data
remains very sparse as most of the time near miss incidents never get reported; therefore, the connection
between the conflict that has occurred and the potential crash occurrence remains unclear.
This study seeks to provide an innovative approach for collecting bicycle and pedestrian conflict data.
Specifically, the study proposes to develop a smart phone app to capture data using crowd-sourcing for
the continuum of conflicts experienced by pedestrians and cyclists within different types of transportation
infrastructure. In the pursuit of this goal, the study will:
a. Identify user needs/requirements and develop app training support
b. Create a smartphone app for collecting bicycle and pedestrian conflict data
c. Create a data subscription service for agencies and community organizations to access the
gathered data
d. Perform severity analysis of different types of conflicts from the crowd-sourced data and identify
hot spots from the crowd sourced conflict data and traditional crash data.
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A crowd-sourced data collection effort may lack some of the data quality of a more formalized approach;
however, the data can be gathered in a cost-effective manner while also reducing the time needed to
collect the data. Crowdsourcing has also been found to be useful in transportation because it voluntarily
brings together a large group of people into the same platform around a common issue. This data can be
used by agencies and community organizations to identify and prioritize strategies for responding to
potential public health concerns for bicyclists and pedestrians.
The entire crowd-source data collection process for conflict analysis included three broad phases. At the
beginning of the project, the research team performed an extensive literature review to identify the key
features associated with conflict analysis for better understanding the continuum of conflicts between
transportation modes. At this stage, they also identified key stakeholders related to bicycles and
pedestrians and developed a contact list for future involvement in the app snowballing process. Utilizing
stakeholders during the various parts of a study can increase the validity of the study by verifying specific
needs and present an opportunity to gain additional knowledge from an outside source. Most of the
stakeholders such as Tarrant County Public Health, Dallas County Public Health, City Public Health,
NCTCOG, National SAFE KIDS Campaign, Kalamazoo Bicycle Club, City of Dallas, and City of
Denton associated with this study can be characterized into three general groups;




Those concerned with bicycle and pedestrian safety,
Those concerned with public/environmental health, and
Those concerned with city/regional planning and management.

In the next step, the research team developed the functional requirements of the app along with user
interface requirements and end user requirements. This helped the research team to gather potential key
features for the app and design the app prototype. The research team then tested the prototype and
obtained feedback from the stakeholders.
During the feedback process, the research team received valuable information related to both the design
and functional requirements. Based on the feedback, the team developed a beta version for the app and
the corresponding database. Later, the team tested the beta version of the app in a junior-level
Transportation Engineering class (Spring 2016) at the University of Texas at Arlington (UTA). During
the beta test, student teams observed the commute periods for four different school locations to record all
conflicts. The students also provided feedback on app performance and functionality based on their
experience at the end of the data collection process. After correcting the remaining concerns, the team
made the final version of the app available in Google Play Store. Later, the research team contacted the
stakeholders who agreed to take part in the snowballing process during previous focus group meetings.
The team sent out an app snowballing invitation and asked the stakeholders and the Fall 2016 students in
the same junior-level Transportation Engineering class to take part in the app field test and data
collection. This time, the students gathered information from almost 25 different elementary school
locations. After the end of one month of data collection, the participants provided feedback on the userfriendliness of the app and its different features.
In response to the comments received from the field test participants, the team finalized the app with only
two user groups. The regular or standard user group includes all app users who will be recording conflict
scenarios. These users will receive a reminder once a day for recording a conflict, and they will also
receive prompt notification of any conflict recorded their current zip code. This helps the users keep track
of hot spot locations around their activity paths. The second user group represents those that will work
with the data while at the same time they can also use the app as a regular user. These end users will use
the data sharing option of the app to share the required database for any conflict analysis. The database
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can be shared as a *.CSV file or as a *.KML file, which can be opened in an Excel file or in a Google
map file respectively. The admins also have the option to add other users as an admin.
The initial field test of the app shows promise with support from many users in continuing to use the app
and the app’s effectiveness in mapping conflicts to previously recorded fatalities. Most of the field test
users find the app easy to use and the survey questions easy to complete. This study presents some
significant opportunities for further research and development. Now that the concept has been proven,
modifying the app to function on different platforms represents the most critical next step in the product
development process. As such, the app will require further testing on a range of mobile devices (i.e.,
various models of Android, iPhone, Windows Phone). Future enhancements to the app may include
giving access to various advocacy groups or running or biking groups to use their identity inside the app.
This will help those groups customize the app according to their needs while also providing the essential
data for end users. One possible enhancement may be the ability for an agency or advocacy group to
respond to feedback emails from users in their jurisdiction or group. A detailed strategy on trying to
snowball the app adoption among both end users and app users requires further development, and likely
represents a research project exploring the role of social media/networks in the adoption of a crowdsource data collection instrument. As this project included the app as part of a class project, its use as a
learning tool may be explored in more detail. Specifically, the future educational research should seek to
assess the impact of the using the app on increasing the performance of students on learning outcomes
related to bicycle and pedestrian safety and design.
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1.

Introduction

1.1.
Conflict analysis as a surrogate safety measure
Collisions are rare and random events. Often times, researchers have to gather several years of data to
produce statistically significant estimates to discard the variations due to the stochastic nature of
collisions. Moreover, collision or crash data may be biased and underrepresent actual issues of safety that
exist. On the other hand, a conflict is “an observational situation in which a vehicle [can also be a
pedestrian or a bicyclist] and pedestrian [can also be a bicyclist or a vehicle] approach or encroach each
other in space and time to such an extent that a collision is imminent if their movements remain
unchanged” (1, 55). As such, conflicts (or near miss situations) often pose potential safety concerns for
both pedestrians and bicyclists. But because of the frequency of occurrence, conflict data can be coupled
with crash data for better understanding the conflict patterns and the failure mechanism that leads to a
collision, which can assist municipalities, transportation agencies and decision makers in making strategic
decisions (2). Moreover, conflict measures can act as a sketch level planning performance measure
(surrogate safety measure) to understand potential safety issues related to transportation facilities.
1.2.
Key Research Gaps
While, collision or crash data plays a key role in modeling the pedestrian or bicycle injury risk as a
function of transportation characteristics, pedestrian safety analysis using non-collision data mostly relies
on traffic conflict analysis (3-11). Initially, only quantitative methods assessed the road user response to
conflicts, but gradually more quantitative techniques have emerged in conflict analysis (12-20). The U.S
Department of Transportation Conflict Technique (USDOTCT) from the Federal Highway Admiration
(FHWA) categorizes various elements that induce conflicts; identifies the severity levels of each element
and finds the overall grade of the severity of the conflict (15). Like the USDOTCT, the Swedish Traffic
Conflicts Technique (STCT) (13), and the Institute of Highways and Transportation Conflicts Technique
(IHTCT) (14) were developed for vehicle to vehicle conflict analysis. However, some vehicle-vehicle
conflict based methods were also used for vehicle-pedestrian conflict analysis; these include, modelling
interaction between left-turning vehicles and pedestrians at signalized intersections (21), assessing the
efficiency of safety regulations for vulnerable road users at intersections (22), and qualitative
categorization of conflict types and severity (23). Also, a modified version of the IHTCT method was
used to develop a vehicle-pedestrian conflict analysis method (24). More recently, the Transportation
Research Center for Livable Communities (TRCLC) study conducted by Casey et al. (25) developed
conflict analysis performance measures as a surrogate safety measure for both pedestrians and bicyclists.
This study identified three key conflict factors that influence the seriousness of the conflict. These three
factors include: a) the separation distance, b) the speed of the vehicle or bicyclist, and c) the time to take
any evasive action (24). But, the availability of conflict data remains very sparse as most of the time near
miss incidents never get reported; therefore, the connection between the conflict that has occurred and the
potential crash occurrence still requires proper analysis.
1.3.
Problem Statement
This study seeks to provide an innovative approach for collecting bicycle and pedestrian conflict data.
Specifically, the study proposes to develop a smart phone app to capture data using crowd-sourcing for
the continuum of conflicts experienced by pedestrians and cyclists within different types of transportation
infrastructure. A crowd-sourced data collection effort may lack some of the data quality of a more
formalized approach; however, the data can be gathered in a cost-effective manner while also reducing
the time needed to collect the data. Crowdsourcing has also been found to be useful in transportation
because it voluntarily brings together a large group of people into the same platform around a common
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issue (26). This data can be used by agencies and community organizations to identify and prioritize
strategies for responding to potential public health concerns for bicyclists and pedestrians.
1.4.
Goals and objectives
This research seeks to determine the effectiveness of using an app to crowdsource the gathering of bicycle
and pedestrian conflict data. In the pursuit of this goal, the study will:
a. Identify user needs/requirements and develop app training support
b. Create a smartphone app for collecting bicycle and pedestrian conflict data
c. Create the data subscription service for agencies and community organizations to access the
gathered data
d. Perform severity analysis of different types of conflicts from the crowd-sourced data and identify
hot spots by comparing both the crowd sourced conflict data and traditional crash data collected
from crash reports.
1.5.
Methodology
The entire crowd-source data collection process for conflict analysis was divided into three broad
categories. At the beginning of the project, the research team performed an extensive literature review to
identify the key features associated with conflict analysis for better understanding the continuum of
conflicts between transportation modes. At this stage, they also identified key stakeholders related to
bicycles and pedestrians and developed a contact list for future involvement in the app snowballing
process. In the next step, the research team developed the functional requirements of the app along with
user interface requirements and end user requirements. This helped the research team to gather potential
key features for the app and design the prototype of the app. The research team then tested the prototype
and obtained feedback from the stakeholders selected to represent different agencies and advocacy
groups. During the feedback process, the research team received valuable information related to both the
design and functional requirements. Based on the feedback, a team developed a beta version for the app
and the corresponding database. Later, the team tested the beta version of the app in a junior-level
Transportation Engineering class (Spring 2016) at the University of Texas at Arlington (UTA). During
the beta test, student teams observed the commute periods for four different school locations to observe
all conflicts. The students also provided feedback on app performance and functionality based on their
experience at the end of the data collection process. After correcting any remaining concerns, the team
made the final version of the app available in Google Play Store. Later, the research team contacted the
stakeholders who agreed to take part in the snowballing process during previous focus group meetings.
The team sent out the invitation of the app snowballing and asked the stakeholders and the Fall 2016
students in the same junior-level Transportation Engineering class () to take part in data collection. This
time, the students gathered information from almost 25 different elementary school locations. After the
end of one month of data collection, the participants were asked to give feedback on the user-friendliness
of the app and different features. The research group includes a detailed analysis of this feedback along
with the conflict records to evaluate the app effectiveness. Figure 1.1 summarizes the project phases.
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section lays out the development process of the app. Section 5 discusses the experimental design of the
app testing. Section 6 discusses the results of the testing and the feedback from the app users and then
section 7 discusses the conclusions and future recommendations.
2. Literature Review
A current Federal statute, United States Code, Title 23, Chapter 2, Section 217 (CFR, 2001), mandates
that “bicycle transportation facilities and pedestrian walkways shall be considered, where appropriate, in
conjunction with all new construction and reconstruction of transportation facilities, except where bicycle
and pedestrian use are not permitted.” Cities and communities around the USA have seen a huge rise in
active commuting. Some cities such as Lexington, Kentucky, and Portland, Oregon, have seen
approximately a 300% growth in bicycle commuting over the last decade where San Francisco,
California, New Orleans, Louisiana, and Anchorage, Alaska, have seen more than a 100% increase (37).
This increase in active transportation modes not only enhances public health by decreasing obesity, but it
also improves the environment by moving away from the old paradigm of vehicular mobility and access,
which reduces fossil fuel usage and air pollution.
2.1.
Severity of Crashes
While public health researchers argue about the societal health benefits of active modes (38), the
increased level of exposure of pedestrians and bicyclist to vehicular movement creates safety issues.
According to the World Health Organization (WHO) (2013), more than 270,000 pedestrians die
worldwide each year and account for 22% of the total 1.24 million deaths from road traffic crashes (39).
In the United States, 4,743 pedestrians were killed and nearly 76,000 were wounded in traffic accidents in
2012 (40). During the same time period, a total of 726 pedal cyclists were killed and an additional 49,000
injured in motor vehicle traffic crashes. A significant percentage of bicycle fatalities include children
from the age group 5-15 (41). According to a report from the Centers for Disease Control (CDC) in 2005,
traffic safety is the 2nd most common barrier for children walking to school (42). Evidently, these crashes
have deterred pedestrians and bicyclists from using an active mode of transportation more frequently, and
researchers have been trying to solve the problem for many years (43). A lot of researchers have done an
extensive amount of study on pedestrian crashes (44-47) or bicycle crashes (48) or both pedestrian and
bicycle crashes (49-51). But as collisions remain rare and random events, researchers have to gather
several years of data to produce statistically significant estimates and discard the variations due to their
stochastic nature. Moreover, the data quality of crashes remains low because of post-hoc description,
witness accounts and site observations, which may underrepresent actual safety issues that exist. The
ethical concern of the safety analyst to wait for an accident to happen to take any preventive measure also
appears to be an issue. Clearly, only using crash analysis does not adequately portray the safety
challenges that pedestrians and bicyclists face in their day to day movement.
2.2.
Importance of Conflict Analysis
The perceived safety of walking or biking can only be truly observed through lived experienceparticipation, interaction and/or observation, which verifies that accidents often reflect the “tip of the
iceberg” in terms of systematic risk (52). According to risk management and industrial accident
prevention researchers, near misses appear much more predominant than their related incidents (53, 54).
The series of events (e.g., braking, swerving and stopping) that lead to near-miss or traffic conflicts have
similarities with the series of events (e.g., braking, swerving and crashing) preceding actual crashes (55).
The only difference between a real crash and a near-miss as the term implies that in near-miss events the
parties involved barely avoid the collisions where in a crash, they cannot.
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Perkins and Harris (1967) propose the concept of conflict analysis as an alternative to collision data,
which in many cases are scarce, unreliable, or unsatisfactory. They generally defined a traffic conflict as:
‘‘An interaction between two or more road users and an incident that induces the avoidance behavior of
road users to avoid an imminent accident” (56). A formalized definition of a traffic conflict was later
adopted as “an observable situation in which two or more road users approach each other in space and
time for such an extent that there is a risk of collision if their movements remain unchanged” (57). Since
then, safety researchers and practitioners increasingly use the traffic conflict techniques in assessing the
safety of a road entity (intersection, road segment, etc.) (58, 59). As conflicts occur more frequently, a
systematically observed conflict analysis can provide insight into the failure mechanism that leads to
collisions (61) and thus help analyzing, diagnosing and solving safety problems (60).
2.3.
Research Progress in Conflict Analysis
A more in depth knowledge on the severity of conflicts will help in evaluating transportation
infrastructure safety conditions and predicting collisions. Various conflict indicators have been
established to measure the severity of an interaction by quantifying the spatial and temporal proximity of
two or more road users. The main advantage of conflict indicators is their ability to capture the severity of
an interaction in an objective and quantitative way (61). Therefore, Hayden (1987) proposes the Swedish
Traffic Conflict Technique as an expansion of Perkins and Harris’ concept, which systematically arranges
the steps that must be taken in vehicle accidents (55). A comprehensive summary of the different
indicators is provided in Brown (1994) and Tarko et al. (2009) (62, 63).
Hayward (1972) identifies the Time-To-Collision (TTC) as a major factor to describe the danger of a
conflict situation (64). When attempting to extend this idea to rural intersections, Svensson and Hyden
(2006) find that vehicle speeds also represent a dominant factor (64, 65). Various other researchers have
studied the severity of conflict and identified that time to collision, distance and speed of the approaching
vehicle may contribute to severity. More recently, a comprehensive study from Casey et al. (2016) has
developed conflict analysis performance measures for both pedestrians and bicyclists for both
intersections and segments (25). The research team considers two broad types of conflicts for both
pedestrian and bicyclist interactions with the transportation infrastructure. A non-overtaking (or angled)
conflict type occurs when parties (pedestrians, bicyclists, or vehicles) are not travelling in the same
direction. Overtaking conflicts occur between parties that are travelling in the same direction. The three
factors considered in this study to measure the severity of conflict include speed of the
approaching/crossing vehicle, lateral/longitudinal distance of the vehicle and time to take action. In total,
the study considers the following five types of conflicts:






Pedestrian – Vehicle
Bicyclist – Vehicle
Pedestrian – Bicyclist
Vehicle – Bicyclist (Overtaking)
Bicyclist – Pedestrian (Overtaking)

This study adopts these key elements of conflict analysis in the development process of the app and uses
the app to collect information on these variables.
2.4.
Stakeholders associated with Conflict Analysis
Utilizing stakeholders during various parts of a study can increase the validity of the study by verifying
specific needs or present an opportunity to gain additional knowledge from an outside source. After
reviewing various pieces of literature, gathering a set of stakeholders requires putting together a diverse
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group of individuals that have backgrounds associated with the key aspects related to the project (67). The
stakeholders associated with this study can be characterized into three general groups;




Those concerned with bicycle and pedestrian safety,
Those concerned with public/environmental health, and
Those concerned with city/regional planning and management.

In this case, more than 30% of the stakeholders have a relation with bike and pedestrian safety in some
capacity. Many of these stakeholders are affiliated with North Central Texas Council of Governments
(NCTCOG) or with the planning departments in numerous cities. Examples of some stakeholders
associated with this project are:
Table 1 Examples of Stakeholders Associated with the Project

Category

Examples

Bike/Ped

NCTCOG, National SAFE KIDS Campaign, Kalamazoo Bicycle Club

Health

TCPH, DCPH, MDCH, City Public Health

Planning

City of Dallas, City of Denton, NCTCOG

The stakeholders who work or are associated with bicycle and pedestrian safety consist of metropolitan
planning organizations (MPOs), advocacy groups and statewide bicycle-pedestrian coordinators. Tarrant
County Public Health (TCPH), Dallas County Public Health (DCPH), and other community health
organizations represent examples of stakeholders for public/environmental health group. Lastly, the
stakeholders of the planning division include cities, consultants, and MPOs. A comprehensive list of the
stakeholders are tracked in an Excel file from the beginning of the project (Appendix A), arranged by
their particular affiliation or organization. The initial stakeholders were obtained to complete a survey in
order to better understand their needs, wants and concerns. They were then used in order to develop a
snowball effect where they were able to name additional individuals who may have an interest in
participating in the study. The final list of all individuals named as stakeholders will be listed in
Appendix A and includes all initial stakeholders and the stakeholders obtained through the snowball
effect. The last phase of testing for the app’s development includes this final group of stakeholders.
2.5.
Conflict Analysis Data Collection
Despite the fact that several studies have demonstrated the feasibility of collecting conflict data using (i)
field observers (56; 67-71), (ii) simulation models (72-77), and (iii) video-camera (78-81, 61), they all
have pros and cons associated with them. For example, simulation models can not consider the
unexpected behaviors of parties involved in a conflict and research on sophisticated video data collection
and automated video data analysis process remain in the development level (61). Sending field observers
to conduct conflict surveys may be the most practical solution as numerous research studies confirm that
people seem relatively good at comparing situation-specific cycling risks (82-85). Knowles et al. (2009)
also find in their research that self-reported conflict reports almost accurately matches with the event and
provides an ‘early warning’ sign of possible injury behavior (86). While conflict analysis will provide
better understanding of the crash occurrence and improve safety of active mode users, the lack of an
extensive database hinders its further improvement. Crowdsourcing data from users will not only reduce
the cost of collecting conflict data, but it also enhances a database by collecting various level of
information, which otherwise remain unreported.
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3. Crowdsourcing and its Legal Issues:
In this particular case, the new Android based app called Safe Activity utilizes crowdsourcing in order to
generate mass data about potential safety issues from a pedestrian’s or bicyclist’s point of view. Although
crowdsourcing represents a newer concept in transportation planning and research, it can be beneficial by
limiting the cost related to data collection, creating a more efficient system of data retrieval, and
minimizing the time to conduct data collection. However, because utilizing crowdsourcing as a form of
data retrieval in transportation remains new, some limitations exist such as accuracy, unusable, and
uncertain biased data collected based on the user’s accuracy. Despite the potential disadvantages affiliated
with crowdsourcing, with informed subjects and clear, concise statements, this method of data retrieval
can vastly innovate transportation planning and safety analyses. If and when an app user faces a near miss
or potential conflict while engaging in an outdoor activity, he or she may log into Safe Activity and follow
the simple question and answer format in order to generate a severity index for his or her specific
incident. Once this information has been submitted, it is stored in Amazon Cloud and formatted into files
that can be used by municipalities and transportation planners for further research. The app not only uses
crowdsourcing as a form of data retrieval, but it also allows the users to see conflicts that have been
logged by other users, which in return crowdsources knowledge about the safety issues that are present
near them.
When considering the collection of data through crowdsourcing and mobile applications, legal issues
appear inevitable. One of the most prevalent issues related to any data collection project lies within the
privacy and rights of its users. This problem can be faced at various points in the project and even after
the project life has expired. During the development phase, the study conducted surveys and stakeholder
interviews, which required collecting personal information from the human subjects to enhance the
development and testing process. Due to the fact that this project utilized human subjects and was being
federally funded, the UTA Institutional Review Board (IRB) provided review and approval of the
research protocols prior to initiating the research. On January 27, 2016, the UTA IRB assigned an
exemption to the project under Title 45CFR Part 46.101(b) (2) referenced from the federal guidelines for
the protection of human subjects. Once the IRB completed its review and gave approval, all human
subjects who wished to participate in the research study received an Informed Consent Document prior to
their participation. This document includes phrasing that ensures the subjects’ knowledge of voluntary
participation, lack of penalty if participation is discontinued, lack of compensation for participation, right
to decline participation, the research procedures, and a confidentiality clause.
Additional issues related to the application and crowdsourcing included the collection of personal
information (email address), GPS monitoring within the mobile app, and storage of the data in the
Amazon Cloud. As the mobile app only collects the email from the users, limited personal information is
actually obtained within the app itself. GPS monitoring is also not available on this app in particular, and
therefore, the movements of the users is not recorded or stored. The user must input their conflict location
or drop a pin in order to record the data they wish to input, but this feature will only record the single
location that he or she wishes to log. Users can also use a “My Location” feature which will display a
map of logged conflicts near their current location; however, this location information will not be stored
unless an additional pin is dropped or a conflict is recorded. By making the mobile’s continuous GPS
tracking unavailable in the app, the users’ locations are kept private whether the app is running or not and
only recorded when they choose to do so. These features limit what is being put into the storage cloud,
and only allows information that the users have voluntarily submitted to be recorded while
minimizing/eliminating and identifiable information (except the email ID) to be associated with the
submitted information.
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4. Design Requirements
At the beginning of the project, the research team identified various factors associated with conflict
analysis and used them to prepare the prototype of the app. This prototype is then tested among carefully
selected experts for feedback on the app’s interface and functional requirements, and the end user
requirements, which are explained in detail in the following sections.
4.1. Primary Investigation of Conflict Analysis and Identification of Indicators
This study considers the aforementioned categories of conflicts, their definitions and the variables that
define the severity level. The recent research performed by Casey et al. (2016) focuses on developing a
conflict analysis methodology as a surrogate safety measure. This TRCLC study surveys key policymakers and experts on previously defined overtaking and non-overtaking conflict factors. As mentioned
earlier, this study defines five different types of conflicts and severity evaluation factors; a detailed
summary table of these can be found in the Appendix B. The aforementioned TRCLC report also
develops a performance measure metric for different conflict scenarios and defines them for four different
severity levels (25). This crowd-source data collection study considers those severity levels and assigns
them for different combinations of conflict scenarios. Appendix C provides the severity of these scenario
based conflict situations user convenience.
4.2. Stakeholders Recruitment Process
For the focus groups, the study group recruits two groups: “app users”, and the "end users". App users
include those who utilize non-motorized modes of transportation (pedestrian, runners, and bicyclists).
Meanwhile, end users include those professionals representing local and regional government officials,
bicycle-pedestrian coordinators, and nonprofit groups. The research group recruited "bikers, walkers, and
cyclists" from contact information obtained through running, walking and bicycling organizations around
the Dallas-Fort Worth (DFW) area. Additionally, NCTCOG, the MPO for the North Central Texas
region, helped to recruit "end users" through their database of local government contacts and
organizations using an email about the research and an invitation to the focus groups sessions.
4.3. Focus Groups Interview Protocol
The team conducted two sessions of focus group: 1) potential app users held on March 2, 2016; and 2)
potential end users held on March 3, 2016. Each focus group lasted approximately 45-60 minutes with 510 participants in each session. Both focus groups were audio recorded and held at the NCTCOG office.
Some interest, mainly from potential app users, in focus group participation could not be accommodated
due to time and location constraints.
4.3.1 App user focus group
The purpose of the focus group with potential app users was to determine what information they were
willing to enter and features that can be useful to improve safety. The research group prepared prototype
app interfaces and showed them to the group during a presentation at the beginning of the interview
(Appendix D-1); they also asked the participants questions about user friendliness, usefulness, and
features that a user would find beneficial to encourage daily app use. After the discussion, each
participant was given a questionnaire that asked "bikers, walkers, pedestrians" to provide a list of the kind
of conflicts they encounter during a walk, ride and run; ideas for an easy way for them to log this
information on an app on a daily basis; as well as other route information they would like to provide to
local governments.
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4.3.2. End user focus group
The purpose of the focus group with end users was to discuss with local government officials and
transportation agencies the types of pedestrian and bicyclist conflict data needed to better improve safety
through transportation infrastructure and services. The research team showed a series of images for the
app's interface and the type of information that can be gathered via the app in a presentation at the
beginning of the focus group (Appendix D-2). The focus group for end users discussed the type of data
that can be collected from an app-based crowdsourcing tool to inform decisions regarding investments to
increase biking, walking and running safety in their community. The questionnaires for end users asked
for input on data needs, desires, and concerns that can help increase biking, walking and running safety in
their community.
4.4. Feedback from stakeholders
The major feedback from the two different focus groups is:
‐
‐
‐

‐
‐
‐
‐

Participants at the focus group for app users suggested that near misses and crashes remain underreported
The app interface needs to be simplified; graphics and images should only be present if necessary
One of the ways to provide incentives for app users to use the app daily is by encouraging forms
of a community of app users that allow users to see and share information about conflict incidents
and crashes
A community of app users could be connected as a part of a larger social media platform
Participants at the focus group for end users had concerns about the accuracy of self-reported
incidents
A participant (end users) inquired whether there was a way to record who was responsible for
conflicts
Data needs to be available even if end users do not have GIS program capacity.

4.5. App user’s requirements
The functional and user interface requirements for this application derive from the input obtained from the
two focus groups (app user and end user). Table 2 describes the desired features of the app, its functional
requirements and the cloud service.
4.6. End User Requirements
4.6.1. Search and Download conflict information
The application provides an interface, which allows the user to search through the conflicts by zip code or
distance in miles. An app user has the capability to search conflicts through three different filters
including; 1) the users’ own conflicts, 2) all conflicts recorded in an area by zip code, or 3) all conflicts
recorded in an area by distance in miles. As an end user or admin, methods for downloading are also
present once the search has been completed. As per capabilities, these users should be able to download
the conflicts. The download option gives a way to share conflict information with end users. Conflicts can
be downloaded using either a CSV or KML format. The CSV format facilitates sharing information in a
text format with end users, and it works with applications like Microsoft Excel for viewing and analyzing
the conflict data. A detailed data dictionary associated with the app is also available to download from the
app (Appendix E). Applications like Google Earth and Google Maps can view the KML files.
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4.6.2. Location search
The application should provide a user interface to easily search a particular location using map view. Users
should be able to search a location by name or zip code.
4.6.3. Data subscriptions service
The application’s user interface shows all conflicts by search filter in text format in the list view, which is
sorted by time. This application should provide an interface that can access information in CSV [15] or
KML [16] file formats, which can be downloaded and shared.
The assigned flow of the survey questions are shown in the flow chart shown in Figure 2.
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Table 2 Desired Features of the app and their Functional requirements

Desired Features

Interface Requirements

Functional Requirements

1

Sign In and User
Identification

The user should have a sign in option where he/she can user
his/her email ID and log in

Every conflict recorded should be associated with some unique
identifier that represents the user who recorded the conflict

2

Map View

The application provides a full screen map view to the user. It also
displays the street names and postal code information along with
current location identifier

This map shows an aerial view so that users can select different
locations on the streets for recording conflicts. User should be able to
use their current location for recording conflicts.

3

Location Search

The map view also comes with a location search options where
users can type in zip code of location address

The application should provide user interface to search particular
location using the map view and able to locate the location by Zip code
or address

4

Local Storage

Application requires showing images and GIFs to user to make the
user interface more intuitive. These images and GIFs are
associated with different survey question of the app.

Images and GIFs are stored on internal storage of the application to
show when appropriate

5

Search Conflict

The application equips the users with a user interface that provides
menu options used to search conflicts by zip code or by distance in
miles. Users should be able to see conflicts recorded by
themselves, as well as by other users.

The application should provide a way to search conflicts recorded by
different users Possible filters for searching conflicts include 1) user’s
own conflicts, 2) all conflicts recorded in area by zip code, and 3) all
conflicts recorded in area by distance in miles. Zip codes and distance
in miles are user-entered values.

6

Recording
a
Conflict/Activity

The app should provide a smooth interface for the survey questions
for recording any conflict or activity.

The user should be able to answer a set of predefined questions for
recording a conflict or an activity

8

Interface to Cloud
Storage

When prompted, conflict records from the cloud storage can be
seen on the map view of the app

Conflict data is stored on Amazon cloud database in this application.
This application manages create, read, write, update operations on this
remote database.

9

Data Subscription
service

The application’s user interface shows all conflicts by search filter
in text format or in a map.

This application should provide interface that can access information
in CSV (88) or KML (89) file formats, which can be downloaded and
shared.
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Figure 2 Flow Diagram for Survey Questiions (Appendix E)
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5. App
p Developmen
nt
This app developmen
nt section laays out the developmentt process of the app baased on num
merous
brainstorm
ming sessions of the reseearch group for achievinng requiremeents set by ffeedback from
m the
prototype testing and focus
f
group survey.
s
The development
d
pprocess inclu des steps for developmentt from
t production
n version.
the protottype phase to the
5.1. Devellopment of prrototype
At the beg
ginning of thee project, the research grou
up developed the prototypee of the application and tessted it
to get inittial feedback. The prototyp
pe had a simp
ple user interfface, includinng the map viiew and the ssurvey
used to reccord conflict information. The recorded
d data was dow
wnloaded as a CSV formaat file directlyy from
the AWS Dynamo DB service. Thiss prototype waas developed from the feeddback of the iinitial app useer and
end user focus
f
groups.. The research
h team condu
ucted the initiial prototype rollout in sprring 2016 wiith the
assistancee of the studen
nts enrolled in the introductory class off Transportatiion Engineeriing, which is listed
as CE 330
02 at UTA.
5.1.1. Dev
velopment off simple user interface forr recording cconflict data
The first stage
s
of the prototype
p
dev
velopment tacckles simple uuser interfacee, which gives the user a w
way to
record datta through thee map view an
nd survey inteerface. The clloud interfacee that was deveeloped updatees this
data into the
t AWS Dyn
namo DB dattabase (90). Fiigure 3 showss the user inteerface createdd during this stage.
The proto
otype user inteerface enablees a user to reecord a confliict with inform
mation, such as the descriiption,
type, datee, time, location, and severrity of the con
nflict, using m
map control oon the app’s hhome screen. Each
conflict reecord is show
wn on the maap view of th
he app with bbasic informattion (such as type and locattion of
conflict) asssociated with
h it.

Figure 3 Prrototype Version User Interface

5.1.2. Tessting and Ressults
The proto
otype applicattion was madee available to
o students forr download annd use (91) oon the Googlee Play
Store. Affter the testin
ng of the app
p by the stud
dent users forr approximattely one monnth, the devellopers
analyze the
t
recorded
d data and feedback
f
surrvey from tthe users foor potential errors and ffuture
modifications. Figure 4 shows the database
d
snap
pshot of the rrecorded dataa by the studeents. The prottotype
app repreesents the ideea of the poteential applicaation to the ffocus group aand hence reccorded data iin the
prototype stage in not fully
f
completeed as per the requirements.
r
.
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Figure 4 Prrototype Version Cloud Databasee View

5.2. M a i n Software Architecture
A
This softw
ware architeccture containss two main co
omponents, m
mobile appliccation and clooud services. T h e
m obile ap
pplication will collect the necessary data from userr inputs as pper the requireements and uupload
the collected data to the cloud-baased databasee. The mobille applicationn also interaccts with the ccloudbased dattabase servicee and queries data when required. Thhis interactionn occurs betw
ween the queerying
database with
w differentt search queriies generated as per the reequirement byy the user. Thhe applicationn also
uses clou
ud services provided
p
by Google. Thee mobile appplication conntains a user interface annd the
interface to
t cloud-baseed database seervice. The usser interface iincludes a maap view, survvey user inteerface,
list viewss, a n d menu
u options for t h e u s e r s t o s i g n i n a n d s e a r c h . The interrface related to the
cloud-based database service utiliizes an Amaazon Dynamoo DB mappeer package ((92). Dynamoo DB
mapper provides
p
a sim
mple and eassy way to acccess the clooud-based daatabase in A
AWS. The M
Mobile
Applicatio
on also conneects to the Google
G
cloud to use servicces like Googgle Maps (93)), Sign in (94), and
Location APIs (95). The
T AWS clo
oud database contains tablles created too store conflicct informatioon and
user grou
up related infformation. Google
G
client APIs providde a way to connect to the Google cloud
services. Figure
F
5 show
ws the differen
nt componentts of the softwaare architecturee in detail.
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Figure 5 Hiigh-level Block Diagram
D
of Mobile Application

5.3. Detaiiled Design and Implemen
ntation of Mo
obile Applicattion
5.3.1. Loccation Inform
mation
Functionaalities, like the record, searrch, and user reminder notiification, makke use of the uuser’s locatioon and
location services.
s
Firsstly, this appllication, in particular,
p
usees the locatioon services aapplication proogram
interfaces or APIs to know
k
the userr’s last locatiion. Google M
Maps for Anndroid provides inbuilt feaatures,
which hellps a user to move the maap view to itss current locaation (96). Fiigure 6 (a) shhows the buttton in
right-top corner just below
b
the seaarch button. The
T user’s lasst location iss required in this applicatiion to
notify thee user about conflicts in the current area
a
and withhin a certainn distance of the user’s cuurrent
location. This
T API prov
vides location
n in terms of geographic coo-ordinates laatitude and loongitude. Secoondly,
a geocodee class is partt of the Andrroid frameworrk location A
APIs (97). This class proviides two important
functions:: 1) Geocodin
ng 2) Reversee geocoding. Geocoding
G
is the process oof convertingg a street addrress to
latitude an
nd longitude i.e. geograph
hical coordin
nates. Contrarry, reverse geeocoding connverts geograpphical
coordinates to a street address. This application uses reverse geocoding too display the current addreess on
the home screen when a user movess the map view
w to any partticular locatioon (Figure 6 (b)). Lastly, a place
autocomp
plete service in
i Google Plaaces API prov
vides the list of places in return to a uuser’s search query
(98). Thiss application uses the optiion launching
g autocomplette activity using intent. Thhe Activity reeturns
the resultts to parent activity usin
ng Place is an object thhat provides information like geograpphical
coordinates. Figure 6 (c) shows the place
p
autocom
mplete activitty with a list oof places searched by the uuser.
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a

b

c

Figure 6 a) My Locatio
on Button, b) Geeocoder View, c) Place Autocompplete activity

ogle sign in
5.3.2. Goo
The user identification
n in this app
plication usess Google Siggn-In for Anddroid devicess (94). Userss with
Google reegister every Android dev
vice. By usin
ng the Google Play Servicces API cliennt in Android, the
Google Sign-In
S
featu
ure may be integrated in
nto any appplication (94)). Google services provvide a
configuration file that is needed to integrate into
o the applicattion in order too get access tto Google Siggn-In,
which in return
r
providees access to th
he application
n. This file c ontains inform
rmation, like API access related
keys and authenticatio
on information
n, used to creeate a client iid with Googgle, which is nnecessary for uuse in
this project. This appliication, in particular, utilizzes the app uuser’s email idd as an identiification paraameter
for each conflict
c
record
ded and proviides the user’ss full name inn the user interrface. Using G
Google Sign--In for
Android provides
p
an au
utomatic and secure registrration system
m that is used bby various deevices and useers. In
addition, th
he Silent Sig
gn-in feature enables the application
a
too “silently” sign in using ppreviously grranted
authorizattion (99). Wh
henever the usser launches the applicatioon the silent ssign-in featurre allows a uuser to
sign in im
mmediately an
nd retrieve prrofile informaation. If theree is no user auuthorization ppreviously doone on
the devicee, the user app
plication prov
vides sign-in options
o
againn to a user.
5.3.3. Goo
ogle Maps
The Goog
gle Maps An
ndroid APIs make
m
adding Google Mapps to an Anddroid applicattion possiblee (93).
Google Maps
M
APIs in Android
A
uses Google Play Services SDK
K. Installing aand configuriing the Googlee Play
services SDK
S
providess access to th
he application
n. The applicaation should aalso be registeered in the G
Google
API conso
ole in order to get a Googlee API key, wh
hich will be aadded to the A
Android projeect. With resppect to
mapping needs, Goog
gle Maps pro
ovides a way
y to add mark
rkers and shaapes to the m
map view. G
Google
documenttation for dev
velopers prov
vides online systematic
s
heelp to add Gooogle map viiew to an Anndroid
applicatio
on. This appliication’s map
p view provid
des users thee access to reecord a locatiion and then view
recorded conflicts
c
using markers. Map
M view also serves as the home screenn for the application (Figurre7).
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b

a
Figure 7 a. Drawing Markeer; b. Drawing Small
S
Snippet

Map View
w provides a way
w to record
d a conflict at a particular llocation and tthen use the seearch button oon the
top-right corner to search any loccation by nam
me, zip code,, street namee, and addresss. Map view
w also
provides an
a option for “my
“
location”” to center thee map view tto the current location. The map view iis also
used to viiew search results. Users can
c search con
nflicts using tthree primaryy filters usingg the menu opptions.
The map view can alsso be used fo
or placing maarkers when rrecording a cconflict. Thesse markers w
will be
displayed with different colors, wh
hich correspon
nd to severityy levels (1000). Figure 7 ((a) shows diffferent
markers drawn
d
with in
nfo windows. The Marker Options (1011) class in Anndroid providdes functionallity to
state the position
p
in lattitude and lon
ngitude, iconss with colors, title and smaall snippet as shown in Figgure 7
(b). Lastly
y, Google Maps Android API also pro
ovides map aanimations using the map view where it can
adjust to different
d
zoom
m levels or tillts and panneed (102). LatL
Lang and LatL
LangBounds classes are used to
adjust and
d provide a diffferent set of points on the map for anim
mations (103, 104).
5.3.4. Useer Interface Views
V
and Controls
This sectiion describes the view and
d controls avaailable in Anddroid and usedd to implemeent this appliccation.
Table 3 lists the views and controls used to build different com
mponents in thhis applicatioon.
Table 3 Usser Interface Conntrols

1
2
3
4
5
6

View/Control
V
l
Activity
A
Fragment
F
Alert
A
Dialogs
Snack
S
Bars
Image
I
View
Navigation
N
Drrawer

7
8
9

Recycler
R
View
w
Date
D Picker
Time
T
Picker

Components
Home screen, Surveey screen, Shhare screen
Survey
y questions, Map
M View, GIIF Player, Location Searchh view
Popup
p dialogs, Erro
or Dialogs, U ser Inputs, annd Confirmatiion messages.
Showiing alerts, messages to a usser.
Survey
y screens to sh
how extra infformation
Navigation drawer is the navigaation options displayed onn the left sidee
of the screen
List viiew on the shaare screen.
Date picker
p
view in
n survey screeens.
Time picker
p
view in
n survey screeens.
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5.3.5. Surrvey Design
Conflict information
i
iss recorded in the application with the hhelp of surveyy questions ass mentioned in the
requiremeents. Users arre asked a seet of question
ns regarding the conflict, which will bbe recorded iin the
database. The visual representation
r
n (i.e. jpeg orr gif) of thesse conflicts aalong with exxact definition and
variable categories
c
aree followed from Casey et al. (2016), w
which was deeveloped by the team from
m the
feedback of the two fo
ocus groups mentioned
m
eaarlier. The SuurveyRecords class represeents the one rrecord
generated
d after a user enters answerrs to survey questions
q
in oone flow. Thee SurveyRecoord is converrted to
the databaase mapper cllass used by DynamoDBM
D
Manager classs. The Surveyy user interfacce creates dynnamic
screens generated as the
t survey flo
ow goes on a particular ppath with eacch question aanswered. Anndroid
provides a Fragment view, which holds a piece of
o the user innterface (UI) (105). One Frragment view
wed as
part of an
n Activity in Android.
A
Thee survey uses one Activityy and list of ffragments to show questioons on
that Activ
vity using FragmentManag
ger (106). It iss possible to ccreate a stack of fragmentss in Activity, w
which
supports push
p
and pop
p operations.. Using this stack, the suurvey UI impplements the next and preevious
operationss.
5.3.6. No
otification Service
Notifications and remiinders as per requirements use differennt Android frramework utiilities provideed for
implemen
ntation. Figure 8 shows th
he details on design for thhe generation of notificatioons and reminnders.
Applicatio
on sends notiifications to th
he users when anyone recordds an incident in the nearby vicinity and seends a
daily remin
nder to record a conflict.

Figure 8 Notification
No
Service Architecture

5.3.6.1. Notification
N
Alarm
A
Receiv
ver
Notification alarm receeiver interactss with the An
ndroid Alarm Manager in A
Alarm servicee and registerrs two
alarms using Pending Intents
I
as sho
own in Figuree 8 (107, 108)). Applicationn componentss boot receiveer and
launcher activity
a
of ap
pplication reg
gister alarms using pendinng intents to the Android Alarm receivver. A
Pending In
ntent is a way
y to communiicate with existing servicess in the Androoid frameworrk.
Pending intents
i
registtered with th
he Android alarm
a
servicee will call thhe handler inn the applicaation’s
notificatio
on alarm receeiver. This recceiver is a ty
ype of Wakefu
fulBroadcastR
Receiver in A
Android (109). This
will wakee up the devicee whenever an
n alarm triggeers off and eveen if device iss in sleep mode.
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5.3.6.2. Notification Boot Receiver
The Notification boot receiver with the help of a notification alarm receiver registers the required alarms
with the framework in case of device reboots. The Boot receiver implements handler, which triggers in the
case of device reboots. This step is important as the application exits when a device shuts down and a user
may not launch the application every time after reboot to register the alarms required (110).
5.3.6.3. Android Alarm Service
Scheduling repeating alarms with Android alarm is an easy procedure (111) because Alarm manager APIs
remain simple to use. There are several ways and types to register alarms on Android device. The alarms
used in this application are real time wake up as the application requires showing notifications even when
the device is in sleep. Repeating alarms are in Android can be exact or inexact. The inexact alarms used in
this case allow the Android framework to manage power better by aggregating requests from different
applications and wake up the device at a single point in time to serve them all together. Setting an inexact
repeating alarm type will also help and not burden the cloud-based service. This will also largely help to
avoid the concurrency issues with cloud-based services.
5.3.6.4. Notification Scheduling Service
The notification scheduling service will handle the requests from the Notification Alarm Receiver to
actually queue the notification with the Android framework (112). This service runs in the background and
handles the intent from the alarm receiver once a day. It takes the decision whether to show a notification
and reminder depending on the application’s current user and user group. The service uses the user
manager and Dynamo DB Manager to get information about the capabilities of the current user.
5.3.7. File Writers
The application provides a way for end users to download and share conflict records using both CSV and
KML file formats. Created files appear in the external directories. This directory is temporary and external
to the application. In this case, files created are shared with other applications such as the Gmail, Dropbox
when a user selects the share option. The system takes care of deleting files in an external directory when
the user uninstalls the application or when the system requires more space. A user has an option to choose
the download format as either CSV or KML. The CSV format file is created as per the columns and rows
specified in the requirement. The KML file format opens in applications like Google Earth and the
application implements the KML writer to create this file format.
5.3.8. Cloud-based database
This application uses a cloud-based database service to store all conflict data recorded by the user and all
of the application users’ and groups’ information. Figure 9 shows the application’s components and
interface to cloud in detail. The cloud database used in this application is Dynamo DB. This section
describes the configuration and interfacing with Dynamo DB from the Android application.
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Figure 9 Arrchitecture of Intterface to Cloud

Dynamo DB
D is a NoSQ
QL database service
s
and itt is a simple w
way to get a ffully managedd database ruunning
in a short time. As thiss application requires
r
a seccure and easy to handle dattabase servicee, Dynamo D
DB is a
quality op
ption because it
i provides wh
hat is needed
d. Amazon allso provides ddifferent acceess controls too each
table creaated in Dynam
mo DB. Autheentication and
d access contrrol for Amazoon Dynamo D
DB uses credeentials
as part of AWS Identity and Access Managemen
nt (90).
D is a NoS
SQL databasee as described
d in Amazon documentatiion (113) andd provides thee high
Dynamo DB
performan
nce needed fo
or real-time ap
pplications an
nd on devicess like those thhat mobile phoones use. Thee APIs
that are used
u
to store and retrieve in Dynamo DB
D are objecct based, whiich mean thaat the developpment
becomes easier for the app
a creators. The data mo
odel is key-vaalue based, annd the values are retrieved in the
form of JSON,
J
XML.. The data model
m
is also schema-less in Dynamo DB, which makes storinng the
records deerived from the
t survey thaat takes different paths eaasier; not everry record storred in the dattabase
has data for
f every key in the databasse.
The appliication storess conflict data and user group
g
related information in this cloudd database. Three
different tables
t
handle this requirem
ment, and the access
a
to thesse tables uses the Dynamo DB Managerr. This
interface enables
e
the ap
pplication to create, read, write, and uppdate differennt records in thhese tables. F
Figure
10 shows the databases created in Dynamo
D
DB. The databasee tables have all the inform
mation describbed as
nts of this app
plication. Thee Dynamo DB
B Manager pprovides serviice to the diffferent
part of the requiremen
componen
nts in this app
plication to provide accesss to the databbase. The survvey records uuse this interfa
face to
store confflict informattion in the dattabase, whereeas the notificcation servicee and the userr manager neeed the
applicatio
on user group
p’s related in
nformation fro
om the databbase. The Dyynamo DB M
Mapper class is the
interface to the Dynam
mo DB from application. The Mapper provides dirrect access too the DB from
m the
applicatio
on and provid
des different operations
o
lik
ke save, delette, and scan oon the tables.. The Dynam
mo DB
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also proviides differentt ways to scaan and query the databasee using the D
Dynamo DB M
Mapper class. This
applicatio
on uses the filtter expressionns to search different confllict records froom the databaase.

Figure 10 Dynamo
D
DB tablees.

5.4. Data subscription service
Data subsscription serv
vice in this ap
pplication provides an intterface for ussers to the daata recorded using
applicatio
on in the cloud
d-based data store. The app
plication provvides an interrface to data ffor users two ways
1) Visualiization of the data using Google
G
Maps, Google Earthh application 22) Downloadd and email thhe data
as a file with
w the formaat as CSV or KML.
K
Users witth permission
n as defined in
n the applicattion user grouups will be aable to accesss the data from the
AWS Dyn
namo DB serv
vice, download the data an
nd share it. A
As shown in F
Figure 11, a uuser can searcch the
data and export
e
it to a CSV
C
or KML file, this acceess is only givven to Adminn users.
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Figure 11 Data
D
Subscription
n Service User Interface
I

5.5. Veriffication and validation
v
Verification means the product haas been deveeloped well w
whereas validdation meanss does the prroduct
actually achieve
a
its goaals and functiion properly. Verification involves activvities like ensuring the prroduct
is being built
b
in line with the reequired speciffications; it also includees reviewing requirementts and
updating requirements
r
to include feeedback from different eleements like innternal and eexternal revieewers.
Validation
n involves teesting the acctual productt to ensure thhat it works coorrectly as peer the requirem
ments
and design
n.
Verification for this product
p
inclu
udes developiing a prototyype from inittial requiremeents and receeiving
feedback from differen
nt focus grou
ups and UTA
A students te sting the proototype. The internal team
m uses
this feedb
back to refinee and verify requirements. To some exxtent, verificaation also inccludes the m
manual
testing off the prototyp
pe application with somee primary tesst cases. Valiidation testinng happens oon the
production version of the
t applicatio
on with the test plan mentiioned in this ssection. This section docum
ments
the test seetup involved
d to test the prrototype and production veersions of thee applicationss.
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5.5.1. Test setup
Setup includes Android devices with different versions of Android installed to include all supported API
versions, applications permissions, a n d screen sizes. Table 4 shows different devices used for testing
this application.
Table 4 List of Devices Used for Testing

Device Name

Android version

Quantity

1

Samsung GT-N7100 - Phone

4.4.2

1

2

Google Nexus 7 - Tablet

5.0.2

1

3

Google Nexus 7 - Tablet

6.0.1

1

4

Motorola Moto E - Phone

5.0.2

2

5.5.2. Testing
Table 5 shows the overview of some manual/automated and positive/negative test cases run as part of the
unit/regression test phases/plans.
Table 5 List of Test Scenarios

No.

Test scenarios

1

Launching application with location settings enabled/disabled.

2

Launching application with internet connectivity settings enabled/disabled.

3

Tested working on survey user interfaces for different possible combinations of user
inputs.
Recording conflicts of all combinations possible and check cloud database updated
with expected information recorded.

4
5

Test application users and groups information updated properly in cloud-based
database.

6

Test with every new installation user assigned with expected user group as per
requirement.

7

Test notifications and reminders generated using set of devices mentioned in the
setup.

8

Test AWS Dynamo DB interface for handling of requests and response scenarios
using automated/manual tests for different scenarios.

9

Test data subscriptions services like CSV and KML files generated as expected
using share menu options provided.

10

Devices having different emails logins application users and user groups are tested.

11

Different searches of conflict records from database using zip codes, distance
requirements tested using manual using menu options in user interface and
automated using test stubs in source code.
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5.5.3. Bug fixing and Issues faced
5.5.3.1. GIF Rendering
GIF rendering in this application requires hardware acceleration in the disabled mode. Starting with
Android 3.0 the GPU can perform drawing operation on the view’s canvas. By default, hardware
acceleration is enabled, which forces the view rendering to use GPU. This application in the survey user
interface displays GIF animation to make the user interface more intuitive for the user to understand the
conflict scenarios. The GIF file sizes provided were large in size and GPU rendering did not work as
expected. Therefore, this application uses hardware acceleration in the disabled state to avoid using GPU
to render the GIF animations.
5.5.3.2. View Pager Vs Fragment Manger in survey user interface
The prototype version of the survey user interface uses View Pager, which also supported left-right swipe
functionality to navigate through survey questions. As this survey interface requires the user to move to
the next questions only when the user answers all currently displayed questions and the left-right swipe
functionality in View Pager control cannot be disabled, this View Pager control for the survey does not
meet the requirements. Instead, the Fragment Manager APIs easily handle different operations on
fragments and provide a more advantageous survey user interface.
5.5.3.3. Android permissions
The Android system permission model (114) has updates starting with Android 6.0. The application is
required to check run-time permissions from a user along with file permissions mentioned in the manifest
file of the application. One such issue is identified and fixed. The implementation for permission to show
“my location button on Google Map View“ was updated to be in line with this new requirement of the
Android Framework.
5.5.3.4. Notification service
The notification service is dependent on a Google API client connection (115). A Google API client
connection is possible in two ways: synchronous and asynchronous. The notification service was using an
asynchronous way to connect, which caused the service to miss showing notifications. The
implementation is changed to connect the API client in a synchronous way using a blocking connect
method for the Google API client.
6.

Experimental Design

6.1. Training Materials
The research team has developed a demo tutorial video and a PowerPoint presentation for the app users
that explains the different features of the app and guides a user through using it. They have also prepared
a manual that explains the definition of the conflict categories and their severity level (Appendix F). A
comprehensive knowledge of the manual will help users understand variables included in the conflict
analysis used in the app survey questions.
6.2. Application Users and Groups
This section documents the requirements related to the mobile application users and groups. One of the
research requirements of this experimental design is that application users are divided into different user
groups so that application usage for different scenarios can be evaluated. The user groups are differentiated
based on providing 1) a daily reminder, 2) a notification for a conflict recorded in the user’s area, 3) view
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conflicts recorded by user, 4) view conflicts recorded by other users, and 5) download conflicts as a
csv/kml file (Table 6). Users in Group 0 are all with role admin and GROUP 1, GROUP 2, and GROUP 3
are granted with a limited capability role as other.
Table 6 Different User Groups and their functional capabilities

Group

Role

Gets
Reminder

Group 0
Group 1
Group 2
Group 3

Admin
Other
Other
Other

Y
Y
Y

Gets
Notification

View Own
conflicts

View
Other
Conflicts

Y
Y

Y
Y
Y
Y

Y
Y

Download
Conflicts
Database
(CSV/KML)
Y
-

6.2.1. Reminders and Notifications
The research project seeks to determine if daily reminders and instant conflict notification motivates users
to use the app more frequently. For this reason, the researchers have created three user groups as
previously described. The user groups (1, 2, and 3) have different reminders and notification strategies
associated with their respective groups. The reminders would be a daily occurrence, asking “Would you
like to report a conflict today?” If a user clicks on the reminder, it should open the application to show the
apps home screen with the map view. Every thirty minutes, when a conflict is recorded in that user’s area,
then the user receives the notification. The current postal code area represents the current area. The
message shown in the notification would read “one /more conflict/conflicts was/were reported in your
area”.
6.3. Methodology
The research group selected twenty-six different elementary schools from the Arlington Independent
School District (ISD) for the data collection process. The Introduction to Transportation class at UTA
completed their class project in two phases. In the initial phase, each group (at least a group of two)
collects inventory data of the infrastructure elements in their specific school census block, which may
encourage or discourage walking and biking. Later in phase two, each group identifies the busiest area on
the street, whether it is an intersection or a segment and collects four hours of conflict data. Students
perform this phase during peak hours. Most of the groups visited their corresponding site four times and
each time collected approximately one hour of data. The students can also use the app in their day to day
activity. Students have the option to either collect their own conflicts while walking or biking or they can
also be an observer at critical locations and record the conflicts experienced by others.
In addition to the students, the research group also reached out to the agencies and organizations
identified during the previous stakeholder focus groups; the team uses both emails and phone calls to
encourage participation in the app testing. The team also contacted the Arlington ISD Parent Teacher
Associations and collaborated with the Fort Worth Blue Zone project in a voluntary effort to help a
walking school bus. The team also announced a compensation/prize of $50 for the most frequent users.
6.4. Experimental design outcomes
At the end of the data collection period, the research team downloaded the data from the cloud storage
(SurveyRecords.csv) and formatted the data into an Excel file. A set of 129 conflict records are stored in
the database after the research team deleted several records, which were executed during the development
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process by
y the admins for debuggin
ng the app. Ou
ut of these co nflict recordss only 9 recorrds happened when
a vehicle or a bicyclistt has overtakeen a bicyclistt or a pedestriian respectiveely. Based onn the transporrtation
infrastructture within Arlington,
A
the city lacks sh
hared bicycle lanes aroundd elementary schools. The other
120 conflicts are non-o
overtaking co
onflicts. As on
nly students ttook part in th
the data collecction processs, they
mostly rem
mained in theeir school zon
ne areas, whicch evidently ddo not have anny shared traiils for bicyclist and
pedestrian
ns. Almost 67
7% of the oveertaking incid
dents are amoong bicyclist and vehicles and the rest occur
between bicyclists
b
and
d pedestrians. On the oth
her hand, 83%
% of the nonn-overtaking cconflicts (1200) are
pedestrian
n-vehicle con
nflicts whereaas bicyclist-pedestrian connflicts are at 9% and the remaining 8%
% are
bicyclist-v
vehicle confliicts (Figure 12).

Perce
ent of co
onflict tyypes
2.33%
76.7
74%
93.0
02%
4.65%
8.53%
7.75%

O Ped
P vs Veh

O Bike vs Veh

O Bike vs Ped

NO Ped vs Veh

NO Bike vs V
Veh

NO Bike vs Ped

Figure 12 Percent
P
of Confliict records for fivve different categ
egories

6.4.1. Severity Level Analysis
2016) developed a conflict analysis pperformance measure as a surrogate safety
When Caasey et al. (2
measure, they defined four differen
nt severity lev
vels (Table 77). Almost 366% of the connflicts recordded by
the studen
nts appear to be a serious conflict
c
(category A), whiich narrowly avoided colliision. Almost 9.3%
of the con
nflicts recorded fall into category
c
B wh
here incidentts have a signnificant potenntial for a colllision
but may be
b avoided with
w a time criitical responsse. A category
ry C conflict means that thhe conflicts ddo not
appear ex
xtremely severre and the inccident can bee avoided withh moderate tiime and/or diistance availaable to
the partiees involved. Almost
A
31% of the non-o
overtaking connflict falls unnder this cateegory. Finallyy, the
remaining
g 17% of the conflicts ideentified as category D likeely have no iimmediate saafety consequuences
(Figure 13
3).
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Table 7 Conflict category and their definition

Category

Category Definition

A

It is a serious incident in which a collision is narrowly avoided

B

It is an incident with significant potential for a collision where separation decreases
and incident may result in a time critical response to avoid a collision

C

It is an incident characterized by moderate time and/or distance to avoid a collision

D

It is an incident with no immediate safety consequences but met the definition of a
conflict such as encroachment of the space/area of a roadway surface designated for a
single vehicle/person

PERCENT OF CONFLICT SEVERITY LEVEL

9.30%

1.55%

0.78%
D

C

B

2.33%

31.01%

35.66%

Non‐overtaking

17.05%
2.33%

PERCENT OF CONFLICTS

Overtaking

A

SEVERITY LEVEL
Figure 13 Total percentage of conflict records and their severity level

Out of the total overtaking conflicts, the total percentage of bicyclist- vehicle conflict in category A and D
are the same (22%) whereas the percentage in category B and C are the same (11%) (Figure 14a). The
lack of data for overtaking conflicts makes drawing any definitive conclusion difficult. A more detailed
data collection in areas of shared path usage may improve and provide more details into this facility type.

Page 34 of 98

App-based
d Crowd Sourrcing of Bicyccle and Pedesstrian Conflictt Data

PERCENT OF OVERTKING CONFLICT
SEVERITY LEVEL

C

CONFFLICT CATEGORY

B

D

A

C

8.33%
1.67%
0.00%
B

CON
NFLICT CATEGORY

Bike vs Ped
31.67%

28.33%

B
Bike vs Veh

0.83%
4.17%

14.17%
3 33%
3.33%
0.83%

PERCENTAGE OF CONFLICT

11.11%
0.00%

11.11%
11.11%
0.00%

11.11%
0.00%

0.00%
D

PPed vs Veh

2.50%
4.17%

Bike vs Ped
22.22%

Bike vs Veh

22.22%
11.11%
0.00%

PERCENTAGE OF CONFLICT

Ped vs Veh

PERCENT OF NON‐OVERTAKING
CONFLICT SEVERITY LEVEL

A

Figure 14 Percentage
P
of con
nflict records; a. overtaking conf
nflict, b. non-oveertaking conflict

On the otther hand, alm
most 32% of the non-overrtaking pedesstrian-vehicle conflicts aree narrowly avvoided
collisions and hence fall
f under cattegory A. The second higghest number of pedestriann-vehicle connflicts
falls undeer category C, which has th
he potential off being a colliision but mayy be avoided iif moderate tiime to
make a reeaction is avaiilable. More than
t
14% of the
t pedestriann-vehicle connflicts fall undder category D and
about 8%
% falls under category B. Almost
A
3.33%
% of the bicyycle-vehicle cconflicts fall under categoory D.
More than
n 4% of the conflicts occurring betw
ween bikes annd pedestriann fall under ccategory A and C.
Additionaally, less than
n 1% of the biicycle-pedesttrians conflictts are identifiied as categorry D which iss very
negligiblee due to hav
ving very lesss number off observationns (Figure 144b). As menntioned earlieer, the
observatio
on areas near elementary schools
s
appeaar to have lim
mited bicycle uuse along the sidewalk or oon the
streets, so
o the total percentage of the
t conflict bicycles
b
remaain less than 10%. Also, ddue to the facct that
almost no
o designated bicycle
b
lanes on the streett exist in thesse areas, the ppercentage off conflicts bettween
these two parties remaiins low.
H Spot Ana
alysis:
6.4.2. Hot
Identificattion of hazarrdous location
ns or black sp
pots or hot sspots or collission-prone sites is a systeematic
process fo
or distinguish
hing high risk
k road segmen
nts or intersecctions that suuffer from craashes. This m
method
is not only
y a cost-effecctive counterm
measure, but it also helps prioritize speecific treatment sites. This same
concept can
c be used to identify hot
h spots for conflicts, whhich will eveentually reduuce the chancces of
collision occurrence in
i that area. K-mean clu
ustering [1166,117], neareest neighborrhood hierarcchical
(NNH) clustering
c
[118-120], Mo
oran’s I Ind
dex, and Gettis-Ord Gi sstatistics [1221-123] are some
geostatisttical methodss available to
o evaluate thee relative riskk based on thheir degree oof associationn with
their surrroundings. Bu
ut here as a basic examp
ple, the reseaarch team usses a simple distribution-based
clustering
g (124).
Four yeaars of pedesttrian and biccyclist fatalitty data are collected annd mapped oon the previiously
download
ded Google Eaarth file using
g this
sign. From the lim
mited data colllection durinng the field tesst, the
research team
t
matchess four different geo-spatiaal hotspots whhere the userrs recorded a certain numbber of
conflicts at
a these sites.. Due to the uncertainty
u
of crash occurrrence and heence the limitted data on crrashes
and fatalitties, the total number of crashes for thiis example m
may not identiify the comprrehensive natuure of
the hot sp
pot analysis. However,
H
the research team
m found at theese four diffeerent locationss where previiously
a pedestriian or bicyclist fatality occcurred that the
t users havve identified a category ‘A’ conflict aat one
location and
a category ‘D’ conflictss at the otherr three locatioons. This outtcome indicattes that the liimited
data colleection effort provides
p
somee mapping to locations thaat have producced fatalities in the past (F
Figure
15). A more in detail analysis of hotspot
h
and crash
c
locationn matching reemains critical for future crash
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prediction
ns and identification of th
he failure meechanism; hoowever, this w
will require a more signiificant
market peenetration and
d correspondiing communiity use of thee app. The reesearch team has establishhed an
example for
f the end ussers, which gu
uides them through a step bby step proceedure to separrate data in G
Google
Earth for an area speciffic conflict an
nalysis (Appeendix H).

Figure 15 Hot
H Spot of Fatall Crashes and Clusters of Record
ded Conflict

6.5. Feeedback Survey
ey
The reseaarchers preparre and admin
nister two diffferent surveyys for app useers and end uusers using a set of
Likert scaale and open ended questio
ons (Append
dix G). After the end of thhe one month of app testinng, the
users prov
vided feedbacck about theiir experience of using the app. Survey logic is usedd to ask a miinimal
number of questions to
o different gro
oups of users (Table 6) as iidentified by the initial appp sign-in. Aftter the
he survey peeriod (10 day
ys), the reseearch group contacted the remaining “users” whoo had
end of th
download
ded the app to
o try to solicit additional feeedback. At thhe end, only 441 total app uusers completeed the
survey.
ver the overalll competenccy of the appp interface annd the
The surveey uses a sett of questionss, which cov
performan
nce of its feattures. Examplles of sample questions incclude:





I can answer th
he questions easily
e
I was able to accurately deteermine the location of connflicts
The
T notificatio
ons provided via
v the app en
ncouraged mee to use the appp in timely m
manner?
How
H likely willl you suggest the app to your
y
friends?
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While som
me of these questions
q
are designed
d
usin
ng a five poinnt Likert scalee, others are jjust yes/no orr open
ended queestions. Figurre 16 presentss the percentaage of users aagreeing or diisagreeing on certain featuures of
the app.

Figure 16 Percentage
P
of pa
articipants agreeeing/disagreeing
g on user-friendlliness

6.5.1. User-friendlin
U
ness of the Ap
pp.
The reseaarch group peerformed a comprehensive literature rreview on connflict analysiis and adopteed the
performan
nce measuress developed by
b Casey et al.
a (2016) for the data colllection. A grooup of expertts and
policy maakers provideed feedback on
o the user interface requuirements, funnctional requuirements, annd end
user requiirements. This feedback prrocess helped the research team identifyy key desired features of thhe app
and their functionality
y. Based on the
t three indiicating factorrs identified by Casey et al. (2016) (sspeed,
distance and
a time) thatt define confllict severity, the
t app asks a set of surveey questions. Question 3 aasks a
set of queestions on thee user-friendlliness and is designed on a five point Likert scale. The first queestion
(3a) asks the users wh
hether the app
p use is intuiitive or not. M
More than 655% of the parrticipants agrree or
strongly agree
a
that th
hey can use the
t app intuitively and appproximatelyy 30% remainned impartiall. The
second qu
uestion (3b) asks
a
whether the users caan easily answ
wer the app ssurvey questiions. These ssurvey
questions ask the userrs about who is reporting the conflict, the type of pparties involvved in the connflict,
mation
their speeed, the separattion distance and the time for taking anny action. A ccombination oof this inform
actually identifies a sp
pecific confliict scenario and
a its associiated severityy level. Moree than 78% oof the
participan
nts agree or strongly agrree that the app survey seems easy to completee and most oof the
remainderr (20%) remaain impartial. More than 70%
7
of the pparticipants aggree or stronngly agree thhat the
map and symbols
s
appeear clear or eaasy to understtand (questionn 3c) and the rest of them either disagreeed or
remained impartial. The
T next queestion (3d) asks
a
the partticipants abouut how accuurately they could
determinee the location of the confliicts received mixed feedbaack. Approxim
mately, 22% of the particiipants
express so
ome difficulty in marking
g the location
n on the map.. Interestinglyy, 68% of the participantss who
agree or strongly
s
agreee in the Likerrt type questiions that the pparticipants aare able to accurately determine
the locatio
on of conflictts, 14% of theem also express difficulty iin marking thhe location onn the.
6.5.2. In
nconsistenciees and probleems of the ap
pp.
While mo
ost of the parrticipants say they do not see any probblem with thee app, some suggest otherrwise.
Approxim
mately 17% of
o the particip
pants say thatt they are no t able to cappture what theey want and about
29% of th
hem suggest inclusion
i
of a customized incident repoorting option as the app iss unable to caapture
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other types of conflicts such as vehicle-vehicle conflicts. The collection of conflict data between vehicle
and vehicle is intentionally left absent from the app because it remains beyond the scope of this research
study; however, this does not preclude its future inclusion. Approximately 42% of the participants said
they had issues with slower and crashing app while 12 % said that some features of the app did not work.
The research team subsequently corrected the app crashing problem, which occurred for some older
versions of the Android phone. The comments about the app features likely resulted from the
experimental design, which prohibits some user groups from seeing conflicts recorded by others or
receiving notifications. Furthermore, only admin users can download the database while the regular users
cannot, but the interface appears the same for both. As some of the participants suggested that the sharing
option or search option did not work, this strongly indicates that they did not have that privilege and.
Only about 10% of the users said they do not want a product like this whereas approximately 15% of the
students showed a higher level of learning skills gained from the app. These participants (who gained
skills) explained the necessity of having a strong conflict database and autonomous data collection
system.
6.5.3. Daily Notification and Alerts.
Out of the 41 participants that took part in the feedback survey, 36% of them received a daily reminder to
report any incident, 19% of them received a daily reminder and alerts when an incident is reported and
43% of them did not receive any notifications. For those 36% who just received daily reminder, 60% or
more of them said they disagree or strongly disagree that the reminder/notifications provided by the app
encouraged him/her to use the app in a timely manner and approximately 33% of them had a neutral
opinion. For those of the 19% who received reminders and alerts, 62.5% of them disagreed or strongly
disagreed, 37.5% mentioned otherwise. While more than half of the participants (60.87%) disagree or
strongly disagree that the notification encouraged them. Approximately 33% of the participants who
mentioned about getting less notification (once every 1 hour instead of every 30 minutes), strongly agreed
that the notification encouraged them. Some others suggest a customized option for notifications. Of those
who received both notifications and alerts, 62% or more of them agree or strongly agree that the map
showing incidents reported by other people is beneficial. More than 52% of the participants who said the
point system encouraged them, also said the notification encouraged them. Among the participants
(~61%) who may or will use the app in future, almost 76% said the point system encouraged them. 39%
participants said they are not going to use the app again while the rest may or will use it again. Out of
these 61% participants almost 32% said they will/very likely suggest the app to their friends, while 56%
either remained impartial or less likely to suggest the app to a friend.
7. Conclusion and Future Recommendations
Merely considering crashes as the sole safety metric appears unsatisfactory, especially for bicyclists and
pedestrians where any incident may likely result in an injury or fatality. As a result, near misses or
conflicts need to be included in safety assessments for active modes especially in light of their potential
chilling effect on participation in these modes. The project seeks to collect conflict information using an
Android based app on specific pre-determined conflict evaluation questions identified by Casey et al.
(2016). This data will help identify hot spots for conflicts and detailed analysis with crash locations can
help find the failure mechanisms associated with these locations.
In response to the comments received from the field test participants, the team finalized the app with only
two user groups. The regular or standard user group includes all app users who will be recording various
conflict scenarios in their daily activity. Here, the users will receive a reminder once a day for recording
any conflict they may have faced, and they also will receive prompt notification of any conflict recorded
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by any other person in their zip code. This helps the users keep track of hot spot locations around their
activity path. The second group of users includes those that will work with the data and represent ‘admin’
group of the app. These end users will use the data sharing option of the app to share the required
database for any conflict analysis. The database can be shared as a *.CSV file or as a *.KML file, which
can be opened in an Excel file or in a Google map file respectively. This will help perform hot spot
analysis for researchers. The admins also have the option to add other users as an admin.
The initial field test of the app shows promise with support from many users in continuing to use the app
and the app’s effectiveness in mapping conflicts to previously recorded fatalities. Most of the field test
users find the app easy to use and the survey questions easy to complete. The user concerns related to
locating the conflict location accurately will need to be examined again in the future; however, at this
time the researchers lack sufficient data because the research team appears to have failed in its marketing
effort to generate sufficient excitement and interest in the app. Marketing efforts will need to be
increased in the future to facilitate its broader adoption. After its broader adoption, the data quality and
its linkage to crash rates will have to be reexamined. Furthermore, the field test failed to engage end
users. Therefore, the usefulness of the data to end users will require further exploration in the future.
This study presents some significant opportunities for further research and development. Now that the
concept has been proven, modifying the app to function on different platforms represents the most critical
next step in the product development process. As such, the app will require further testing on a range of
mobile devices (i.e., various models of Android, iPhone, Windows Phone). Future enhancements to the
app may include giving access to various advocacy groups or running or biking groups to use their
identity inside the app. This will help those groups customize the app according to their needs but also
provide the essential data for end users. One possible enhancement may be the ability for an agency or
advocacy group to respond to feedback emails from users in their jurisdiction or group. A detailed
strategy on trying to snowball the app adoption among both end users and app users requires further
development, and likely represents a research project exploring the role of social media/networks in the
adoption of a crowd-source data collection instrument. As this project included the app as part of a class
project, its use as a learning tool may be explored in more detail. Specifically, the future educational
research should seek to assess the impact of the using the app on increasing the performance of students
on learning outcomes related to bicycle and pedestrian safety and design.

Page 39 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
Reference
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.

12.
13.
14.
15.
16.
17.

Autey, J., Sayed, T., & Zaki, M. H. (2012). Safety evaluation of right-turn smart channels using
automated traffic conflict analysis. Accident Analysis & Prevention, 45, 120–130.
http://doi.org/10.1016/j.aap.2011.11.015
El-Basyouny, K., & Sayed, T. (2013). Safety performance functions using traffic conflicts. Safety
Science, 51(1), 160–164. http://doi.org/10.1016/j.ssci.2012.04.015
Hua, J., N. Gutierrez, I. Banerjee, F. Markowitz, and D. R. Ragland. San Francisco PedSafe II
Project Outcomes and Lessons Learned. Presented at 88th Annual Meeting of the Transportation
Research Board, Washington, D. C., 2009
Bechtel, A., K. MacLeod, and D. Ragland. Oakland Chinatown Pedestrian Scramble: An
Evaluation. Final report. Traffic Safety Center, University of California, Berkeley, 2003.
Van Houten, R., J. E. L. Malenfant, J. Van Houten, and R. A. Retting. Using Auditory Pedestrian
Signals to Reduce Pedestrian and Vehicle Conflicts. In Transportation Research Record: Journal
of the Transportation Research Board, No. 1578, TRB, National Research Council, Washington,
D. C., 1997, pp. 20-22.
Tourinho, L. F. B., and H. Pietrantonio. Parameters for Evaluating Pedestrian Safety Problems in
Signalised Intersections Using the Traffic Conflict Analysis Technique-A Study in Sao Paolo,
Brazil. Transportation Planning and Technology, Vol. 29, 2003, pp. 183-216. 10
Huybers, S., R. Van Houten, and J. E. L. Malenfant. Reducing Conflicts between Motor Vehicles
and Pedestrians: The Separate and Combined Effects of Pavement Markings and a Sign Prompt.
Journal of Applied Behavior Analysis, Vol. 37, 2004, pp. 445-456.
Malkhamah, S., T. Miles, and F. Montgomery. The Development of an Automatic Method of
Safety Monitoring at Pelican Crossings. Accident Analysis and Prevention, Vol. 37, 2005, pp.
938-946.
Medina, J. C., R. F. Benekohal, and M.-H. Wang. In-Street Pedestrian Crossing Signs and Effects
on Pedestrian-Vehicle Conflicts at University Campus Crosswalks. Presented at 87th Annual
Meeting of the Transportation Research Board, Washington, D. C., 2008.
Gårder, P. Pedestrian Safety at Traffic Signals: A Study carried out with the Help of a Traffic
Conflicts Technique. Accident Analysis and Prevention, Vol. 21, 1989, pp. 435- 444.
Kattan, L., S. Acharjee, and R. Tay. Pedestrian Scramble Operations: Pilot Study in Calgary,
Alberta. In Transportation Research Record: Journal of the Transportation Research Board, No.
2140, Transportation Research Board of the National Academies, Washington, D. C., 2009, pp.
79-84.
Allen, B. L., B. T. Shin, and P. J. Cooper. Analysis of Traffic Conflicts and Collisions. In
Transportation Research Record 667, TRB, National Research Council, Washington, D. C., 1978,
pp. 67-74.
Hydén, C. The Development of a Method for Traffic Safety Evaluation: The Swedish Traffic
Conflicts Technique. Department of Technology and Society, Lund University, Lund, Sweden,
1987.
Swain, J. Highway Safety: The Traffic Conflict Technique. Transport and Road Research
Laboratory, London, 1987.
Parker, M. R., Jr., and C. V. Zegeer. Traffic Conflict Techniques for Safety and Operations.
Observers Manual. Report FHWA-IP-88-027. FHWA, U. S. Department of Transportation, 1989.
Muhlrad, N. Traffic Conflict Techniques and Other Forms of Behavioral Analysis: Application to
Safety Diagnoses. Proc., 6th International Co-Operation on Theories and Concepts in Traffic
Safety (ICTCT) Workshop, 1993.
Chin, H.-C., and S.-T. Quek. Measurement of Traffic Conflicts. Safety Science, Vol. 26, 1997,
pp. 169-185.

Page 40 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
18.
19.
20.
21.
22.
23.
24.

25.
26.

27.
28.
29.
30.
31.
32.
33.
34.

Archer, J. Traffic Conflict Technique: Historical to Current State-of-the-Art. Report
KTH/INFRA-02/010-SE. Institutionen för Infrastruktur, Kungl Tekniska Högskolan, Stockholm,
Sweden, 2001.
Minderhoud, M. M., and P. H. L. Bovy. Extended Time-to-Collision Measures for Road Traffic
Safety Assessment. Accident Analysis and Prevention, Vol. 33, 2001, pp. 89-97. 11
Saunier, N., and T. A. Sayed. Automated Analysis of Road Safety with Video Data. In
Transportation Research Record: Journal of the Transportation Research Board, No. 2019,
Transportation Research Board of the National Academies, Washington, D. C., 2007, pp. 57-64.
Lord, D. Analysis of Pedestrian Conflicts with Left-Turning Traffic. In Transportation Research
Record 1538, TRB, National Research Council, Washington, D. C., 1996, pp. 61-67.
Chen, Y., and H. Meng. Safety Improvement Practice for Vulnerable Road Users in Beijing
Junctions. Presented at 88th Annual Meeting of the Transportation Research Board, Washington,
D. C., 2009.
Cynecki, M. J. Development of Conflicts Analysis Technique for Pedestrian Crossings. In
Transportation Research Record 743, TRB, National Research Council, Washington, D. C.,
1980, pp. 12-20.
Kaparias, I., M.G.H. Bell, J. Greensted, S. Cheng, A. Miri, C. Taylor, B. Mount. Development
and Implementation of a Vehicle-Pedestrian Conflict Analysis Method. In Transportation
Research Record: Journal of the Transportation Research Board, No. 2198, Transportation
Research Board of the National Academies, Washington, D. C., 2010, pp. 75-82.
Casey, C., Mattingly, S., Li, J., & Williams, J. (2016). Developing Public Health Performance
Measures to Capture the Effects of Transportation Facilities on Multiple Public Health
Outcomes. Kalamazoo: Transportation Research Center for Livable Communities.
Misra, A., Gooze, A., Watkins, K. Asad, M., & Le Dantec, C. (2014). Crowdsourcing and its
application to transportation data collection and management. Transportation Research Record:
Journal of the Transportation Research Board, No. 2414. Transportation Research Board of the
National Academies, Washington, DC: 1-8.
Bill, E., Rowe, D., Ferguson, N., 2015. Does experience affect perceived risk of cycling hazards?
In: Paper Presented to STAR (Scottish Transport Applications Research) 2015.
Doorley, R., Pakrashi, V., Byrne, E., Comerford, S., Ghosh, B., Groeger, J.A., 2015. Analysis of
heart rate variability amongst cyclists under perceived variations of risk exposure. Transp. Res.
Part F: Traffic Psychol. Behav. 28, 40–54.
Johnson, M., Oxley, J., Newstead, S., Charlton, J., 2014. Safety in numbers? Investigating
Australian driver behaviour, knowledge and attitudes towards cyclists. Accid. Anal. Prev. 70,
148–154. http://dx.doi.org/10.1016/j.aap.2014.02.010.
Sanders, R.L., 2013. Examining the Cycle: How Perceived and Actual Bicycling Risk Influence
Cycling Frequency. Roadway Design Preferences, and Support for Cycling Among Bay Area
Residents.
Glauz, W.D., Bauer, K.M., Migletz, D.J., 1985. Expected traffic conflict rates and their use in
predicting accidents. Transportation Research Record 1026, 1–12.
Migletz, D.J., Glauz, W.D., Bauer, K.M., 1985. Relationships between Traffic Conflicts and
Accidents. US Department of Transportation, Federal Highway Administration. FHWA/RD84/042.
Ismail, K., Sayed, T., Saunier, N., Lim, C., 2009. Automated analysis of pedestrian-vehicle
conflicts using video data. Transportation Research Record: Journal of the Transportation
Research Board 2140, 44–54.
Priedhorsky, R., B. Jordan, and L. Terveen. How a Personalized Geowiki Can Help Bicyclists
Share Information More Effectively. Proc., 2007 International Symposium on Wikis, ACM,
2007, pp. 93–98.

Page 41 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
35.
36.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

Misra, A., Gooze, A., Watkins, K., Asad, M., and Dantec, C. A. Le., 2014. Crowdsourcing and Its
Application to Transportation Data Collection and Management. Transportation Research
Record: Journal of the Transportation Research Board, No. 2414, Washington, D.C., pp. 1–8.
CFR, 2001. 23 CFR 450.200. [Online]
Available at: https://www.gpo.gov/fdsys/granule/CFR-2001-title23-vol1/CFR-2001-title23-vol1sec450-200
Bicyclists, T. L. (2014). Where We Ride- Analysis of bicycle commuting in American cities.
Retrieved from http://bikeleague.org/sites/default/files/ACS_report_2014_forweb_edit.pdf
de Hartog, JJ, Boogaard H, Nijland H, Hoek G. Do The Health Benefits Of Cycling Outweigh
The Risks? Environ Health Perspect 2010; 118(8):1109–16.
World Health Organization, 2013. Who global status report on road safety 2013: Supporting a
decade of action World Health Organization. Retrieved on 02/15/2017 from
http://www.who.int/mediacentre/news/notes/2013/make_walking_safe_20130502/en/
2012 Motor Vehicle Crash Data from FARs and GES. Retrieved on 01/13/2017 from
file:///C:/Users/zxr5501/Downloads/812032.pdf
Clifton KJ, Kreamer-Fults K. An examination of the environmental attributes associated 467 with
pedestrian–vehicular crashes near public schools. Accident Analysis & Prevention 468
2007;39(4):708-715.
SRTS
Guide.
The
Decline
of
Walking
and
Bicycling.
Retrieved
from
http://guide.saferoutesinfo.org/introduction/the_decline_of_walking_and_bicycling.cfm
on
01/12/2017
Quistberg, D. A., Koepsell, T. D., Boyle, L. N., Miranda, J. J., Johnston, B. D., & Ebel, B. E.
(2014). Pedestrian signalization and the risk of pedestrian-motor vehicle collisions in Lima, Peru.
Accident Analysis and Prevention, 70, 273–281. http://doi.org/10.1016/j.aap.2014.04.012
Clifton, K.J., Kreamer-Fults, K., 2007. An examination of the environmental attributes associated
with pedestrian–vehicular crashes near public schools.Accid. Anal. Prev. 39 (4), 708–715.
Cottrill, C.D., Thakuriah, P., 2010. Evaluating pedestrian crashes in areas with highlow-income
or minority populations. Accid. Anal. Prev. 42 (6), 1718–1728.
Loukaitou-Sideris, A., Liggett, R., Sung, H.-G., 2007. Death on the crosswalk: a studyof
pedestrian-automobile collisions in los angeles. J. Plann. Educ. Res. 26 (3),338–351.
Wier, M., Weintraub, J., Humphreys, E.H., Seto, E., Bhatia, R., 2009. An area-levelmodel of
vehicle-pedestrian injury collisions with implications for land useand transportation planning.
Accid. Anal. Prev. 41 (1), 137–145.
Wei, F., Lovegrove, G., 2013. An empirical tool to evaluate the safety of cyclists: community
based, macro-level collision prediction models using negative binomial regression. Accid. Anal.
Prev. 61, 129–137.
Dumbaugh, E., Li, W., 2010. Designing for the safety of pedestrians, cyclists andmotorists in
urban environments. J. Am. Plann. Assoc. 77 (1), 69–88.
Siddiqui, C., Abdel-Aty, M., Choi, K., 2012. Macroscopic spatial analysis ofpedestrian and
bicycle crashes. Accid. Anal. Prev. 45 (0), 382–391.
Zhang, Y., Bigham, J., Ragland, D., Chen, X., 2015. Investigating the associationsbetween road
network structure and non-motorist accidents. J. Transp. Geogr.42 (0), 34–47.
Van der Schaaf, T.W., D.A. Lucas, et al., Eds. (1991). Near Miss Reporting as a Safety Tool,
Butterworth-Heinemann.
Heinrich, H.W., 1941. Industrial Accident Prevention – A Scientific Approach. McGraw-Hill
Book Company, Inc., New York.
Ritwik, U., 2002. Risk-based approach to near miss. Hydrocarbon Process. (October), 93–96.
Hydén, Ch., 1987. The development of a method for traffic safety evaluation: the Swedish Traffic
Conflicts technique (Bulletin 70). Lund: University of Lund, Lund Institute of Technology, Dept.
of Traffic Planning and Engineering.
Page 42 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
56.
57.
58.
59.
60.
61.

62.
63.
64.
65.

66.

67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

Perkins, S.R., Harris, J.I., 1967. Traffic Conflict Characteristics: Accident Potential at
Intersections. General Motors Corporation, Warren, Michigan.
Amundsen, F.H.E., Hydén, C.H., 1977. Proceedings of the First Workshop on Traffic Conflicts.
Institute of Transport Economics/Lund Institute of Technology, Oslo/Lund.
El-Basyouny, K., & Sayed, T. (2013). Safety performance functions using traffic conflicts. Safety
Science, 51(1), 160–164. http://doi.org/10.1016/j.ssci.2012.04.015
Oh, J., Kim, E., Kim, M., & Choo, S. (2010). Development of conflict techniques for left-turn and
cross-traffic at protected left-turn signalized intersections. Safety Science, 48(4), 460–468.
http://doi.org/10.1016/j.ssci.2009.12.011
van der Horst, A.R.A., 1990. A time-based analysis of road user behavior in normal and critical
encounters (PhD Thesis). Delft: Delft University of Technology.
Autey, J., Sayed, T., & Zaki, M. H. (2012). Safety evaluation of right-turn smart channels using
automated traffic conflict analysis. Accident Analysis and Prevention, 45, 120–130.
https://doi.org/10.1016/j.aap.2011.11.015
Brown, G.R., 1994. Traffic conflict for road user safety studies. Canadian Journal of Civil
Engineering 21, 1–15.
Tarko, A., Davis, G., Saunier, N., Sayed, T., Washington, S., 2009. Surrogate measures of safety,
White paper, ANB20(3) Subcommittee on Surrogate Measures of Safety.
Hayward, J.C., 1972. Near-miss determination through use of a scale of danger. Highway
Research Record, 384. pp. 24–34.
Svensson, A., 1998. A method for analysing the traffic process in a safety perspective(Bulletin
166). Lund: University of Lund, Lund Institute of Technology, Dept. ofTraffic Planning and
Engineering.
JLA Public Involvement, (2013). Highlights of Major Themes- Stakeholders Interviews to Define
Project Scope. Oregon: Oregon Department of Transportation. Retrieved January 10, 2017, from
https://www.oregon.gov/ODOT/TD/TP/BikePed/StakeholderInterviewThemes.pdf
Older, S.J., Spicer, B.R., 1976. Traffic conflicts – a development in accident research. The
Journal of the Human Factors and Ergonomics Society 18 (4), 335–350.
William, T.M., 1972. An evaluation of traffic conflict technique. Highway Research Record 384,
1–8.
Zegeer, C.V., Deen, R.C., 1978. Traffic conflict as a diagnostic tool in highway safety.
Transportation Research Record 667, 48–55.
Crowe, C.E., 1990. Traffic conflict values for three-leg, un-signalized intersections.
Transportation Research Record 1287, 185–194.
Sayed, T., Zein, S., 1999. Traffic conflict standards for intersections. Transportation Planning and
Technology 22, 309–323.
Sayed, T., Brown, G., Navin, F., 1994. Simulation of traffic conflicts at unsignalized intersections
with TSC-Sim. Accident Analysis and Prevention 26 (5), 593–607.
Persaud, B., Mucsi, K., 1995. Microscopic accident potential models for two-lane rural roads.
Transportation Research Record 1485, 134–139.
Huang, P., Pant, P., 1994. Simulation neural-network model for evaluating dilemma zone
problems at high-speed signalized intersections. Transportation Research Record 1456, 34–42.
Rao, V., Regaraju, V., 1998. Modeling conflicts of heterogeneous traffic at urban uncontrolled
intersections. Journal of Transportation Engineering 1 (23).
Mehmood, A., Saccomanno, F., Hellinga, B., 2001. Simulation of road accidents by use of
systems dynamics. Transportation Research Record 1746, 37–46.

Page 43 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
77.

78.

79.

80.

81.

82.
83.

84.

85.

86.
87.
88.
89.
90.
91.
92.

93.
94.

95.

Archer, J., 2001. Traffic Conflict Technique Historical to current State-of-the-Art. Effektmodeller
för vägtrafikanläggningar (EMV), TRITA-INFRA 02-010, Stockholm, September, 2001. ISSN
1651-0216, ISRN KTH/INFRA-02/010-SE.
Ismail, K., Sayed, T., Saunier, N., Lim, C., 2009a. Automated analysis of pedestrianvehicle
conflicts using video data. Transportation Research Record: Journal of the Transportation
Research Board 2140, 44–54.
Ismail, K., Sayed, T., Saunier, N., 2009b. Automated pedestrian safety analysis using video data
in the context of scramble phase intersections. In: Annual Conference of the Transportation
Association of Canada, Vancouver, BC.
Ismail, K., Sayed, T., Saunier, N., 2010a. Automated safety analysis using video sensors:
technology and case studies. In: Canadian Multidisciplinary Road Safety Conference, Niagara
Falls, Ontario.
Ismail, K., Sayed, T., Saunier, N., 2010b. Automated analysis of pedestrian-vehicle conflicts: a
context for before-and-after studies. Transportation Research Record: Journal of the
Transportation Research Board 2198, 52–64.
Bill, E., Rowe, D., Ferguson, N., 2015. Does experience affect perceived risk of cycling hazards?
In: Paper Presented to STAR (Scottish Transport Applications Research) 2015.
Doorley, R., Pakrashi, V., Byrne, E., Comerford, S., Ghosh, B., Groeger, J.A., 2015. Analysis of
heart rate variability amongst cyclists under perceived variations of risk exposure. Transp. Res.
Part F: Traffic Psychol. Behav. 28, 40–54.
Johnson, M., Oxley, J., Newstead, S., Charlton, J., 2014. Safety in numbers? Investigating
Australian driver behaviour, knowledge and attitudes towards cyclists. Accid. Anal. Prev. 70,
148–154. http://dx.doi.org/10.1016/j.aap.2014.02.010.
Sanders, R.L., 2013. Examining the Cycle: How Perceived and Actual Bicycling Risk Influence
Cycling Frequency. Roadway Design Preferences, and Support for Cycling Among Bay Area
Residents.
Knowles, J., Adams, S., Cuerden, R., Savill, T., Reid, S., Tight, M., 2009. Collisions Involving
Pedal Cyclists on Britain’s Roads: Establishing the Causes TRL Research Report PPR445.
NCTCOG, Retrieved on Janyary 5th, 2016 from http://www.nctcog.org.
“Comma-separated values - wikipedia, the free encyclopedia,”
https://en.wikipedia.org/wiki/Comma-separated_values, (Accessed on 07/12/2016).
“Kml tutorial | keyhole markup language | google developers,”
https://developers.google.com/kml/documentation/kml_tut, (Accessed on 07/12/2016).
“Amazon dynamodb nosql cloud database service,” https://aws.amazon.com/-dynamodb/,
(Accessed on 07/12/2016).
“Get started with publishing | android developers,”
https://developer.android.com/distribute/googleplay/start.html, (Accessed on 07/12/2016)
“The dynamodbmapper class-amazon dynamodb,” http://docs.aws.amazon.com/amazondynamodb/latest/developerguide/DynamoDBMapper.Methods.html, (Accessed on
07/12/2016).
“Google maps android api | google developers,” https://developers.google.com/maps/documentation/android-api/, (Accessed on 07/12/2016).
“Start integrating google sign-in into your android app|google sign-in for android|google
developers,” https://developers.google.com/identity/sign-in/android/start-integrating, (Accessed
on 07/12/2016).
“Making your app location-aware | android developers,” https://developer.android.com/training/location/index.html, (Accessed on 07/12/2016).
Page 44 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
96.
97.
98.
99.

100.
101.

102.
103.

104.

105.
106.
107.
108.
109.

110.
111.
112.
113.
114.
115.

“Controls and gestures | google maps android api | google developers,” https://developers.google.com/maps/documentation/android-api/controls, (Accessed on 07/12/2016).
“Developer’s guide | google maps geocoding api | google developers,” https://developers.google.com/maps/documentation/geocoding/intro, (Accessed on 07/12/2016).
“Place autocomplete | google places api for android | google developers,” https://developers.google.com/places/android-api/autocomplete, (Accessed on 07/12/2016).
“Googlesigninapi | google apis for android | google developers,” https://developers.google.com/android/reference/com/google/android/gms/auth/api/signin/GoogleSignInApi, (Accessed on 07/12/2016).
“Markers | google maps android api | google developers,” https://developers.google.com/maps/documentation/android-api/marker, (Accessed on 07/12/2016).
“Markeroptions | google apis for android | google developers,” https://developers.google.com/android/reference/com/google/android/gms/maps/model/-MarkerOptions,
(Accessed on 07/12/2016).
“Camera and view | google maps android api | google developers,” https://developers.google.com/maps/documentation/android-api/views, (Accessed on 07/12/2016).
“Latlng | google apis for android | google developers,” https://developers.google.com/android/reference/com/google/android/gms/maps/model/LatLng,
(Accessed on 07/12/2016).
“Latlngbounds | google apis for android | google developers,” https://developers.google.com/android/reference/com/google/android/gms/maps/model/-LatLngBounds,
(Accessed on 07/12/2016).
“Fragment | android developers,” https://developer.android.com/reference/android/app/Fragment.html, (Accessed on 07/12/2016).
“Fragmentmanager | android developers,” https://developer.android.com/reference/android/app/FragmentManager.html, (Accessed on 07/12/2016).
“Alarmmanager | android developers,” https://developer.android.com/reference/android/app/AlarmManager.html, (Accessed on 07/12/2016).
“Pendingintent | android developers,” https://developer.android.com/reference/android/app/PendingIntent.html, (Accessed on 07/12/2016).
“Wakefulbroadcastreceiver | android developers,” https://developer.android.com/reference/android/support/v4/content/WakefulBroadcastReceiver.html, (Accessed on
07/12/2016).
“Broadcastreceiver | android developers,” https://developer.android.com/reference/android/content/BroadcastReceiver.html, (Accessed on 07/12/2016).
“Scheduling repeating alarms | android developers,” https://developer.android.com/training/scheduling/alarms.html, (Accessed on 07/12/2016).
“Notificationmanager | android developers,” https://developer.android.com/reference/android/app/NotificationManager.html, (Accessed on 07/12/2016).
“What is nosql? amazon web services (aws),” https://aws.amazon.com/nosql/, (Accessed on
07/12/2016).
“System permissions | android developers,” https://developer.android.com/guide/topics/security/permissions.html, (Accessed on 07/12/2016).
“Googleapiclient | google apis for android | google developers,” https://developers.google.com/android/reference/com/google/android/gms/common/api/GoogleApiClient, (Accessed on 07/12/2016).
Page 45 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
116.

117.
118.
119.

120.

121.

122.
123.
124.

Kim, K. E., & Yamashita, E. Y. (2004). Using K-means clustering algorithm to examine patterns
of pedestrian involved crashes in Honolulu, Hawaii CD-Rom TRB. National Research Council,
Washington DC.
Levine, N., Kim, K. E., & Nitz, L. H. (1995). Spatial analysis of Honolulu motor vehicle crashes:
I. Spatial patterns. Accident Analysis & Prevention, 27(5), 663-674.
Levine, N. (2006). Crime mapping and the Crimestat program. Geographical analysis, 38(1), 4156.
Levine, N. (2009) A motor vehicle safety planning support system: the Houston experience. In
S. Geertman and J. Stillwell (eds) Planning support systems: best practice and new methods.
Springer, New York, pp 93–111.
Kundakci E, Tuydes-Yaman H (2014) Understanding the distribution of traffic accident
hotspots in Ankara, Turkey. In: Proceedings of the 93rd annual TRB conference, Washington,
12–16 Jan.
Prasannakumar, V., Vijith, H., Charutha, R., & Geetha, N. (2011). Spatio-temporal clustering of
road accidents: GIS based analysis and assessment. Procedia-Social and Behavioral Sciences, 21,
317-325.
Truong, L. T., & Somenahalli, S. V. (2011). Using GIS to identify pedestrian-vehicle crash hot
spots and unsafe bus stops. Journal of Public Transportation, 14(1), 6.
Khan, G., Qin, X., & Noyce, D. A. (2008). Spatial analysis of weather crash patterns. Journal of
transportation engineering, 134(5), 191-202.
Wikipedia, (2016) retrieved from https://en.wikipedia.org/wiki/Cluster_analysis on 12th of
January, 2016.

Page 46 of 98

App-based Crowd Sourcing of Bicycle and Pedestrian Conflict Data
Appendix A: List of Stakeholders for Snowballing Process

Name

E-mail

Organizations

Kevin Kokes

kkokes@nctcog.org

Daniel
Snyder

dsnyder@nctcog.org

Karla
Weaver

kweaver@nctcog.org

Dan Lamers

dlamers@nctcog.org

Trey Ingram
Zachary
Thompson

tingram@nctcog.org
zachary.thompson@dallascounty.org

NCTCOG
Dallas County
Public Health --

Christopher
Perkins

Christopher.Perkins@dallascounty.org

Rose Mary
Bennett

RMBennett@TarrantCounty.com

DCPH -* referred
by Zachary
Thompson
Tarrant County
Public Health --

Belinda
Hampton

bghampton@TarrantCounty.com

Tarrant County
Public Health

Sam Adamie

SAAdamie@TarrantCounty.com

David G.
Jefferson

DGJefferson@TarrantCounty.com

Candace J.
Parker

CJParker@TarrantCounty.com

TCPH:
*recommended by
Belinda
TCPH:
*recommended by
Belinda
TCPH:
*recommended by
Belinda

Kamilah
Hasan

kamilah.hasan@dentoncounty.com

Denton County
Public Health

Julia Ryan

julia.ryan@fortworthtexas.org

City of Fort Worth

Page 47 of 98

NCTCOG:
Bicycle and
Pedestrian
Programs,
Plans/Trails
(Regional)
NCTCOG Bicycle
and Pedestrian
Advisory
Committee
(BPAC)
NCTCOG
Transportation
Alternatives
Program
NCTCOG

Title/Position
Senior
Transportation
Planner

Transportation
Planner I

Program
Manager
Program
Manager
Director-Dallas
County Public
Health
Medical
Director/Health
Authority
Supervisor-Arlington Public
Health Center
Health Planner
Environmental
Specialists
Environmental
Health Manager
Manager,
Planning &
Policy in Public
Health

Senior Planner,
Transportation
Planning
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Name

E-mail

Organizations

Title/Position

Ashley
Haire, Ph.D.
P.E.
Jared White

ashley.haire@dallascityhall.com

City of Dallas

Bicycle Engineer

jared.white@dallascityhall.com

City of Dallas

Julie
Anderson
Keith Fisher

julie.anderson@cityofdenton.com

City of Denton

kfisher@cityofkeller.com

Keller

Kurt Schulte

kschulte@waltermoore.com

Private
Consultants

Jeff Whitacre

jeff.whitacre@kimley-horn.com

Drew
Brawner

dbrawner@kimley-horn.com

Kevin
Martini

kevin.p.martini@wmich.edu

WMU Office of
Sustainability

Paul Selden

directorroadsafety@kalamazoobicycleclub.org

Andrew
Hoodwin

ahoodwin@gmail.com

Kalamazoo
Bicycle Club
Plano Bicycle
Association (PBA)

Bicycle
Transportation
Manager
Bike/Ped
Coordinator
SRTS
Coordinator
consultantrefered by M
Berry
consultantrefered by M
Berry
consultantrefered by M
Berry
Nonmotorized
transportation
coordinator
Director of road
safety
President

Teri Kaplan

Teri.Kaplan@txdot.gov

Bryan
Armstrong

armstrongb@michigan.gov

Josh
DeBruyn

DeBruynJ@michigan.gov

Meg Thomas
Ackerman

MTAckerman@michiganfitness.org

SRTS Director-MI

Robin
Stallings
Brenda
Chuleewah

robin@biketexas.org

Bike Texas

Fernando
Martinez

brenda@biketexas.org
fernando@biketexas.org
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Traffic Safety
Programs-----Safe Routes to
School
(SRTS)Program
Michigan Bike
and Ped
Coordinator
MI-Referred by
Bryan Armstrong

TX State Bicycle
and Pedestrian
Coordinator
SRTS
Coordinator-MI
MI Bike and
Pedestrian
Coordinator
SRTS Program
Director-MI
Executive
Director
SRTS Teacher
Training Program
Manager
SRTS Program
Manager
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Name

E-mail

Organizations

Arthur
Wendel

dvq6@cdc.gov

Jackie
Epping

jge5@cdc.gov

Michelle
Snitgen

msnitgen@michiganfitness.org

Sabrina
McCarty

sabrina.mccarty@austintexas.gov

Doug Ballew

doug.ballew@austintexas.gov

Kristin
Rosenthal

krosenthal@safekids.org

Mark Plotz

mark@bikewalk.org

Steve Clark

stevelci151@gmail.com

Kristin
Bennett

Kristin.Bennett@Milwaukee.gov

Philip
Pugliese

ppugliese@outdoorchattanooga.com

Michael
Ronkin

michaelronkin@gmail.com
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Centers for
Disease Control
and Prevention
(Contact Dr. Amy
Eyler with any
questions about
the network:
aeyler@wustl.edu)
Promoting Active
Communities
Program Michigan
Department of
Community
Health
City of Austin,
Public Health-Health Eating and
Active Living
Promotion
City of Austin,
Public Health
*recommended by
Sabrina McCarty
National SAFE
KIDS Campaign
National Center
for Bicycling &
Walking
League of
American
Bicyclists
National Complete
Streets Coalition-Smart Growth
America--Expert
Panel Members
Expert Panel
Member
Expert Panel
Member

Title/Position
Team Lead,
Healthy
Community
Design Initiative
Public Health
Scientist

Active
Communities
Coordinator

Public Health
Educator II

Prof Health
Educator and
Bicycle
Program
Manager
Senior Associate
Community
Program
Specialist
Milwaukee
Bicycle and
Pedestrian
Coordinator
Bicycle
Coordinator-Tennesee
Created
Complete Streets
Workshop
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Appendix B-1: Definition of Conflict Analysis Factors for Non-overtaking Conflicts
Factors
Non-overtaking
Conflict Type
Severity of Evasive Action
Separation Distance
Pedestrian – Vehicle

Pedestrian Actions (Four Rating Levels) Three Rating Levels (1):
1. Far: Greater than one car
(1):
length (> 20 ft) is available
1. Light: A change from a walk to stop
2. Medium: Between half and
2. Medium: A change from a walk to jog
one car length (10 ft to 20 ft)
3. Heavy: A change into a sprint. This is 3. Short: Less than half car
likely combined with a change of
length (< 10 ft)
course after the deceleration or
acceleration
4. Emergency: Take emergency action
such as jumping out of the street and
may be coupled with a fast, sporadic
change of course

Bicyclist – Vehicle

Bicyclist Actions (Four Rating Levels):
1.
2.

3.
4.
Pedestrian – Bicyclist

Three Rating Levels:
1. Far: Greater than one car
Light: A slight change in speed and no
length (> 20 ft) is available
change in direction
2. Medium: Between half and
Medium: A normal stop or moderate
one car length (10 ft to 20 ft)
change in speed and no change in 3. Short: Less than half car
direction
length (< 10 ft)
Heavy: A hard stop or controlled
change in direction
Emergency: An abrupt, uncontrolled
change in direction

Bicyclist Actions (Four Rating Levels):
1. Light: Cruising away from pedestrian
with a change of direction
2. Medium: A moderate but controlled
deceleration and likely combined with
a change of direction
3. Heavy: A sharp, less controlled
deceleration and no change of
direction
4. Emergency: A sudden, uncontrolled
deceleration or no change of direction
Pedestrian Actions (Four Rating Levels):
1. Light: A change from a walk to stop
2. Medium: A change from a walk to jog
3. Heavy: A change into a sprint. This is
likely combined with a change of
course after the deceleration or
acceleration
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Three Rating Levels:
1. Far: Greater than one
bicycle length (> 10 ft) is
available
2. Medium: Between half and
one bicycle length (5 ft to 10
ft)
3. Short: Less than half bicycle
length (< 5 ft)
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Non-overtaking
Conflict Type

Factors
Severity of Evasive Action

Separation Distance

4. Emergency: Take emergency action
such as jumping out of the street and
may be coupled with a fast, sporadic
change of course

Appendix B-2: Definition of Conflict Analysis Factors for Overtaking Conflicts
Overtaking Conflict Factors
Type

Lateral Distance

Speed

Vehicle – Bicyclist Two Rating Levels:
(Overtaking)
1. Close: Lateral distance between
vehicle and bicyclist is <= 3 ft
2. Far: Lateral distance between
vehicle and bicyclist is > 3 ft
Bicyclist – Pedestrian Two Rating Levels:
(Overtaking)
1. Close: Lateral distance between
pedestrian and bicyclist is <= 3 ft
2. Far: Lateral distance between
pedestrian and bicyclist is > 3 ft
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Vehicle
Levels):
1.
2.
3.
4.

Speed

(Four

Rating

Slow: <= 10 mph
Average: 11 - 20 mph
Moderate: 21 - 40 mph
Fast: > 40 mph

Bicyclist
Levels):

Speed

(Three

1. Slow: <= 10 mph
2. Average: 11 - 20 mph
3. Fast: > 20 mph

Rating
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Appendix C-1: a. Severity of Conflict Categories, b. Non-overtaking vehicle-pedestrian conflict, c. Non-overtaking vehicle-bike conflict, d.
Non-overtaking bike-pedestrian conflict, e. Abbreviated Safety Category
a

Conflict Category
Category A is a serious incident in which a collision is narrowly avoided
Category B is an incident with significant potential for a collision where separation decreases and incident may result in a time critical response to avoid a collision
Category C is an incident characterized by moderate time and/or distance to avoid a collision
Category D is an incident with no immediate safety consequences but met the definition of a conflict such as encroachment of the space/area of a roadway surface designated for a single vehicle/person
Time
Speed

b

Pedestrian – Vehicle Conflict
Analysis Factors
Separation Distance VehiclePedestrian, Far (> 20 ft)
Separation Distance VehiclePedestrian, Medium (10 - 20 ft)
Separation Distance VehiclePedestrian, Short (< 10 ft)
Time
Speed

c

Bicyclist – Vehicle Conflict Analysis
Factors
Separation Distance VehicleBicyclist, Far (> 20ft)
Separation Distance VehicleBicyclist, Medium (10 - 20 ft)
Separation Distance VehicleBicyclist, Short (< 10 ft)

Very Slow

Slow

More
Moderate

Fast

Very Fast

Very Slow

Slow

Sufficient
Moderate

Fast

Very Fast

Very Slow

Slow

Barely
Moderate

Fast

Very Fast

None

None

None

Light

Light

Light/Med

Light/Med

Medium

Heavy

Heavy

Heavy

Heavy

Emergency

Emergency

Emergency

D
S
D
S
B/C
MS

D
S
D
S
B/C
MS

D
S
D
S
B/C
MS

D
S
C
MS
A
NS

D
S
C
MS
A
NS

C
MS
B
NS
A
NS

C
MS
B
NS
A
NS

C
MS
B
NS
A
NS

B/C
MS
B
NS
A
NS

B/C
MS
B
NS
A
NS

B/C
MS
B
NS
A
NS

B/C
MS
B
NS
A
NS

A/B
NS
A
NS
A
NS

A/B
NS
A
NS
A
NS

A/B
NS
A
NS
A
NS

Very Slow

Slow

More
Moderate

Fast

Very Fast

Very Slow

Slow

Sufficient
Moderate

Fast

Very Fast

Very Slow

Slow

Barely
Moderate

Fast

Very Fast

None

None

None

Light

Light

Light/Med

Light/Med

Medium

Heavy

Heavy

Heavy

Heavy

Emergency

Emergency

Emergency

D
S
D
S
B
NS

D
S
D
S
B
NS

D
S
D
S
B
NS

D
S
C
MS
A
NS

D
S
C
MS
A
NS

C
MS
B
NS
A
NS

C
MS
B
NS
A
NS

C
MS
B
NS
A
NS

B
NS
A
NS
A
NS

B
NS
A
NS
A
NS

B
NS
A
NS
A
NS

B
NS
A
NS
A
NS

A
NS
A
NS
A
NS

A
NS
A
NS
A
NS

A
NS
A
NS
A
NS

Time
Speed

d

e

Bicyclist - Pedestrian Conflict
Analysis Factors
Separation Distance BicyclePedestrian, Far (> 10 ft)
Separation Distance BicyclePedestrian, Medium (5 - 10 ft)
Separation Distance BicyclePedestrian, Short (< 5 ft)

Short Form
S
MS
NS

Color Code

Slow

More
Moderate

Fast

Slow

Sufficient
Moderate

Fast

Slow

Barely
Moderate

Fast

None

None

Light

Light/Med

Medium

Heavy

Heavy

Emrgcy

Emrgcy

D
S
D
S
C
MS

D
S
C
MS
C
MS

D
S
C
MS
B
NS

D
MS/S
B
NS
A
NS

D
MS/S
B
NS
A
NS

B/C
MS
B
NS
A
NS

B/C
MS
B
NS
A
NS

A
NS
A
NS
A
NS

A
NS
A
NS
A
NS

Category
Safe
Moderately Safe
Not Safe
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Appendix C-2: Severity of Overtaking Conflicts for different scenarios for a. Vehicle-bicyclist, b. Bicyclist-pedestrians

a

Vehicle – Bicyclist Overtaking
Vehicle Speed,
Conflict Analysis Factors
Very Slow (<= 10 mph)

Vehicle Speed,
Slow(11-20 mph)

Vehicle Speed,
Moderate (21-30 mph)

Vehicle Speed,
Fast (31-40 mph)

Vehicle Speed,
Very Fast (40+ mph)

Lateral Distance Vehicle Bicyclist, Close (<= 3 ft)

C/D*
Safe
D

B
Moderately Safe
D

Safe

Safe

A
Not Safe
C
Moderately
Safe

A
Not Safe
B
Moderately
Safe

A
Not Safe
B
Moderately
Safe

Lateral Distance Vehicle Bicyclist, Far (> 3 ft)

Bicyclist – Pedestrian Overtaking
Conflict Analysis Factors
Lateral Distance Bicycle b Pedestrian, Close (<= 3 ft)
Lateral Distance Bicycle Pedestrian, Far (> 3 ft)

Bicycle Speed, Slow (<=
10 mph)
D
Moderately Safe
D
Safe

Bicycle Speed, Average
(11-20 mph)
A
Not Safe
C
Moderately
Safe/Safe*
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Bicycle Speed, Fast (20+
mph)
A
Not Safe
C
Not Safe
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Appendix
x D-1: App User
U
Focus Group
G
Presen
ntation
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Appendix
x D-2: End User
U
feedback
k survey presentation
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Appendix E: Data Dictionary (Q63-69 and Q73-79 from flow chart (Figure 2) are repetition of Q6162 and Q71-72 for other combination of scenarios)
Variables
Definition/ Question
Examples/Answers
useremail
The original email address of users that abcd@gmail.com
he/she use in google play store account
conflictdatet Time of conlficts; Date format: Year- 2016-06-08T15:25:00.000Z
ime
MM-DD
and
Time
format:
HH:MM:SS.00;
latitude
Latitude of incident
32.73154419
longitude
Longitude of incident
-97.11443905
StreetAdree Address
416 Yates street, arlington, TX 76019
ss
IncidentZip Zipcode of the incident location
76019
code
Q1
Did you experience a conflict?
a: Yes; b: No
Q2
Was it a collision or a conflict?
a: An actual hit/crash/collision; b: A
conflict/near miss
Q3
In case of no conflict recorded (Q1=b), a: Walk/Run; b: Bike; c: None
What type of activity did you do today?
Q41
In case of collision (Q2=a), What type of a: Walk/Run; b: Bike; c: None
activity did you do today?
Q42
Please identify your injury level.
a: Major Injury (Disabling); b: Minor Injury
(non-disabling); c: Minimal Injury (Possible
abrasions and bruises); d: No Injruy (property
Damage only)
Q43
Were you transported to hospital by an a: Yes; b: No
ambulance?
Q44
Did you got admitted to a hospital?
a: Yes; b: No
Q51
Who were involved?
a: Pedestrian and vehicle; b: Bicyclist and
vehicle; c: Pedestrian and bicyclist
Q52
Who is reporting?
a: Bicyclist; b: Pedestrian
Q53
Were both parties traveling in the same a: Yes; b: No
direction?
Q61
Vehicle Speed: when traveling past a a: Very slow (<=10 mph); b: Slow (10-20
pedestrian/bicyclist
mph); c: Moderate (20-30 mph); d: Fast (3040 mph); e: Very fast (>40 mph)
Q62
Q71

Q72

Bicyclist Speed: when traveling past a a: Slow (<=10mph); b: Moderate (10-20
pedestrian
mph); c: Fast (>20 mph)
Distance of the Vehicle: from a a: Greater than one car length (>20ft); b:
pedestrian/bicyclist
Between half and one car length (10-20ft); c:
Less than half car length (<10 ft)
Distance of
pedestrian

the

Bicyclist:

from

a a: Greater than one bike length (<10 ft); b:
between half and one bike length (5-10 ft); c:
less than half a bike length (<5ft)
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Q73
Q8

Lateral Distance (if Q53=a): between
vehicle and bicyclist or between
pedestrian and bicyclist
(for all Q6 and Q7 except Q53-a) How
much time did you have to take safety
measure to avoid a crash?

a: Less than 3ft; b: Greater than 3ft

a: More than enough time, able to think about
and select from a variety of safe actions; b:
Sufficient time, but made quick decision and
acted; c: Barely enough time, only quick
reactions avoided a crash
Severity of Severity categories of conflict based on Category A is a serious incident in which a
is
narrowly
avoided
Conflicts
the options selected in Q1-8; Severity is collision
present in Red, Orange, yellow and Green Category B is an incident with significant
potential for a collision where separation
color
decreases and incident may result in a time
critical response to avoid a collision.
Category C is an incident characterized by
moderate time and/or distance to avoid a
collision.
Category D is an
incident with no immediate safety
conseqences but met the definition of a
conflict such as encroachment of the
space/area of a roadway surface designated
for a single vehicle/person
Q91
What was the purpose of your trip?
a: Home-work-home trip; b: leisure/exercise;
c: family errands; d: other, user specified
Q92
What was the road condition?
a: Dry; b: Wait; c: Other, user specified
Q93
Additional Comments
User comment box
Q94
Participants home zipcode
76010
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x G-2: End user
u
feedback
k survey
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x H: Data do
ownload and analysis Exa
ample
Researcheers, planners and policymaakers can eassily downloadd the conflict data from thhe app into a *.kml
format orr in a *.csv format
fo
and peerform desired analysis foor a particularr area of inteerest. The ressearch
team has developed an
a example sccenario for end
e users, whhich is explaained in detaiil in the folloowing
section.
Mr. John Doe is work
king for a XY
YZ Engineerin
ng Companyy and trying tto do a confliict analysis fo
for the
City of Arlington. At the
t initial stag
ge, Mr. Doe wants
w
to find out the total number of coonflicts alongg with
their severity for a specific zip codee. This will heelp him narroow down the aarea in the citty and later a more
specific sm
maller area su
uch as census block (squarre are or polyggon) can be cconsidered forr analysis.
Conflict selection
s
by Zip
Z code
An initial investigation
n of the conflict database suggests
s
that more conflictts occur in zipp code 760100. The
steps the end
e users neeed to follow to
o gather all th
he conflicts thhat occur in 766010 are giveen belowa.. Collect a boundary
b
map
p jpeg file for the specific zzip code from
m the City of A
Arlington webbsite

Figure H.1: Geographic map of zip code boundarry area for 766010
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b. Go to Add
d and select Im
mage Overla
ay

Figure H.2: Ad
dding Image overlay
o
in Go
oogle Earth

c.. In the New
w Image Overlay window, select Brow
wse and open tthe zip code jpeg file

Figure H.3: Modifying
g the features of the overlaiid image
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d. Change thee transparency of the layerr if necessary when fitting the jpeg imagge on the mapp
e.. Use the mouse
m
for draagging the fo
our sides of tthe jpeg file and match tto the background
Google Eaarth layer as close
c
as possib
ble.
f. Download
d the .kml file from the Saffe Activity appp and open thhe layer.

d kml file in Google
G
Earth
Figure H.4: Adding thee downloaded

mage layer an
nd conflict reccords layers ttogether in Gooogle Earth
Figure H.5: Zip code im
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g this procedu
ure will help the
t users get a Google Earrth map wherre Mr. Doe caan identify coonflict
Following
records th
hat occurred in
n 76010 and do
d spatial anaalysis. If furthher analyses aare required ffrom the data itself,
users can move forwarrd and use th
he Excel file. Filtering colu
lumn “W” whhich holds the source Zip code,
the users can
c easily iso
olate conflictss associated with
w a specificc zip code.
Getting data
d
from any
y Polygon
After the initial investtigation, Mr. Doe identifiied a specificc area where the conflictss are concenttrated.
Now he wants
w
to perform a moree detailed anaalysis in thatt rectangular area. The foollowing stepps are
considered while do th
his-

olygon area on
n Google Eartth
Figure H.6: Adding Po
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a. Open
O
New Pollygon window
w and place itt exactly to thhe four cornerrs of the rectaangular area of the
sttudy area

Figure H.7: Drag and position
p
each corner on dessired locationns

b. Change
C
the Styyle, Color of the
t Polygon with
w some Traanslucent bacckground

Figure H.8: Changing styles
s
of the polygon
p
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c. Open
O
the SurveyRecords.km
ml layer in Go
oogle Earth

Figure H.9: Conflict reecords inside the
t polygon area
a

d. Open
O
New Pla
acemark wind
dow for markiing four corneers of the recttangle.

Figure H.10: Marking four corners of
o the polygon area for Lattitude and lonngitude
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e. Mark
M
all four corners
c
and jo
ot down the Latitude
L
and L
Longitude of tthe area

Figure H.11: Completeed polygon arrea and the co
onflict recordss inside the arrea
Table H.1: The latitude and
a longitudee of the polyggon area
A

B

C

D

Latitudee

32.7354
455 ̊

32.7
735613 ̊

32.706269 ̊

32.706225 ̊

Longitud
de

-97.0973
344 ̊

-97.062434 ̊

-97.097562 ̊

-97.0626690 ̊

D can separrate the confllicts that occuurred inside thhis
Using these latitude-longitude information, Mr. Doe
d conflict an
nalysis. The fo
ollowing Exceel code is justt an example in this case too show how tthe
area and do
coordinatees of a speciffic rectangle can
c be used to
o isolate the coonflicts for fuurther analysiis.
=IF(AND
D(T2<32.7356
613, T2>32.70
0625, U2>-97
7.097562, U22<-97.0624344),1, 0)

Area A

Area B

he study area
Figure H.12: Example of shape of th
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This helps policymakers and researchers not only visualize the pattern of conflicts in a Google map but it
enhances the analysis procedure when exported into Excel. This equation is true for regions north of the
equatorial line and western hemisphere as in west of Prime Meridian. As for the geographical position of
the North Western Hemisphere, whenever an area is selected, the latitude of A and C always increases
from south to north or from the equatorial line towards upwards. This is also true for the latitude of B and
D. The longitudinal coordinates increase negatively from B to A and the same for D to C. Because of this
pattern, when writing the equation, the extreme values of the coordinates of point ABC and D should be
selected. This holds true even if the area is a polygon. For a polygon area, a more elaborate equation is
necessary for identifying the different arms of the polygon.
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